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1. INTRODUCTION 

Medulloblastoma is the most common malignant brain tumor in children. It is a Grade IV tumor 

arising in the cerebellum or brain stem. Current treatment includes surgery, chemotherapy and 

radiation therapy. The five year survival rate is 80 % for average risk and 50-60% for high risk 

patients. However, neuro-cognitive deficits and other treatment related sequelae are often 

observed in survivors.
1
 Hence, a better understanding of the biology of the tumor is required to 

explore new targets for therapy. 

Expression profiling studies have identified four molecular subgroups of Medulloblastoma; 

WNT, SHH, Group 3 and Group 4. These four subgroups are also distinct in terms of 

demographics, histology, DNA copy number aberrations, and clinical outcome. The first two 

subgroups have a characteristic developmental pathway gene signature i.e. the WNT and SHH 

signalling pathway respectively. Group 3 and Group 4 tumors have an overlapping gene 

expression profile. The Group 3 and Group 4 (Non-WNT, non-SHH) tumors have the highest 

rate of metastases at diagnosis and Group 3 tumors are also associated with the worse overall 

survival within the four subgroups.
2
  Group 3 tumors often show over expression of MYC, cell 
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cycle related genes and certain retina specific genes. The group 4 tumors on the other hand, show 

expression of neuronal differentiation related genes. Exome sequencing analysis has identified 

histone modification and chromatin remodelling genes to be mutated in tumors from all the four 

subgroups.
4
 Recent reports suggest that tetraploidy and copy number alterations are most 

commonly associated with Group 3 tumors followed by Group 4 tumors.
5
 However, the exact 

molecular mechanism of pathogenesis of non-WNT, non-SHH subgroup tumors is not known. 

MiRNAs are small non-coding molecules that regulate mRNA expression and have been shown 

to be deregulated in many cancers. Previous report from our lab has shown miRNA expression to 

be deregulated in medulloblastomas as compared to normal cerebellum and the four molecular 

subgroups of medulloblastomas show differential miRNA expression.
3,6 

In the present work, the 

role of two such miRNAs viz miR-206 and miR-204 in medulloblastoma biology has been 

studied. 

2. OBJECTIVE: To study the role of miRNA coding genes in the pathogenesis of non-WNT, 

non-SHH medulloblastoma. 

3. WORK DONE AND RESULTS 

3.1. Characterization of medulloblastoma cell lines

The subgroup affiliation of medulloblastoma cell lines was studied by analyzing the expression 

of the genes specifically and differentially expressed in each of the four medulloblastoma 

subgroups in the medulloblastoma cell lines Daoy, D283, D425, D341 and D384 by real time 

RT-PCR analysis.  Daoy shows reduced expression of OTX2 and expresses HHIP, a SHH 

signaling pathway gene. It is derived from a tumor with desmoplastic histology and shows 

chromosome 9 alteration
9
, hence it is likely to belong to the SHH subgroup.  All other cell lines 

show high expression of MYC, IMPG2, retinal specific genes like CRX and under-express 

neuronal differentiation genes like GRM8. They are reported to bear isochromosome 17q and 



���������

4 

amplification of the MYC gene.
10

 Therefore these cell lines seem to belong to the group 3 of 

medulloblastoma.

3.2 Role of miR-206 in the pathogenesis of medulloblastoma

MicroRNA expression profiling shows a number of miRNAs to be downregulated in 

medulloblastomas as compared to the normal cerebellum. MiR-206 is one such miRNA. It was 

previously identified as a skeletal muscle specific miRNA. Its expression is 10,000 fold higher in 

skeletal muscle as compared to that in the brain. In brain it has been shown to be expressed 

exclusively in the cerebellum which is the site of medulloblastoma occurrence.
7
 MiR-206 has 

been reported to target OTX2, a known oncogene that is overexpressed in WNT, Group 3 and 

Group 4 medulloblastomas with focal amplifications reported in Group 3 tumors.
8

3.2.1 Evaluation of miR-206 expression in medulloblastoma tumor tissues and normal 

cerebellum

MiR-206 expression was evaluated in human sporadic medulloblastoma tumor tissues (n=44) 

and in normal cerebellum (n=7) and cerebrum tissues (n=5) by real time RT-PCR.  MiR-206 

expression in the normal brain cerebrum was found to be 50-200 fold lower as compared to the 

normal developing and adult cerebellum consistent with its reported enriched expression in rat 

cerebellum.
17

 MiR-206 expression was found to be downregulated in medulloblastomas 

belonging to all the four subgroups by 10-10,000 fold (p � 0.0001) and by ~100 fold in five 

established medulloblastoma cell lines viz. Daoy, D425, D283, D384 and D341 (p � 0.0001).

The expression of murine homolog of human miR-206 was evaluated in medulloblastomas from 

the SHH subgroup mouse models viz. Smo
+/+

 transgenic mice and Ptch1 
+/-

 knock-out mice.
11, 12

MiR-206 expression was found to be downregulated by ~10 fold (p � 0.05) in Smo
+/+

 transgenic 

mice tumors and by 10-100 fold (p � 0.01) in Ptch1 
+/-

 knock-out mice tumors as compared to 

their normal cerebellar counterparts. 
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3.2.2 Effect of miR-206 expression on the growth charachteristics of medulloblastoma cell lines 

The effect of restoration of miR-206 expression was studied in the Daoy, D425 and D283 

medulloblastoma cell lines. These cell lines were transduced with lentiviral particles of pTRIPZ-

miR-206 vector construct that expressed miR-206 in a doxycycline inducible manner. Two stable 

polyclonal populations (P1, P2) of each of the three cell lines expressing miR-206 upon 

doxycycline induction at levels comparable to those in the normal cerebellum were selected in 

the presence of puromycin. The effect of miR-206 expression on proliferation was studied by the 

MTT assay. Restoration of miR-206 expression upon doxycycline treatment of P1 and P2 

populations of the Daoy, D425 and D283 cell lines showed a marginal (5-10%) growth 

inhibition. The clonogenic assay was carried out to study the effect of miR-206 expression on the 

clonogenic potential of Daoy cells. No significant difference was observed in the number of 

colonies formed by the vector control cells and the miR-206 expressing P1 and P2 populations of 

Daoy cells. The effect of miR-206 expression on the radiation sensitivity of Daoy cells was 

studied in a clonogenic assay after irradiation of the cells at a dose of 6 Gy. There was a marginal 

increase (~20%) in the radiation sensitivity of Daoy cells upon miR-206 expression. The effect 

of miR-206 expression on the anchorage independent growth potential of Daoy, D425 and D283 

cells was studied by the colony formation in soft agar. There was no significant difference in the 

number or size of colonies formed in the P1 and P2 populations of miR-206 expressing cells as 

compared to the vector control cells. Thus, the expression of miR-206 at levels equivalent to that 

in the normal cerebellum did not have a significant effect on the growth characteristics of 

medulloblastoma cell lines Daoy, D425 and D283. 

3.2.3 Effect of miR-206 on OTX2 expression

OTX2 has been reported to be a target of miR-206.
13 

OTX2, a homeobox transcription factor 

plays an important role in cerebellar development.
14

 In the fully developed cerebellum however, 

expression of the OTX2 gene is silenced. On the other hand, it is over-expressed in all 
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medulloblastomas except SHH subgroup tumors.
15 

Restoration of miR-206 expression was not 

found to result in the down-regulation of OTX2 protein levels as studied by western blot analysis 

in the P1 and P2 populations of D425 and D283 cell lines.  

3.2.4 Effect of overexpression of miR-206 on OTX2 expression and growth

OTX2 is overexpressed in the non-SHH medulloblastomas. Overexpression of miR-206 by ~100 

-500 fold by transfection of synthetic miR-206 mimics in D283 and D425 cells resulted in 

reduction in the OTX2 protein levels. MiR-206 overexpression also resulted in ~50% (p � 0.001) 

reduction in the colony formation as compared to the siGLO transfected control cells of D425 

and D283 cell lines. The stable polyclonal populations (P3) of D425 and D283 cells 

overexpressing miR-206 (~ 80-150 fold) also showed ~50 % (p � 0.01) and ~30 % (p � 0.002) 

reduction in the soft agar colony formation respectively. Thus, miR-206 overexpression was 

found necessary to downregulate OTX2 protein levels and bring about growth inhibition of 

medulloblastoma cells. 

3.2.5 Synergistic effect of miR-206 and ATRA treatment on OTX2 expression and growth

ATRA (All-trans retinoic acid) has been shown to downregulate OTX2 expression and inhibit 

proliferation of medulloblastoma cells.
16

 The effect of restoration of miR-206 expression in 

combination with ATRA treatment on the level of OTX2 expression and growth of 

medulloblastoma cells was analyzed. The western blot analysis showed reduction of OTX2 

protein levels on treatment with 5 nM and 10 nM ATRA in the P1 population of D283 cells. 

However, no further reduction in the OTX2 expression levels was seen on restoration of miR-

206 expression. The treatment of D283 P1 population with 5 nM/10 nM ATRA resulted in 40-

50% growth inhibition as studied by MTT reduction assay. This did not change upon miR-206 

expression, indicating no synergistic effect of ATRA and miR-206 at the levels studied.  
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3.3 Role of miR-204 in the pathogenesis of medulloblastoma  

Previous studies in the lab have shown that miR-204 expression is down-regulated 10-100 fold in 

the SHH tumors and in most group 3 tumors as compared to the normal cerebellum. It is an 

intronic miRNA located at chromosome 9q22.1 within the TRPM3 gene. In a large scale study 

on 3312 tumors, 1107 non-malignant tissues on miRNA profile in cancer, miR-204-211 family 

was found to be the top deleted family.
17

 The functional role of miR-204 as a tumor suppressor 

miRNA has been shown in various cancers.
18-22

Expression of miR-204 brought about reduction 

in proliferation and anchorage independent growth of Daoy cell line. In vivo tumorigenicity in 

nude mice showed ~65-70% reduction in size of the tumors formed by subcutaneous xenografts 

from miR-204 expressing Daoy cells as compared to the vector control cells. (Pratibha Boga, Ph. 

D. thesis). MiR-204 expression was  also found to be downregulated 10-100 fold in the D425 

and D341 cell lines and 2-3 fold in the D283 cell line compared to the normal cerebellum (R.Q= 

25-35). Hence, the effect of expression of miR-204 on the growth, tumorigenicity and invasion 

potential of these cell lines was studied.

3.3.1 Effect of mir-204 expression on the proliferation, anchorage independent growth and 

tumorigenicity of medulloblastoma cell lines

Stable polyclonal populations of Daoy and D341 cells were obtained by transduction with miR-

204-pTRIPZ construct viral particles, expressing miR-204 on doxycycline induction. The level 

of miR-204 expression was found to be in the range of R.Q.= 25-45, which is comparable to that 

in the normal cerebellum. Daoy cell line showed 35-45% reduction (p � 0.01) in proliferation 

while there was a marginal reduction in D341 cells on induction of miR-204 expression as 

compared to the uninduced control cells as judged by the MTT assay. The anchorage 

independence growth potential of miR-204 expressing Daoy cells showed 30-40% (p � 0.01) 

reduction and D341 cells showed ~40% (p � 0.01) reduction as studied by colony formation in 

soft agar. In-vivo tumorigenicity of Daoy cells was studied by injecting 4.5 × 10
5
 cells 
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subcutaneously into NOD/SCID mice. There was ~70% (p � 0.01) reduction in the volume of 

tumor formed by miR-204 expressing cells as compared to that of vector control cells. In order to 

study the effect of miR-204 expression on the growth of D283 and D425 cell lines, the cells were 

transfected with synthetic miRNA mimics. Transfection with miR-204 mimic resulted in the 

level of expression (RQ = 50-100) which was comparable to that in the normal cerebellum or in 

the Group 4 tumors. There was no significant difference in the proliferation of D283 and D425 

cells expressing miR-204 as compared to the siGLO transfected control cells. There was no 

significant difference in the colony formation in soft agar in D283 cells expressing miR-204 

whereas there was 25-30% (p � 0.01) reduction in D425 cells expressing miR-204 as compared 

to the respective control siGLO transfected cells.

3.3.2 Effect of miR-204 expression on invasion potential of medulloblastoma cell lines

 The effect of miR-204 expression on the invasion potential of Daoy and D283 cells was studied 

using matrigel coated Boyden chamber inserts. Doxycycline induction of miR-204 expression in 

the polyclonal populations of Daoy cells resulted in ~50% (p � 0.001) reduction in invasion as 

compared to the uninduced control cells. MiR-204 mimic transfected D283 cells also showed 

~50% (p � 0.001) reduction in invasion as compared to the control siGLO transfected cells. 

3.3.3 Gene expression analysis of miR-204 expressing medulloblastoma cell lines

In order to study the changes in gene expression profile on expression of miR-204 and to 

identify potential targets of this miRNA, gene expression analysis was carried out. It was 

analyzed for differential gene expression in the control cells as compared to that in miR-204 

expressing Daoy and D283 cells. The validated targets of miR-204 such as RAB22A, M6PR, 

EZR, AP1S2, EDEM1 and BCL2L2 were found to be downregulated by 1.5 - 6 folds in miR-204 

expressing Daoy cells as compared to the vector control cells. These changes were less evident in 

the miR-204 mimic transfected D283 cells. The validation of expression of the known target 

genes, RAB22A, M6PR, EZR, AP1S2, EDEM1 and BCL2L2 was studied by real time RT-PCR in 
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the Daoy and D341 cell lines. The expression of RAB22A and M6PR was found to be 

downregulated by ~1.5-2 fold in the miR-204 expressing Daoy and D341 cell lines. The 

expression of AP1S2, BCL2L2 and EDEM1 was found to be very low (R.Q. < 0.5) in Daoy cells 

and hence there was no significant difference in the expression of these genes in the control and 

miR-204 expressing Daoy cells. MiR-204 expressing D341 cells showed 2-10 fold 

downregulation of AP1S2, BCL2L2 and EDEM1 gene expression as compared to the uninduced 

control cells. Thus, RAB22A and M6PR are downregulated upon miR-204 expression in both 

Daoy and D341 cells while the AP1S2, BCL2L2 and EDEM1 are down regulated in D341 cells 

that have significant expression of these genes. 

3.3.4 Identification of novel miR-204 target genes

The miRNA target prediction software ‘targetscan’ predicted RAB10 and ANGPTL2 as putative 

miR-204 target genes. These were also found to be downregulated by 1.5 fold and 3-5 fold 

respectively in miR-204 expressing Daoy cells as compared to the vector control cells in the 

gene expression analysis. The gene NRP1 is also a predicted target gene of miR-204; hence 3’ 

UTR of the EZR, NRP1, RAB10 and ANGPTL2 genes was cloned into a luciferase reporter 

vector to identify the direct targets of miR-204. EZR is a known target gene of miR-204 and was 

used as a positive control for the luciferase reporter assay.
20

 The luciferase reporter activity for 

EZR was found to be reduced by ~30% (p � 0.001) on co-transfection of the EZR 3’ UTR 

luciferase construct along with miR-204-pGIPz plasmid construct in 293T cells. Similarly, the 

luciferase reporter activity for RAB10 was found to be reduced by ~30% (p � 0.001) while that of 

NRP was found to be reduced marginally. There was no significant difference in the luciferase 

activity of the ANGPTL2 3’UTR luciferase reporter vector on cotransfection with miR-204-

pGIPz plasmid construct. Thus, RAB10 is a putative direct target of miR-204, while ANGPTL2

and NRP1 may not be direct targets of miR-204.  
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3.3.5 Ezrin expression in medulloblastomas and its correlation with molecular subgroups and 

survival

Ezrin, a validated miR-204 target gene, is a cytoskeletal crosslinker protein that has been 

reported to be overexpressed in medulloblastoma. SiRNA mediated downregulation of ezrin 

results into inhibition of invasion of medulloblastoma cell lines.
23

 Ezrin expression was found to 

be downregulated in Daoy, D341 and D283 cells expressing miR-204 as compared to the control 

cells as studied by western blot analysis. Ezrin has been reported to be involved in metastasis in 

various cancers.
23, 24

 Immunohistochemical analyses for Ezrin expression was carried out in 108 

medulloblastoma tumors tissues to determine its expression across the 4 subgroups which also 

show different degree of metastasis. The highest frequency of metastatic disease at diagnosis is 

seen for Group 3 and Group 4 medulloblastoma. The 108 medulloblastoma tumors include WNT 

(23), SHH (34), Gr 3(20) and Gr 4(30). Majority of the WNT (100%) and SHH (91%) tumors 

showed negligible to low expression of ezrin.  On the other hand ~35% Group 3 and Group 4 

tumors showed moderate to high level of Ezrin expression.  However, Kaplan Meier analysis did 

not show significant correlation of Ezrin expression with survival across the subgroups.  

3.3.6 Correlation of miR-204 expression with survival in the non-WNT, non-SHH 

medulloblastoma patients 

MiR-204 expression across the medulloblastoma subgroups indicates downregulation of its 

expression in many Group 3 tumors and an upregulation in most of the Group 4 tumors. These 

subgroups are distinct in their clinical features such as prognosis and survival rate. Kaplan Meier 

analysis for survival of patients with group 3 (n=24) and Group 4 (n=35) tumors indicated 

significantly better survival (p = 0.01, hazard ratio = 3.76) for patients with high miR-204 

expression as compared to low miR-204 expression. The expression level of miR-204 in the 

normal cerebellum was used as a median value. 
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4. SUMMARY AND CONCLUSIONS 

In the present study the role of the two miRNAs; miR-206 and miR-204 in medulloblastoma 

biology was evaluated. MiR-206 was found to be downregulated in medulloblastomas from 

humans as well as murine tissues and medulloblastoma cell lines. Although restoration of its 

expression in medulloblastoma cell lines did not have a significant effect on their growth 

characteristics; overexpression of miR-206 was found to be necessary to downregulate its 

oncogenic target like OTX2 and bring about growth inhibition of medulloblastoma cells. 

 MiR-204 showed differential expression across the medulloblastoma subgroups; 

however it was found to be downregulated in all medulloblastoma cell lines studied. Expression 

of miR-204 brought about reduction in the anchorage independent growth potential (Daoy D341 

and D425), invasion (Daoy and D283) and tumorigenicity (Daoy) of the medulloblastoma cell 

lines. MiR-204 expression resulted in downregulation of the genes involved in metastasis (EZR), 

apoptosis (BCL2L2) and intracellular protein trafficking including RAB22A, AP1S2, EDEM1, 

M6PR as well as RAB10, a novel miR-204 target identified in the present study. MiR-204 target 

gene, Ezrin is differentially expressed across the molecular subgroups of medulloblastoma with 

higher expression in the metastatic non-WNT, non-SHH subgroups. Higher expression of miR-

204 was found to correlate with better survival in the non-WNT, non-SHH subgroups supporting 

its role as a tumor suppressor miRNA. 
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Medulloblastoma is the most common paediatric malignant tumor occurring in the 

cerebellar region of the brain. It constitutes of ~ 20% of all paediatric brain tumours [1]. 

World Health Organisation (WHO) classifies it as a grade IV tumor, which is the highest 

grade of malignancy [2]. These tumours have the capacity to metastasize to the 

leptomeninges or via the cerebrospinal fluid into the spinal cord. The symptoms of 

medulloblastoma include vomiting, headache, nausea and ataxia. The initial diagnosis is 

based on the location of the tumor in the posterior fossa region as judged by Magnetic 

Resonance Imaging or Computed Tomography scans and patient age. The final diagnosis 

is based on histopathological analysis of the tumor tissue, post surgery. The risk 

stratification of patients is carried out by taking into consideration the clinical features, 

including age at diagnosis, extent of surgical resection and metastatic status. Children � 3 

years of age, or with a � 1.5 cm
2 

size of residual tumour post surgery or those exhibiting 

leptomeningeal dissemination at the time of diagnosis are all considered to be high risk, 

and all other patients are considered as average risk [3]. Current treatment protocols that 

include a combination of surgery, cranio-spinal radiation therapy and chemotherapy have 

improved survival rates to 70-80 % in patients. Neuro-cognitive deficits are often seen in 

survivors’ as a result of the cytotoxic treatments [4]. Secondary malignancies and 

increased mortality are also observed in patients with recurrent disease [5].  

 Gene expression profiling studies have identified medulloblastoma to be a heterogeneous 

disease consisting of four core molecular subgroups. The four core subgroups consist of 

the WNT, SHH, Group 3 and Group 4. These subgroups are not only distinct in their gene 

expression profile, but also in terms of their clinico-pathological correlates and 

demography [6]. These molecular subgroups are currently being explored to be used for 

better risk stratification [7].  
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The WNT and SHH subgroup tumours show a gene expression profile indicative of an 

activated WNT and SHH signalling pathway respectively. These signalling pathways are 

the drivers of pathogenesis in the tumours of these subgroups. Other subgroup specific 

characteristics of the WNT subgroup include mutations in the CTNNB1 (Beta-catenin) 

gene and monosomy of chromosome 6. Similarly the SHH subgroup tumours show 

mutations in PTCH1, SMO or SUFU genes and loss of chromosome 9q [8]. Next 

generation sequencing studies have identified missense mutations in the RNA helicase 

gene DDX3X in about 50 % the WNT and 11 % of the SHH tumours. Mutations in other 

genes involved in epigenetic regulation of gene expression such as the SWI/SNF complex 

gene, SMARCA4 and histone methyltransferase gene, MLL2 have also been identified [9]. 

However, the mechanism by which these mutations contribute to the pathogenesis of 

these tumours is not completely understood.  

The gene expression profiling does not reveal a specific signalling or 

developmental pathway activation in the non-WNT, non-SHH tumours i.e. the group 3 

and group 4. The group 3 and group 4 tumors have an overlapping gene expression 

profile. The expression of the retinal genes in the group 3 tumours and that of the 

neuronal differentiation related genes in the group 4 tumours distinguishes them from 

each other. Neither the genetic basis nor the clinical significance of this gene expression 

signature is understood. The presence of an isochromosome 17q is most commonly 

associated with the group 3 and group 4 tumours [8]. The presence of higher rates of 

tetraploidy are also associated with these subgroups [10]. Similar to the gene expression 

signature, the nature of the contribution of these chromosomal alterations to the 

pathogenesis of these tumours are not clear. The group 3 tumours show amplification and 

/ or overexpression of the known oncogenes like MYC and OTX2. Amplifications in some 

of the genes involved in TGF-� signalling pathway genes and deletions in genes that are 
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inhibitors of this pathway have been identified in about 20% of group 3 tumours. 

Deletions affecting regulators of the NF-kB pathway have been reported in Group 4 

tumours [11]. Next generation sequencing studies have revealed subgroup specific 

mutations in the genes involved in epigenetic regulation in these subgroups as well. 

Mutations in genes such as SMARCA4, MLL2 and CTDNEP1, LRP1B etc are enriched in 

group 3 tumours while mutations in KDM6A, MLL3, ZMYM3 etc are enriched in group 4 

[9, 10]. This evidence may point to crucial steps in the pathogenesis of group 3 and 4 

tumours; however it fails to pinpoint to an exact mechanism of pathogenesis for these 

subgroups that can unify these observations. 

The subgroups of medulloblastoma are also distinct in terms of their clinical 

characteristics such as the degree of metastasis at diagnosis, age distribution, ratio of male 

to female patients, and most importantly the overall survival of the patients (Table 2.1). In 

terms of metastasis at diagnosis the highest prevalence is seen in the group 3 and 4 

tumours with a frequency of 40-45 % and 35-40 % respectively. In terms of the overall 

survival the WNT subgroup patients fare the best with a survival rate of ~ 95 %. The 

group 3 patients have the poorest survival rate of ~ 50 % while the SHH and group 4 

patients have an intermediate survival rate of ~ 75 % [8]. Thus the group 3 and 4 tumours 

show an overlapping gene expression profile, and have a similar rate of metastasis, 

however, the patients with group 4 tumours fare better in terms of survival as compared to 

the patients with group 3 tumours. A better understanding of the  biology of these non-

WNT, non-SHH tumours (group 3 and group 4 tumors) is required to understand their 

mechanism of pathogenesis, similarities and differences between these subgroups which 

may enable better approaches for the therapy of these patients. 

MicroRNA’s (miRNA’s) are small, ~ 22 nucleotide long, non-coding RNAs that are 

known to regulate gene expression by binding to a specific sequence in the 3’ 



��
�����
����

23 

untranslated (UTR) region of their target mRNAs. This binding causes either inhibition of 

translation or degradation of the target mRNA resulting in down regulation of protein 

expression. MiRNAs play a key role in diverse biological processes, including 

development, cell proliferation, differentiation, and apoptosis [12]. Altered miRNA 

expression is also known to play an important role in the pathogenesis and progression of 

cancer [13]. MiRNA expression profiling of a small subset of medulloblastoma tumor 

tissues carried out in our lab could distinguish the tumours, into the four molecular 

subgroups [14]. The expression of a select set of differentially expressed miRNAs was 

validated in 160 medulloblastoma tissues. The WNT tumours show high expression of a 

distinct set of miRNA’s which includes miR-193a-3p, miR-148a, miR-224, miR-204 and 

miR-365 as compared to the other subgroups. The SHH subgroup is characterised by the 

downregulation of three miRNAs miR-153, miR-204 and miR-135b as compared to the 

other subgroups. On the other hand, miR-135b is found to be overexpressed in group 3 

and group 4 tumours. MiR-592, which is overexpressed in group 4 medulloblastomas, 

distinguishes them from the group 3 tumours. This differential expression has been used 

to develop a real time PCR based assay to classify medulloblastomas into the 4 molecular 

subgroups using a set of 12 protein coding genes and 9 microRNA's as markers  [15]. 

The miRNAs overexpressed in the WNT subgroup, including miR-193a-3p, miR-148a 

and miR-224 have been found to inhibit growth, radiation sensitivity and invasion 

potential when expressed in non-WNT medulloblastoma cell lines indicating to their 

functional significance in medulloblastoma biology [14, 16]. Therefore, in the present 

study, the role of two differentially expressed miRNAs in the biology of medulloblastoma 

was explored, especially with the relevance to their role in the non-WNT, non-SHH 

subgroups. MiRNA expression profiling identified miR-206 to be downregulated 10-1000 

fold in all the four subgroups of medulloblastoma as compared to the normal cerebellum 
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tissues. MiR-204 expression is found to be down-regulated 10-100 fold in all SHH 

tumours and in most group 3 tumours as compared to the normal cerebellum [15]. In the 

non-WNT, non-SHH subgroups, miR-204 expression was downregulated in the group 3 

tumours and upregulated in the group 4 tumours. Hence, to understand the functional role 

of miR-206 and miR-204 in medulloblastoma, these miRNA’s were expressed in 

medulloblastoma cell lines individually and their effect on the growth, tumorigenicity and 

invasion potential of these cell lines was investigated.  
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2.1 Medulloblastoma- A Clinical Perspective

Medulloblastoma is the most common malignant brain tumour of childhood, accounting 

for ~20 % of all paediatric brain malignancies [17]. Incidence of this disease peaks 

between ages 5 and 9 years, but patients of all ages can be affected. The disease occurs 

predominantly in males with a gender ratio of 1.5-2: 1 (male: female). Medulloblastoma 

is currently classified using WHO criteria as a grade IV tumour because of its invasive 

nature, metastatic capability and primitive cellular appearance [2].  

Symptoms, Diagnosis, Risk Stratification and Treatment  

 Patients present with symptoms of headaches, vomiting, lethargy and drowsiness. Most 

of these are caused by an increased intracranial pressure resulting in hydrocephalus (an 

excessive accumulation of fluid in the brain). The hydrocephalus in turn is a result of the 

blockage of the flow of Cerebrospinal fluid (CSF) in the fourth ventricle. Ataxia and 

behavioural changes may also be seen especially in the older children which are a result 

of disruption in the cerebellar function due to the tumor mass. The diagnosis of patients is 

carried out primarily by using Computer assisted tomography (CAT) and Magnetic 

Resonance imaging (MRI). The imaging of the entire cerebrospinal axis as well as CSF 

cytology is frequently carried out to rule out metastatic disease [17]. The final diagnosis 

is based on histopathological analysis of the tissue resected by surgery. The current risk 

stratification scheme classifies patients as standard risk or high risk. Children � 3 years of 

age or with a � 1.5 cm
2 

size of residual tumour post surgery or those exhibiting 

leptomeningeal dissemination at the time of diagnosis are all considered to be high risk, 

and all other patients are treated as average risk. The age of the patient is an important 

criterion in the risk stratification since the therapeutic approach for infants includes 

avoidance of cranio-spinal radiation to minimize the adverse effects on the developing 
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brain. WHO classifies medulloblastoma into four histological subtypes- classic, 

desmoplastic, large cell / anaplastic (LC/A) and medulloblastoma with extensive 

nodularity (MBEN). The LC / A histology is often associated with a poor prognosis. 

Additional risk factors such as amplification of the MYC gene are also taken into 

consideration [18]. With the advent of the molecular subgrouping of medulloblastoma, 

changes in the risk stratification protocol are currently being considered [7]. The primary 

treatment modality for all patients is surgery with the aim of maximal tumor resection 

sparing the surrounding normal tissue. This may be followed by cranio-spinal 

radiotherapy and / or chemotherapy. Radiotherapy involves radiation of the cranio-spinal 

axis plus a boost to the posterior fossa although the doses administered vary with the risk 

stratification. Adjuvant chemotherapy with vincristine, lomustine and cisplatin may also 

be administered [3]. The current risk stratification and treatment protocols have led to a 

survival rate of ~ 80 % for the standard risk patients and ~ 60 % for the high risk patients. 

This improved outcome however is accompanied by considerable side effects. The 

survivors suffer from long term intellectual impairment and neuro-endocrine damage as a 

result of the aggressive therapy administered during the development of the brain [4]. 

Secondary malignancies and late mortality in these patients has also been reported[5]. 

2.2 Mechanism of Pathogenesis- From History to Current Understanding 

Originally identified in 1925 by Cushing and Bailey as a “spongioblastoma cerebelli”, 

medulloblastoma was described as an undifferentiated neuro-epithelial neoplasm of the 

cerebellar vermis (midline) or, infrequently the cerebellar hemispheres (lateral). 

Medulloblastoma was believed to arise from theoretical cells of origin termed 

‘medulloblasts’ (Bailey and Cushing, 1925). It was earlier classified along with other 

tumors of the central nervous system (CNS) as primitive neuroectodermal tumors 
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(PNETs) due to the histological similarity between the cerebellar and cerebral embryonal 

tumors. However,  the differences in the common chromosomal aberrations in the PNETs 

outside the posterior fossa and those inside it led to the classification of medulloblastomas 

separately from that of the cerebral PNETs [19]. Gene expression profiling of PNETs and 

medulloblastomas further confirmed them as distinct tumor types [20]. 

Initial evidence regarding the molecular basis of medulloblastoma came from the 

identification of mutations in the PTCH1 gene in patients with Gorlins syndrome and 

subsequently in sporadic medulloblastomas [21]. Patients suffering from this familial 

syndrome were known to be susceptible to medulloblastoma and basal cell carcinoma. 

The PTCH1 gene was known to be a part of the SHH signalling pathway, indicating to 

the role of this signalling pathway in the pathogenesis of medulloblastoma. Subsequently 

mutations in PTCH1, SMO and SUFU genes involved in the SHH signalling pathway 

were identified in sporadic medulloblastomas as well [22, 23]. Germline mutations in the 

adenomatous polyposis coli (APC) gene were identified in patients with Turcot’s 

syndrome who also develop medulloblastoma [24]. While APC mutations predominantly 

occur in familial medulloblastomas they were also found in some sporadic 

medulloblastomas [25]. The APC gene belongs to the WNT signalling pathway. Sporadic 

medulloblastomas were found to carry mutations in additional WNT signalling pathway 

genes including activating mutations in CTNNB1 and AXIN [26, 27]. Furthermore, Li-

Fraumeni Syndrome (LFS), an autosomal disorder resulting from germ-line TP53

mutations, was also found to predispose to medulloblastoma formation. However, 

subsequently it has been reported that the overall frequency of TP53 mutations in 

medulloblastoma (both familial and sporadic cases) is relatively low (7-16 %) [28]. These 

familial syndromes assisted in the identification of the deregulated WNT and SHH 

developmental pathways as drivers of pathogenesis in a subset of medulloblastomas. 
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The studies on the cytogenetic aberrations in medulloblastoma identified the 

isochromosome 17q (i17q), in which loss of the p arm of chromosome 17 occurs in the 

context of a 17q gain, as the most frequent chromosomal abnormality in this disease [29]. 

Amplification of the MYC locus on 8q24, often in the form of Double Minute 

chromosomes (DM’s), was reported in multiple medulloblastoma cell lines and confirmed 

in primary tumours [30, 31].  

A series of gene expression profiling studies further investigated the molecular basis of 

medulloblastoma pathogenesis that led to identification of molecular subgroups of 

medulloblastomas. Thompson et. al. showed the existence of 5 molecular subgroups in a 

study of 44 medulloblastomas [19]. In this study Monosomy 6 and CTNNB1 mutations 

were found to be mutually exclusive to PTCH1 and SUFU mutations in medulloblastoma 

tumor tissues. The study by Kool et.al., on 62 medulloblastomas, showed for the first 

time the existence of 5 unique molecular subgroups that segregated medulloblastomas 

having WNT or SHH signalling pathway activation as distinct subgroups and additional 

three subgroups of non-WNT non-SHH medulloblastomas [20]. The WNT and SHH 

tumors were shown to be distinct in their expression profiles. However, the non-WNT, 

non –SHH tumors were found to have an overlapping gene expression signature. This 

study also showed for the first time the association of increased metastasis rate in the non-

WNT, non-SHH tumours. Gene expression profiling study by Northcott et.al (103 

tumors) showed that medulloblastomas can be subgrouped with the highest confidence 

into four core molecular subgroups [21]. Northcott et. al. also showed the existence of 

subgroup association with the age, histology, chromosomal alterations and survival. The 

study by Cho and colleagues identified six subgroups. This included one WNT, one SHH 

and four non-WNT, non-SHH subgroups [22]. Notably, the tumors carrying MYC 

amplification were found to have the worse prognosis within the tumors with the retinal 



����������	�
���
����

30 

gene expression signature commonly considered as group 3 tumors. This subclassification 

of tumors was found to be of significance in the risk stratification of tumors based on 

their molecular subgroup.  

 In 2012, a consensus regarding the molecular subgroups was reached. This supported the 

existence of four core molecular subgroups namely the WNT, SHH, group 3 and group 4 

based on their gene expression profiles [6]. These subgroups were found to differ in terms 

of their demographics as well as clinical features including prognosis and overall survival 

(Table 2.1). They have now been reported to also have distinct cell of origin indicating to 

the heterogeneity of this disease. A recent study has shown that these subgroup 

associations are also retained in the recurrent cases of medulloblastoma [32]. Studies on 

the identification of the molecular mechanisms of pathogenesis now focus on 

identification of subgroup specific drivers of pathogenesis. 

The current understanding of the molecular / genetic features of these four subgroups is 

briefly described below  (Table 2.2). 

WNT subgroup  

The WNT subgroup constitutes ~10% of all medulloblastoma tumors according to an 

international meta-analysis study [8]. However its incidence is almost double in the 

Indian cohort studied in our lab [15]. These tumors frequently show classic histology. It 

has a 1:1 male to female ratio and is predominant in older children. It has the best 

prognosis with an overall survival rate of > 90 % and the tumors rarely show 

leptomeningeal dissemination. The activated WNT signalling pathway is the driver of 

tumorigenesis in these tumors as seen in the high expression of the WNT signalling 

pathway genes including WIF1, DKK1, LEF1, CCND1 and MYC. > 90 % of WNT tumors 

have mutations in the CTNNB1 gene resulting into a constitutively active protein. 

Presence of monosomy 6 is the most frequent (> 75 %) chromosomal alteration in these 
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tumors. The lower rhombic lip progenitor (LRLP) cells have been indicated as the cells of 

origin for this subgroup giving rise to tumors closer to the brain stem rather than in the 

cerebellar hemispheres, in a mouse model of this subgroup [6, 8]. Deep sequencing 

studies have identified mutations in the multifunctional RNA binding protein DDX3X in 

50 % of WNT tumors [9]. These mutations have been shown to potentiate the effect of 

the CTNNB1 mutations. Additionally, mutations in the SWI/SNF complex gene 

SMARCA4, the DNA methytransferase gene MLL2 and the well known tumor suppressor 

gene TP53 are also seen in a subset of these tumors [9, 10]. The mutations in the 

epigenetic modifiers may result in disruption of chromatin remodelling at WNT-

responsive genes thus contributing to the pathogenesis of these tumors. However this 

observation currently lacks functional evidence. The good prognosis of this subgroup has 

led to its clinical trials for de-escalation of the current aggressive therapy for treatment of 

WNT subgroup medulloblastomas [7]. 
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Table 2.1: Demographic characteristics of the four medulloblastoma subgroups.



����������	�
���
����

32 

WNT SHH Group 3 Group 4 

�������������	��

�

*+,�����������

�

-..�

����������

�

 �&&���������/'������������������

0��������	
����	���1�

�

2��������'����

������

�

+��������

%�����������������������

������

�

���	�	�	����

��������	���

�

3�����&��4�

 !"#$�

�

�5������ 
%#$�

�5������ &%#$�

�

�

��	�5� &'#$�

	5������ �"#$�

������� ""#$�

6'����� ��#$�

	45������ "(#$�

�

�	�5� ''#$�

������� 
%#$�

6'������ 
)#$�

�

�
����	���

�


������ *(#$�

��
�
�0"(#$�

��������

 &"#$��

���	�� )�#$��

������ )�#$��

�

��
��� &!#$��

%%7�7 ))#$�

�++&� )&#$�

,2��� ))#$�

�

�

������
 ))#$�

�++&� "#$�

�,�-�04�1�

��.�/,)�0��1�

+�,)-�0��1�

��0-�0��1��

�

1.�'�� )&#$��

�++�� "#$��

2�3���0��1��

�-4�&�&�0��1�

4	5��������6�5���	���

�
��

��
��� !#$��

������ "#$��

�

��
� )%#$��

������ )&#$��

	�
�� !#$��

�

��
���� )(#$��

��
�� '#$��

�
����0"#$��

�

�������	����

�

	8��0	��1��

�

�8	�0
��1��

�

�8	��0���1��

�

68
��0���1��

�

Table 2.2: Molecular and genomic characteristics of the four medulloblastoma subgroups.  

The table shows the differential gene expression signature, chromosomal alterations, mutations, 

focal amplifications and presence of tetraploidy in the tumors of the four medulloblastoma 

subgroups as has been reported by various studies. The percentage values describe the percentage 

of tumors showing the particular alteration within the subgroup. The genes in bold are those 

involved in epigenetic regulation of gene expression [33]. 
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SHH subgroup  

The SHH subgroup constitutes about 30 % of all medulloblastoma tumors. Desmoplastic 

histology is most commonly associated with the SHH subgroup although the tumors of 

this subgroup may show classic or less often LC / A histology as well. It also has a 1:1 

male to female ratio. The age distribution for this subgroup is bimodal with frequent 

incidence in both infants (0–3 years) and adults (> 16 years). It has an overall survival 

rate of ~75 %. These tumors show metastasis at diagnosis, at a frequency of 15-20 % [6, 

8]. The SHH tumors show high expression of the SHH pathway genes including HHIP1, 

EYA1 and PDLIM3 [34]. Common cytogenetic and mutational events include loss of 

chromosome 9q (harbouring the PTCH1gene), and 10q in addition to focal amplification 

of GLI2, MYCN and focal deletion of PTCH1. This is the most well studied subgroup due 

to its initial characterisation based on germline mutations in the PTCH1 gene in Gorlin's 

syndrome patients and availability of mouse models of the disease. Two mouse models of 

this subgroup were the first of medulloblastoma mouse models to be established and have 

been extensively studied. The Ptch1
+/-

 mice with a tumor incidence of 15-20 % by six 

months of age and the Smo
+/+

 mice with an incidence of upto 90 % by 2-3 months of age 

are mouse models of medulloblastoma resulting from SHH pathway activation [35, 36]. 

The cerebellar granule neuron progenitors (CGNPs) have been identified as the cell of 

origin of these tumors [37, 38]. These are the cells that proliferate in response to the SHH 

signal during the normal cerebellar development and lead to tumor formation due to the 

deregulated SHH signalling. Recent studies have shown mutations in the DDX3X and 

MLL2 genes in SHH subgroup tumors, however their role in the pathogenesis of these 

tumors is not understood [10]. The SHH tumors carrying TP53 mutations, either germline 

(Li Fraumeni syndrome) or somatic carry significantly higher number of somatic copy 
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number variations (SNVs) and display complex chromosomal arrangements consistent 

with a phenomenon called chromothripsis (chromosome shattering) [39]. This has been 

proposed to be an early event in the process of tumorigenesis. Pharmacological small 

molecule inhibitors of SMO activity have been tested in phase 1 clinical trials, however 

the tumors were found to acquire additional mutations leading to rapid disease 

progression [40]. However, a combination therapy with the SMO inhibitor and PI3K 

inhibitors, have shown promise in pre-clinical studies of medulloblastoma [41]. 

Group 3

Group 3 is the molecular subgroup with the worse prognosis, accounting for one-quarter 

(25%) of all medulloblastomas. These tumors show a gender ratio of 2:1 occurring more 

commonly in males. They occur almost exclusively in infants (< 3 y) and young children 

(3-16 y). This molecular subgroup is associated with multiple markers associated with 

poor outcome, including large cell/anaplastic histology, focal MYC amplifications and 

metastatic dissemination. Group 3 medulloblastomas are highly metastatic (46.5 %) 

tumors with a 5-year survival of less than 50 %. The drivers of Group 3 pathogenesis 

remain to be fully elucidated. Genomic amplification and overexpression of MYC (17 %) 

and OTX2 (11 %) are seen in a mutually exclusive pattern. Group 3 tumors have an 

overlapping gene expression signature with group 4 tumors. The overlapping gene 

expression profile includes transcription factors involved in brain development, viz. 

EOMES and FOXG1B, a testes specific gene LEMD1, and genes involved in neuronal 

migration like UNC5D and EPHA8[14]. The photoreceptor gene expression is specific to 

the group 3 tumors which distinguishes it from the group 4 tumors. Cytogenetically, 

Group 3 medulloblastomas have the largest number of both broad and focal copy number 

alterations, including loss of chromosome 8p, 16q as well as gains of 1q and 7 among 

others. The most commonly observed chromosomal aberration is the isochromosome 17q, 
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seen in ~26 % of group 3 tumors [6, 8]. Next generation sequencing has shown subgroup-

enriched SNVs, targeting SMARCA4 (11 %) and MLL2 (5 %) as well as structural re-

arrangements generating PVT1-MYC fusions seen in ~50 % of MYC amplified group 3 

tumors. The region of the PVT1 gene undergoing the amplification carries a cluster of 

miRNAs which have been shown to potentiate the oncogenic properties of MYC [11]. 

Currently patients belonging to this subgroup are treated with high risk treatment 

protocols. 

Group 4

This subgroup constitutes ~ 35 % of all medulloblastomas. The group 4 tumors have an 

intermediate prognosis (5-year overall survival of 75 %) and predominantly classic 

histology, affecting children (age 3-16 y) and adults (> 16 y), while rarely occurring in 

infants (< 3 y). There is a substantial gender skew observed in Group 4 tumors in which 

this molecular subgroup occurs three times more frequently in males than in females in 

the international cohort [6, 8]. In the Indian cohort this ratio reaches even higher to 9:1 

male to female patients [15]. The mechanism of pathogenesis of this subgroup is least 

understood. Group 4 medulloblastomas demonstrate an overlapping gene expression 

signature with that of the group 3 tumors as described above. In addition these tumors 

show a neuronal signature including many genes associated with neuronal differentiation 

and glutamate/GABA signalling which is distinct from the group 3 tumors. 

Cytogenetically, group 4 medulloblastomas frequently display loss of Chr.11p, Chr.8 and 

the X-chromosome, along with gains of Chr.7 and 18q.The i17q is observed in 66 % of 

patients. Additionally, focal amplifications of CDK6 and MYCN are also observed. 

Recently, Northcott et. al., identified a tandem duplication of SNCAIP, a gene associated 

with Parkinson’s disease and neurodegerenation in these tumors. SNCAIP is among the 

most highly expressed genes in group 4 medulloblastomas and its expression (and 
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duplication) has been suggested as a means to further separate Group 4 medulloblastomas 

into two distinct subtypes [11]. 

2.3 Challenges in Understanding the Biology of the Non-WNT Non-SHH 

Medulloblastoma

The familial syndromes viz the Gorlin’s and Turcot’s syndrome gave the first indication 

of deregulation of WNT and SHH signalling in the pathogenesis of medulloblastomas. 

The gene expression profiling and the mutational analysis have now confirmed the role of 

the deregulation of these developmental pathways in two distinct subgroups of 

medulloblastomas. However, the non-WNT, non-SHH medulloblastomas still remain 

very poorly understood in terms of the drivers of their pathogenesis. These 

medulloblastoma subgroups account for > 50 % of medulloblastoma cases and show an 

overlapping gene expression signature. The classification of these tumors is challenging 

due to their overlapping gene expression profile and occurrence of certain tumors which 

show characteristics of both subgroups. 

The group 3 tumors show presence of tetraploidy (54 %) and an unstable genome 

showing multiple focal and broad SCNA’s [10, 11]. Neither the biological relevance nor 

the clinical importance of these alterations is understood. The amplification of the MYC

and OTX2 genes in the group 3 tumors maybe a crucial step in the pathogenesis of some 

of these tumors, however not all group 3 tumors carry this amplification, many group 3 

tumors show overexpression of MYC and OTX2 through an as yet unknown mechanism.

In a mouse model of the group 3 medulloblastoma concomitant knockout of TP53 and 

overexpression of MYC in the cerebellar neuronal progenitor cells led to the development 

of tumors mimicking the gene expression signature of human group 3 tumors [42]. 

However, the human group 3 tumors very rarely show the loss of the TP53 gene. The 
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genome sequencing data has shown consistent somatic structural variations at the 

chromosome 9q34.13 region in ~ 6.6 % of group 3 and group 4 tumors. The GFI1

/GFI1B gene activation was observed in the tumors carrying this somatic variation as a 

result of its relocation in the proximity of enhancers regions. The transduction of neural 

stem cells with MYC and GFI1 / GFI1B resulted in formation of tumors when 

xenografted in the cerebella of nude mice. Thus, GFI1 / GFI1B may represent one of the 

genes that cooperate with MYC in a small subset of group 3 tumors [43, 44]. However, 

the drivers of tumorigenesis that may cooperate with MYC in the majority of group 3 

tumors are not understood. 

 In case of group 4 tumors, amplifications in the CDK6, SNCAIP and MYCN gene are 

seen albeit only in a small subset of tumors. As compared to the group 3 tumors this 

subgroup carries fewer SCNA’s. The overexpression of MYCN under the GLT1

(glutamate transporter gene) promoter has been shown to give rise to both SHH 

dependent and SHH independent medulloblastomas. The MYCN gene expression is 

deregulated in both the SHH and Group 4 tumors. However, it is not clear if the MYCN

over expressing, SHH independent tumors recapitulate the group 4 tumors [44]. The 

recent next generation sequencing studies have identified the mutations in a variety of 

genes involved in epigenetic regulation. Mutations in the KDM6A gene, a histone 

demethylase is postulated to maintain the trimethylation marks on H3K27, retaining the 

stem-like state of cells [45]. Although this is a novel finding, the numbers of tumors that 

actually show alterations in epigenetic modifiers are few (Table 2.1- genes in bold) and 

hence are unlikely to be the drivers of tumorigenesis.  

The poor survival rates and presence of metastasis in these tumors necessitates the 

identification of novel mechanisms that may be used for targeted therapy and / or risk 

stratification of the non-WNT non-SHH medulloblastomas. 
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2.4 MicroRNA’s: A Big Role for Small Molecules 

MicroRNAs are ~20 nucleotide long non-coding RNA molecules that regulate gene 

expression at the post transcriptional level. Since their discovery by Victor Ambros and 

colleagues in C.elegans in 1993, multiple studies have focussed on searching for new 

microRNAs and elucidating their function in normal cellular functioning as well as in 

disease, especially cancer [46]. A single miRNA can potentially regulate several genes 

while a single gene may be regulated by multiple miRNAs thus creating a complex 

interaction network [47]. The identification of target genes of miRNAs has indicated to 

their role in various cellular processes including proliferation, growth, metabolism, 

apoptosis etc. MiRNAs may express in a ubiquitous manner or maybe tissue specific e.g. 

the miR-1 family of miRNAs is known to be muscle specific and has been reported to be 

important for muscle differentiation [48]. Similarly the miR-155 and miR-150 have been 

shown to play an important role in the differentiation of B and T lymphocytes [49, 50]. 

MiRNA biogenesis and mechanism of action  

The miRNA coding genes are located either within the introns of protein coding genes or 

outside any known coding genes in the intergenic regions. The transcription of these 

genes by the RNA-polymerase II enzyme generates double stranded primary transcripts 

(pri-miRNA) (Figure 2.1). In the pri-miRNA the region encoding the miRNA forms an 

imperfect stem-loop hairpin structure. The pri-miRNA is converted to a pre-miRNA. This 

process is mediated by a complex of Drosha type II RNase, the double strand RNA 

binding protein DGCR8 and other proteins which cleave the hairpin-loop to generate the 

pre-miRNA. This pre-miRNA is then exported to the cytoplasm by exportin 5. In the 

cytoplasm, the pre-miRNA is processed into the mature miRNA by the Dicer type III 
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RNase. Only a single strand of the pre-miRNA is retained as the mature miRNA while the 

other stand gets degraded [51]. 

The miRNA brings about downregulation of its targets by becoming associated with the 

microRNA induced silencing complex (miRISC) which contains an Argonaute family 

protein. The region of the miRNA that binds to its target is called as the seed region 

(generally from the 2
nd

 nucleotide to the 8
th

 nucleotide). This is important for pairing of 

the miRNA with the target mRNA although unlike siRNAs they form imperfect 

complementary stem-loop structures and pair imperfectly with sites in the 3’ UTR region 

of their target mRNAs. They may act by decreasing the level of target mRNAs due to 

their degradation or by interfering with the process of translation resulting in decrease in 

the level of protein [12]. 

2.5 MicroRNAs in Medulloblastoma  

In cancer, a global downregulation of miRNAs has been reported [13]. However, certain 

oncogenic miRNAs such as miR-21 and miR-17-92 cluster have also been reported to be 

upregulated in cancers [52]. These miRNAs have been shown to promote the tumorigenic 

properties of cancer cells. The initial evidence of miRNAs as tumor suppressors came 

from the identification of the miR-15, miR-16a cluster of miRNAs at the breakpoint 

region on chromosome 13q14 that is frequently lost in chronic lymphocytic leukaemia 

(CLL) [53]. Further studies on the role of miRNAs downregulated in cancer have led to 

the identification of a number of tumor suppressor miRNAs. 
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Figure 2.1: The mechanism of miRNA biogenesis 

Schematic diagram showing the mechanism of miRNA biogenesis from translation to its 

maturation and mechanism of action. Adapted from [54].
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MicroRNA profiling of medulloblastoma and the functional role of some differentially 

expressed miRNAs

In medulloblastoma the first evidence for the role of deregulation of miRNAs came from 

the miRNA expression profiling study by Ferretti et.al. [55]. They found consistent 

downregulation of a number of miRNAs in medulloblastomas as compared to normal 

cerebellum. Functional studies on two of the downregulated miRNAs miR-9 and miR-

125a showed inhibition of proliferation and anchorage independent growth upon 

expression of these miRNAs in medulloblastoma cell lines D283 and Daoy. This study 

however was carried out before the advent of the molecular subgrouping of 

medulloblastomas. Hence subgroup specific expression of miRNAs was not studied. The 

miRNA profiling by Cho et. al. showed upregulation of miR-21 in all medulloblastomas 

as compared to the normal cerebellum [56]. The miR-17-92 cluster was also upregulated 

in subgroups parallel to the WNT, SHH and Group 3. The downregulation of miR-17-92 

cluster was shown to inhibit medulloblastoma cell growth indicating to its oncogenic role 

in medulloblastoma [57, 58]. Similarly the miR-182-183 cluster has also been shown to 

be high in the MYC positive medulloblastomas and to promote tumorigenesis [59, 60]. 

MiRNAs that are found to be downregulated in medulloblastoma may play a tumor 

suppressive role. Indeed, expression of miRNAs such as miR-199b-5p, miR-218, miR-

124 etc in medulloblastoma cell lines has been shown to reduce xenograft tumor 

formation in immunocompromised mice [61-63]. 

 MiRNA expression profiling carried out in our lab on a set of 4 normal cerebellum 

tissues and 19 medulloblastoma tumor tissues could successfully classify the normal 

cerebellum from the tumors. Interestingly, the miRNA expression profile could also 

independently classify the tumors into the four core molecular subgroups [14] (Figure 

2.2). The WNT subgroup showed a distinct set of highly expressed miRNAs including 
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miR-193a, miR-224, miR-148a, miR-204, miR-365 etc. The SHH subgroup showed 

downregulation of miR-153, miR-204 and miR-135b. MiR-135b was found to be 

upregulated in the non-WNT, non-SHH tumors. Furthermore, miR-182 and miR-183 

were found to be upregulated and miR-204 downregulated in most group 3 tumors. The 

miR-379/miR-656 and miR-127/miR-432/miR-433 cluster present in an imprinted region 

on chromosome 14 was found to be highly expressed in the normal cerebellum and group 

4 tumors. This differential expression was validated on 101 medulloblastoma tissues. A 

set of 12 protein coding and 9 miRNA coding genes have been used to develop an assay 

to classify medulloblastoma tumor tissues into the molecular subgroups [15].  

The miRNAs overexpressed in the WNT subgroup medulloblastomas including miR-

193a, miR-224 and miR-148a have been shown to inhibit growth of the non-WNT 

medulloblastoma cell lines [14, 16]. This indicates that the upregulation of these miRNAs 

in the WNT subgroup medulloblastomas may contribute to the excellent survival of this 

subgroup. The differential expression of some of these miRNAs was also found to 

correlate with the survival of the patients. In the combined cohort of Group 3 and Group 4 

medulloblastomas cases, those with miR-592 overexpression were found to have 

significantly better survival (72 % vs. 25 %) while those with miR-182 overexpression 

were found to have significantly worst survival (45 % vs. 70 %) [15]. These data indicate 

to the important role for miRNA’s in the biology of medulloblastoma. 
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Figure 2.2: Heat map showing significantly differentially expressed miRNAs in four 

molecular subgroups of medulloblastoma and normal cerebellar tissues using SAM analysis.  

The miRNAs indicated with the yellow box represent the highly differentially expressed 

miRNAs. Ochre: normal, blue: WNT, red: SHH, yellow- Group 3 and green: Group 4 [14]. 

.  
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In the present study the role of two such miRNAs in the pathogenesis of medulloblastoma 

was investigated. MiR-206 is a miRNA that was found to be downregulated in all the 

medulloblastoma tissues irrespective of their subgroup affiliation. This miRNA has been 

shown to target the OTX2 gene which is overexpressed in all non-SHH tumors. OTX2 is 

also known to be amplified in a subset of group 3 tumors [64]. Additionally, miR-206 

shows cerebellum specific expression in the normal rat brain [65]. Hence, the effect of 

miR-206 expression on medulloblastoma cell growth characteristics was studied.  

MiR-204 is another miRNA that is found to be differentially expressed in the 

medulloblastoma subgroups. In the non-WNT, non-SHH subgroup medulloblastomas, 

miR-204 was found to be down regulated in most group 3 tumors and upregulated in most 

group 4 tumors. Further analysis showed that the higher expression of this miRNA 

correlates with better survival of patients within the group 3 and group 4 subgroups. (See 

results section). This indicates to its importance as a prognostic marker. Hence, the 

functional role of this miRNA in the biology of medulloblastoma was studied by 

expressing this miRNA in medulloblastoma cell lines and studying the effect of miR-204 

expression on their growth characteristics. Furthermore, multiple target genes of this 

miRNA in medulloblastoma were also identified in order to understand its mechanism of 

action. 
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Materials

The following chemicals were obtained from Life technologies, Thermo Fischer Scientific 

Carlsbad, CA, USA: 

 Exonuclease I, Gene Ruler 1 Kb DNA ladder, Shrimp Alkaline Phosphatase (SAP) (Cat. No. 

EF0511), Taq DNA polymerase (1 U/ �l) (Cat. No. EP0404), T4-DNA ligase (Cat. 

No.E0011), Dpn I restriction enzyme (Cat. No. ER1701), SuperSignal® West Pico 

chemiluminescent substrate (Pierce-Thermo scientific, Cat. No. 34077). 

The following chemicals were obtained from Applied Biosystems, Thermo Fischer 

Scientific Carlsbad, California, USA.  

MicroRNA Reverse Transcription Kit (Cat No. 4366596), 2 X Taqman PreAmp Master Mix 

(Cat. No. 4391128), 2 X Taqman PCR Master Mix (Cat. No. 4304437), 2 X Power SYBR 

Green Master Mix (Cat. No. 4367659), Taqman miRNA Assays (Cat. No. 4427975), 384- 

well Real time PCR plates and optical adhesive sheets. 

The following chemicals were obtained from Invitrogen, Thermo Fischer Scientific

Carlsbad, CA, USA:  

MMLV-RT 200 U / µl (Cat No. 28025-013), Dulbecco’s modified Eagle medium (Cat No. 

12800-058), Fetal bovine serum (Cat No. 16140-071), Trypsin, L-Glutamine, Formamide, 

LMP (low melting point) agarose, 

The following chemicals were obtained from Dharmacon, GE Healthcare, Lafayette, CO, 

USA.  
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miRIDIAN microRNA mimics, siGLO RISC-Free Control siRNA, and Dharmafect 2 

transfection reagent. 

The following chemicals were obtained from Sigma Aldrich, St. Louis, MO, USA:  

All trans retinoic acid (ATRA Cat. No. R2625), Agarose, Proteinase K, DEPC, DMSO, 

EDTA, Ethidium bromide, BES (Cat. No. B4554). 

The following chemicals were obtained from Merck millipore, Darmstadt, Germany; 

Qualigens, Thermo Fischer Scientific India Pvt Ltd, Mumbai, India or S D fine-chem. 

limited, Mumbai, India: 

Xylene, Methanol, Glacial Acetic Acid, Potassium Acetate, Sodium Acetate, N-

laurylsarcosine. Sulfuric Acid (LR), Potassium dichromate (LR), Tri-Sodium citrate (LR), 

Citric Acid (LR), Hydrogen peroxide, Methanol. 

The following reagents were obtained from New England Biosciences (NEB), Ipswich, MA, 

USA: Standard Taq DNA polymerase (Cat No.M0273L) 

The following reagents were obtained from S D fine-chem. limited, Mumbai, India:

NaCl (Cat No.20241 AR), Na2HPO4.2H2O (Product no. 20383 AR), CaCl2.2H2O (C-3306) 

The following kits were obtained from the companies specified in brackets: 

Recover All RNA extraction kit (Ambion, Life Technologies, Carlsbad, CA, USA; Cat 

No.AM1975) 

EZ DNA Methylation-Gold Kit (Zymo-Research, Irvine, CA, USA; Cat No.D5005) 

QiaAmp DNA mini kit (Qiagen, Limburg, Netherlands; Cat No.51304) 
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Qiagen Plasmid Midi kit (Qiagen, Limburg, Netherlands; Cat No.12143) 

QIAquick PCR purification Kit (Qiagen, Limburg, Netherlands; Cat No. 28104) 

The water used for the preparation of all solutions and reagents was Ultrapure water 

(Resistivity = 18 M� cm) obtained from a Milli-Q water plant (Millipore, Billerica, MA, 

USA). 

Disposable plastic ware (certified DNase, RNase, and protease-free) was obtained from 

Axygen, California, USA.  

Disposable sterile plastic ware for tissue culture was obtained from Nunc, Rochester, NY, 

USA. 

Primers: 

All PCR primers were obtained from Sigma Genosys in lyophilized form. 

Methods

3.1 Ethics Statement and Collection of Human and Mice Tissues

This study was approved by TMC-ACTREC Institutional Ethics Committee III of the Tata 

Memorial Centre. Formalin fixed paraffin embedded (FFPE) medulloblastoma tumor tissues 

were obtained with written informed consent of the patient or the parent in case of patients 

less than 18 yr of age. In case of patients in the age group 7 to 18 yr, an assent was also 

obtained from the minor patient, in addition to the parent's consent. The consent form, assent 

form and the information sheet were approved by the Institutional Ethics committee. Normal 

cerebellar tissues were obtained from Brain Tissue Repository, NIMHANS, Bangalore that 

include two normal developing cerebellar tissues from children less than 1 yr of age and six 

normal adult cerebellar tissues.  
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This part of the study was approved by the institutional animal ethics committee. The normal 

cerebellar tissues at various stages of development (Day 7, 14 and 21) were obtained from 

C57 / BL6 mice after administration of euthanasia with overexposure to CO2. Ptch1
+/-

mice 

and Smo
+/+

mice were obtained from Dr. Matthew Scott (Stanford School of Medicine, 

Stanford, CA, USA) [36] and Dr. James Olson (Fred Hutchinson Cancer Research Centre, 

Seattle, WA, USA ) respectively [66]. The tumors formed in these SHH subgroup 

medulloblastoma mouse models were obtained in a similar manner. The tissues were flash 

frozen in liquid nitrogen and then stored at -80°C until use. 

3.2 Extraction of RNA from Human or Mice Tissues 

Five �m sections of fresh frozen tumour tissues or of FFPE tumour tissues were stained with 

hematoxylin and eosin and examined by light microscopy to ensure at least 80 % tumour 

content. RNA was extracted from the fresh frozen tissue samples using the Qiagen Rnaeasy 

kit or by the Guanidium Isothiocyanate (GITC) Method described below. RNA was extracted 

from FFPE tissues using the RecoverAll
TM

 Total Nucleic Acid Isolation kit.  

3.3 Extraction of RNA by the Guanidium Isothiocyanate (GITC) Method 

All solutions were DEPC treated, unless otherwise stated. Only RNase free sterile plasticware 

were used. 

Reagents 

Preparation of DEPC-treated Milli-Q water: Water was collected from the Milli-Q plant 

directly in sterile 50 ml NUNC tubes. 50 µl DEPC was added to 50 ml Milli-Q water, mixed 

vigorously and left over night at 37 °C, with the tubes loosely capped. The tubes were 

autoclaved on the following day. This water was used for preparing all the reagents required 

for RNA extraction. 
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1 M Sodium citrate, pH 7.0: 14.7 g Sodium citrate dihydrate was dissolved in about 35 ml of 

autoclaved Milli-Q water. The pH was adjusted to 7.0 with a few drops of 1 M citric acid and 

the volume was made up to 50 ml. (1 M Citric acid was prepared by dissolving 10.5 g powder 

in 50 ml DEPC-treated water.) 50 µl of DEPC was added to both 1 M citrate and citric acid 

solution, tubes were mixed vigorously and left at 37 °C overnight. The solutions were 

autoclaved on the next day, and stored at room temperature. 

10 % N-lauryl-sarcosine: 5 g N-lauryl-sarcosine was dissolved in DEPC-treated water and the 

final volume was made up to 50 ml. The resulting solution was neither treated with DEPC, 

nor autoclaved. It was kept at 65 °C for 1 h, and stored at room temperature. 

4 M Guanidinium Isothiocyanate (GITC): (Prepared in 25 mM Sodium citrate pH 7.0, 0.5 % 

Sarcosyl). 23.6 g of guanidine isothiocyanate was dissolved in 40 ml DEPC-treated water. 

1.25 ml of 1 M sodium citrate and 2.5 ml of 10 % sarcosine were added and the final volume 

was made up to 50 ml with DEPC-treated water. The final solution was neither treated with 

DEPC nor autoclaved. Solution D was prepared from GITC by adding �-mercaptoethanol at a 

final concentration of 0.1 M. This solution is stable at room temperature for one month. 

Phenol (Saturated with DEPC-treated water): 25 ml DEPC-treated water was added to 25 ml 

distilled phenol at room temperature in a sterile NUNC tube. The tube was mixed vigorously 

by inverting several times. The tube was kept at 4 °C until the two phases separated (30-60 

min). The upper phase of water was replaced with fresh DEPC-treated water, mixed once 

again and stored at 4 °C. 

 2 M Sodium acetate, pH 4.0: 13.6 g sodium acetate was dissolved in about 25 ml of Milli-Q 

water and pH was adjusted to 4.0 with glacial acetic acid. Final volume was made up to 50 ml 

with Milli-Q water. 50 µl DEPC was added to the solution, mixed vigorously and left at 37°C 

over night. The solution was autoclaved the following day and stored at room temperature. 
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Method 

1. For tissue samples: approximately 30-50 mg of frozen tumour tissue was collected in a 

chilled homogenizer collection tube. This was homogenized at low–medium intensity 

with approximately 2-3 ml of Solution D. The tissue lysate was collected in a 

microcentrifuge tube and immediately passed through a 26-gauge needle at least ten 

times. The lysate was triturated until it loses its viscosity, resulting in complete shearing 

of genomic DNA. 

2. For cultured cells: The medium was poured off and the cells were washed with 1 X PBS. 

0.5 ml of Solution D was added per well of a 24-well plate. The cell lysate was collected 

by tilting the plate and was passed immediately through a sterile syringe fitted with a 26 

gauge needle. This was done at least ten times until the lysate lost its viscosity, resulting 

in complete shearing of the genomic DNA. At this stage the lysate was either stored at -

20 °C or processed further immediately.  

3. 50 µl of 2 M Sodium acetate pH 4.0 was added per 0.5 ml solution D in an eppendorf 

tube and mixed by inverting the tube. 

4. Next, 0.5 ml of DEPC water-saturated phenol and 0.2 ml chloroform were added 

successively, and the contents of the tube were mixed thoroughly by vortexing for 1 min. 

The cap of the tube was loosened to release the developed pressure, and the tube was 

vortexed again for 30 seconds.  

5. The tube was kept on ice for 15-20 min, and centrifuged at 10,000 rpm at 4° C for 10 min 

in a table top centrifuge (Rota 4-R). The upper aqueous phase was transferred to a fresh 

eppendorf tube, and centrifuged once again to settle any traces of phenol. 
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6. The supernatant aqueous phase was transferred to a fresh eppendorf tube and an equal 

volume of isopropanol (approx. 0.5 ml) was added. The tube was vortexed briefly, and 

the mixture was kept at -20 °C overnight to precipitate the RNA. 

7. On the next day, the tube was centrifuged at 10,000 rpm at 4 °C for 20 min, to pellet 

down the precipitated RNA. Supernatant was decanted carefully, so as not to disturb the 

RNA pellet.  

8. The RNA pellet was washed with 70 % ethanol (0.5 ml prepared in DEPC-treated water), 

kept at room temperature for 2 min, and centrifuged at 10,000 rpm at 4 °C for 10 min. 

The supernatant was decanted, and the drops were allowed to drain off by keeping the 

tubes inverted on folds of a clean dry tissue paper. The RNA pellet was also dried using 

vacuum (speedvac) and dissolved in minimum volume of DEPC-treated water, (e.g. 10 

µl for RNA from 5 x 10
5
 cells). For dissolving the RNA, it was first kept on ice for about 

50 min with intermittent vortexing and spinning down, and then it was heated at 65 °C 

for 10 min and chilled on ice. It was then stored at -80 °C. 

9. The extracted RNA was quantified by spectrophotometry analysis (O.D. at 260/280 nm) 

using the Nanodrop spectrophotometer (Thermo Scientific) and by loading it on a 

denaturing gel. The ratio of 28s rRNA to 18s rRNA is approximately 2:1 in a good 

quality RNA. 

3.4 Preparation of Denaturing Gels for RNA 

Reagents 

10 X MOPS: 41.6 g MOPS, 16.7 ml of 3 M sodium acetate pH 5.0, 20 ml of 0.5 M EDTA 

pH 8.0. Adjust pH to 7.0 with 5 M NaOH; make up the volume to 1 litre with Milli-Q water 

and autoclave. 

10 X RNA loading dye: 1 mM EDTA pH 8.0, 50 % v / v glycerol, 0.4 % bromophenol blue. 
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Method 

1. 1 % agarose gel was prepared as follows: agarose was weighed into the appropriate 

volume of autoclaved Milli-Q water. The slurry was heated in a microwave oven until 

the agarose was dissolved completely. MOPS was added to a final concentration of 1 X 

and the slurry was mixed properly and placed at 60 ºC for 10 min. 

2.  Then, formaldehyde (37 % solution) to a final concentration of 20 % was added and the 

gel solution was kept at 60ºC for 20 min. Ethidium bromide to a final concentration of 

0.5 µg / ml was added, the gel was poured in a gel tray and was allowed to set at room 

temperature for 30-45 min. 

3. After the gel had completely set, it was placed in the electrophoresis tank filled with  1 X 

MOPS buffer, just enough to cover the gel to a depth of about 3 mm. 

4. RNA samples were mixed with half the volume of 10 X MOPS, and double the volume of 

freshly prepared formamide: formaldehyde (3:1) mixture and the samples were placed at 

60 ºC for 15 min.  

5. The RNA samples were mixed with 10 X RNA loading dye at 1 X final concentration and 

loaded into the wells of the gel. The electrophoresis of the gel was at 60 mA constant 

current, till the dye had migrated almost to the bottom of the gel.  

6. The gel was placed in Milli-Q water overnight to wash off excess of ethidium bromide, 

RNA was visualized by observing the gel on a UV transilluminator. 

3.5 Reverse Transcriptase PCR for conversion of RNA to cDNA 

Reagents  

5 X First Strand Buffer, M-MLV RT enzyme (200 U / �l), 0.1 M DTT (all three from 

Invitrogen), 10 mM dNTP mix, RNase Inhibitor (20 U / �l), p (dN) 6 prime (100 ng / �l) 
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Method

1. A 10 �l reaction was set up for the cDNA synthesis from 500 ng of total RNA  

2. First, the following components were added to a nuclease-free microcentrifuge tube:  

Components Volume Final Concentration

Total RNA - 500 ng 

10 mM dNTP Mix 0.5 �l 1 mM 

100 ng / �l random primers p(dN)6 0.5 �l 0.5 mM 

DEPC treated Milli-Q water Make up volume to 6 �l 

3. RNA was heated at 65 °C for 5 min to denature RNA secondary structures and chilled on 

ice for 2 minutes. 

4. Reaction mix was prepared on ice by adding the following component 

Components Volume Final Concentration

5 X First strand buffer 2 �l 1X 

0.1 M DTT 1 �l 0.01 M 

RNase Inhibitor (20 U / �l) 0.25 5 U 

DEPC treated Milli-Q water Make up volume to 3.5 �l 

5. The reaction mix was added to the RNA, mixed by gentle pipetting, and incubated at 37 

°C for 5 min to allow annealing of random primers to the RNA.  

6. 0.5 �l (100 U) of M-MLV RT was added to the reaction tube and mixed by gentle 

pipetting. The tubes were transferred to the thermal cycler (Eppendorf) and thereafter the 

following conditions were followed: 
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Temperature Time 

25 °C 10 min

37 °C 50 min

70 °C 15 min

4 °C �

7. The cDNA synthesized was then used for analyzing gene expression levels by real time 

PCR or stored at -20 °C.  

3.6 Stem loop Reverse Transcription for miRNA  

Mature miRNAs are only 20-23 nucleotides in length. The stem–loop RT primers hybridized 

to mature miRNA molecule and then reverse transcribed with a reverse transcriptase. The RT 

product is then quantified by Taqman PCR with miRNA specific forward primer, reverse 

primer corresponding to part of the Stem loop RT primer (excludes the loop region) and the 

taqman probe.  

Reagents 

10 X RT Buffer, 100 mM dNTP mix, RNase Inhibitor (20 U / �l)  Multiscribe M-MLV RT 

enzyme (50 U / �l),  (All from miRNA reverse transcription kit, ABI. DEPC- treated Milli-Q 

water  

Multiplex 5 X RT Primer pool: 98 µl of 1 X T.E. pH 8.0 was added with 1µl of the 5 X RT 

primer of the miRNA of interest (miR-206 or miR-204) and 1µl of RNU48 5 X RT primer. 

20 µl aliquots of the pooled primers were made and stored at -20 °C. Repeated freeze thaw 

cycles were avoided. 
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Method

1. All the reagents required were thawed and mixed well by tapping and pulse spinning. 

MiRNA RT primers were thawed on ice. 

2. 0.2 µl – 2 µl pipettes were used for pipetting volumes below 2 µl including RNA dilutions. 

All the enzymes were added directly from -20 °C freezer. 

3. The master mix was prepared in a 0.5 ml tube as follows: The RT primer Pool is a mixture 

of stem loop RT primer for multiple miRNAs 

Component Volume Final concentration

10 X RT Buffer 0.5 �l 1 X 

100 mM dNTP mix 0.1 �l 0.5 mM 

Multiplex RT primer pool 2 �l 1 X 

RNase inhibitor (20 U / �l) 0.1 �l 2 U 

Multiscribe MMLV-RT (ABI) 1 �l 50 U 

Total RNA 50 ng/ 200 ng  

DEPC treated MQ water Make up volume to 5 �l

4. Before adding MMLV-RT, the PCR machine was set and kept on hold 16 °C and the lid 

temperature was set to 105 °C. The contents of the tube were gently mixed by tapping 

followed by a pulse spin.  

5. 3 µl of master mix was dispensed into each of the 0.2 ml tube. 2 µl of the diluted RNA 

sample (25 ng / µl) was added to the respective tubes. Gently tapped and pulse spun the 

contents. The Reverse transcription was done in a thermal cycler using the conditions 

given below. 
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Temperature Time 

16 °C 30 

42 °C 30 

85 °C 5 min 

4 °C Hold 

3.7 Real Time PCR  

Reagents for Taqman chemistry 

2 X Taqman PCR Master Mix (Applied Biosystems), 20 X Probes and Primer mix (Applied 

Biosystems) 

Reagents for SYBR chemistry 

2 X SYBR green (Applied Biosystems), 10 pmol / µl gene specific forward primer, 10 pmol / 

µl gene specific reverse primer  

Method 

1. The cDNA obtained from the stem loop RT reaction or RT reaction using random primers 

was diluted to 5 ng / �l with DEPC-treated autoclaved Milli Q water for use in the PCR 

reaction. A total of 10 ng cDNA was used per reaction. 

2. The PCR reaction for the Taqman chemistry was set up as follows: 

Components Volume per well

2 X Taqman PCR Master Mix 2.5 µl 

20 X Probe-Primer Mix 0.25 µl 

DEPC MQ 0.25 µl 

cDNA (5 ng / µl) 2.0 µl 

Total volume 5 �l 

3. The PCR reaction for the SYBR green chemistry was setup as follows 
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Components Volume per well

2 X SYBR green PCR Master Mix 2.5 µl 

10 pmol / µl Forward primer 0.25 µl 

10 pmol / µl Reverse primer 0.25 µl 

cDNA (5 ng / µl) 2.0 µl 

Total volume 5 �l 

  

4. The 5 �l PCR reaction mix were loaded into the wells of a 384-well microtitre optical 

plate. The plate was covered with an optical cover sheet and sealed with the help of a 

plastic applicator. The applicator was pressed evenly over the optical cover sheet several 

times to ensure proper sealing of the wells. The sealed plate was centrifuged briefly at 

2000 rpm for 2 min to spin down the reaction mixes ensuring no air bubbles. 

5. The plate was loaded in the Real Time PCR machine. PCR was carried out in Avant 

7900HT Sequence Detection machine or the QuantStudio™ 12K Flex Real-Time PCR 

System both from Applied Biosystems, NY, USA with default cycling parameters. 

The default PCR cycling parameters are: 

Temperature Time No. of cycles

50 °C 2 min 1 

95 °C 10 min 1 

95 °C 15 s 40 

60 °C 1 min 

6. The initial 50°C incubation is to activate the hot start AmpliTaq Gold DNA 

polymerase enzyme, followed by an initial denaturation step for 10 min and then 40 cycles 

of denaturation-annealing-extension step. After completion of 40 cycles, the dissociation 

step of the amplified products was performed. Amplification data was collected in real 
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time by the machine and stored in the SDS 2.1 software or the Quant studio 12Kflex 

software. After completion of the runs, the data was analyzed using the same software’s. 

(Applied Biosystems, NY, USA). 

GAPDH or RNU48 were used as a housekeeping gene internal control for protein-coding 

genes and miRNAs respectively. The expression of the gene of interest, relative to GAPDH 

or RNU48 levels were quantified and expressed as Relative Quantity (RQ), calculated as Ct 

(gene of interest) – Ct (GAPDH/RNU48) = �Ct. The Relative quantity was calculated as [2
-

(�Ct)
 x 100]. Ct = Threshold cycle as automatically determined by the SDS 2.1 software / 

Quant studio 12Kflex software. 

3.8 Molecular Subgrouping of Medulloblastoma Tumor Tissues

The differential expression of the 12 protein-coding genes and 9 miRNAs in FFPE tissues 

was analyzed by real-time RT-PCR assay developed in the lab [15]. The protein coding gene 

expression was assessed using the reverse transcription protocol described in section 3.5 .In 

case of RNAs extracted from FFPE tissues, 100 ng of cDNA was used for the real time PCR 

using the SYBR green chemistry. (Please refer section 3.7) 

A modification to the published protocol was made for the study of miRNA expression in the 

FFPE tissues by inclusion of a pre-amplification reaction post the stem loop RT-PCR for 

miRNAs. A pre-amplification step prior to real time PCR was carried out. The pre-

amplification is beneficial when working with limiting amounts of RNA such as those 

obtained from FFPE tissues. For the preamplification reaction, a multiplexed RT reaction for 

pools of the 9 miRNAs and RNU48 RT primers and Taqman miRNA Assays were used.  
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a) Preparation of custom RT pool

Note: Each Taqman MicroRNA Assay contains one 5 X RT primer. Up to 96 of these 

primers can be pooled into one RT reaction as follows: 

1 �l of each individual 5 X RT primer were combines and 1 X T.E was added to make the 

final volume to 100 �l. Thus the final concentration of each RT primer in the RT primer 

pool was 0.05 X each. 20 �l aliquots of the RT primer pool were made and stored – 20 °C 

for up to two months. 

b) Preparation of custom pre-amplification (Pre-Amp) primer pool

The Pre-Amp primer pool was prepared similar to the custom RT primer pool. 1 �l of each 

individual 20 X Taqman MicroRNA Assay was combined and 1 X T.E. was added to make 

the final volume to 100 �l, with the final concentration of 0.2 X for each assay in the pool. 

Aliquot and Store the Pre-Amp primer pool at – 20 °C. 

c) Preparation of the RT reaction mix

1. In a 0.2 �l PCR tube, the following reaction components were added. The reaction mix 

was prepared on ice. The custom RT pool (thawed on ice) or Multiscribe Reverse 

Transcriptase should not be vortexed. A single PCR reaction contained the following 

components: 

Components Volume Final Concentration

10 X RT Buffer 0.5 �l 1X 

100 mM dNTP mix 0.1 �l 0.5 mM 

Custom RT primer pool 2.0 �l 0.02X each 

RNase inhibitor 0.1 �l 2 U 

Multiscribe MMLV-RT 1.0 �l 50 U 

DEPC treated Milli-Q water Make up volume to 4 �l
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2. The components were mixed thoroughly by inverting 6 times followed by pulse spin. The 

reaction mix should not be vortexed. 

3. 1 �l of 25 ng total RNA was added to the reaction mix for a total reaction volume of 5 �l. 

The components were mixed by inverting followed by pulse spin. 

4. The reaction was incubated on ice for 5 min and subsequently transferred into a thermal 

cycler. The cycling parameters were same as that for stem- loop RT-PCR. The RT product 

can be stored at – 20 °C for up to one week. 

d) Preparation of the Pre-Amp reaction mix

1. In a 0.2 �l PCR tube, the following components were added: 

Components Volume Final Concentration

Taqman Pre-Amp Master Mix 2.5 �l 1X 

Pre-Amp primer pool 0.75 �l 0.03X each 

RT Product 0.5 �l 2.5 ng 

DEPC treated MQ water Make up volume to 5 �l

2. The reaction components were mixed thoroughly followed by pulse spin. The tubes were 

then transferred to a thermal cycler. 

PCR cycling parameters: 

Temperature Time No. of Cycles

95 °C 10 min 1 

55 °C 2 min 1 

72 °C 2 min 1 

95 °C 15 sec 1 

60 °C 4 min 1 

99.9 °C 10 min 1 

4 °C � Hold 
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3. After the Pre-Amp PCR the tubes were spun briefly. 2 �l of the Pre-Amp product was 

diluted to 16 �l (1:8 dilution) using 0.1 X T.E., pH 8.0. This is the diluted Pre-Amp 

product which can be stored at – 20 °C for up to one week. 

e) Preparation of the real time PCR reaction mix- Please refer section 3.7 

3.9 Cloning of PCR Products into the Target Vector

This section describes the general protocol for molecular cloning. It was used for cloning of 

the miR-206 and miR-204 genomic region in the pTRIPZ lentiviral vector, miR-204 genomic 

region in the pGIPZ vector and the 3’ UTR regions of putative miR-204 target genes in the 

pcDNA 3.0 luciferase reporter vector. 

(a) PCR amplification and Phenol-Chloroform method of DNA purification

Reagents for PCR: 5 X phusion HF buffer, 10 mM dNTP mix, Phusion polymerase,  

Reagents for Phenol-chloroform DNA purification: Tris saturated phenol, Chloroform

Tris Saturated Phenol: Distilled phenol kept at –20 °C was carefully thawed to RT by keeping 

it at 60 °C preferably in waterbath. The cap of the bottle was loosened to release any pressure 

built on thawing the phenol. As phenol is acidic, it needs to be neutralised to avoid 

degradation of DNA. 25 ml of phenol was taken and equal volume of autoclaved Milli-Q in 

sterile Nunc tube. It was mixed thoroughly by shaking the tube and allowed to rest until two 

phases separate. Upper phase was removed. This was repeated once to saturate phenol with 

water. To the water saturated phenol, equal volume of 1 M Tris, pH 8.0 was added and mixed 

thoroughly by shaking the tube and left undisturbed to allow the two phases to separate. The 

upper phase was removed and the same sets of steps were repeated with 0.1 M Tris, pH 8.0. 

The pH of the phenol phase was subsequently achieved to be 7.0 or above. 10-15 ml of 10 
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mM Tris, pH 8.0 was added on top of the phenol phase for long-term storage in refrigerator 

and exposure to light was avoided by covering the tube with aluminium foil. 

Method

1. All the reagents required for the reaction except the enzyme were thawed and kept on ice. 

2. For each PCR reaction 25 ng of human lymphocytic genomic DNA was added in the end 

to the 0.2 ml tube containing the PCR components. 

3. The PCR Reaction mix was prepared as follows  

Components Volume Final Concentration 

5 X Phusion buffer (HF) 2 µl 1 X 

10 mM dNTP mix 0.2 µl 0.2 mM 

Forward primer (10 pmol / µl) 0.2 µl 2 pmol 

Reverse primer (10 pmol / µl) 0.2 µl 2 pmol 

Phusion Polymerase (2 U / µl) 0.1 µl 0.2 U 

Genomic DNA  25 ng 

Autoclaved Milli-Q water  Make up volume to 10 µl

4. Reactions were carried out in Eppendorf Master Cycler 5333 (Eppendorf, Germany). All 

precautions were taken to avoid PCR related contamination. All reagents and PCR 

products were handled using filter tips. The PCR cycling parameters were as follows: 
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Temperature Time Cycles

98 °C 5 min 1 

98 °C 30 sec

30 
Annealing temperature 45 sec 

72 °C 30 sec 

72 °C 10 min 1 

4 °C � Hold 

5. 5 �l of the PCR product was run on a 1 % agarose gel and visualized using an UV 

transilluminator. The PCR product was further purified using phenol: chloroform 

method, before using it for cloning. 

6. The PCR product was diluted with approximately ¾ th volume of T.E. pH 8.0. An equal 

volume of Tris Saturated phenol was added to the diluted PCR product, mixed and 

centrifuged at 12,000 rpm, 20 °C for 15 min. 

7. The upper aqueous layer was transferred to a fresh eppendorf tube and an equal volume 

of phenol: chloroform (1:1) was added to it, mixed and centrifuged at 12,000 rpm, 20 °C 

for 15 min 

8. The aqueous was again collected in a fresh eppendorf tube. An equal volume of 

chloroform was then added to the tube, mixed and centrifuged at 12,000 rpm, for 15 min, 

at 20 °C.  

9. The upper layer was again separated and 1/10
th

 volume of 3 M sodium acetate pH 5.2 

was added to it and mixed by inverting the tube. 

10.  2.5 X volume of chilled absolute alcohol (kept at -20 °C to chill) was added to the tube, 

mixed well and kept overnight at -20 °C to precipitate the DNA. 

11. Next day, the mixture was centrifuged at high speed (16,000 rpm) for 20 min at 4 °C and 

the pellet was washed with 500 µl of 70 % alcohol for two times and centrifuged at 

12000 rpm for 10 min at 4 °C 

12. The pellet was air-dried and dissolved in minimum of 10 µl T.E buffer pH 8.0. 
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 (b) Agarose Gel Electrophoresis 

Reagents 

50 X Tris-acetate-EDTA (TAE) buffer: 121 g Tris and 18.6 g EDTA was dissolved in 300 ml 

of Milli-Q water followed by addition of 28.55 ml glacial acetic acid. Volume was made up 

to 500 ml and was autoclaved.

Ethidium Bromide stock solution (10 mg / ml): Dissolve 10 mg Ethidium Bromide in 1 ml of 

autoclaved Milli-Q water. 

6 X DNA loading dye: Dissolve 0.25 % bromophenol blue, 40 % (w / v) sucrose in Milli-Q 

water. 

Method 

1. The appropriate amount of agarose was weighed into a measured volume of 1 X TAE 

buffer to make a 1 % gel. The slurry was heated in a microwave oven until the agarose 

was dissolved completely and ethidium bromide to a final concentration of 0.5 �g / ml 

(from a 10 mg / ml stock) was added when the gel solution had cooled to about 40 °C. 

2. A gel tray was cleaned, the gel was poured into the gel tray and a clean comb was 

inserted in the slot provided in the tray. The gel was allowed to set at room temperature 

for 30-45 minutes. 

3. After the gel had completely set, the gel was placed in the electrophoresis tank filled with 

1 X TAE buffer. The buffer should be just enough to cover the gel to a depth of about 3 

mm and the comb was carefully removed. 

4. The DNA samples were mixed with 6 X loading buffer at 1 X final concentration and 

loaded into the wells of the gel. The gel was run in electrophoresis chamber at 40 mA 

constant current, till the dye had migrated about three-fourths of the gel.  
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5. The DNA was visualized on an UV transilluminator.

(c) Restriction digestion 

Reagents: 10 X buffer, Restriction Enzyme

Method 

1. All the reagents required for the reaction except for the enzyme were thawed and kept on 

ice. 

2. For a typical restriction enzyme reaction, 2-3 U of enzyme was used to digest ∼1 µg 

DNA in a reaction volume of 20 µl; at the recommended temperature for at least 4 hr. (If 

more than one reaction was performed a master mix was prepared containing the buffer, 

enzyme and Milli-Q water). 

3. The reaction was heat inactivated at the recommended temperature for 15-20 min (most 

enzymes are inactivated at 65 °C for 15 min). 

4. For cloning the digested product, the volume of the reaction was made to 200 – 300 �l 

with TE. The mixture was purified by phenol-chloroform method and precipitated with 

ethanol as described for PCR products. 

(d) Dephosphorylation of Vector using Shrimp Alkaline Phosphatase (SAP) 

The digested vector was treated with Shrimp Alkaline Phosphatase to remove the 5’-

phosphate from the last base to avoid religation between the ends of vector molecules 

Reagents: 10 X Restriction Enzyme digestion buffer, Shrimp Alkaline Phosphatase (1 U / µl) 

Method 

1. All the reagents required for the reaction except for the enzyme were thawed and kept on 

ice. 
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2. The reaction was set up as follows and incubated at 37 °C for 60 min. 

Components Volume 

10 X R.E digestion buffer 3 µl 

Shrimp Alkaline Phosphatase (1 U / µl) 1 µl (1 U) 

RE digested DNA mixture 10-20 µl (1-10 pmol termini)

Autoclaved Milli-Q water Make up volume to 30 µl 

3. The reaction was terminated by heat inactivation at 65°C for 15 minutes. 

(e) Ligation 

Reagents: 10 X Ligation buffer, T4 DNA Ligase (5 U/ µl), 50 % PEG 4000 solution. 

Method 

1. All reagents required for the reaction except for the enzyme were thawed and kept on ice. 

The reaction was setup as follows 

Components 
Blunt-end Ligation Sticky-end Ligation

Volume/ amount Volume/amount 

Linear vector DNA 60 fmol vector ends 30 fmol vector ends 

Insert DNA (PCR product) 180 fmol insert ends 90 fmol insert ends 

10 X Ligation buffer 2 µl 2 µl 

50 % PEG 4000 solution 2 µl - 

T4 DNA Ligase (5 U/ µl) 1 µl (5 U) 0.4 µl (2 U) 

Autoclaved Milli-Q water Make up volume to 20 µl Make up volume to 
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2. The mixture was incubated for 16 hour at 22 °C (cold bath) and inactivated by incubating 

at 65 °C for 10 min. 

(f) Preparation of competent cells

Reagents  

Transformation buffer (TB): 0.3 g PIPES, 0.22 g of CaCl2-2H20, 1.86 g of KCl were 

dissolved in 95 ml Milli-Q and pH was adjusted to 6.7-6.8 with 5 M KOH. The initial white 

precipitate may form at low pH, however once the right pH is adjusted, solution should 

become clear. 1.09 g of MnCl2 was added in this solution and final volume was made up to 

100 ml and filter-sterilised using 0.22 µm filter. 

Super Optimal Broth (SOB): 20 g of tryptone, 5 g of yeast extract was dissolved in 995 ml of 

Milli-Q water. 2 ml of 5 M NaCl and 1.25 ml of 2 M KCl was added to achieve final 

concentrations of 10 mM and 2.5 mM respectively. Solution was autoclaved and 5 ml of 2 M 

MgCl2 solution prepared and sterilised separately was added just before use. 

Luria Broth (LB): 1 g of tryptone, 0.5 g of yeast extract and 0.5 g of NaCl was dissolved in 

100 ml of milli-Q water and autoclaved 

SOB agar plates: 1.5-2 g Agar was dissolved in 100 ml of SOB (or LB), autoclaved and 

poured in pre-sterilised plastic plates.  

Method 

1. Escherichia coli strains DH5� or stbl3 cells were freshly streaked from the glycerol stocks 

on the SOB agar plates one day prior to inoculation into SOB for preparation of competent 

cells. 
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2. 200 ml of SOB medium (10 % of flask volume) was prepared and autoclaved in wider 

neck 2 L flask. All the steps here onwards are performed under aseptic conditions in 

laminar air flow system. 

3. A single colony from the freshly streaked SOB plate was inoculated into the 200 ml SOB 

and the flask was incubated at 18°C at 150-200 rpm till the O.D at 600 nm reaches to 0.4. 

The O.D was checked at regular intervals using a spectrophotometer by removing 1ml of 

the growing culture under aseptic conditions. 

4. The culture was centrifuged at 3000 rpm for 15 min at 4 °C when O.D reaches 0.4 or in 

when it’s in between 0.4 to 0.7. 

5. The supernatant was discarded and one third volume of ice cold transformation buffer 

(134 ml for 200 ml culture) was added slowly onto the pellet so as to gently resuspend the 

pellet. 

6. It was completely resuspended in TB with gentle pipetting for 5-10 min and was incubated 

on ice for additional 10 min. Care was taken to avoid formation of bubbles during the re-

suspension of the cell pellet. 

7. The resuspended pellet was centrifuged at 3000 rpm for 15 min at 4 °C. The cell pellet 

was again resuspended in 16 ml of TB (1 / 12.5 volume of the initial culture volume i.e. 

for 200 ml) as described in the earlier step.  

8. 1.12 ml of DMSO (at a final concentration of 7 %) was added on the walls of suspension 

tubes slowly and was mixed by shaking or by gentle pipetting once or twice. 

9. The cells in this solution were made into aliquots of 100 µl in 1.75 ml pre-chilled sterile 

eppendorf tubes and snap-frozen in liquid nitrogen.

10. The competent cell vials were stored at -80 °C and were thawed on ice just before use.  

(g)  Transformation of competent cells 

Reagents: Stbl3 or DH5� ultra-competent cells, SOC broth, LB broth 
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Method

1. Stbl3 or DH5� ultra-competent cells, stored at -80 °C were thawed on ice by tap-mixing 

intermittently and kept on ice. 

2. 2-10 µl of the DNA ligation mixture was added to the cells and incubated on ice for 30 

min, followed by a heat shock for 45 sec at 42 °C (90 sec for DH5�) 

3. Then the transformation mixture was subjected to cold shock by immediately transferring 

to ice for 5 min. 

4. 900 µl of SOC broth was added to the transformation mixture and incubated on a shaker 

incubator for 1 hr at 37 °C. The mixture was spread on a LB agar plate containing 

ampicillin (100 µg / ml) and incubated at 37 °C for 16-18 hr 

5. The colonies obtained were then inoculated in LB broth containing ampicillin (100 µg / 

ml) and plasmid DNA was extracted from the cultures using alkaline lysis method. 

(h)  Plasmid extraction by alkaline lysis method 

Reagents 

Solution I: Glucose Tris EDTA solution: 

Components Volume Final concentration 

2 M  Glucose 1.25 ml 50 mM 

0.5 M EDTA 1.0 ml 10 mM 

2 M Tris, pH 8.0 0.625 ml 25 mM 

Final volume Make up to 50 ml with autoclaved Milli-Q water
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Solution II: (Freshly prepared)

Components Volume Final concentration 

5 M NaOH 0.2 ml 0.2  N 

20 % SDS 0.25 ml 1 % 

Final Volume Make up to 5 ml with autoclaved Milli-Q water

Solution III/ (3 M Potassium 5 M acetate, pH 4.8): 

14.7 g of Potassium acetate was dissolved in 20 ml Milli Q water and volume was made upto 

30 ml. To this, 5 M Potassium acetate, 5.5 ml of glacial acetic acid and 10 ml of Milli-Q 

water was added. pH was checked. If it is not ~ 4.8 more acetic acid was added and finally 

the volume was made to 50 ml with Milli-Q water and the solution was autoclaved.  

Method

1. 1-2 ml of bacterial culture in a 1.5 ml eppendorf tube was centrifuged at 3000 rpm for 5 

min at room temperature. The cell pellet was resuspended in ice cold 100 �l solution I by 

vortexing and incubated for 5 min at room temperature.  

2. 200 �l of freshly made solution II was added and mixed by gently inverting the tube 

followed by incubation on ice for 5 min.  

3. 150 �l of solution III was added and immediately mixed by vortexing for 10 sec, followed 

by incubation on ice for 5 min.  

4. The tube was centrifuged at 13000 rpm for 5 min at 4 °C and the clear supernatant was 

removed in a fresh tube without disturbing the pellet.  

5. An equal volume of phenol-chloroform (1:1) was added to the supernatant. (for example, 

250 µl of tris-saturated phenol and 250 µl of chloroform were added for 500 µl of 

supernatant.) 
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6. The tube was vortexed for 2 min and centrifuged at 12000 rpm for 5 min. The aqueous 

layer was removed carefully into a fresh tube. 

7. Equal volume of chloroform was added to the aqueous layer and tube was vortexed to 

thoroughly mix the contents. Step 6 was repeated. 

8. 1 ml (or double the volume) of absolute ethanol was added to the supernatant, mixed by 

inversion and allowed to precipitate at room temperature for 5 min.  

9. The tube was centrifuged at 13000 rpm at room temperature for 5 min and the supernatant 

was decanted carefully so as to not disturb the DNA pellet. 1 ml of 70 % ethanol was 

added to the DNA pellet and re-spun at 13000 rpm for 5 min. The ethanol was aspirated 

and the DNA pellet was air dried.  

10. The DNA pellet was dissolved in 10-25 �l TE containing RNaseA (1 µg / ml) and then 

analysed for successful cloning by restriction digestion. 

11. The constructs generated were purified on a larger scale using the Qiagen DNA Midi kit 

according to manufacturer’s protocol. 

3.10 Cell Culture 

Medulloblastoma cell lines Daoy and D283 were obtained from ATCC.  D341, D425 and 

D384 medulloblastoma cell lines were a kind gift from Dr. Darell Bigner (Duke University, 

Durham, USA.). HEK293FT cells were obtained from Invitrogen (Carlsbad, CA, USA) 

3.10.1 Tissue Culture Media and Reagents 

Tissue culture medium: Commercially available powdered medium, Dulbecco’s Modified 

Eagle Medium (DMEM) and DMEM with F12 nutrient mixture (DMEM/ F12) containing 

high glucose, pyridoxine hydrochloride and sodium pyruvate (Catalog No. 12800-058, and 

12500-062 Thermo Fischer Scientific) was prepared as per the manufacturer’s instructions. 

The powdered medium was reconstituted by dissolving it in ~800 ml autoclaved Milli-Q 
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water under sterile conditions. 3.5 g Sodium bicarbonate was added and the pH was adjusted 

to 7.5 using 1N HCl (about 11 ml). The volume was made up to 1 L in a sterile volumetric 

flask and the medium was filter sterilized through a 0.22 µm pore size filter membrane (Cat 

no. GSWP04700) fitted in a sterile filtration assembly. The filtered medium was stored in 500 

ml aliquots at 4 ºC. 

The Complete medium contained DMEM supplemented with 10 % fetal bovine serum (FBS, 

Invitrogen, and Cat. No. 16140-071). 1 ml of the 100 X antibiotic (Penicillin and 

streptomycin) stock solution was added per 100 ml of complete medium if required. 

100 X antibiotic mix: 10,000 units Penicillin G (Alembic Ltd, Vadodara, India) and 10,000 

µg Streptomycin sulphate, available as injection vials (Abbott Healthcare Pvt. Ltd, 

Ahmadabad, India) were dissolved per ml in Milli-Q water, filter sterilized and stored at         

4 °C.  

10 X phosphate buffered saline (PBS): 80.8 g NaCl, 2.0 g KCl, 12.6 g Na2HPO4. 2 H2O, 2.0 g 

KH2PO4, and 10 g glucose was dissolved in autoclaved Milli-Q water and the volume made 

up to 1 L. The solution was filter sterilized and stored at 4 °C. 

10 X Trypsin (0.25%): 2.75 g of trypsin was added to 110 ml of autoclaved Milli-Q water 

and allowed to dissolve overnight on a magnetic stirrer. The solution was sterilized by 

filtering through a 0.22 �m pore size filter. The solution was stored in 10 ml aliquots at -20 

ºC. 10 X stocks were diluted to 1 X working solution with 1 X PBS. The working solution 

was stored at 4°C. 

3.10.2 Routine Maintenance of Cell Lines 

All the reagents, glassware and plasticware used for tissue culture work were sterile and of 

tissue culture grade.   
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The adherent cell lines Daoy and HEK293FT cells were routinely cultured in 1X Dulbecco’s 

Modified Eagle’s Medium(DMEM) with 10 % fetal  bovine serum (FBS). They were 

passaged as follows- 

1. The spent media was aspirated out using a Pasteur pipette and the cells in the plate were 

rinsed twice with 1 X PBS. 

2. 1 X trypsin was added to the plate and was removed after the cells started to round up but 

just before the cells started to detach. The cells were collected in 1 X PBS and the cell 

suspension was transferred to a centrifuge tube containing 1 ml complete medium and 

tightly corked. 

3. The cell suspension was centrifuged for ~2 min at 1000 rpm in a REMI benchtop 

centrifuge. The supernatant was discarded and the cell pellet was loosened by tapping the 

tube gently. 

4. The cells were resuspended in an appropriate volume of complete medium, cell count was 

taken using a haemocytometer, and the required cell number was seeded in to tissue 

culture plates. The cells were incubated in a humidified incubator at 37 °C in an 

atmosphere of 5 % CO2. The cells were passaged when the density reached ~ 75-80 % or 

were frozen. The cells were not passaged for too long and a fresh vial of frozen cells was 

revived at regular intervals. 

 D283, D341, D425 and D384 are semi-adherent cell lines and they were routinely cultured in 

1X DMEM + F12 nutrient mixture containing  10% FBS in the following manner. 

1. The cells were directly collected from the tissue culture plate using a Pasteur pipette. The 

use of trypsin is not required for these cells. The cell suspension was transferred to a 

centrifuge tube which was tightly corked. 
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2. The cell suspension was centrifuged for ~2 min at 1000 rpm in a REMI benchtop 

centrifuge. The supernatant was discarded and the cell pellet was loosened by tapping the 

tube gently.  

3. The cells were resuspended in an appropriate volume of complete medium. The cell 

suspension was triturated 3-4 times using a Pasteur pipette to obtain a single cell 

suspension. The cells were counted using a haemocytometer, and the required cell number 

was seeded in tissue culture plates. 

3.10.3 Freezing and Revival  

1. The cell lines were grown to a density of 75-85% after which the Daoy and 293 FT cells 

were trypsinised as described above and the D283, D425, D341 and D384 cell lines were 

centrifuged to obtain the cell pellet. The cell pellet was loosened by gently tapping the 

tube and the centrifuge tube was placed on ice for 1-2 minutes. Pre-chilled freezing 

medium (FBS +10% DMSO) was added dropwise to the cells (~ 1 × 10
6 

cells per ml of 

freezing medium) on ice, with constant shaking to ensure as even cell suspension and 

transferred to pre-chilled freezing vials. These vials were cooled gradually by transferring 

them from ice to -20 °C for 2 hours and to -80
 o

C overnight and finally stored under the 

vapour of liquid nitrogen. 

2. To revive the frozen cells, a vial containing frozen cells was removed from liquid nitrogen 

and immediately thawed in a water-bath at 37
 o

C. As soon as the cell suspension thawed, it 

was transferred to a centrifuge tube containing 3-4 ml complete medium and centrifuged at 

1000 rpm for 2 min. The supernatant was discarded and the cell pellet was loosened by 

tapping the tube gently. The cells were resuspended in 4 ml of complete medium and 

centrifuged again. The supernatant was discarded and the cells were resuspended in an 

appropriate volume of complete medium. The medium was replaced after the cells had 
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adhered or on the next day after microscopically confirming the presence of live cells.  

3.10.4 Transient transfection of HEK293T cells using BES buffered saline 

Transfection of plasmid DNA into HEK 293T cells was carried out using calcium phosphate 

precipitation method. This method of transfection was used to validate expression of miRNA 

from the miR-206 / miR-204 pTRIPz construct, for generation of lentiviral particles and for 

validation of luciferase reporter assay as described in the further sections. 

Reagents  

2 X BBS (BES buffered saline): [50 mM BES, 280 mM NaCl, 1.5 mM Na2HPO4]

For 50 ml BBS, 0.533 g BES(Sigma B4554-25G), 0.818 g NaCl ( S.D. Fine Chemicals 

Product No.- 20241 AR) and 0.0134 g Na2HPO4.2H2O (S.D. Fine Chemicals Product No. 

20383 AR) were dissolved in 45 ml of autoclaved milli-Q water and the pH was adjusted to 

6.95 using 5 M NaOH. The final volume was made up to 50 ml and the pH was checked 

again. The solution was filtered through a 0.22 µm filter (Millipore) and stored as 0.5 ml 

aliquots at -20
 o

C. 

0.5 M Calcium Chloride [CaCl2]: 3.675 g CaCl2 .2H2O (Sigma C-3306) was dissolved in 45 

ml of autoclaved Milli-Q water. The volume was made up to 50 ml and filter sterilized using 

0.22 µm filter and stored as aliquots of 0.5 ml at -20
 o

C. 

The reagents were thawed at R.T. beforehand. Plasmid DNA used for transfection were 

purified using QIAGEN plasmid purification midi kit (QIAGEN, Hilden, Germany) 

Method 

1. 2 × 10
5 

HEK293 cells were seeded in a 35 mm tissue culture plate one day prior to the day 

of transfection. 
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2.  On the next day, the medium of the plate was changed 4 hrs prior to transfection.  

3. The required volume for 6 µg of Qiagen column purified plasmid DNA was added to a 

sterile eppendorf tube and the volume made up to 50 µl with sterile M.Q. water.  50 µl of 

0.5 M CaCl2 was added dropwise to the tube. 100 µl of 2 X BBS was then added dropwise 

to the tube and mixed by gently pipetting it up and down for 2-3 times. The mixture was 

then incubated at R.T. for 20 min. 

4. The mixture was added on the cells and the plate was swirled gently to allow proper 

mixing. 

5. 16 hrs after transfection, the medium of the plate was changed. The cells were used for 

further assays or for extraction of RNA. The number of cells and the amount of DNA is 

scaled up proportionately and used for transfection in 55 mm plates or 90 mm plates. 

3.10.5 Transient Transfection of Medulloblastoma Cell Lines with miRNA Mimics 

The effect of overexpression of miR-206 / miR-204 in D283 and D425 cell lines on their 

malignant behaviour was studied by transient transfection of these cell lines with miRNA 

mimics using Dharmafect-2 transfection reagent. The non-targeting RISC-free control siGLO 

was used as a negative control. 

Reagents:  miR-206 / miR-204 mimic or siGLO (Dharmacon), Dharmafect 2 transfection 

reagent (Dharmacon), 5 X siRNA buffer (Thermo Fischer Scientific), Nuclease free water 

(Sigma) 

Method

1. The miRNA mimics (5 nmol stock) were initially dissolved in 250 µl of 1 X siRNA buffer 

(5 X siRNA buffer is diluted to 1 X using the nuclease free water) to achieve a stock 

concentration of 20 µM. Aliquots of 20 µl were made and stored at -20 
o
C to avoid 

repeated freeze-thaw cycles. 
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2. 1 × 10
5 

D425 and 1.5 × 10
5 

D283 cells were seeded in a 35 mm dish one day prior to the 

transfection. 

3. In separate tubes, the miRNA mimic or siGLO and the DharmaFECT 2 transfection 

reagent were diluted with serum-free 1 X DMEM / F12. 

4. The required concentration of the miRNA mimic / siGLO (2 µl )  and 4 µl of 

DharmaFECT 2 transfection reagent was diluted in 200 µl of serum-free 1 X DMEM / F12 

and mixed by gently pipetting up and down. These mixtures were incubated separately at 

R.T. for 5 min. 

5. After the incubation 200 µl of both the tubes were mixed (total volume 400 µl) by 

pipetting gently and incubated at R.T. for 20 min. 

6. 1.6 ml of 1X DMEM + 10 % FBS was added to the mixture and again mixed by pipetting. 

The existing medium from the D283 and D425 cells was then replaced by this transfection 

medium. 

7. The D425 and D283 cells were incubated with the transfection mix for 48 h and 24 h 

respectively after which the medium was changed. D283 cells were incubated for lesser 

time since they showed toxicity on incubation for longer duration. 

8. 72 h post transfection, the cells were used for further analysis. RNA was extracted from 

the cells to determine the level of miRNA expression by real time RT-PCR 

3.10.6 Generation of Lentiviral particles and Selection of Stable Polyclonal Populations 

of Medulloblastoma Cell Lines 

The effect of miR-206 / miR-204 expression on the growth characteristics of 

medulloblastoma cells was studied by generation of stable polyclonal populations of these 

cell lines. Lentiviral particles containing miR-206/ miR-204 pTRIPZ or pTRIPZ vector alone 

were generated and used to transduce medulloblastoma cells which were then selected in the 

presence of puromycin. The lentiviral particles were generated as follows- 
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All lentiviral procedures were carried out in Bio safety level 2 cabinets (Esco technologies, 

Hatboro, PA, USA.). Disposable rubber gloves, mask, cap and apron was worn when 

handling the lentivirus. Infected cultures, spent medium, contaminated disposables were 

treated with 10% sodium hypochlorite and autoclaved in biohazard bags prior to disposal.  

1. 8 × 10
5 

HEK293 FT cells (Invitrogen) were seeded in a 55 mm dish one day prior to 

transfection. 

2. 6 µg of miR-206 / miR-204 pTRIPZ vector along with the lentiviral packaging plasmid 

pMD2G (1.5 µg) and psPAX2 (4.5 µg) were transfected using calcium phosphate 

precipitation method. 

3. 48 h post transfection the medium supernatant containing viral particles was collected and 

fresh complete medium was added to the plate. 72 h post transfection, the virus containing 

supernatant was collected again.  

4. The supernatant was centrifuged at 1000 rpm at 4 
o
C for 2-5 min to remove the cell debris. 

The clear supernatant was then filtered through a 0.45 µm filter. It was either concentrated 

10-30 fold by ultracentrifugation at 25000 rpm at 4 
o
C for 90 min or stored at -80 

o
C. 

5. In order to determine the viral titre 50,000 HEK293 cells were seeded in a 35mm dish. 

The filtered viral supernatant was serially diluted from 1:10 to 1:1000 and 1 ml of the 

different dilutions was used for transduction. The medium was changed 16 hrs post 

transduction and cells were induced with 4 µg / ml of doxycycline. 48 hrs post induction, 

RFP expression was confirmed by microscopic examination of the cells. The cells were 

then processed for flow cytometry analysis (FACS Calibur, B.D. Biosciences, USA) to 

determine the number of RFP positive cells. The viral titre was determined by the formula 

[(50,000 × % of RFP positive cells) / 100] × dilution factor. 

6. The selection of miRNA expressing clones was carried out by transduction of the 

medulloblastoma cell lines with the neat, diluted or concentrated viral supernatant. 1ml of 
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viral supernatant was added to a 35 mm dish containing 50,000 Daoy or D425 cells or 1 × 

10
5 

D283 or D341 cells.4 µg / ml polybrene was added to the plate to increase the 

efficiency of transduction. 16 hrs post transduction the medium was changed and fresh 

complete medium was added to the cells. 

7. 48 h after transduction the cells were trypsinised and added to a 55mm dish and the 

necessary amount of puromycin (250 ng / ml for Daoy, 200 ng / ml for D283, D425 and 

D341 cells) was added to select the cells. 

8. After 3 doses of puromycin the selected cells were induced with 2-4 µg / ml doxycycline 

to determine the level of expression of miRNA in the cells.RNA was extracted from the 

cells and the level of miRNA expression was studied by real time RT-PCR as described in 

section 3.7. Stable polyclonal populations of pTRIPZ vector alone were also selected in a 

similar manner. These cells were used for studying the effect of the miRNA expression on 

the growth characteristics of the cells in the soft agar assay, MTT assay, clonogenic and 

radiation sensitivity assay, invasion assay and in-vivo tumorigenicity assay. 

3.10.7 MTT Reduction Assay  

The effect of miR-206 or miR-204 expression on the proliferation of the cells was studied by 

the MTT reduction assay. 

Reagents 

MTT [Methylthiazolyldiphenyl-tetrazolium bromide]: 5 mg / ml in 1 X PBS  

50 mg MTT powder was dissolved in 10 ml 1 X PBS and mixed by vortexing. The solution is 

stored in dark at 4
o
C  

Acidified SDS: 10 % SDS in 0.01 N HCl  
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10 g SDS was dissolved in 80 ml autoclaved Milli-Q water and heated at 60 
o
C for 1 hr to 

assist the dissolution. 88.4 µl of con. HCl was added and the final volume was adjusted to 

100 ml. The solution was stored at R.T. 

Method 

1. The cells were seeded in a 96 well plate.(500 cell/well for Daoy, 1000 cells / well  for 

D283, D425 and D341) 

2. The medium from the wells was replenished every 3 days. 

3. On day 0, 3, 6 and 9, 20 µl of MTT solution was added to 4 wells of each set and the cells 

were incubated at 37 
o
C in a CO2 incubator for a period of 4 hrs. 

4. After 4 hrs of incubation, formazan crystals were dissolved by adding 100 µl of acidified 

SDS to each well. 

3.10.8 Soft agar Colony Formation Assay

The effect of miR-206 or miR-204 expression on the anchorage independence growth of the 

cells was studied by colony formation in soft agar 

Reagents: LMP agarose (Sigma Cat. No.), 2X DMEM / DMEM F12 + 20 % FBS 

Method 

1. For the soft agar medium, 2X DMEM containing 20% FBS was mixed with an equal 

volume of molten 2% low melting point (LMP) agarose, and 1 ml of this mixture was 

poured into a sterile 35 mm dish to obtain a basal layer of 1% agarose in complete medium 

(DMEM + 10% FBS). The agarose was allowed to set for temperature before seeding the 

cells.  

2. The control cells and doxycycline induced cells (10,000 Daoy or 1000 cells of D283, 

D425 and D341) were suspended in 1X DMEM supplemented with 20% FBS.  
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3. 2 % LMP molten agarose and 2X DMEM + 20% FBS were added to the cell suspension 

such that the final concentration of agarose in the suspension was 0.3 % and serum content 

was 10 %. 

4. The contents were mixed properly using a micropipette and 1 ml of this mixture was 

added to a 35 mm dish pre-coated with the basal layer.  

5. The agar was allowed to solidify for about 1 – 2 h at room temperature and then the plates 

were incubated at 37 °C under an atmosphere of 5 % CO2.  

6. The cells were fed with 0.1 - 0.2 ml complete medium (with or without doxycycline) every 

3 days throughout the duration of the experiment.  

7. After ~4 weeks of incubation, colonies with 10-15 cells per colony were counted under 

microscope from the entire plate. Average colony count from three plates was represented 

as histograms. 

3.10.9 Clonogenic and Radiation Sensitivity Assay 

Clonogenic assay was performed to study the clonogenic potential and radiation sensitivity of 

Daoy cells on expression of miR-206.

Method

1. 72 h post induction with doxycycline, the cells were trypsinized and 1000 cells were 

seeded in triplicates per 55 mm plate 

2. Next day the cells were irradiated at a dose of 6 Gy (Cobalt-60 gamma irradiator, 

Bhabhatron, developed by Bhabha Atomic Research Center, India).  

3. The medium was changed 24 h later. The cells were allowed to grow for 8-10 days until 

microscopically visible colonies formed.  

4. The cells were fixed by incubation in chilled methanol: acetic acid (3:1) overnight at 4 °C, 

stained with 0.5% crystal violet dye and the colonies were counted using a 

stereomicroscope. Average colony count from three plates was represented as histograms.
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3.10.10 Synergistic Effect of All trans Retinoic Acid and miR-206 on the D283 

Medulloblastoma Cell Line 

Reagents: All trans Retinoic Acid (ATRA) (stock solution 20mM). Appropriate amount of 

the ATRA powder was dissolved in 100 % ethanol by thorough vortexing. 20 µl aliquots 

were made and stored at -80 °C for upto one month. 

Method 

1. 1500 cells of polyclonal population of D283 (Both empty pTRIPZ and miR-206-pTRIPZ) 

with or without induction with doxycycline were seeded in a 96-well plate 

2.  On the next day, the necessary dilutions of the stock solution of ATRA were made and 

added to the cells at a dose of 5 nM / 10 nM. The control cells were added with an 

equivalent volume of 100 % ethanol. The dilutions were made such that the volume of the 

drug added remains < 10 % of the volume of the medium. 

3. 72 hrs post treatment , the cells were added with MTT and the protocol for MTT reduction 

assay was carried out as described above to determine the cell viability. 

3.10.11 Invasion Assay  

The effect of miR-204 expression on the in-vitro invasion capacity of the Daoy and D283 

medulloblastoma cell lines was studied by their using matrigel coated transwell inserts. 

All pipette tips, eppendorf tubes and cell culture inserts were pre-cooled to 4 
0
C in a 

refrigerator for handling of matrigel. 
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Materials

1. Matrigel (Cat. No. 356234) stock 1mg/ml- This was diluted to 1 mg/ml in plain 1X 

DMEM and stored as 100 µl volume aliquots. The diluted matrigel was stored at -70
0
C. 

Care was taken to avoid reusing the same aliquot. 

2. Cell culture inserts (0.8 µm pore, Cat. No. 353097)

3. 24 well cell culture plates with notch. 

All above reagents were from BD Biosciences, San Hose, USA 

4. Calcein (Cat. No- 206700, Molecular probes, Life technologies) 

5. Cotton buds. 

Method

1. The cell culture insert was carefully placed using sterile forceps into a well of the 24-well 

plate such that it fits into the notch of the well. The insert was then washed twice with 

chilled 1 X DMEM / F12 without FBS. The matrigel stock (1 mg / ml) was thawed on ice 

and diluted to 300 ng / µl with chilled 1X DMEM.  100 µl of this diluted matrigel was 

added to the insert (total 30 µg). Care was taken to avoid formation of any air bubbles. 

The plate was then incubated at 37 
0
C for 1 hr. 

2. The unpolymerised matrigel was removed from the well and 50,000 Daoy cells / 75000 

D283 cells suspended in 1 X plain DMEM or DMEM / F12 were seeded on top of the 

matrigel coated insert. 750 µl of 1 X DMEM or DMEM / F12 +10 % FBS was carefully 

added along the wall of the well such that the insert got immersed in the complete 

medium. The cells were then incubated at 37 
0
C for 36 hrs (Daoy) and 56 hrs (D283). 

3. Five thousand cells from the mastermix of cells prepared for seeding in the transwell insert 

were seeded per well of 96-well black plate, in duplicates. This was done to determine 

initial cell number seeded for the invasion assay. 
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4. After ~6-8 hr, the medium in the 96-well plate was replaced with fresh medium 

supplemented with Calcein AM (1 µg / µl stock concentration) with a final concentration 

of 2 µg/ml of medium. The plate was incubated for minimum of 30 min at 37
0
C.  

5. Fluorescence was read with excitation at 485 nm and emission at 535 nm with 0.1 or 0.5 

sec as exposure time, Lamp energy 5000, position-top, reading by plate as additional 

settings, using Mithras LB940 multimode reader (Berthold Technologies, Germany).  

6. 35 h (55 h for D283 cells) post incubation; the wells of the 24-well plate with the transwell 

insert were added with 2 µg / ml of Calcein fluorescent dye and incubated for 1hr. 

7. The insert was removed from the plate and the medium in the insert was discarded. Using 

a cotton bud the inner surface of the insert was carefully wiped to remove all the cells that 

have not invaded.  

8. Images of the invaded cells were captured using the Zeiss Axiovert 200M fluorescence 

microscope by placing the insert back into the well of the 24-well plate. 

9. The membrane of the insert was then cut using a scalpel blade. Care was taken to ensure 

that the bottom surface of the insert is not touched. The membrane was then placed in a 

well of a black walled 96-well plate and covered with 100 µl of plain medium. The 

fluorescence intensity of the calcein labelled cells was quantified using a luminometer 

using the FITC filter and an exposure time of 1 sec or 5 sec as described above. 

10. In case of D283 cells, some proportion of invaded cells does not remain adhered to the 

membrane but remain in the lower chamber medium. To account for this population of 

invaded cells, lower chamber medium was centrifuged at 3000 rpm at 5 min to pellet 

down the cells. The cell pellet was resuspended in 100 µl of complete medium and the 

fluorescence was read as described above. The total fluorescence was calculated from the 

fluorescence values belonging to lower chamber cells and cells from insert membrane. 
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3.11 In vivo Tumorigenicity Assay 

3.11.1 In-vivo Tumorigenicity Assay by Subcutaneous Injection

The effect of miR-204 expression on the in-vivo tumorigenic potential of Daoy 

medulloblastoma cell lines was studied by subcutaneous injection of this cell line in 

immonocompromised mice. 

Method 

1. The vector control and miR-204 expressing Daoy polyclonal populations (Daoy 204-C) 

were induced with 4 µg / ml of doxycycline for 72 hrs. The cells were suspended in 150-

200 µl of sterile 1 X PBS for the injections. 

2. 6-8 week old NOD / SCID mice were used. 4.6 × 10
6 

Daoy vector control and miR-204 

expressing cells on either flank of the same mouse using a 21 gauge needle. 

3. The mice were fed with 1 mg / ml of Doxycycline in 5 % sucrose for induction of miRNA 

expression or with sucrose alone for the control animals. 

4. The tumors formed were measured weekly for their length and breadth using a vernier 

calliper upto 3-4 weeks after the tumors formed. The tumor volume was calculated as (W
2 

× L) / 2.  

5. The mice were euthanized by overdose of CO2 and the tumors were resected from the 

flanks. The tumours were fixed in a 10 % formalin solution for atleast 24 hr prior to 

embedding in paraffin. 

3.11.2 In-vivo Tumorigenicity Assay by Orthotopic Injection in Mouse Cerebellum  

D283 cells were transfected with a pcDNA3.1 vector expressing firefly luciferase under CAG 

(CMV early enhancer/chicken beta-actin promoter) promoter and selected in presence of 

neomycin. These cells, stably expressing luciferase were transfected with either siGLO or 
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miR-204 mimic as described earlier. Tumorigenic potential of these firefly luciferase 

expressing cells was studied by generating orthotopic xenograft in immunodeficient mice 

using stereotactic method of intracranial injection. Following procedure was approved by 

Institutional Animal Ethics Committee. 

Reagents 

1. Anaesthetic agent (Ketamine and Xylazine)  

2. Analgesic (Buprenorphine, Neon Laboratories, India)  

3. Sterile ocular lubricant (Neosporin, Neon Laboratories, India) 

4. Sterile phosphate-buffered saline 

5. 70 % ethanol 

6. Bone wax (Cat. No. W810, Ethicon Inc, Johnson & Johnson Ltd) 

7. Tissue adhesive- VetBond
TM 

(n-butyl cyanoacrylate) Cat. No. 1469SB, 3M Animal care 

products, St Paul, MN, USA) 

Equipments 

1. Syringe needle 30G 

2. Glass Syringes, 5 µl Hamilton Co, Model 75 RN Syringe, 700 Series; volume 5µl; Cat. 

No. 7634-01) 

3. Needles, 26 G, 2” compatible for 5 µl syringes (26GA RN 70mm PT3 6PK, Cat. No. 

7804-03, Hamilton) 

4. Sterile cotton buds  

5. Surgical instruments include Fine forceps, Iris Scissors, Blunt forceps, sterile scalpel 

blades  

6. Small animal stereotaxic frame (Harvard Apparatus, MA, USA) 

7. Electric microdrill and bits (Cat. No.67-1000, Ideal Micro Drill Kit, Cell Point Scientific, 

Gaithersburg, MD, USA) 
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8. Heating pad/chamber (with thermometer) 

9. Electric hair clippers 

Animals Used: Immunodeficient mice: 6 to 8 week old BALB/c Nude mice (CAnN.Cg-

Foxn1nu/Crl strain) or NODSCID (NOD/NcrCrl-Prkdc
scid

) received from Charles River, 

USA. 

Method 

A) Preparation of cells 

1. The cells were collected in medium by triturating using glass pipette. A short spin at 1500 

rpm for 1 min was given to remove any dead cells. The cell pellet was resuspended in 

fresh medium. 

2. The cells were counted using a haemocytometer and the required volume of culture 

suspension containing 2 x10
5
 cells was spun down at 2000 rpm for 3 min.  

3. The cells were washed once with sterile 1 X PBS and resuspended in 5 µl final volume of 

1 X PBS. 

4. The cell suspension was kept on ice till the time of injection. 

B) Equipment and specimen setup 

1. The small animal stereotaxic frame was assembled as per the manufacturer’s instructions. 

2. The heating pad necessary for post-procedural care is switched on to maintain the 

temperature at 37 °C. 

3. The animals were weighed in order to decide the dosage of anaesthesia. Typically, 6-8 

weeks old animals with minimum of 20 g body weight were used for the intracranial 

injections. 

4. Ketamine and Xylazine were diluted 1:1 in sterile 1X PBS and were mixed to get a final 

concentration of 90-120 mg / kg body weight (ketamine) and 20 mg / kg body weight 



��
�������������
�����

89 

(xylazine). Diluted stocks of ketamine and xylazine were preserved at 4 °C for up to one 

week. 

C) Surgical procedure 

Preoperative animal preparation

1. The mouse was anesthetized by administering ketamine-xylazine mixture through intra-

peritoneal route by using a sterile 30 G needle syringe. 

2. The lubricating ophthalmic ointment (Neosporin) was applied on both the eyes of mouse 

to prevent drying of the cornea. 

3. Hair from the surgical site was removed with electric clipper or razor and the surgical site 

was disinfected by wiping the area by cotton tipped buds soaked in 70 % ethanol. 

4. The anesthetized mouse was positioned appropriately in stereotactic apparatus with the 

incisors of the animal locked in the mouth fixture at front and the ears in ear holders. Ear 

bars were adjusted gently in ears at occiput of head level and then were tightened firmly. 

Height of the mouth fixture and ear bars was adjusted so that the head remains steady and 

flat. 

Preoperative cell preparation

1. Hamilton syringes and needles (26 G) was washed several times by rinsing it with sterile 

PBS before aspirating cell culture. 

2. Cells in microcentrifuge tube were re-suspended by tapping gently or by pipetting prior to 

each injection to prevent cell clumping. 

3. 5 µl of cell suspension was drawn into Hamilton syringe with great care to avoid 

aspiration of bubbles.  
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Surgical opening of skull

1. 1.0-1.5 cm midline sagittal incision was given with a sterile disposable scalpel blade or iris 

scissors along the superior aspect of the cranium from intra-aural line towards the anterior 

aspect of head. 

2. Bregma (intersection of coronal and sagittal sutures) on the anterior side and lambda 

(conjunction of sagittal and lambdoid sutures) on the posterior side was identified as they 

are used to serve as landmarks for the stereotactic localization prior to injection.  

3. Fascia over area of skull was removed by using forceps and scalpel blade. This was done 

to make the injection site easily accessible to drill into the skull. 

D) Injection of cells 

1. A guiding needle was attached to the holder attached to the dorso-ventral (DV) axis of the 

stereotactic apparatus and was adjusted to 2.5 mm posterior to lambda at midline by using 

a vernier scale on the anterio-posterior (AP) axis. DV and AP coordinates required to 

achieve injection precisely in the cerebellum were chosen by referring to Paxinos and 

Franklin's the Mouse Brain in Stereotaxic Coordinates: An Atlas of the sterotaxic 

coordinates of mouse brain. 

2. Using a microdrill with a sterile drill bit, a small burr hole was made as per the coordinates 

set by the guiding needle. Sufficient care was taken so as to keep drilling superficially in 

order to avoid traumatic injury to the brain.  

3. The 5 µl Hamilton syringe was attached to the stereotactic apparatus holder and cautiously 

inserted into the brain through the drilled burr hole. 

4. The needle was maintained perpendicular to the skull and slowly inserted 3 mm deep into 

the brain. After waiting for 1 min, the needle was moved back by 0.5 mm and the cell 

suspension was delivered slowly over a period of 2-3 min.  
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5. The skull was kept dry during injection, using sterile cotton buds to remove any tissue 

fluid that may have refluxed out of the burr hole. 

6. The syringe was kept in place for 1-2 min upon completion of injection and then slowly 

withdrawn. 

7. The site of the burr hole was plugged with bone wax, and the skin was closed with the 

help of tissue adhesive VetBond. 

8. The ear holders were unscrewed from the ears of the animal and incisors were removed 

from mouth fixture. The animal was transferred to a heating pad maintained at 37 °C till it 

regained consciousness. 

9. Animals were sacrificed at 4
th

 week by using over-exposure to CO2 as a method of 

euthanasia. Whole brain of each animal was collected by surgically opening the skull. 

Whole brain of each animal was incubated separately in 10 % formalin solution overnight 

and cut in sagittal fashion by using blade to separate two hemispheres. This was then 

followed by paraffin embedding of both the hemispheres separately to prepare paraffin 

blocks. 5 µm sections were taken using microtome and stained for haematoxylin and eosin 

to visualise tumour cells in cerebellum. 

3.11.3 Bioluminescence Imaging 

Instruments 

Xenogen IVIS spectrum imaging system (Caliper Life Sciences, MA, USA). 

Reagents  

D-luciferin, potassium salt (Cat. No.L8220 Biosynth AG, Switzerland) (30 mg /ml): 30 mg of 

D-luciferin powder is dissolved in 1X PBS and can be stored in -20 
0
C. 

Isoflorane (Forane 250 ml Inj, Abott laboratories, India) 
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Method 

1. The exhaust of the gas anaesthesia system was switched on and the animals were put in 

the incubation chamber and exposed to 3 % isoflurane till animals were anaesthetized and 

breathing rate was regularised. 

2. 100 µl of 30 mg / ml of D-luciferin (prepared fresh in 1 X PBS) at (150 mg / kg body 

weight) was administered to anesthetised mice via the intra-peritoneal route using sterile a 

30 G syringe needle and the animal was placed in the imaging chamber of the IVIS 

system. 3 % isoflurane was delivered through nose cones provided inside the imaging 

chamber. 

3. The image was acquired ~5 min after injection on auto exposure setting so as to determine 

optimal exposure time using Living Image 4.0 software provided with the instrument. 

Images were always captured so that count of photons was detected in the recommended 

detectable range for the instrument i.e. 600 to 60,000. Exposure time and Camera aperture 

(f stop) settings were adjusted as required.  

4. 8-10 serial images at interval of 2 min wherein luminescence counts gradually increase 

attain peak and reduce subsequently. Image showing peak luminescence counts indicates 

peak enzyme activity that can be achieved and hence is used as a representative of tumour 

growth at that time point in a particular animal.  

5. Region of interest (ROI) was precisely drawn over site of luminescence (represents site of 

the tumour) in overlay images using the Living Image 4.0 software (Caliper Life Sciences) 

and the total normalised photon ouput was represented as average radiance (photons / sec / 

cm
2 

/ steridian). 

6. All the animals were imaged on 1
st
 and 4

th
 week post intracranial injection. Increase in 

tumour growth from 1
st
 week to 4

th
 week was represented as fold change in radiance. 

Significance of difference in increase in tumour growth between mice injected with either 
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siGLO transfected or miR-204 mimic transfected D283 cells was calculated using 

Student’s t test. 

3.12 Extraction of Proteins from Cultured Cells 

Reagents 

10X phosphate-buffered saline (PBS): (1.5 M NaCl, 89.8 mM Na2HPO4.2H2O, 28.8 mM 

NaH2PO4.2H2O). 90 g NaCl, 16 g Na2HPO4.2H2O, 4.5 g NaH2PO4.2H2O per litre; pH 

adjusted to 7.5 with 5 N NaOH, autoclaved and stored at room temperature. 10 X stock was 

dilute to 1 X with autoclaved Milli-Q water and stored at room temperature.

Lamelli buffer or 1 X sample buffer: 62.5 mM Tris-HCl pH 6.8, 2 % SDS, 10 % glycerol. 

Method 

1. The medium was poured off from the culture plates and the cells were rinsed twice with 

1X PBS gently. 

2. The PBS was drained off completely and cells were lysed in 1 X sample buffer. About 0.5 

– 0.6 ml sample buffer was used for protein extraction from 90 mm plates with 80-90 % 

cell density. The viscous lysate, due to release of genomic DNA along with proteins from 

the cells, was collected by swirling the plate several times and transferred into a 1.75 ml 

eppendorf tube. 

3. The tubes were immediately kept in a boiling water bath for 7 min, cooled to room 

temperature and centrifuged in Rota-4 R at 15,000 rpm for 1.5 h at 20°C to pellet down the 

genomic DNA. The DNA pellets were discarded. 

4. The supernatant lysates containing protein were carefully transferred to fresh tubes and 

stored at -20 °C until further use.  
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3.13 Estimation of Protein Concentration  

The proteins extracted in sample buffer from cultured cells were estimated using this method. 

[67] 

Reagents

1 mg / ml BSA: 10 mg BSA was weighed and dissolved in 1 ml autoclaved Milli-Q water to 

obtain a stock of 10 mg/ ml. This stock was further diluted 1:10 in water to obtain a working 

stock of 1 mg / ml. BSA stocks were stored at -20°C. 

Solution A: Cu-tartrate CO3 (CTC)

a) 20 % Na2CO3: 20 g was dissolved in 100 ml Milli-Q water. 

b) 0.2 g CuSO4 was dissolved in 40 ml Milli-Q water. 

c) 0.4 g potassium tartarate was dissolved in 40 ml Milli-Q water. 

CuSO4 and potassium tartarate were mixed (b + c) and the volume was made up to 100 ml 

with Milli-Q water. Final concentration of CuSO4 is 0.2 % and potassium tartarate is 0.4 %. 

To this, 100 ml of 20 % Na2CO3 (a) was added slowly with constant stirring. This solution 

‘A’ was stored in dark at room temperature. 

Solution B: 10% SDS.  

10 g of SDS was dissolved in 80 ml Milli-Q water, heated at 60 °C to assist dissolution. The 

final volume was adjusted to 100 ml and stored at room temperature.  

Solution C: 0.8 N NaOH.

16 g of NaOH was dissolved in 100 ml of Milli-Q water, and the volume made up to 500 ml 

and was stored at room temperature (Note: Do not autoclave). 
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Reagent A: Prepared by mixing solutions A, B, C, and Milli-Q water in a proportion of 

1:1:1:1 just before use. (Note: Mixing NaOH with 10 % SDS results in a glue like insoluble 

precipitate. Therefore dilute the SDS first in the required volume of water and then add 

NaOH and CTC to it.) 

Reagent B: Folin-Ciocalteau reagent was diluted 1 + 5 in Milli-Q water just before use. 

Method 

1. 2 µl of protein sample to be estimated was diluted in 1 ml of Milli-Q water in duplicates. 

2. BSA standards, ranging from 1 µg to 20 µg were prepared in duplicate by appropriately 

diluting from 1 mg/ml stock of BSA, in 1 ml of Milli-Q water. 2 µl of the sample buffer 

used for extraction of protein to be estimated was also added. “Blank” tubes were prepared 

by adding only 2 µl of the sample buffer.  

3. 1 ml of freshly prepared reagent A was added to each tube, immediately mixed on a 

vortex mixer, and kept in dark at room temperature for 10 min. Then 0.5 ml of freshly 

diluted reagent B was added to each tube, immediately mixed on a vortex mixer and 

incubated in dark at room temperature for 30 min. 

4. The absorbance of the blue colour developed was read at 750 nm against blank in a 

spectrophotometer (Shimadzu UV-160A, UV-visible recording spectrophotometer), and 

the concentration of the unknown protein samples was calculated by using the BSA 

standard plot

3.14 SDS-Polyacrylamide Gel Electrophoresis (SDS-PAGE).  

The proteins extracted in sample buffer were separated by SDS-PAGE for western blotting.

[68] 
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Reagents 

30 % acrylamide solution: 29.2 g acrylamide, 0.8 g bis-acrylamide were dissolved in 

approximately 50-60 ml autoclaved Milli-Q water and the final volume was made up to 100 

ml. Solution was filtered through ordinary filter paper and stored in an amber colored bottle 

at 4 °C.  

20 % SDS: 20 g SDS was dissolved in 80 ml of Milli-Q water, heated at 60 °C to assist the 

dissolution. The final volume was made up to 100 ml, and stored at room temperature.  

1 M Tris pH 8.8 and pH 6.8: 60.55 g Tris was dissolved in 400 ml Milli-Q water. pH was 

adjusted to 8.8 and 6.8 with concentrated HCl, the final volume was made up to 500 ml with 

Milli-Q water and autoclaved. Solutions were stored at 4 °C.

10 X electrode buffer: 30 g Tris, 143 g glycine, 20 g SDS were dissolved in approx. 700 ml 

Milli-Q water and the final volume was made up to 1 L.  Stock solution was diluted to 1 X 

with Milli-Q water before use (1 X buffer is 25 mM Tris, 190 mM Glycine, 0.2 % SDS). 

0.5 % Coomassie Blue staining solution: 0.5 g of Coomassie Blue staining dye was dissolved 

in 50 ml of methanol (LR grade) by constant stirring. The final volume was adjusted to 100 

ml by adding 40 ml of Milli-Q water and 10 ml of glacial acetic acid. The staining solution 

was filtered through filter paper and stored at room temperature for 1 month. 

Destainer: Methanol (LR), glacial acetic acid (AR) and Milli-Q water mixed in the proportion 

5:1:4 and stored at room temperature. 

Loading Dye: 0.025 % Bromophenol Blue  in 1 X Sample Buffer. 
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Method 

1. Two clean glass plates (one of which was notched), separated by 1.5 mm thick spacers 

were clamped together. The sides and the bottom of the plates were sealed using 2 % agar. 

The resolving gel of the required percentage was prepared by mixing the following  

Final concentration of acrylamide 

(gel percentage) 

10 % 12 % 

30% acrylamide solution 10 ml 12 ml 

1 M Tris-HCl pH 8.8 11.2 ml 11.2 ml

20% SDS 0.15 ml 0.15 ml

Milli-Q water 8.65 ml 6.65 ml

TEMED 0.02 ml 0.02 ml

20% Ammonium persulphate (APS) 0.05 ml 0.05 ml

2. The gel solution was poured between the two glass plates taking care to avoid air bubbles. 

Water was carefully layered over the gel and it was allowed to polymerize (approximately 

20 – 30 min).. Following polymerization, the water layer was removed and a 5 % stacking 

gel was prepared and overlaid over the resolving gel. 

5 % stacking gel composition 

30 % acrylamide solution 1.67 ml 

1 M Tris-HCl pH 6.8 1.75 ml 

20 % SDS 0.10 ml 

Milli-Q water 6.98 ml 

TEMED 0.01 ml 

20 % ammonium persulphate (APS) 0.025 ml
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3. A comb of 1.5 mm thickness was inserted immediately into the stacking gel solution 

between the two plates to form wells. After polymerization of the stacking gel, the comb 

was gently removed and the wells were cleaned by flushing first with water and then with 

1 X electrode buffer (using a syringe-needle). The gel plates were clamped to the 

electrophoresis unit and the upper and lower tanks were filled with 1 X electrode buffer.  

4. The proteins to be resolved were mixed with 1 X sample buffer containing 5 % v / v BME 

and 0.01 % bromophenol blue, boiled for 3 min and loaded into the wells of the gel. Three 

couloured prestained protein ladder (Puregene) was loaded along with the protein as the 

molecular weight marker. 

5. Electrophoresis was carried out at 22 mA constant current till the dye reached the bottom 

of the gel. The gel was removed carefully and either stained with Coomassie blue to check 

equal loading of the proteins or processed for western blotting as described later. 

6. For Coomassie blue staining, the gel was stained by immersing it in 0.5 % Coomassie 

Blue staining solution for 2 h. The gel was washed several times in destainer until a clear 

background was obtained and then transferred to 50 % methanol for 2-3 h. The gel was 

dried between gelatin papers (pre-soaked in 50 % methanol) at room temperature for 24 h. 

3.15 Western Blot Analysis and Immuno-detection 

The proteins separated by SDS-PAGE, were transferred to a PVDF membrane by western 

blotting technique.  

Reagents

1 X transfer buffer: 25 mM Tris, 192 mM Glycine, 20 % Methanol. 

3 g Tris and 14.4 g Glycine were dissolved in Milli-Q water and volume was made up to 

800 ml with Milli-Q water. 200 ml Methanol was added to make 1 L. Buffer was chilled 

to 4 °C before use. (1 L transfer buffer is sufficient for western blotting in Biorad’s mini 

trans-blot electrophoretic transfer cell) 
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      10 X Tris-buffered saline (TBS): 0.1 M Tris, 1.5 M NaCl  

12.1 g Tris and 87.6 g NaCl were dissolved in Milli-Q water, pH was adjusted to 8.0 with 

concentrated HCl and the final volume was made up to 1 L. Solution was autoclaved and 

stored at room temperature.  

1 X Tris-buffered saline with Tween-20 (TBST): 10 X TBS was diluted to 1 X with 

Milli-Q water (1 liter), 1 ml Tween-20 was added to the solution and kept on magnetic 

stirrer for 1 h. 

Ponceau-S staining solution: (0.2 % Ponceau-S in 1 % glacial acetic acid) 

SuperSignal
®

 West Pico chemiluminescent substrate (Cat. No. 34077 Pierce 

Biotechnology)  

Method

1. The protein samples to be blotted were resolved by SDS-PAGE and the gel was kept in 1 

X transfer buffer for 15-20 min until the gel was free from the smell of �- mercapto 

ethanol (BME). 

2. The PVDF membrane (Merck-Millipore ), to be used for blotting, was cut to the size of 

the gel to be blotted. The membrane was pre-wet in methanol for about 30 seconds, kept in 

Milli-Q water for 10 min. to wash off excess methanol and then placed in 1X transfer 

buffer for 20 min. Two pieces of a Whatman 3mm filter paper little bigger than the size of 

the gel, were also cut. 

3. The transfer assembly was prepared according to the manufacturer’s instructions. The 

cassette was assembled in a tray containing 1 X transfer buffer by arranging the 

components in the following sequence: First the cassette was placed, with the gray side 

down in a tray containing transfer buffer. A Scotch-Brite pad was placed over the grey 
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portion of the cassette, and a piece of Whatman paper was placed over it. Then the transfer 

buffer equilibrated gel was carefully placed over the Whatman paper and the PVDF 

membrane was juxtaposed to the gel without trapping any air bubbles between the gel and 

the PVDF membrane. A small cut was given at one corner of the membrane and the gel 

for correct orientation. Another piece of Whatman paper and a Scotch-Brite pad were 

placed over the PVDF membrane. The cassette was closed firmly and locked with the 

white latch on top of the cassette, and slid into the grooves for holding the cassette in place 

with the black portion (gel side) towards the cathode (negative electrode) and the 

transparent portion (membrane side) towards the anode (positive electrode). This whole 

assembly was placed inside the tank containing transfer buffer, and the electrodes were 

connected to the power supply. Transfer was carried out at 45 mA constant current at 4 °C 

for 16 h.   

4. After the transfer, the membrane was carefully removed from the cassette using a pair of 

forceps, rinsed once with Milli-Q water, and kept in destainer for 30 min (to aide in 

staining with Ponceau-S). Then the membrane was washed twice with TBST for 5 min 

each and stained with Ponceau-S till the protein bands were visible. The molecular weight 

marker positions were marked on the membrane with a soft lead pencil and then the 

Ponceau-S was completely removed by washing the membrane with TBST. It was either 

probed immediately or stored at 4 °C in TBST, for later use. 

5. For probing, the membrane was first blocked with a 5 % milk solution prepared in TBST. 

The membrane was kept in the milk solution for 1 h at room temperature on a rocker with 

gentle shaking.  

6. The blocking solution was drained off and the membrane was washed 3 times for 5 min 

each with TBST, on the rocker with vigorous shaking. 
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7. TBST was drained off completely and the membrane was incubated with appropriately 

diluted antibody, with gentle shaking on the rocker. The working conditions of various 

antibodies used is given below –  

8. The antibody solution was drained off (or stored at –20 ºC for those diluted in BSA), and 

the membrane was washed six times for 5 min each with 1X TBST, on the rocker with 

vigorous shaking. 

9. Then the membrane was incubated with appropriately diluted horseradish peroxidase 

(HRP) conjugated secondary antibody (anti IgG) for 1 h at room temperature on the rocker 

with gentle shaking. Anti-rabbit and anti-mouse HRP-conjugated antibodies (Amersham) 

were diluted 1:1000 and 1:400 respectively in 2 % milk-TBST. The antibody solution was 

Name Company Type Dilution Duration 

OTX2 Santacruz 

biotechnology 

Anti-Rabbit 

polyclonal 

1:200 in 2 % 

BSA 

O / N at 

4 °C 

EZR Cell signaling 

technology 

Anti-Rabbit 

polyclonal 

1:1000 in 5 

% milk 

O / N at 

4 °C 

RAB10 Cell signaling 

technology 

Anti-Rabbit 

polyclonal 

1:1000 in 5 

% BSA 

O / N at 

4 °C 

SirT1 Cell signaling 

technology 

Anti-Rabbit 

polyclonal 

1:1000 in 5 

% BSA 

O / N at 

4 °C 

FOXC1 Cell signaling 

technology 

Anti-Rabbit 

polyclonal 

1:1000 in 5 

% BSA 

O / N at 

4 °C 

LC3B Cell signaling 

technology 

Anti-Rabbit 

polyclonal 

1:1000 in 5 

% BSA 

O / N at 

4 °C 

	-

tubulin 
Sigma-Aldrich 

Anti-Rabbit 

polyclonal 

1:4000 in 5 

% BSA 

1 hr at 

R.T. 
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drained off and the membrane was washed vigorously six times for 5 min each with 1 X 

TBST and then three times with 1 X TBS. 

10. The excess buffer was drained off and the membrane was placed on a clean cling film and 

covered with chemiluminescence substrate( Super Signal West Pico from Pierce 

Biotechnology ) for 5 min at room temperature  

11. Quickly, the detection solution was drained off; the membrane was wrapped in cling film, 

placed in an X-ray film cassette and exposed to X-ray film (Ref no.4908364, Kodak 

Companies). The membrane was exposed to X-ray film for 1-2 min depending on the 

signal intensity. The signal was visualized after developing the X-ray film in the 

developing machine.  

3.16 Immunohistochemical Analysis of Ezrin expression in Medulloblastoma Tumor 

Tissues 

Reagents 

Chromic Acid solution: Potassium dichromate (40 g, 920 ml Milli Q water, 80 ml Con. 

Sulphuric Acid)

40g Potassium dichromate was dissolved in 920 ml of Milli Q water in a glass beaker. The 

beaker was kept in ice. Slowly and carefully, 80 ml of con. Sulphuric acid was added to this 

solution.  

Poly-L-Lysine solution: 1 mg / ml poly-l-lysine in sterile Milli Q water 

Dissolve 50 mg of poly-L-Lysine (Sigma, Cat. No. P2636) in 50 ml sterile Milli-Q water. 

Add a pinch of sodium azide (0.02%) 

1 M Citrate Buffer pH 6.0:

 Take 58.82 g of trisodium citrate (LR) Qualigens. Dissolve in about 150 ml of Milli Q water. 

Adjust pH to 6.0 with 1 M Citric acid solution. [21. 01g for 100 ml]. Make up the volume to 
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200 ml. Autoclave both the buffer and citric acid solution. Before use, dilute 1M Citrate 

buffer 1 in 100 in sterile MQ water and check the pH again. If required adjust the pH with 1 

M Citric acid. 

10X phosphate-buffered saline (PBS): (1.5 M NaCl, 89.8 mM Na2HPO4.2H2O, 28.8 mM 

NaH2PO4.2H2O). 90 g NaCl, 16 g Na2HPO4.2H2O, 4.5 g NaH2PO4.2H2O per litre; pH 

adjusted to 7.5 with 5N NaOH, autoclaved and stored at room temperature. 10X stock was 

dilute to 1X with autoclaved Milli-Q water and stored at room temperature 

Hematoxylin solution for counterstaining

Method 

a) Pretreatment and poly-L-lysine coating of the slides: 

1. MicroAid glass slides size 75 X 25 mm + 1 mm, thickness 1.2 mm + 0.1 mm were taken 

and dipped in chromic acid solution for 1 h. Slides were kept in running tap water for 1 h 

to remove chromic acid. 

2. The acid treated glass slides were boiled in MQ water for 5 min at high power in a 

microwave oven. This procedure was repeated two-three times with fresh water. Excess 

water was drained on tissue paper and slides were air dried. 

3. Slides were dipped in Poly-L-lysine solution (1mg/ml) and kept for coating for 15 

minutes. Slides were dried in a slide jar overnight at 37°C. 5 µm thick paraffin sections 

were collected on dry poly-lysine coated glass slides. Sections were separated using 

diamond marker and labeled appropriately. 

b) Deparaffinisation of sections: 

1. Sections were deparaffininsed by dipping the slides sequentially in three glass Koplin jars 

filled with Xylene for 10 min each. 
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2. Slides were dipped for 5 min in Koplin jar filled with fresh 100% alcohol. Slides were 

transferred to a second Koplin jar containing fresh 100% alcohol and again dipped for 5 

minutes. 

3. For inhibiting endogenous peroxidases, slides were dipped in Koplin jar containing 50 ml 

of fresh methanol and 500 µl of H2O2 for 15 minutes. 

4. Sections were rehydrated by passing the slides through an alcohol gradient (100% alcohol, 

70% alcohol and 50% alcohol) and finally rinsing them with Milli Q. Sections were 

incubated for 5 min in each alcohol concentration. 

5.

c) Antigen retrieval by microwave method: 

1. Slides were kept in a glass or plastic slide box filled with 400 ml of 10 mM Citrate buffer 

pH 6.0. Buffer level was marked on the box. 

2. The slides were boiled in Microwave for 5 min at high power, twice. Slide box was 

removed from the microwave and kept at room temperature for 5 min. The lost volume of 

the buffer was made up with Milli Q water. 

3. The slides were again boiled in a microwave at low power (90°C) for 5 min, twice and the 

slide box was taken out and kept at room temperature for 20 min. 

4. Slides were then given three washes of 1X PBS for 5 min each. 

d) Immunohistochemistry

1. For blocking non specific binding, each tissue section was covered with 100 µl of 3% 

BSA prepared in 1X PBS and incubated for 30 min. 

2. Two washes of 1 X PBS were given to sections for 5 min each.  

3. Sections were covered with anti-Ezrin rabbit polyclonal antibody (Cell signaling) that was 

diluted 1:100 in 1% BSA, prepared in 1X PBS. The slides were incubated overnight in a 

humidified chamber kept in a refrigerator. 
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4. Next day, antibody solution was drained off carefully and two quick rinses of 1X PBS 

were given to slides by putting PBS directly onto the sections. 

5. 5 X 5 min washes of 1X PBS in a Koplin jar were given to remove non-specifically bound 

primary antibody. 

6. Sections were covered with HRP-conjugated anti rabbit secondary antibody (Thermo 

scientific) and were incubated for two hours at room temperature. Secondary antibody was 

diluted 1:100 in 1% BSA.  

7. 5 X 5 min washes of 1X PBS were given to remove nonspecifically bound secondary 

antibody. 

8. Sections were further treated with 1mg/ml Diaminobenzidine (Sigma) in PBS and 1µl/ml 

H2O2 for 10 min. Reaction was terminated by giving five quick rinses with lots of Milli Q 

water. DAB is carcinogenic, care was taken while handling. DAB was inactivated by 

adding sodium hypochlorite.  

9.  Sections were counterstained with haematoxylin. Haematoxylin solution was filtered 

before use. Fresh haematoxylin was layered on the sections for 1 min. The nuclei stained 

light blue in colour. 

10. The sections were dehydrated by passing through series of alcohol gradients (50%, 70% 

and 100% followed by xylene for 5min each). The sections were then mounted in DPX 

mountant. 

11. The slides were observed under light microscope and images were captured on Olympus 

upright microscope using Axiocam software (Olympus).

 3.17 Genome wide Expression Profiling of miR-204 Expressing Daoy and D283 cells  

The changes in the gene expression profile of miR-204 expressing Daoy and D283 cells were 

studied for identification of direct targets of miR-204 in medulloblastoma cells. The gene 
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expression profiling was carried out using the Whole-Genome Gene Expression Direct 

Hybridization Assay (WGGEX direct hybridisation assay, Cat. No.BD-901-1002, Illumina, 

San Diego, USA) 

PART A: Sample labelling using the Ambion Illumina Total Prep RNA Amplification kit 

(Cat. number: AMIL1791)

Reagents (provided with the kit) 

T7 Oligo(dT) Primer, 10X First Strand Buffer, dNTP Mix, RNase Inhibitor, ArrayScript™ 

10X Second Strand Buffer, DNA Polymerase, RNase H, T7 10X Reaction Buffer, T7 

Enzyme Mix, Biotin-NTP Mix, Nuclease-free Water, Wash Buffer (Add 24 mL 100% 

ethanol before use), cDNA Binding Buffer , cRNA Binding Buffer  

Materials 

cRNA Filter Cartridges , cRNA Collection Tubes , cDNA Filter Cartridges + Tubes, cDNA 

Elution Tubes 

Other requirements 

1. 100% Ethanol (to prepare the Wash Buffer), ACS reagent grade or equivalent proof 

2. Thermal cycler with a temperature-adjustable heated lid or hybridization ovens or 

incubators set at 70°C, 42°C, 37°C, and 16°C.  

3. Heat block set at 55°C, for preheating the water for cDNA and RNA purification 

4. Vacuum centrifuge concentrator 

5. Vortex mixer 

6. Microcentrifuge 

All the procedures were performed using RNase-free eppendorf tubes and pipette tips. 

Precise incubation times were followed throughout the procedure. 

Reverse Transcription to Synthesize First Strand cDNA 
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Pre-preparation:

1. Total RNA was extracted from tissue cultured cells using the RNeasy mini kit .The RNA 

was quantitated using the Nanodrop spectrophotometer and its integrity was verified by 

running it on a RNA gel. 

2.  24ml 100% ethanol to the wash buffer bottle. It was mixed well and labelled to indicate 

addition of ethanol. 

3. The following program was set on the PCR machine 

Temperature Time Cycle

42°C (50°C lid) 2 Hr 1 

4°C Hold  

Method 

1. 500 ng of total RNA was added to a 0.5 ml eppendorf tube and the total volume was made 

upto 11 �l  

2. The Reverse Transcription Master Mix was prepared at room temperature in a nuclease-

free tube. The required volumes for one reaction and the order of addition are shown in the 

table below. Multiply the number of reactions being performed by the volume of the 

component in the table, and by 1.05 to account for the necessary overage. The tubes were 

mixed well by gentle vortexing followed by a quick spin to collect the contents of the tube 

at the bottom. The tubes were then placed on ice. 

Component Volume for 1 reaction

T7 Oligo(dT) primer 1 µl 

10X first strand buffer 2 µl 

dNTP mix 4 µl 

RNAse inhibitor 1 µl 

Arrayscript™ 1 µl 
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3. 9 �L of Reverse Transcription Master Mix was added to each RNA sample and mixed 

thoroughly by pipetting up and down 2–3 times, flicking the tube 3–4 times followed by a 

quick spin to collect the contents of the tube at the bottom Place the samples in the thermal 

cycler. Incubate for 2 hr at 42°C. 

Second strand cDNA Synthesis 

Pre-preparation:

The thermal cycler was programmed as follows. The lid was heat disabled. 

Temperature Time Cycle

16°C (Heat disable lid) 2 hr 1 

4°C Hold  

Method 

1. On ice, the second strand master mix was prepared in a 1.5 ml nuclease-free tube. By 

adding the components in the order listed below. Multiply the number of reactions being 

performed by the volume of the component in the table, and by 1.05 to account for the 

necessary overage. Mix well by gently vortexing. Centrifuge briefly (~5 sec) to collect the 

mixture at the bottom of the tube and place on ice.

Component Volume for 1 Reaction

Nuclease free water 63 µl 

10X Second strand buffer 10 µl 

dNTP mix 4 µl 

DNA polymerase 2 µl 

RNAse H 1 µl 
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2. 80 �L of Second Strand Master Mix was added to each sample. The contents were 

thoroughly mixed by pipetting up and down 2–3 times, then flicking the tube 3–4 times, 

and centrifuge briefly to collect the reaction in the bottom of the tube. 

3. The tubes were placed in a 16°C thermal cycler and the run was started. It is important to 

cool the thermal cycler block to 16°C before adding the reaction tubes because subjecting 

the reactions to temperatures >16°C will compromise cRNA yield. 

After the 2 hr incubation at 16°C, the reactions were placed on ice. At this point, the reactions 

can be immediately frozen at –20°C. They should not be left on ice for more than 1 hr. 

cDNA purification

1. The heating block was set at 55°C before beginning the procedure. 250 µl of nuclease free 

water was placed at 55°C for heating. 

2. 250µl of cDNA binding buffer was added to each sample and mixed thoroughly by 

pipetting up and down. 

3. The cDNA filter cartridge was placed in the wash tube and 350µl of each sample-buffer 

mix is added onto the cartridge and centrifuged at 12000 rpm for 1 min. The flow-through 

was discarded and the cartridge was replaced into the same wash tube. 

4. 500 µl of wash buffer was added to the cartridge and centrifuged at same speed for 1 min 

ensuring that filter is devoid any remnants of the wash buffer. The flow-through was 

discarded and the tube was spun for additional 1 min. The filter cartridge was now 

transferred into the cDNA elution tube. 

5. 20 µl of nuclease free water (pre-warmed to 55°C) was added to the centre of the filter 

cartridge and incubated for 2 min at RT and then centrifuged for 1 min at 12000 rpm. The 

double-stranded cDNA will now be in the eluate (~17.5 �L). The purified cDNA can be 

stored overnight at –20°C at this point if desired.
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In Vitro Transcription (IVT) to Synthesize cRNA 

1. The following program was set on the thermal cycler  

Temperature Time Cycle

37 °C ( lid at 105°C) 14 hr 1 

4 °C Hold  

2. Each cDNA sample (~17.5 µl) was added to a 0.5 ml eppendorf tube. 

3. The IVT mastermix was prepared at room temperature in a 0.5 ml eppendorf tube in 

following manner.  

Component Volume for 1 reaction

T7 10X reaction buffer 2.5 µl 

T7 Enzyme Mix 2.5 µl 

Biotin-NTP mix 2.5 µl 

4. 7.5 µl of IVT mastermix was added to each cDNA sample and mixed well by pipetting. It 

was then incubated in the thermal cycler at the set program for 14 hr. 

5. The reaction was stopped by adding 75 µl of Nuclease free water to each tube to bring 

final volume to 100 µl. 

cRNA Purification

1. 200 µl of nuclease free water was preheated to 55 °C. 

2. 350 �L of cRNA Binding Buffer was added to 100 µl of each cRNA sample.  

3.  250 �L of ACS reagent grade 100% ethanol was added to each cRNA sample and mixed 

by pipetting the mixture up and down 3 times. Do not vortex to mix and do not centrifuge.  

4. The sample mixture was immediately added onto the centre of the filter in the cRNA filter 

cartridge and centrifuged for ~1 min at 12,000 rpm. This was continued until the mixture 
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had passed through the filter. The flow-through was discarded and the cRNA filter 

cartridge was placed back into the cRNA collection tube. 

5. 650 �L Wash Buffer was added to each cRNA Filter Cartridge and centrifuge for ~1 min 

at 12,000 rpm, or until all the Wash Buffer passed through the filter. The flow-through 

was discarded and the cRNA Filter Cartridge is spun for an additional ~1 min to remove 

trace amounts of Wash Buffer. The Filter Cartridge was then transferred to a fresh cRNA 

Collection Tube 

6. 200 �L of Nuclease-free Water (preheated to 55°C) was added to the centre of the filter 

and the tubes were incubated in the 55°C heat block for 10 min. The tubes were then 

centrifuged for ~1.5 min at 12,000 rpm, or until the Nuclease-free Water is through the 

filter. The cRNA is now in the cRNA Collection Tube in ~200 �L of Nuclease-free Water. 

7. The cRNA concentration was determined using the Nano-drop spectrophotometer. The 

size distribution of cRNA was evaluated using an Agilent 2100 bioanalyzer and by 

conventional denaturing agarose gel analysis. 

PART B: Hybridisation of the bead chip and detection of signal using the Illumina 

HumanHT-12 v4 Expression BeadChip Kit

Reagents (provided with the kit) 

HumanHT-12 v4 BeadChips , Wash E1 BC Buffer , BeadChip Tweezers, Wash Trays and 

Wash Tray Lids, High-Temperature Wash Buffer, Blocking E1 Buffer, Hybridization E1 

Buffer (HYB), Humidity Control Buffer (HCB) 

Other requirements: 

100 % ACS grade ethanol, DEPC treated water, Two 1L glass measuring cylinder, 1L glass 

beaker, 500 ml glass bottle, 2 L glass bottle, 10 ml disposable serological pipettes, Slide rack 

with handle, Glass staining plates, Cy3-Streptavidin (company catalogue no), BeadChip 
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Hybridisation Chamber with gasket and inserts (Illumina), Hybridisation oven (Illumina), Hi-

scan array scanner 

All the glassware used was first treated with acid, thoroughly cleaned with water, followed by 

treatment with DEPC containing water. It was then sterilised at 180 °C for 1.5 hrs before use. 

Method  

1. The hybridization oven was preheated to 58°C and allowed to equilibrate for 30 min. 

2. The HYB and HCB tubes were incubated at 58
0
C to dissolve the salt precipitates formed 

during storage. The bead chips were also removed from the cold storage and allowed to 

reach room temperature. 

3. The cRNA sample tube was preheated at 65°C for 5 minutes. It was vortexed briefly and 

pulse centrifuged. The cRNA tube was allowed to cool to room temperature. 

4. The cRNA-HYB buffer mix was made by adding 750 ng of cRNA with a total volume of 

5 µl with 10 µl of HYB and mixed by pipetting up and down. 

5. The bead chip hybridization (HyB) chamber was assembled as per the instructions given 

in the manual and 200µl of HCB was added in the eight humidifying buffer reservoirs in 

the Hyb Chamber. The BeadChip Hyb Chamber lid was closed and locked. It was left on 

the benchtop until the beadchips were loaded. 

6. The beadchip was removed from the package and placed in the HyB chamber orienting the 

barcode end so that it matches the barcode symbol on the Hyb Chamber Insert. 15 µl of 

the cRNA-HYB mix was loaded on the beadchip from the sample inlet port ensuring that 

there is no bubble formation and that the sample covers all sections of the strip. 
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7. The 4 Hyb Chamber Inserts containing sample-laden BeadChips were loaded into each 

Hyb Chamber. The barcode end is positioned over the ridges indicated on the Hyb 

Chamber. Secure seating of the inserts was ensured.

8. The Hyb Chamber was then placed into the 58°C Illumina Hybridization Oven so that the 

clamps face the left and right sides of the oven and the Illumina logo on top of the Hyb 

Chamber facing you. The BeadChips were incubated for 14 hours at 58°C.  

9. The high temperature wash buffer was made on the same day. The water-bath is set at 

55
0
C and allowed to equilibrate for 30 min. 50 ml of 10X High temp-wash buffer was 

added with the help of a 10 ml serological pipette to a 500 ml glass cylinder. The volume 

was made up to 500 ml using DEPC treated water. The 1X High temp-wash buffer was 

then transferred to a 500 ml glass bottle and incubated overnight in the water bath at 55 

°C. 

10. On the next day, 6 ml of E1BC buffer was added to 2 L DEPC treated water to make the 

Wash E1BC solution. 1 L of diluted Wash E1BC buffer was added to a 1 L glass beaker.  

250 ml of Wash E1BC buffer was poured into two glass wash trays.  250 ml of 100% 

EtOH was poured into a separate glass wash tray and 250 ml of the high temperature was 

poured into a third staining dish and again placed in the water bath. 

11. Using powder-free gloved hands, one beadchip was removed at a time from the Hyb 

Chamber and submerged face up at the bottom of the beaker containing the Wash E1BC 

buffer. Using powder-free gloved hands, the coverseal was removed from the first 

BeadChip under the buffer. The entire BeadChip remained submerged during removal of 

the seals. Using tweezers or powder-free gloved hands, the BeadChip was transferred into 

the slide rack submerged in the staining dish containing 250 ml Wash E1BC solution. This 

is the staging area to hold the BeadChips until all coverseals have been removed under the 

buffer.  
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12. Using the slide rack handle, the rack was transferred into the staining dish containing 

High-Temp Wash buffer placed in the waterbath at 55°C. It was Incubated static for 10 

minutes. The rack was immediately transferred back into a staining dish containing 250 ml 

fresh Wash E1BC buffer. Using the slide rack handle, the rack was plunged in and out of 

the solution 5–10 times. The staining dish was placed on an orbital shaker on medium-low 

speed at room temperature for 5 minutes.  

13. Transfer the rack to a new staining dish containing 250 ml fresh 100% Ethanol. Using the 

slide rack handle, the rack was plunged in and out of the solution 5–10 times. The staining 

dish was then shaken on the orbital shaker at room temperature for 10 minutes. It was then 

transferred to the same staining dish containing 250 ml Wash E1BC buffer and plunged in 

and out of the solution 5–10 times. It was again shaken on an orbital shaker at room 

temperature for 2 minutes.  

14. The BeadChip was then placed in the wash tray on the rocker mixer and 4 ml Block E1 

buffer was added to it. Using tweezers, the BeadChip was transferred face up into the 

BeadChip wash tray and rock at medium speed for 10 minutes. 

15.  2 ml Block E1 buffer with a 1:1,000 dilution of Cy3-Streptavidin (stock of 1 mg/ml) was 

prepared for each BeadChip in a glass wash tray. The BeadChip was transferred to the 

wash tray containing Cy3-Streptavidin and covered with the flat lid. The tray was then 

rocked on medium for 10 minutes.  

16. The bead chip was then washed with the E1BC buffer following the same procedure as in 

step 13. 

17. The rack of BeadChip was transferred from the staining dish to a plate centrifuge. It was 

centrifuged at 1,400 rpm at room temperature for 4 minutes to dry the bead chips. 
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18. The bead chip was then scanned using the standard settings on the hi-scan system from 

illumina. The .dmap and .idat files specific for the beadchip were used to annotate the 

beads on the chip. 

19. The data was analysed using the genome studio software ensuring that all controls 

including the Housekeeping genes, Cy3 Hybridisation control, Low Stringency 

Hybridisation control, Biotin controls and Negative controls were appropriate. 

20. The background was subtracted and the data was normalised using the average 

normalisation method. The significance analysis for microarray (SAM analysis) for 

differentially expressed genes was carried out using the MeV module of the TM4 package. 

21. Genes were selected for further analysis as direct targets of miR-204 on the basis of the 

following criteria- 

a. The top differentially expressed genes found to have downregulation of expression in the 

miR-204 expressing cells as studied by the gene expression analysis 

b. Putative direct targets for miR-204 identified using the Targetscan miRNA target 

prediction software consisting of conserved miR-204 binding sites in their respective 3’ 

UTR region. 

22. The downregulation of a select set of genes was carried out by real time RT-PCR analysis. 

CDNA synthesis was carried out using random primers as described in section 3.5. Real 

time PCR was carried out using the SYBR green chemistry as described in section 3.7. 

The table 3.1 shows the sequences of primers used for the realtime PCR. 

Gene name Primer Sequence (5’ to 3’) 

RAB22A 

F TGTAAGAGAAGTCATGGAGAGAGAT 

R CAGGTTGGCGTCAGTGGAT 

M6PR F CAGTTTCCCACGACACGATG 
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R GCCAGGAGTAGTAGTAGCA 

EDEM1 

F AAGAAGAGGGCGGGAAGC 

R CGTTGACATAGAGTGGAGGG 

AP1S2 

F CAGGAGGATGCGAAAGAAGC 

R TCATCAACAAGGGAGGAGAGT 

EZR 

F TGGATAGTCGTGTTTTCGGGG 

R TGGTTTCGGCATTTTCGGTTTCTG 

BCL2L2 

F GCCGCCTTGTAGCCTTCT 

R AGCTGTGAACTCCGCCCA 

RAB10 

F CGAAAGACCCCTGTAAAAGAGC 

R GTGGATGGCAACTGATGGAAC 

Table 3.1:  List of primers used for real time RT-PCR analysis of miR-204 target genes. 

F: Forward, R: Reverse primer. 

3.18 Luciferase Reporter Assay 

3’-UTR of each of the potential miRNA target genes was amplified from genomic DNA of 

normal human peripheral blood lymphocytes using Phusion Taq polymerase. The 3’-UTRs 

were then cloned downstream of firefly luciferase cDNA from pGL3 vector in a pcDNA 3.0 

plasmid vector. The genomic region encoding miR-204 was cloned into pGIPZ plasmid 

vector. The pGIPZ vector now had the miR-204-IRES-turboGFP cassette under CMV 

promoter. HEK 293T cells were transfected with the luciferase reporter plasmid and either 

the miR-204-pGIPZ vector or the pGIPZ empty vector using calcium phosphate BES buffer 

method. Luciferase activity was assessed from the total protein extracted from the transfected 

HEK293T cells and was normalized against the turboGFP fluorescence. 



��
�������������
�����

117 

3.18.1 Generation of Vector Constructs for the 3’UTR Luciferase Reporter assay. 

Reagents   

Plasmids: pcDNA3.0 (Invitrogen, Life Sciences, Carlsbad, CA, USA); pGL3Basic 

((Promega, Madison, WI, USA) and pGIPZ (Open biosystems, Thermo fisher scientific) 

Enzymes: Phusion Taq Polymerase, T4 DNA Ligase, standard Taq Polymerase, Restriction 

enzyme 

3’UTR Luciferase Reporter vector: Firefly Luciferase cDNA fragment was removes from 

pGL3basic vector by using restriction digestion using the HindIII and BamHI enzymes and 

was ligated into pcDNA3.0 digested with similar restriction enzymes. This created a vector 

cassette where the MCS from pcDNA3.0 lies downstream to the luciferase cDNA. This 

vector was used for the cloning of the 3’ UTR regions of putative miR-204 gene targets of 

downstream to firefly luciferase cDNA. 

3’UTR Luciferase Reporter constructs for putative gene targets: Primers (Table 3.2) with 

desired restriction sites at their 5’ end were designed to amplify 3’UTRs of putative miR-204 

target genes namely ANGPTL2, RAB10 and NRP1 or the known miR-204 target gene EZR. 

3’UTRs were amplified using Taq polymerase and digested with the appropriate combination 

of restriction enzymes. These digested amplicons were then ligated into the 3’UTR luciferase 

reporter vector digested with similar combination of restriction enzymes, using T4 DNA 

ligase. 

Name of  

the Gene 
Primer Sequence (5’ to 3’) 

EZR 
F CTCGAATTCTAGGAACTCCCTCAGATCCC 

R ATTTCTAGACTGCGGCATGGAATCCACCT 

ANGPTL2 
F GGTGAATTCTGTCCCTCCTACTTTCCT 

R GCACTCGAGGCTTTTATTGCAGATTCGTGTCAT 
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RAB10 

F TTGGAATTCTGGAAGCATGTGCAGGAGAC 

R TCCCTCGAGACTTACAGAAAAGGGGCAAAGC 

RAB10-SDM

F 
CTGCACTTTCTAAATATCAAAAAATCGAAATGAA-

GTATAAATCAATTTTTGTATAATCTG 

R 
CAGATTATACAAAAATTGATTTATACTTCATTTCG-

ATTTTTTGATATTTAGAAAGTGCAG 

Table 3.2: List of primers for PCR amplification and cloning of 3’UTR regions of putative miR-

204 target genes.  

F: Forward, R: Reverse primer. 

pGIPZ-miR-204: Primers were designed to amplify miR-204 coding genomic region 

covering at least 200 bp on either side of pri-miR-204 sequence. Amplicon corresponding to 

670 bp was amplified using Phusion polymerase and digested with HpaI and XhoI restriction 

enzymes. This was then ligated with a pGIPZ vector digested with the same enzymes. 

Mutant RAB10 3’UTR luciferase reporter construct: The miR-204 binding site in the RAB10

3’UTR was mutated to yield non-functional binding site by using site directed mutagenesis 

(SDM) PCR. Nucleotides 5’-AAAGGGA- 3’ from wild type miR-204 binding site in RAB10

3’UTR were mutated to 5’-AAATCGA-3’ making it incapable of binding to mature miR-

204. The change in the sequence was confirmed by sequencing. 

Method

1. Primers were designed to have (a) Tm more than or equal to 78
0
C. (b) Primers designed 

with desired mutation at the centre (c) reverse primer should be exactly complimentary to 

forward primer, (d) GC content of more than 40% and the primer terminating in G or C. 

2. A 50 µl PCR reaction was set up as follows 



��
�������������
�����

119 

Components Volume per 10µl Reaction Final Concentration

5XHF/GC buffer 2 µl 1X 

10 mM dNTPs 0.2 µl 2 mM 

10 pmol/ µl Forward primer 0.2 µl 2 pmol 

10 pmol/ µl Reverse Primer 0.2 µl 2 pmol 

Template (vector DNA) 20 ng - 

Phusion Taq Polymerase 0.2 µl  

DMSO (optional) 0.4 µl 4% 

Autoclaved Milli-Q Make up to 10 µl  

The PCR reaction conditions were as follows  

Temperature Time No. Of. Cycles

98
0
C 3 min 1 

98
0
C 1 min

20 

56-62
0
C (variable) 45 sec

72
0
C 1min per kb

4
0
C �  

3. PCR product was digested with DpnI restriction enzyme. The reaction conditions were as 

follows 

Components Volume Final Concentration

10X Tango buffer 5 µl 1X 

PCR product 40 µl 100-200 ng 
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DpnI (10 U/ µl) 1 µl  

Autoclaved Milli-Q

Make up volume

to 50 µl 

4. Reaction mixture was incubated at 37
0
C for 12-16 hr and was inactivated at 80

0
C for 20 

min. 

5. 5 µl of PCR product before and equivalent PCR product after DpnI digestion was loaded 

on 1% agarose gel to ensure persistence of full length PCR product post DpnI digestion. 

6. 10 µl of DpnI digested DNA was transformed in DH5� competent cells. 

7. Plasmid DNA was extracted from 10 DH5� colonies by alkaline lysis method. 

8. The presence of the mutation was confirmed by sequencing of the plasmid DNA. 

3.18.2 Luciferase Assay

Reagents 

Cell lysis buffer

Components Volume Final Concentration

1 M Glycine-glycine pH 7.8 1.25 ml 25 mM 

1M MgSO4 0.75 ml 15 mM 

250 mM EGTA 0.8 ml 4 mM 

Triton X-100 0.5 ml 1% (v/v) 

100 mM DTT * 1 mM 

Autoclave Milli-Q Make up to 50 ml
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Luciferase Assay Buffer

Components Volume Final Concentration

1 M Potassium phosphate 

buffer pH 7.8 

0.75 ml 15 mM 

1 M Glycine-glycine pH 7.8 1.25 ml 25 mM 

1 M MgSO4 0.75 ml 15 mM 

250 mM EGTA 0.8 ml 4 mM 

100 mM ATP * 2 mM 

100 mM DTT * 1 mM 

Autoclave Milli-Q Make up to 50 ml

(*Note- Add DTT and ATP just before use) 

Luciferin Solution

Components Volume 
Final 

Concentration

1M Glycine-glycine pH 7.8 1.25 ml 25 mM 

1M MgSO4 0.75 ml 15 mM 

250 mM EGTA 0.8 ml 4 mM 

20 mM D-Luciferin * 0.2 mM 

100 mM DTT * 2 mM 

Autoclave Milli-Q Make up to 50 ml  

(*Note- Add DTT, ATP and D-Luciferin just before use) 

Method

1. HEK293 cells were trypsinised, counted and seeded as 1x10
4
 cells per well of 96 well late 
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2. 24 hr post seeding, transfection of total of 0.3 µg DNA per well of 96 well was done using 

BES buffer method. (Refer section 3.11) 

3. DNA mixture was prepared in autoclaved Milli-Q as given below. 

Component Amount (for one well of 96 well plate)

3’UTR reporter plasmid 20 ng 

pGIPZ / pGIPZ-miR-204 280 ng 

Autoclaved Milli-Q 

(Make up volume to )

2.5 µl 

0.5M CaCl2 2.5 µl 

2X BBS 5 µl 

4. 72 hr after transfection, medium was removed and cells were washed twice with ice cold 

1X PBS. 

5. 30 µl of cell lysis buffer was added to each well of a 96 well plate. The cells were scraped 

from the plate and lysate was made homogenous by pipetting it up and down several 

times. The lysate was transferred to an eppendorf tube and stored on ice till the lysates for 

all the wells are prepared. 

6. The eppendorf tubes were centrifuged at 16000 rpm at 4
0
C for 5 min and the supernatant 

was transferred to fresh eppendorf tubes. 

7. The fluorescence and luminescence was measured using Mithras LB940 multimode 

reader. 10 µl of sample was added per well of 384 well Optiplate (Cat No. 6007290, 

Perkin Elmer), and fluorescence was measured at excitation and emission wavelengths of 

485 nm and 515 nm. Each sample was assayed in duplicates. 
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8. 30 µl of assay buffer containing luciferin solution (2:1) was added to each sample and 

mixed twice by pipetting. The luminescence was read immediately at an exposure time of 

1 sec.  

3.19 Sodium Bisulphite Treatment of Genomic DNA and Sequencing of the PCR 

Amplified Gene Fragments  

Treatment of genomic DNA with sodium bisulphite results into the conversion of 

demethylated cytosines in the genomic DNA to thymidine. On the other hand, the methylated 

cytosines remain as cytosines resisting the sodium bisulphite treatment. This bisulphite 

converted DNA is used as a template for PCR amplification using bisulphite specific primers. 

The PCR products are then sequenced to determine the methylation status of the CpG 

dinucleotides. 

Primer designing: Bisulphite converted DNA sequence of the normal genomic DNA 

sequence corresponding to the concerned genomic region was obtained using the ‘Bisearch’ 

online software (http://bisearch.enzim.hu/). Primers were manually designed to amplify a 

region of the CpG island such that (1) they include the least possible number (1-2) of CpG 

dinucleotides in the normal genomic region (2) The amplicon size does not exceed 300 bp 

and (3) Tm of primers is equal to or greater than 55
0
C and is within 3

0
C of each other. 

Quality and specificity of PCR primers was checked using OligoAnalyser 1.5 

(www.genelink.com) and ePCR feature of Bisearch online software.  

Extraction of genomic DNA from medulloblastoma cell lines

Genomic DNA from medulloblastoma cell lines (5x 10
6
 cells) and 25-30 mg fresh frozen 

tissue was isolated by using Qiaamp DNA mini kit as per the manufacturer’s instructions. 

Bisulphite conversion of DNA 

Bisulphite conversion of 500 ng genomic DNA isolated from cultured cells or fresh frozen 

tumour tissues was performed, using EZ DNA Methylation-Gold Kit from Zymo Research, 



��
�������������
�����

124 

as per the manufactures instructions. Primer sequences are as given in Table 3.3. Two reverse 

primers were used since that region constituted of one CpG dinucleotide to enable 

amplification of either a methylated or an unmethylated DNA sequence. 

Gene name Primer Sequence (5’ to 3’) 

miR-204 Bisulphite

F GGGTGGAGAGTAATTTGGGG

R 1 CGAATCTCCCTCCAACCTA 

R 2 TGAATCTCCCTCCAACCTA 

Table 3.3: Primer sequences used for Bisulphite PCR.  

F: Forward, R1 and R2: Reverse primer. 

PCR Amplification

The reaction was made as follows 

Components Volume Final Concentration 

10X standard Taq buffer 1 µl 1X 

10 mM dNTP mix 0.2 µl 0.2 mM 

Forward primer (10 pmol/µl) 0.3 µl 3 pmol 

Reverse primer 1 (10 pmol/µl) 0.3 µl 3 pmol 

Reverse primer 2 (10 pmol/µl) 0.3 µl 3 pmol 

Taq Polymerase (1 U/ µl) 0.25 µl 0.25 U 

Genomic DNA  25 ng 

Autoclaved Milli-Q water  Make up volume to 10 µl
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PCR Conditions were as follows  

Temperature Time Cycles

98°C 3 min 1 

98°C 30 sec

30 Annealing temperature 45 sec

72°C 30 sec

72°C 5min 1 

The PCR product was purified using the PCR product purification kit from Qiagen. 

Sequencing of the PCR products

In a 0.2 ml PCR tube, 1.5 pmol of either forward or reverse primer and 5-10 ng of purified 

PCR product were added. The sequencing reactions were carried out in Eppendorf Master 

Cycler using Big Dye Terminator Kit V 3.1, which has different fluorescent dye for each 

terminator ddNTP as per manufacturer’s instructions. The reactions were cleaned up to 

remove excess salt. The reactions were run in either a 50 cm or 80 cm capillary filled with 

POP4 or POP6 polymer (Applied Biosystems, U.S.A) in 3100 Avant Genetic Analyzer 

(Applied Biosystems, U.S.A). The size of capillary used depended on the PCR product size.  

3.20 Survival Analysis for Group 3 and Group 4 Tumors using miR-204 as a Predictor 

Event for overall survival was calculated from the date of surgery until death or last follow-

up date. The survival data was divided into two groups (high vs. low expression) based on the 

Average expression value + Confidence Interval (CI) for the normal cerebellum samples as 

the cut-off. Hazard ratio and its 95 % confidence interval were computed using the Mantel-
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Haenszel method in GraphPad Prism v 5.0. Survival percentages were estimated by Kaplan-

Meier method and statistical significance between the survival curves was estimated by log- 

rank test using Graph Pad Prism software. 

3.21 Statistical Analysis 

The statistical analysis of the data including the student’s t-test wherever indicated, the chi 

square test for the immunohistochemical analysis for ezrin expression in medulloblastoma 

tumor tissues across the molecular subgroups was carried out using the Graphpad prism 5.0 

software. 
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4.1: Molecular Subgrouping of Medulloblastoma Cell Lines 

In order to identify the subgroup affiliation of available medulloblastoma cell lines, the 

expression of subgroup specific marker genes was studied in the Daoy, D283, D425, D341 

and D384 cell lines. Molecular subgrouping of medulloblastoma tumor tissues has been 

carried out on the basis of differential expression of 12 protein coding genes [15]. 

Concomitant overexpression of the WIF1, DKK2, and MYC genes is used as a marker for 

WNT medulloblastomas. Overexpression of HHIP, EYA1 and MYCN genes in addition to the 

underexpression of OTX2 serve as markers for the SHH subgroup. The overexpression of 

EOMES helps in the identification of Group 3 and Group 4 tumours, while higher expression 

of NPR3, MYC, and IMPG2 and lower expression of GRM8 and UNC5D helped to 

distinguish Group 3 from Group 4 tumours. Hence, the expression of some of these marker 

genes in the medulloblastoma cell lines (viz Daoy, D283, D425, D341 and D384) was studied 

by real time RT-PCR analysis. All the cell lines show very low expression of WIF1, MYCN, 

EOMES, and GRM8 marker genes (Figure 4.1.1). The expression of the HHIP gene is about 

10 fold higher in Daoy cells as compared to the other cell lines while that of OTX2 is 100-

1000 fold lower in Daoy cells as compared with the other cell lines as well as the WNT, 

Group 3 and Group 4 tumors. Also, the Daoy cell line is derived from a tumor with 

desmoplastic histology and shows chromosome 9 alteration (Table 4.1.1) [69]. The 

desmoplastic histology and chromosome 9q loss are strongly associated with the SHH 

pathway tumours [8]. This indicated that the Daoy cell line most likely belongs to the SHH 

subgroup of medulloblastoma. The ‘D’ series of cell lines D283, D425, D341 and D384 were 

established at the Duke university (hence the name ‘D’ series) [30,70,71]. These cells show 

high expression of OTX2 (R.Q. = 7-27), MYC (R.Q. = 50-500) and IMPG2 (R.Q. = 30-

100).The 
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Figure 4.1.1:  Expression of subgroup specific marker genes in medulloblastoma cell lines. 

The box and whisker plot shows the expression level of the indicated genes in the four subgroups of 

medulloblastoma and in the medulloblastoma cell lines.  The Y-axis represents Log10 of the relative 

quantity of expression using RNU48 as the control. 

Table 4.1.1: Karyotypes of the medulloblastoma cell lines  

      

No Cell line Karyotype [30, 69].

1 Daoy t (1q5q), t (13q ;?)15p+,7q+, der(9)t(3;9)(p21;q34)

2 D283 der(20)t(1;20)(q12;q13), 8q+ and  i(17q)

3 D341 49, XY, + 6, + 8, + 18, -22, + lp, i(17q), + DMs 

4 D384 46, XY, - 8,  i(17q), + 8q +, + DMs 

5 D425 46, XY, i(17q), 10q-, + DMs 
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D283 and D341 cells also show high level of NPR3 expression. The D283 and D341 cell 

lines show amplification of the MYC gene. This explains the very high expression level of 

MYC in these cell lines. Almost all MYC amplifications occur in the Group 3 tumours [8]. All 

these cell lines are reported to carry isochromosome 17q which is a common feature of Group 

3 and Group 4 tumours. However none of these cells show expression of GRM8 Thus these 

cell lines may belong to the group 3 of medulloblastoma. 

The molecular subgrouping of the medulloblastoma cell lines available in the lab suggests 

that the Daoy cell line most likely belongs to the SHH subgroup while the D283, D425, D341 

and D384 cell lines belong to the group 3 of medulloblastoma. These cell lines were used for 

the further study on the role of miRNA coding genes in medulloblastoma. 
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4.2: Role of miR-206 in the Biology of Medulloblastoma 

MiRNA expression profiling carried out on 19 medulloblastoma samples and 4 normal 

cerebellum samples identified miR-206 to be one of the miRNA’s downregulated in 

medulloblastomas belonging to all the four molecular subgroups, as compared to the 

normal cerebellum samples. It is specifically expressed in the cerebellum of the rat brain 

which is the site of medulloblastoma occurrence. It is also known to target the OTX2 gene 

which is highly expressed in all non-SHH medulloblastomas. Thus, in the present study, 

the expression of miR-206 in human and mouse medulloblastoma tumor tissues and 

normal cerebellum samples was studied. Following this, the effect of miR-206 expression 

on the growth and malignant behaviour of three medulloblastoma cell lines was 

investigated. 

4.2.1 Evaluation of miR-206 Expression in Human Medulloblastoma Tumor Tissues 

and Normal Cerebellum and Cerebrum Tissues by Real Time RT-PCR analysis 

MiR-206 expression was evaluated in human sporadic medulloblastoma tumor tissues, in 

normal cerebellum and cerebrum tissues by real time RT-PCR.  MiR-206 expression in 

the normal brain cerebrum was found to very low (RQ = 0.006-0.02) while in both 

developing and adult cerebellar tissues it is about 50-200 fold higher at RQ = 0.91-1.22 

(Figure.4.2.1 A). Molecular classification of 44 medulloblastoma tumor tissues into the 

four subgroups WNT, SHH, Group 3 and Group 4 was carried out using the 12 protein-

coding genes and 9 miRNAs as markers by real time RT-PCR assay as described before 

[15]. MiR-206 expression was found to be downregulated in medulloblastomas belonging 

to all the four subgroups by 10-10,000 folds (p � 0.0001). MiR-206 expression was barely 
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detectable in the five cell lines viz Daoy, D425, D283, D384 and D341 established from 

human sporadic medulloblastomas as well (p � 0.0001).  

4.2.2 Evaluation of miR-206 Expression in Mouse Medulloblastoma Tumor Tissues 

from the Smo
+/+

 Transgenic Mice and the Ptch1 
+/-

 Knock-out Mice and Normal 

Cerebellum Tissues by Real Time RT-PCR 

The expression of murine homolog of human miR-206 was evaluated in the normal 

developing cerebellum from the C57BL6 mice at post natal day 5, 7, 14 and 21 and in 

medulloblastomas from the Smo
+/+

 transgenic mice and the Ptch1 
+/-

 knock-out mice [36, 

66]. These mouse models serve as models for SHH subgroup medulloblastomas. The 

level of miR-206 expression increased during the development of the mouse cerebellum 

from Day 5 to Day 21. However this increase in miR-206 expression was not found to be 

statistically significant. MiR-206 expression was found to be downregulated ~10 fold (p �

0.05) in medulloblastomas from Smo
+/+

 transgenic mice and by 10-100 fold (p � 0.01) in 

medulloblastomas from Ptch1 
+/-

 knock-out mice as compared to their normal cerebellar 

counterparts (Figure 4.2 1 B). 

Thus, miR-206 expression was found to be downregulated in all the human 

medulloblastomas studied, irrespective of the molecular subgroup, as well as in the 

tumors from the SHH signalling driven medulloblastoma mouse models. 

4.2.3 Construction of a Lentiviral Plasmid Vector for Expression of miR-206    

The genomic region coding miR-206 along with about 200 nucleotides long 5’ and 3’ 

flanking regions was cloned in the pTRIPZ lentiviral vector (Open biosystems, Lafayette, 

USA) between the HpaI and EcoRI restriction enzyme sites. The miRNA is expressed 
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under the control of a doxycycline inducible promoter. The pTRIPZ vector consists of the 

tetracycline response element (TRE) and the reverse tetracycline transactivator 3 (rtTA3) 

Figure 4.2.1: MiR-206 expression in the normal brain, medulloblastoma tumors, and in the 

established medulloblastoma cell lines. 

 (A) The scatter dot plot shows miR-206 expression in normal developing cerebellum (less than 1 

yr old infants), adult cerebellum, adult cerebrum, and human sporadic medulloblastomas 

belonging to the four molecular subgroups and in established medulloblastoma cell lines. (B) The 

expression of murine homolog of miR-206 in the normal developing cerebellum and in 

medulloblastoma tissues from Smo
+/+ 

and Ptch1
+/-

 medulloblastoma mouse models. 

which enable inducible expression of the miRNA. The TRE consists of a string of Tet 

operators fused to the minimal CMV promoter. The pTRIPZ transactivator, known as the 

reverse tetracycline transactivator 3 (rtTA3), binds to and activates expression from TRE 

promoters in the presence of doxycycline. The TRE also drives the expression of a 

TurboRFP reporter in addition to the miRNA. This enables monitoring of expression 

from the TRE promoter. This vector construct was used for the stable, inducible 

expression of miR-206 in medulloblastoma cell lines (Figure 4.2.2 A, B). 
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Figure 4.2.2 : miR-206 pTRIPZ vector construct 

(A) miR-206 pTRIPZ vector construct map indicating cloning sites HpaI and EcoRI and location 

of other features of the vector backbone. (B) Agarose gel electrophoresis image of confirmation 

of the miR-206-pTRIPZ construct. Vector: undigested miR-206 pTRIPZ vector, KpnI digested 

vector: miR-206 pTRIPZ digested with KpnI. 

4.2.4 Effect of miR-206 Expression on the Growth, Clonogenic Potential, Radiation 

Sensitivity and Anchorage-independent Growth of the Established Medulloblastoma 

Cell Lines 

A. Generation of stable polyclonal populations expressing miR-206 on doxycycline induction 

Mir-206 expression was found to be downregulated in all the established 

medulloblastoma cell lines studied (Figure 4.2.1A). Daoy and D425 / D283 

medulloblastoma cell lines belong to SHH, and Group 3 molecular subgroup respectively 

based on their cytogenetic profiles [70, 72]. Daoy, D425 and D283 medulloblastoma cell 

lines were transduced with lentiviral particles of pTRIPZ-miR-206 construct that 
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expressed miR-206 in a doxycycline inducible manner. Two stable polyclonal 

populations ‘P1, P2’ of each of the three cell lines expressing miR-206 upon doxycycline 

induction at levels comparable to those in the normal cerebellum were selected in the 

presence of puromycin (Figure 4.2.3). These cells along with their respective vector 

control populations ‘C’ were used for different assays for proliferation, clonogenic 

growth potential, radiation sensitivity, anchorage independent growth potential and 

sensitivity to the drug All-trans Retinoic acid (ATRA). 

Figure 4.2.3: MiR-206 expression in the normal developing and adult cerebellum and in 

polyclonal   populations ‘P1, P2’ of Daoy, D425 and D283 cell lines. 

B. Effect of restoration of miR-206 expression on the growth of medulloblastoma cell lines

The effect of restoration of miR-206 expression on the growth of medulloblastoma cells 

was studied by the MTT reduction assay. Doxycycline treatment of the vector control 

population of Daoy, D283 and D425 cells was found to result in 5-10 % growth inhibition 

as compared to the untreated cells. Restoration of miR-206 expression upon doxycycline 

treatment of the P1 and P2 populations of the Daoy, D425 and D283 cell lines showed 
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marginally higher (10-20%) growth inhibition than that brought about by the doxycycline 

treatment of the control population (Figure 4.2.4 A, B). Thus there was no significant 

effect of restoration of mir-206 expression on the proliferation of the three 

medulloblastoma cell lines. 

Figure 4.2.4: Effect of miR-206 expression on the growth of medulloblastoma cell lines. 

(A) Representative experiments showing growth curves of the indicated medulloblastoma cell line 

polyclonal populations transduced with control pTRIPZ vector ‘C’ or pTRIPZ-miR-206 construct 

‘P1’ with (+ DOX) or without doxycycline treatment as studied by the MTT reduction assay over 

a period of 9 days (B) Y axis denotes the percentage reduction in the growth upon doxycycline 

treatment of the indicated polyclonal populations compared to the un-treated population as studied 

by the MTT assay.  ‘ns’ indicates non-significant, * indicates p � 0.05. 
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C. Effect of restoration of miR-206 expression on anchorage independent growth 

potential of medulloblastoma cell lines 

The effect of miR-206 expression on the anchorage independent growth potential of 

Daoy, D425 and D283 cells was studied by the colony formation in soft agar. 10,000 

Daoy cells and 1000 cells each of D283 and D425 cells were seeded for the soft agar 

colony formation assay. Vector control polyclonal populations of Daoy cells formed 400-

600 colonies in 2-3 weeks post seeding. The D425 and D283 cells formed ~500 and ~250 

colonies respectively.  However, there was no significant difference in the number or size 

of colonies formed in the P1 and P2 populations of miR-206 expressing cells as compared 

to the vector control cells (Figure 4.2.5 A, B). 

Figure 4.2.5: Effect of miR-206 expression on the anchorage independent growth of 

medulloblastoma cell lines 

(A) Representative experiments showing the number of colonies formed by the indicated 

medulloblastoma cell line polyclonal populations transduced with control pTRIPZ vector ‘C’ or 

pTRIPZ-miR-206 construct ‘P1’ with (+ DOX) or without doxycycline treatment as studied by 

the colony formation in soft agar. (B) Y axis denotes the percentage reduction in colony formation 

upon doxycycline treatment of the indicated polyclonal populations compared to the un-treated 

population.  ‘ns’ indicates non-significant, * indicates p � 0.05  ** indicates p � 0.01. 



������������� !����
��������
����������������
����

138 

D. Effect of restoration of miR-206 expression on the clonogenic potential and radiation 

sensitivity of Daoy cells 

The effect of miR-206 expression on the clonogenic potential of Daoy cells was studied by 

seeding 1000 cells in a 55 mm dish. The control cells formed 400-450 well separated, 

microscopically visible colonies 8 days post seeding. There was no significant difference 

observed in the number of colonies formed by the vector control cells and the miR-206 expressing 

P1 and P2 populations of Daoy cells with or without doxycycline induction (Figure 4.2.6 A, B). 

The effect of miR-206 expression on the radiation sensitivity of Daoy cells was studied in a 

clonogenic assay after irradiation of the cells at a dose of 6 Gy. At this dose, clonogenic potential 

of the parental Daoy cells was found to be reduced by 55-60 %. The clonogenic potential of the 

P1 and P2 polyclonal populations of Daoy cells was reduced by 75-80 % on irradiation at a dose 

of 6 Gy before or after induction of miR-206 expression. Thus, there was a marginal increase 

(~20 %) in the radiation sensitivity of Daoy cells upon miR-206 expression. Thus, the expression 

of miR-206 at levels equivalent to that in the normal cerebellum did not have a significant effect 

on the growth characteristics of medulloblastoma cell lines Daoy, D425 and D283.

4.2.5 Effect of Restoration of miR-206 Expression on the Level of OTX2 Protein in 

the Non-WNT Non-SHH Subgroup Cell Lines 

OTX2 is an important oncogene in medulloblastoma. The 3’UTR of the OTX2 gene 

carries one conserved binding site for miR-206 and has been reported to be validated as a 

miR-206  target using luciferase reporter assay and western blot analysis [73]. OTX2 gene 

is known to be amplified in the D425 cell line and has a transcript level which is 45 times 

higher than that in the normal cerebellum. The D283 cell line also shows overexpression 

of OTX2 protein [64] . In order to study the effect of restoration of miR-206 expression to 

levels in the normal cerebellum on OTX2 protein expression, western blotting for OTX2

was carried out in the Doxycycline induced and control populations C, P1 and P2 of both 
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the D425 and D283 cell lines. However, the restoration of mir-206 expression was not 

found to result in the down-regulation of OTX2 protein levels (Figure 4.2.7 A).   

Figure 4.2.6: Effect of miR-206 expression on the clonogenic potential and radiation 

sensitivity of Daoy cells.

(A) Y axis denotes the number of colonies formed in control ‘C’ and miR-206 expressing P1 and 

P2 polyclonal population of Daoy cells with or without irradiation (6 Gy) in a clonogenic assay. 

(B) Y axis denotes the percentage reduction in the number of colonies formed on doxycycline 

induced expression of miR-206 with or without irradiation as compared to the control un-induced 

cells of the indicated polyclonal population. * indicates p � 0.05
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4.2.6 Effect of miR-206 Overexpression on the Level of OTX2 Expression and 

Anchorage Independent Growth of Non-WNT, Non-SHH Medulloblastoma Cell 

Lines 

The amplification and / or overexpression of OTX2 may hinder the effect of miR-206 on 

OTX2 expression although it is a known target of miR-206. Therefore, miR-206 was 

overexpressed in D425 and D283 cell lines using transient transfection with synthetic 

miRNA mimics. The transfection with miR-206 mimics resulted in about 100 -500 fold 

overexpression of miR-206 expression as compared to the normal cerebellum. This level 

of miR-206 expression resulted in the reduction of OTX2 protein levels (Figure 4.2.7 B). 

The effect of overexpression of miR-206 in D425 and D283 cell lines on the colony 

formation in soft agar was also studied. MiR-206 mimic transfection resulted in 51.23 ± 

4.11% and 48.93± 4.09 % reduction in the colony formation as compared to the siGLO 

transfected control cells of D425 and D283 cell lines respectively. Stable polyclonal 

populations (P3) of D425 and D283 cells overexpressing miR-206 by ~ 80-150 folds at 

R.Q. levels in the range of 75-150 were also selected in the presence of puromycin by 

stable transduction with pTRIPZ-miR-206 construct. Doxycycline induction of miR-206 

overexpression in the P3 polyclonal populations of D425 and D283 cells also showed 

50.54 ± 4.48 and 31.67 ± 3.79 % reduction in the soft agar colony formation respectively 

(Figure 4.2.7 C-E). Thus, miR-206 overexpression was found necessary to downregulate 

OTX2 protein levels and bring about growth inhibition of medulloblastoma cells. 
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Figure 4.2.7: Effect of restoration and overexpression of miR-206 on OTX2 expression and 

the effect of miR-206 overexpression on anchorage independent growth of D283 and D425 

cells.

(A) Western blot analysis of OTX2 expression in the P1 and P2 polyclonal populations of D283 

and D425 cells before and after doxycycline induced miR-206 expression. (B) Western blot 

analysis of OTX2 expression in siGLO and miR-206 mimic transfected D283 and D425 cells. 	-

tubulin was used as a loading control. (C) Level of miR-206 expression in siGLO and miR-206 

mimic transfected cells and P3 population of D283 and D425 cells. (D and E) Y axis denotes the 

number of soft agar colonies formed by siGLO and miR-206 mimic transfected cells and P3 

polyclonal population of D283 and D425 cells with (+DOX) or without doxycycline induction. ** 

indicates p � 0.01 and *** indicates p �0.001. 



������������� !����
��������
����������������
����

142 

4.2.7 Synergistic Effect of Restoration of miR-206 Expression and Treatment with 

All Trans Retinoic Acid (ATRA) on the Growth and OTX2 Expression in D283 Cell 

Line 

ATRA has been shown to downregulate OTX2 expression and inhibit proliferation of 

medulloblastoma cells. The effect of restoration of miR-206 expression in combination 

with ATRA treatment on the level of OTX2 expression and growth of medulloblastoma 

cells was analyzed. The western blot analysis showed reduction of OTX2 protein levels 

upon treatment with 5 nM and 10 nM ATRA in the P1 population of D283 cells. 

However, the reduction in the OTX2 protein levels upon ATRA treatment was similar in 

the absence or presence of restoration of miR-206 expression levels (Figure 4.2.8 B). The 

treatment of D283 P1 population with 5 nM / 10 nM ATRA resulted in 40-50 % growth 

inhibition as studied by MTT reduction assay. The level of growth inhibition of D283 

cells upon ATRA treatment did not change upon restoration of miR-206 expression, 

indicating no synergistic effect of ATRA treatment and miR-206 expression at the levels 

studied (Figure 4.2.8 A). 
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Figure 4.2.8: The effect of ATRA and miR-206 expression on the growth and expression of 

OTX2 in D283 cells

(A) Representative experiment showing the growth of vector control and the P1 population of 

D283 cells expressing miR-206 on induction with doxycycline with or without treatment with 5 

nM and 10 nM ATRA. (B) Y axis shows the percentage reduction in the growth of control or P1 

population of D283 cells on treatment with 5 nM or 10 nM ATRA. (C)  Western blot analysis of 

OTX2 expression. Left panel shows the OTX2 expression in the cells without doxycycline 

induction and right panel shows OTX2 expression in doxycyline induced cells treated with the 

indicated concentrations of ATRA. 	-tubulin served as the loading control. 
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DISCUSSION 

MiR-206 was identified as a myomiR along with miR-1 and miR-133a/b, as the 

expression of these miRNAs was found to be enriched in the muscles [74].  Although 

miR-206 is enriched in the skeletal muscles, its expression in other tissues such as heart 

and brain is also known, albeit at lower levels than in the skeletal muscle [75].In the 

present study, miR-206 expression was found to be restricted to  the human cerebellar 

brain region that is consistent with its reported enriched expression in rat cerebellum [65]. 

MiR-206 was found to be expressed during cerebellar development in mice and expressed 

in both developing and adult human cerebellum suggesting miR-206 role in both 

cerebellar development and maintenance. MiR-206 expression was found to be 

downregulated in medulloblastoma tissues belonging to all the four molecular subgroups, 

as compared to the normal cerebellar tissues. MiR-206 expression is also downregulated 

in SHH subgroup medulloblastomas from Ptch1
+/- 

knock-out and Smo
+/+ 

transgenic mouse 

models that is consistent with reported downregulation of miR-206 expression in 

desmoplastic medulloblastomas belonging to the SHH subgroup [76]. MiR-206 

expression is downregulated in all the established medulloblastoma cell lines studied. 

Thus, down-regulation of miR-206 expression is a consistent feature of all the four 

molecular subgroups of medulloblastomas well as SHH subgroup medulloblastomas from 

transgenic mouse models suggesting tumor-suppressive role for miR-206 in 

medulloblastoma pathogenesis.   

Although miR-206 expression is downregulated in medulloblastomas belonging to 

all the four subgroups, restoration of miR-206 expression in established medulloblastoma 

cell lines to levels similar to that in normal cerebellar tissues was found to be insufficient 

to bring about growth inhibition of medulloblastoma cells. Down-regulation of miR-206 

expression in medulloblastomas could be necessary for malignant transformation or may 
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be a consequence of the same. While restoration of miR-206 expression was insufficient, 

miR-206 expression at levels (~ 100 fold higher) comparable to that in muscle tissues was 

found to bring about growth inhibition and reduction in the clonogenic potential of 

medulloblastoma cells. MiR-206 overexpression was found to bring about reduction in 

protein levels of OTX2, a known target of miR-206. OTX2, a homeobox transcription 

factor controls cell fate specification during normal brain development [77]. In adults, 

OTX2 expression is restricted to the retina and is not expressed in the normal cerebellum. 

OTX2 on the other hand, is overexpressed in all non-SHH medulloblastomas and has 

been shown to act as an oncogene that is critical for maintenance and progression of these 

medulloblastomas [78]. Therefore, although downregulation of miR-206 expression may 

contribute to medulloblastoma pathogenesis, restoration of its expression is insufficient to 

down-regulate its oncogenic targets like OTX2 that are over-expressed in malignant 

medulloblastoma cells. 

ATRA is a potent inducer of neuronal differentiation and has been evaluated for 

use as a therapeutic agent for medulloblastoma. ATRA has been shown to downregulate 

OTX2 expression and thereby inhibit growth of OTX2 expressing medulloblastoma cells 

[79]. Restoration of miR-206 expression to the levels comparable to those in the normal 

cerebellum was not found to be sufficient to reduce the OTX2 protein levels by itself and 

did not enhance the growth inhibitory effect of ATRA in medulloblastoma cells. MiR-206 

overexpression at levels comparable to that in muscle tissues downregulated OTX2 levels 

in medulloblastoma cells and brought about growth inhibition of these cells. While 

Retinoic acid therapy has been found to be effective in inhibiting growth of 

medulloblastoma xenografts established subcutaneously, it was ineffective in case of 

intracranial orthotopic xenografts [80]. Fibroblast growth factor 2 (FGF2) has been 

implicated in resistance to retinoic acid mediated inhibition of intracranial tumor growth. 
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Overexpression of miR-206 that targets OTX2 could be an alternative to retinoic acid in 

the treatment of OTX2 positive medulloblastomas. 

A rare variant of medulloblastoma named as medullomyoblastoma which shows 

features of myogenic differentiation, is known and medulloblastoma cells belonging to 

classic histology are also known to undergo myogenic differentiation. OTX2 down-

regulation has been shown to bring about myogenic differentiation of medulloblastoma 

cells which is accompanied by upregulation of MYOD1 activity [78, 81]. MYOD1 has 

been shown to act as a tumor suppressor gene in medulloblastomas. Loss of one allele of 

MYOD1 has been found to promote tumorigenesis in Smo
+/+

 transgenic mice [82]. 

MYOD1 has been found to upregulate miR-206 expression in normal cerebellar neuron 

progenitor cells (Joyoti Dey Ph. D. thesis, http://hdl.handle.net/1773/20238) similar to 

MYOD1 mediated activation of miR-206 transcription in muscle cells [83]. MiR-206 on 

the other hand, targets OTX2, indicating feedback inhibitory circuit wherein OTX2 

downregulates miR-206 transcription by downregulating MYOD1 expression and miR-

206 in turn downregulates OTX2 protein levels. OTX2 overexpression thus may be 

instrumental in downregulation of miR-206 expression in non-SHH medulloblastomas. In 

order to evaluate the effect of miR-206 downregulation if any, on the malignant 

transformation, it would be necessary to downregulate miR-206 expression during the 

process of malignant transformation in a transgenic mouse model of medulloblastoma. 

In summary, expression of miR-206 is enriched in both developing and adult 

cerebellum and is down-regulated in medulloblastomas belonging to all four molecular 

subgroups. Over-expression of miR-206 however, was found to be necessary for growth 

inhibition of medulloblastoma cells and down-regulation of its oncogenic target OTX2, 

that is known to be overexpressed in all non-SHH medulloblastoma cells. 
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4.3: Role of miR-204 in the biology of medulloblastoma 

4.3.1 Differential expression of miR-204 in molecular subgroups of medulloblastoma 

MiRNA expression profiling showed miR-204 expression to be down-regulated 10-100 fold 

in all SHH tumors and in most group 3 tumors as compared to the normal cerebellum [15]. 

MiR-204 expression was found to be upregulated in the WNT tumors and most group 4 

tumors. This differential miR-204 expression was further validated in a set of 160 

medulloblastoma tissues by real time RT-PCR (Figure 4.3.1). The effect of miR-204 

expression on growth and malignant behaviour of Daoy medulloblastoma cell line that most 

likely belongs to SHH subgroup has been studied.  MiR-204 expression in Daoy cells brought 

about ~65-70% reduction in the size of the tumors formed by subcutaneous xenografts as 

compared to the vector control cells (Pratibha Boga, Ph. D. thesis). As discussed above, apart 

from SHH subgroup, miR-204 expression is also down regulated in most Group 3 

medulloblastomas. In the present study, miR-204 expression was also found to be 

downregulated 10-100 fold in the group 3 cell lines viz D425 and D341 as compared to the 

normal cerebellum. MiR-204 expression in D283 cell line that also belongs to Group 3 was 

found to be downregulated by 2-3 fold to the normal cerebellum (R.Q= 25-35) (Figure 4.3.1). 

Hence, the effect of expression of miR-204 on the growth, tumorigenicity and invasion 

potential of these Group 3 medulloblastoma cell lines was investigated 
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Figure 4.3.1: MiR-204 expression in the normal cerebellum, medulloblastoma tumors, and in 

the established medulloblastoma cell lines. 

 The scatter dot plot shows miR-204 expression levels in normal developing cerebellum (< 1 y), 

normal adult cerebellum (> 18 y), and human sporadic medulloblastomas belonging to the four 

molecular subgroups and in established medulloblastoma cell lines. The levels are expressed as 

quantities relative to RNU48, a housekeeping small RNA control. 

4.3.2 Correlation of miR-204 expression with survival in the non-WNT, non-SHH 

medulloblastoma patients  

MiR-204 expression across the medulloblastoma subgroups indicates downregulation of its 

expression in many Group 3 tumors and an upregulation in most of the Group 4 tumors. 

These subgroups have an overlapping gene expression signature and are often difficult to 

classify. The group 3 and Group 4 of medulloblastoma are also distinct in their clinical 

features such as prognosis and overall survival with the group 4 patient’s fare much better 

than the group 3 patients. Kaplan Meier analysis for survival of patients with group 3 (n = 24) 

and Group 4 (n = 35) tumors with respect to miR-204 as a predictor was conducted. The 

expression level of miR-204 in the normal cerebellum was used as a median value. The 

patients with the high miR-204 expression had a survival of 62 % as compared to 23% for 

those with low miR-204 expression. Thus, the patients with high miR-204 expression had 
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significantly better survival (p = 0.01, hazard ratio = 3.76) as compared to those with low 

miR-204 expression (Figure 4.3.2).  

Figure 4.3.2: Kaplan Meier survival analysis  

The Y axis indicates percent overall survival for patients with high miR-204 expression as compared 

to those with low miR-204 expression within the group 3 and group 4 of medulloblastoma. The 

expression level of miR-204 in the normal cerebellum was used as a median value. The p value 

indicates level of significant difference in the Kaplan Meier survival curves estimated by the Log 

Rank Test. 

4.3.3 Effect of miR-204 expression on the proliferation, anchorage independent growth 

and tumorigenicity of medulloblastoma cell lines 

A. Generation of stable polyclonal populations / transient expression of miR-204 in 

medulloblastoma cell lines 

The better survival of the patients with higher level of miR-204 expression within the group 3 

and group 4 medulloblastoma indicates that miR-204 may play an important role in the 

biology of medulloblastoma. The genomic region encoding miR-204 cloned in pTRIPZ, a 

lentiviral vector was used for stable doxycycline inducible miR-204 expression in 
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medulloblastoma cell lines. The effect of miR-204 expression on the growth characteristics of 

medulloblastoma cell lines was studied by the generation of stable polyclonal populations of 

Daoy and D341 cells ‘P1 and P2’ by transduction with viral particles containing the miR-

204-pTRIPZ construct. The cells transduced with the viral particles of the empty pTRIPZ 

vector of the respective cell lines were used as negative controls ‘C’. The level of miR-204 

expression in the P1 and P2 populations of both cell lines was found to be in the range of 

R.Q. =25-45 (Figure 4.3.3 A), which is comparable to that in the normal cerebellum. The 

effect of miR-204 expression on the growth of D283 and D425 cell lines was studied by 

transfection of these cells with synthetic miRNA mimics. Transfection with miR-204 mimic 

resulted in the level of expression (RQ =50-100) (Figure 4.3.3 B), which was comparable to 

that in the normal cerebellum or in the Group 4 tumors. The non-targeting control siGLO was 

used for transfection of cells used as a control. 

B. Effect of miR-204 expression on proliferation of medulloblastoma cell lines 

The effect of miR-204 expression on the proliferation of medulloblastoma cell lines was 

studied using the MTT reduction assay over a period of 9-12 days. MiR-204 expression in the 

Daoy cells resulted in 35-45 % reduction (p � 0.01) in proliferation only on day 12 (Figure 

4.3.4 A, B). There was no effect on the proliferation of D341 cells on induction of miR-204 

expression as compared to the uninduced control cells (Figure 4.3.4 C, D). Similarly, there 

was no significant difference in the proliferation of D283 and D425 cells expressing miR-204 

as compared to the siGLO transfected control cells (Figure 4.3.4 E, F, G).  Thus, the growth 

of miR-204 expressing Daoy cells was found to be inhibited only on the 12
th

 day and there 

was no significant effect on proliferative capacity of all three group 3 cell lines.  
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Figure 4.3.3: MiR-204 expression levels in stable polyclonal populations and miR-204 mimic 

transfected cells.   

 Relative quantity (R.Q.) of miR-204 expression in (A) the developing (< 1 y) and adult (> 18 y) 

normal cerebellum, stable polyclonal populations (P1 and P2) of Daoy and D341 cells and in (B) 

synthetic miR-204 mimic transfected D425 and D283 cells.  The miR-204 levels are expressed as 

relative to levels of RNU48, e housekeeping small RNA control.

C. Effect of miR-204 expression on anchorage independent growth of medulloblastoma 

cell lines 

The anchorage independent growth potential of miR-204 expressing cells was compared to 

that of the control cells by studying the colony formation in soft agar. 10,000 cells of Daoy 

polyclonal populations and 1000 cells each of D341 polyclonal populations or D283 and 

D425 mimic transfected cells were seeded for the assay. The colonies formed were counted 

after 2-3 weeks. Doxycycline induced miR-204 expression resulted in 30-40 % (p � 0.01) 

reduction in number of colonies formed by Daoy cells while the D341 cells showed ~ 40 % 

(p � 0.01) reduction in colony number (Figure 4.3.5 A, B, C, D). There was no significant 

difference in the colony formation in soft agar in D283 cells.  
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Figure 4.3.4: Effect of miR-204 expression on the growth of medulloblastoma cell lines 

(A, C, E, F) Representative experiments showing growth curves of the medulloblastoma cell lines (A) 

Daoy, (C) D341 polyclonal populations transduced with control pTRIPZ vector ‘C’ or pTRIPZ-miR-

204 construct ‘P1’ with (+ DOX) or without doxycycline treatment  and in D283 (E), D425 (F) cells 

transfected with siGLO control or miR-204 mimic as studied by the MTT reduction assay over a 

period of 9-12 days. In B, D and G the Y axis denotes the percentage reduction in the growth upon 

doxycycline treatment of the indicated polyclonal populations compared to the un-treated population 

as studied by the MTT reduction assay.  ‘ns’ indicates non-significant
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Figure 4.3.5: Effect of miR-204 expression on the anchorage independent growth of 

medulloblastoma cell lines.  

(A, C, E, F) Representative experiments showing the number of colonies formed by the Daoy (A), 

D341 (C) medulloblastoma cell line polyclonal populations transduced with control pTRIPZ vector 

‘C’ or pTRIPZ-miR-204 construct ‘P1 / P2’ with (+ DOX) or without doxycycline treatment and in 

D283 (E), D425 (F) cells transfected with siGLO control or miR-204 mimic as studied by the colony 

formation in soft agar. In B, D and G the Y axis denotes the percentage reduction in colony formation 

upon doxycycline treatment of the indicated polyclonal populations compared to the un-treated 

population.  ‘ns’ indicates non-significant, ** indicates p � 0.01 and *** indicates p � 0.001.
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expressing miR-204 whereas there was 25-30 % (p � 0.01) reduction in colony formation of 

D425 cells expressing miR-204 as compared to the respective control siGLO transfected cells 

(Figure 4.3.5 E, F, G). 

D. Effect of miR-204 expression on invasion potential of medulloblastoma cell lines 

 The effect of miR-204 expression on the invasion potential of Daoy and D283 cells was 

studied using matrigel coated Boyden chamber inserts. The D425 and D341 cell lines were 

not found to invade through these inserts. Hence, the invasion potential of these cell lines 

could not be studied in this assay. Polyclonal populations of Daoy with or without induction 

with doxycycline and the siGLO / miR-204 mimic transfected D283 cells were incubated for 

36 and 56 hr respectively in the matrigel coated Boyden chamber inserts. The cells were 

labelled with Calcein AM, a fluorescent dye prior to the termination of the assay. After 

wiping the cells off the upper side of the membrane, fluorescence intensity of the lower side 

of the membrane was measured. The fluorescence intensity normalised to the initial number 

of cells seeded served as a quantitative assessment of the invasion potential. There was no 

significant difference in the invasion potential of vector control Daoy cells with or without 

induction with doxycycline. Doxycycline induction of miR-204 expression in the polyclonal 

populations of Daoy cells resulted in ~50 % (p � 0.001) (Figure 4.3.6 A, B, D) reduction in 

invasion as compared to the un-induced control cells. MiR-204 mimic transfected D283 cells 

also showed ~50 % (p � 0.001) reduction in invasion as compared to the control siGLO 

transfected cells (Figure 4.3.6 C, D). 
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Figure 4.3.6:  Effect of miR-204 expression on invasive potential of Daoy and D283 cell lines.

(A) Representative images of Calcein, AM labelled Daoy cells on the lower side of matrigel coated 

transwell chamber membrane post invasion of the indicated polyclonal populations with or without 

doxycycline induction of miR-204 expression.  In B and C the Y axis denotes total fluorescence 

intensity of the invaded cells normalised to the total intensity of the initial cell number seeded of the 

indicated cell populations. D) Y axis indicates percent reduction in the fluorescence of the invaded 

cells of the P1 and P2 polyclonal populations of Daoy and miR-204 mimic transfected D283 cells. ** 

indicates p � 0.01 and *** indicates p �0.001. 
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Figure 4.3.7: Effect of miR-204 expression on tumorigenicity of medulloblastoma cell lines. 

(A) Representative photographs of the subcutaneous tumors formed 9 weeks  post injection of 

doxycycline induced Daoy P1 polyclonal population (pTRIPZ-miR-204) and vector (pTRIPZ) control 

population (B) Y axis denotes the volume of tumors formed by the vector and miR-204 expressing 

cells with or without doxycycline induction in a period of 9 weeks post-injection of tumor cells. (F) 

Bioluminescence images of NOD/SCID mice orthotopically injected with luciferase labelled D283 

cells transfected with siGLO control or miR-204 mimic. The images were captured on 1st and 4th 

week after the injection. (C) Y axis shows relative fold increase in the average radiance on 4th week 

as compared to that on 1st week after injection in the indicated cells. ** indicates p � 0.01.
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E. Effect of miR-204 expression on in-vivo tumorigenicity of Daoy and D283 cell lines in 

immunodeficient mice 

In-vivo tumorigenicity of Daoy cells was studied by injecting 4.5 × 10
5 

cells subcutaneously 

in NOD/SCID mice. The pTRIPZ vector control ‘C’ and pTRIPZ- miR-204 ‘P1’ population 

of Daoy cells induced with doxycycline for 72 h were injected on either flank of the same 

mouse (n = 3). The uninduced cells of the ‘C’ and ‘P1’ populations were also injected in a 

similar manner in a separate set of mice (n = 3). The mice injected with the induced cell 

populations were fed with 1 mg / ml of doxycycline in 5 % sucrose solution. Visible tumours 

were seen in the control mice by ~7 weeks post injection. The tumors formed were measured 

using a vernier calliper and the volume of the tumor calculated. There was ~70 % (p � 0.01) 

reduction in the volume of the tumors formed by miR-204 expressing cells as compared to 

that of the uninduced control cells (Figure 4.3.7 A, B). 

D283 cells were engineered to stably express firefly luciferase using the pCAG luciferase 

vector (Addgene). These cells were transfected with siGLO control / miR-204 mimic and 

were injected at the midline 3 mm posterior to the lambdoid suture at a depth of 2.5 mm in 

the cerebellum of NOD/SCID mice using a stereotactic apparatus. The growth of the tumors 

was monitored using bioluminescence imaging. The normalised luminescence represented as 

average radiance reflects the tumor growth. There was ~10 fold reduction in the average 

radiance of the tumors formed by the miR-204 mimic transfected D283 cells as compared to 

the siGLO transfected control cells  4 weeks post injection as determined by in vivo imaging 

(Figure 4.3.7 C, D). 

Thus, miR-204 expression was found to inhibit tumorigenic potential of two 

medulloblastoma cell lines Daoy and D283 in either subcutaneous xenograft mouse model or 

intracranial xenograft mouse model system respectively. 



������������� "����
��������
����������������
����

158 

4.3.4 Identification of the molecular mechanism underlying the effect of miR-204 by 

genome wide expression profiling  

Genome wide expression analysis of miR-204 expressing Daoy and D283 cells was carried 

out in order to study the changes in gene expression profile upon miR-204 expression and to 

identify potential targets of this miRNA. Whole-Genome Gene Expression Direct 

Hybridization Assay (Illumina, San Diego, USA) was used for the gene expression profiling.  

The data was normalized by average normalisation using the Genome studio software 

(Illumina, San Diego, USA). Expression profiles of miR-204 expressing polyclonal 

populations (P1 and P2) of Daoy was compared with that of Daoy cells stably transduced 

with pTRIPZ control vector while the expression profile of  miR-204 mimic transfected D283 

cells was compared with that of siGLO transfected control cells. The validated target genes of 

miR-204 such as RAB22A (Ras family member) , M6PR (Mannose-6-phosphate receptor), 

Ezrin (EZR), AP1S2 ( adaptor-related protein complex 1, sigma 2 subunit), EDEM1(ER 

degradation enhancer, mannosidase alpha-like 1) and BCL2L2 ( BCL2-like 2) [84-86] were 

found to be downregulated by 1.5 - 6 folds in the miR-204 expressing Daoy cells as 

compared to the vector control cells (Figure 4.3.8).  The downregulation of expression of 

these miR-204 target genes in D283 cells was found to be at a lesser extent (fold change = 

1.1-1.6 fold). Hence, the validation of expression of the known target genes, RAB22A, M6PR, 

EZR, AP1S2, EDEM1 and BCL2L2 was validated by real time RT-PCR in the stable 

polyclonal populations of Daoy and D341 cell lines. The expression of RAB22A and M6PR

was found to be downregulated by ~1.5-2 fold in the miR-204 expressing Daoy and D341 

cell lines (Figure 4.3.9 A, B). The expression of AP1S2, BCL2L2 and EDEM1 was found to 

be very low (R.Q. < 0.5) in Daoy cells and hence there was no significant difference in the 

expression of these genes in the control and miR-204 expressing Daoy cells (Figure 4.3.9  C, 

D, F). MiR-204 expressing D341 cells showed 2-10 fold downregulation of AP1S2, BCL2L2
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and EDEM1 gene expression as compared to the uninduced control cells (Figure 4.3.9 

C,D,F).  There was no significant downregulation of Ezrin expression in Daoy cells, however 

it was found to be downregulated by 2 fold in D341 cells. 

The other target genes for miR-204  including FOXC1 (forkhead box C1), SIRT1 (sirtuin 1) 

and EZR are highly expressed in the Daoy medulloblastoma cell line and were found to be 

downregulated 1.2-1.4 fold in the miR-204 expressing cells as compared to the control cells 

in the gene expression analysis [87, 88]. MAP1LC3B (Microtubule-Associated Protein 1 

Light Chain 3 Beta) is a protein involved in the process of autophagy and has also been 

shown to be a target of miR-204 [89]. The effect of miR-204 on the expression of these genes 

was studied by western blot analysis. These genes have been shown to play important roles in 

cancer enhancing process like stem cell maintenance (FOXC1), migration (EZR), epigenetic 

modifications (SIRT1) and autophagy (MAP1LC3B). MiR-204 was found to bring about 

downregulation of the EZR and FOXC1 gene expression in the Daoy cells. EZR expression 

was found to be downregulated in the D341 and D283 cell lines as well (Figure 4.3.10 A, C). 

The group 3 medulloblastoma cell lines have very low levels of FOXC1 gene expression and 

cannot be detected by western blot analysis. There was no significant effect of miR-204 

expression on the level of SIRT1and MAP1LC3B in Daoy cells (Figure 4.3.10 A, B). 

Most of these genes including RAB22A, M6PR, AP1S2 and EDEM1 carry out functions 

involved in intracellular protein trafficking. FOXC1 is involved in maintenance of stem cell 

like characters of cells while Ezrin is involved in the formation of filopodia important for the 

migration / invasion of cells. This indicates that miR-204 targets genes involved in various 

cellular processes to bring about the phenotypic effect on medulloblastoma cell lines. 
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Figure 4.3.8: Gene expression analysis of miR-204 expressing Daoy and D283 cells 

The heat maps show the downregulation of miR-204 target genes in the pTRIPZ vector control ‘C’ 

with or without doxycycline induction and miR-204-pTRIPZ polyclonal populations ‘P1and P2’ with 

doxycycline induction of miR-204 expression in Daoy cells and siGLO or miR-204 mimic transfected 

D283 medulloblastoma cell lines. Heat maps generated using the MeV module of the TM4 package. 

(http://www.TM4.org). 
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Figure 4.3.9: Effect of miR-204 expression on the mRNA levels of the target genes. 

The graphs show real time RT-PCR analysis of the indicated miR-204 target genes. The Y-axis 

represents the relative quantity (R.Q.) in the pTRIPZ vector control ‘C’ and miR-204-pTRIPZ 

polyclonal populations ‘P1and P2’ of Daoy and D341 cells before and after doxycycline induction of 

miR-204 expression. ‘ns’ indicates  non-significant, * indicates p � 0.05, ** indicates p � 0.01 and 

*** indicates p � 0.001
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Figure 4.3.10: Effect of miR-204 expression on the expression of target genes  

(A) Western blot analysis of the indicated polyclonal populations of Daoy cells for FOXC1 and 

SIRT1 expression. (B) Western blot analysis of the indicated polyclonal populations of Daoy cells for 

MAP1LC3B (LC3I and LC3II) expression. (C) Western blot analysis of the indicated polyclonal 

populations of Daoy and D341 cells and siGLO / miR-204 mimic transfected D283 cells for Ezrin 

expression. 
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4.3.5 Ezrin expression in medulloblastomas and its correlation with molecular 

subgroups and survival 

 Ezrin, a validated miR-204 target gene, is a cytoskeletal crosslinker protein that has been 

reported to be overexpressed in all medulloblastoma tumors. SiRNA mediated 

downregulation of ezrin has been reported to inhibit invasion potential of medulloblastoma 

cell lines [90]. Ezrin has also been reported to be involved in metastasis of various cancers 

[90-93]. In this study, Ezrin expression was found to be downregulated in Daoy, D341 and 

D283 cells expressing miR-204 as compared to the control cells as studied by western blot 

analysis indicating that effect of miR-204 on inhibition of invasion potential of 

medulloblastoma cell lines maybe at least partially mediated via the downregulation of ezrin 

expression. Hence, an immunohistochemical analysis for Ezrin expression was carried out in 

108 medulloblastoma tumors tissues to determine its expression across the 4 subgroups which 

also differ in the incidence of metastasis. The 108 medulloblastoma tumors include tumors 

belonging to the WNT (23 tumors), SHH (34 tumors), Group 3(20 tumors) and Group 4 (30 

tumors) subgroups. The staining intensity was scored  by a neuropathologist as ‘negative’ for 

complete absence of staining, ‘Low’ for weak intensity and focal positive (~10-20 % cells 

positive) areas, ‘Moderate’ for moderate intensity and more than or equal to 50 % positive 

area while, ‘High’ for high intensity of staining in more than 80 % of area. Majority of the 

WNT (100 %) and SHH (91 %) tumors showed negligible to low expression of Ezrin.(Figure 

4.3.11 A, B)  On the other hand ~35 % Group 3 and Group 4 tumors showed moderate to 

high level of Ezrin expression. Thus, there was a significant difference in Ezrin expression 

across the four subgroups of medulloblastoma (Chi square test, p = 0.0001) especially with 

respect to its higher expression in the group 3 and 4 tumors. However, Kaplan Meier analysis 

did not show significant correlation of Ezrin expression with survival within the group 3 and 

group 4 patients (Figure 4.3.11 C). 
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4.3.6 Identification of novel miR-204 target genes 

The gene expression analysis of miR-204 expressing medulloblastoma cells showed the 

downregulation of putative miR-204 target genes along with the validated target genes 

described above. The genes that were predicted to be miR-204 targets by the miRNA target 

prediction tool ‘Targetscan’ and their expression level in the miR-204 expressing cells as 

compared to the vector control cells in the gene expression profiling was analysed. Two 

genes, RAB10 and ANGPTL2 were identified as putative miR-204 target genes which were 

also found to be downregulated by 1.5 fold and 3-5 fold respectively in miR-204 expressing 

Daoy cells as compared to the vector control cells in the gene expression analysis. The gene 

NRP1 is also a predicted target gene of miR-204 which has recently been shown in our lab to 

be a target of miR-148a and to play a role in the invasion of medulloblastoma cells [16]. 

Hence, the 3’ UTR of the EZR, RAB10 and ANGPTL2 genes was cloned into a luciferase 

reporter vector to identify the direct targets of miR-204. The NRP1 3’ UTR vector construct 

was already available in the lab. EZR is a known target gene of miR-204 and was found to be 

downregulated in miR-204 expressing medulloblastoma cell lines as studied by western blot 

analysis. Hence, it was used as a positive control for the luciferase reporter assay. A 

luciferase reporter construct containing three miR-204 binding sites upstream of the 

luciferase gene (miR-204 sponge) cloned in the pcDNA3.0 vector was also used as a positive 

control. The luciferase reporter constructs were co-transfected with either the pGIPZ vector 

alone or the miR-204 –pGIPZ vector in 293T cells. The pGIPZ vector also expressed GFP 

which was used for normalisation of the luciferase activity. There was 50-60 % reduction in 

the luciferase activity of the miR-204 sponge upon co-transfection with the miR-204-pGIPZ 

vector. The luciferase reporter activity for EZR was found to be reduced by ~30 % (p �

0.001) on co-transfection of the EZR 3’ UTR luciferase construct along with miR-204-pGIPz 

construct (Figure 4.3.12 A). Similarly, the luciferase reporter activity for RAB10 3’ UTR 
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construct was found to be reduced by ~30 % (p � 0.001) while that of the NRP1 construct 

was found to be reduced marginally. There was no significant difference in the luciferase 

activity of the ANGPTL2 3’UTR luciferase reporter vector on cotransfection with miR-204-

pGIPz plasmid construct. Thus, RAB10 was found to be a putative direct target of miR-204, 

while ANGPTL2 and NRP1 may not be direct targets of miR-204.  To further validate RAB10

as a target gene of miR-204, the miR-204 binding site in the 3’UTR of the RAB10 gene was 

mutated using site directed mutagenensis (Figure 4.3.12 B). Luciferase reporter assay with 

the mutant RAB10 3’UTR construct carried out in the presence of miR-204 did not result in 

any change in the luciferase activity, validating RAB10 as a target of miR-204. Western blot 

analysis for RAB10 expression in Daoy and D341 cells expressing miR-204 was carried out 

study the effect of miR-204 expression on the level of RAB10 expression. The miR-204 

expressing cells showed reduction in the level of RAB10 expression at the protein level 

(Figure 4.3.12C). Thus, RAB10 was confirmed to be a direct target of miR-204. 
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Figure 4.3.11: Immunohistochemical analysis of Ezrin expression in medulloblastoma tumor 

tissues and its correlation with survival.

(A) Representative images of Ezrin expression in the (a, e, i) WNT subgroup, (b, f, j) SHH subgroup 

(c, g, k) group 3 and (d, h, l) group 4 medulloblastoma tissues as evaluated by immunohistochemical 

analysis. (B) Percentage distribution of medulloblastoma tissues having Ezrin expression scored as 

negative (-), low (+), moderate (++) or high (+++) is shown across the four subgroups of 

medulloblastomas. (B) Kaplan Meier survival analysis of 76 medulloblastoma patients segregated into 

two groups based on Ezrin expression. “Ezrin low” group includes medulloblastoma tissues with no 

or low Ezrin expression while “Ezrin high” group includes tumor tissues with moderate or high Ezrin 

expression 
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Figure 4.3.12: RAB10 is a direct target gene of miR-204 

(A) Luciferase reporter assay for putative miR-204 target genes RAB10, NRP1 and ANGPTL2. The Y-

axis represents the luciferase expression relative to the GFP levels (B) Schematic representation of 

miR-204 binding sequence in the 3’ UTR region of RAB10 gene and position of the mutations in the 

binding sequence introduced by site directed mutagenesis. (C) Western blot analysis of RAB10 

expression in polyclonal populations (P1, P2 and control C) of D341 and Daoy cells with (+) or 

without (-) doxycycline induction of miR-204 expression. 	-tubulin was used as the loading control. 

** indicates p � 0.01 and *** indicates p � 0.001
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4.3.7 CpG island methylation of miR-204 promoter region 

MiR-204 expression is downregulated in all SHH group tumors and in most Group 3 tumors. 

In order to understand the role of promoter CpG island methylation in the downregulation of 

miR-204 expression, bisulphite sequencing was carried out on the DNA from the Daoy, 

D425, D283 and D341 medulloblastoma cell lines. MiR-204 is an intronic miRNA and is 

known to be co-expressed with the shorter transcripts TRPM3-005 and 010 of the TRPM3

gene. In medulloblastoma tumors, the expression of the TRPM3 gene and miR-204 is directly 

correlated with both showing higher expression in the WNT and Group 4 tumors as compared 

to that in SHH and Group 3 tumors. A 584 bp CpG island upstream of the miR-204 / TRPM3

gene and close to the known transcription start site of the TRPM3 gene was predicted by the 

UCSC genome browser (Figure 4.3.13 A). PCR amplification of a 203 bp region of the CpG 

island of the bisulphite treated DNA was carried out. The PCR products were sequenced 

using both the forward and reverse primers. All the ‘C’ nucleotides which were not a part of 

the CpG dinucleotide were found to be converted to T indicating complete bisulphite 

conversion. The ‘C’ nucleotides constituting the 22 CpG dinucleotides within the PCR 

product were also found to be converted to ‘T’ indicating that none of the 22 CpG’s were 

methylated (Figure 4.3.13 B). Thus, the methylation of the CpG island closest to the TRPM3 / 

miR-204 promoter may not play an important role in downregulation of miR-204 expression 

in medulloblastoma.  
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Figure 4.3.13: Methylation status of the miR-204 promoter region. 

(A) Schematic representation of the location of the CpG island, and the region sequenced in the 

promoter region of the TRPM3 gene. (B) Representative electropherograms showing methylation 

status of a region of the CpG island of the TRPM3 gene from the indicated medulloblastoma cell 

lines. Black arrows indicate the CpG sites within the CpG Island.
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DISCUSSION 

MiR-204 is located within the sixth intron of the host gene TRPM3 (transient receptor 

potential melastatin 3 cation channel) and is transcribed in the same direction as TRPM3. Its 

paralog, miR-211 is located within the TRPM1 gene at locus 15q13.3. The miR-204 and miR-

211 sequences vary only by two nucleotides outside their seed sequences. However the two 

miRNAs show differential expression across tissues with miR-204 being expressed at a much 

higher level in most tissues as compared to miR-211[94]. MiR-204 expression is particularly 

enriched in the brain and kidneys. In the mouse brain, miR-204 expression has been shown to 

be enriched in the choroid plexus closest to the 4
th

 ventricle, during normal development as 

well as in adults [95]. It has been shown to play a role in cell differentiation, apoptosis, stress 

response and inflammation, lens and retinal development and in the maintenance of axonal 

structure and function [96-98]. MiR-204 is located within the cancer associated genomic 

region 9q21.1–q22.3 locus that exhibits high frequency of loss of heterozygosity in some 

types of tumors, such as squamous cell carcinoma of the head and neck [99]. In a large scale 

study on 3312 tumors, 1107 non-malignant tissues, miR-204-211 family was found to be the 

top deleted family among all miRNAs [100]. MiR-204 is differentially expressed in the four 

molecular subgroups of medulloblastomas. It is downregulated in the SHH tumors and in 

most group 3 tumors as compared to the normal cerebellum. Hence, the present work 

addressed the role of miR-204 in the biology of medulloblastoma. Kaplan Meier Survival 

analysis of patients with group 3 and Group 4 tumors indicated a significantly better survival    

(hazard ratio = 5.55; p � 0.0001) of patients with high miR-204 expression as compared to 

those with low miR-204 expression. Group 3 and Group 4 medulloblastomas have 

overlapping gene expression profiles. However, most Group 3 medulloblastomas have poor 

survival as compared to that of most Group 4 patients. Some non-WNT, non-SHH 

medulloblastomas have expression profiles intermediate between that of Group 3 and    
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Group 4. Accurate risk stratification therefore is urgently required in the non-WNT, non-SHH 

subgroup tumors. Based on the aforementioned finding of miR-204 expression correlating 

significantly with the better survival suggests miR-204 as a useful prognostication marker in 

non-WNT, non-SHH group of medulloblastomas.   Further validation of this finding in larger 

number of medulloblastomas and in relation with other prognostication markers would 

confirm the  utility of miR-204  as a marker for better risk stratification and thereby 

appropriate treatment design for the non-WNT, non-SHH medulloblastomas. 

The positive correlation of miR-204 expression with better survival of medulloblastoma 

patients suggested a tumor-suppressive role for miR-204, in medulloblastomas. In order to 

understand the role of miR-204 in medulloblastoma biology, miR-204 was expressed in 

multiple medulloblastoma cell lines viz Daoy, D341, D283 and D425 which show 

downregulation of mir-204 expression as compared to normal cerebellum tissues. The effect 

of restoration of miR-204 expression on the growth characteristics of these cell lines was 

studied. The anchorage independent growth potential of the Daoy, D341 and D425 cells was 

found to be reduced by 25 - 40 % (p � 0.01) upon the expression of miR-204. There was a 

~50 % (p � 0.001) decrease in the in-vitro invasion potential of Daoy and D283 cells. In vivo

tumorigenicity of Daoy and D283 cells was also found to be substantially (70-80 %) reduced 

upon miR-204 expression. MiR-204 has been reported to play a tumor suppressive role in 

many other cancers. MiR-204 has been shown to inhibit the invasion and migration of glioma 

and peripheral nerve sheath tumor cells [101, 102]. It has been shown to bring about 

reduction in the in-vivo tumorigenicity of clear cell renal cell carcinoma as well as colorectal 

cancer cells [84, 89]. Thus, the tumor suppressive role of miR-204 in medulloblastoma cells 

is consistent with its role in other cancers.   
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MiRNAs function via binding to their target mRNA’s resulting in their degradation or 

inhibition of translation. A single miRNA can mediate its effects by targeting multiple 

mRNAs. Gene expression analysis of mir-204 expressing Daoy and D283 cells showed 

downregulaion of eight genes by 1.5 to 6 fold that are known to be miR-204 targets [85-88]. 

These 8 genes include EZR, RAB22A, M6PR, EDEM1, AP1S2, BCL2L2, FOXC1 and SIRT1. 

The downregulation of RAB22A and M6PR was further validated in both Daoy and D341 

cells by real time RT PCR analysis. AP1S2, EDEM1 and BCL2L2 gene expression was found 

to be downregulated in D341 cells which express these genes at a 10 fold higher level as 

compared to Daoy cells. The downregulation of FOXC1 and Ezrin expression was validated 

by western blot analysis. Additionally, RAB10 was identified as a novel miR-204 target by 

the luciferase reporter assay. Western blotting analysis also showed downregulation of 

RAB10 expression in miR-204 expressing Daoy and D341 cells.  

The miR-204 target genes including RAB10, RAB22A, M6PR, AP1S2 and EDEM1 are all 

involved in a single cellular process i.e. intracellular protein trafficking. Downregulation of 

these genes indicates to the role of miR-204 in the perturbation of protein trafficking within 

the cells. Protein trafficking is a process involving a complex interplay of various proteins. 

Proteins are synthesized in the ER and transported to the Golgi and then to the plasma 

membrane or other endosomal compartments in what is known as the anterograde protein 

transport. The trans golgi network (TGN) packages the proteins into specific vesicles for 

delivery to their destination. The second mode of transport is the reterograde transport 

wherein proteins are internalised from the membrane and move via the early endosomes to 

the late endosomes and finally to the lysosomes for degradation. The proteins may also get 

recycled back to plasma membrane via recycling endosomes in a retrograde transport 

pathway.[103] 
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The RAB10 and RAB22A genes are members of the RAB family of small GTPase’s.  The 

GTP bound active RAB proteins recruit effector complexes which are involved in transport 

vesicle formation, tethering of vesicles at their target membranes and microtubule-dependent 

organelle motility [104]. Several studies have shown changes in RAB protein expression, 

some of which correlate with tumour aggression or metastasis [105]. RAB10 is known to 

localise in the golgi, ER and recycling endosomes in different cell types. In MDCK (Madin–

Darby Canine Kidney) epithelial cells RAB10 is known to play a role in the polarised 

transport of cargo in the basolaterally polarised cells. RAB10 GTPase activated mutants have 

been shown to retain the cargo at the trans-Golgi network (TGN) as well as mistarget cargo to 

the apical surface instead of the basolateral surface in these epithelial cells thus altering the 

polarity of the cells [106]. Such changes in polarity are known to promote migration and 

invasion of epithelial cells and are a key step in the process of epithelial to mesenchymal 

transition [107]. RAB10 has also been shown to play a role in directional membrane insertion 

during axonal development in neurons again indicating its role in polarised trafficking [108, 

109]. It has been found to be one of the genes upregulated during invasion of hepatocellular 

carcinoma cells in an in vitro study [110]. Knockdown of RAB10 using siRNAs increases 

cell surface hyaluronan synthase 3 localisation in turn stimulating hyaluronan synthesis, and 

reducing cell adhesion to type I collagen [111]. Thus, RAB10 downregulation is likely to 

contribute to the inhibition of invasion of Daoy and D283 cells upon miR-204 expression. 

The RAB22A gene is known to localise in the recycling endosomes, indicating to its role in 

receptor recycling at the cell surface and in retrograde transport. Ligand bound receptors 

internalised via this process may be recycled back to the plasma membrane while their 

ligands are directed to the lysosomes for degradation. In this process, RAB22A is known to 

interact with the early endosomal antigen 1 (EEA1) protein which is a marker of the early 

endosomes [25]. Inactive RAB22A results in improper recycling of receptors such as the 
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transferrin receptor and the epidermal growth factor receptor (EGFR) to the plasma 

membrane [26, 27]. MiR-204 mediated downregulation of RAB22A may be involved in the 

reduced recycling of cell surface receptors like EGFR resulting in decreased cellular growth 

and communication. One of the mechanisms of internalisation of proteins is via the formation 

of clathrin coated vesicles at the plasma membrane. The AP1S2 protein is a part of the AP1 

complex involved in the formation of clathrin coated vesicles important in both anterograde 

and reterograde transport. Thus, miR-204 expression may perturb the formation of clathrin 

coated vesicles via the downregulation of AP1S2 expression. The function of these target 

genes indicate a role of miR-204 in regulation of the intercellular protein trafficking. Indeed, 

perturbations in the vesicular trafficking have been reported to have important implications in 

loss of cellular polarity, inappropriate trafficking of junctional and / or cell adhesion 

molecules which is involved in the early steps of malignant transformation [105]. 

The Mannose-6-Phosphate Receptor (M6PR) is important for the transport of lysosomal 

enzymes from the ER to lysosomes. The enzymes synthesized in the ER are tagged with 

Mannose-6-phosphate (M6P) group in the golgi and transported to the lysosomes through the 

TGN. The TGN is the main sorting centre where the cargo proteins are packaged into specific 

vesicles for delivery to their destinations. The M6P tagged lysosomal enzymes are recognised 

by the M6PR which mediates its specific transport to the lysosomes. The M6PR’s are 

recycled back to the TGN after their dissociation from the lysosomal enzymes [112]. 

Expression of an inactive RAB22A mutant has also been shown to result in abnormal 

accumulation of lysosomal enzymes in vacuole like structures [113]. This indicates that 

RAB22A may also function in the movement of lysosomal enzymes.  Thus, the 

downregulation of RAB22A and M6PR by miR-204 suggests a compromised lysosomal 

enzyme transport leading to an inhibition of lysosomal function. In ccRCC (clear cell Renal 

Cell Carcinoma), miR-204 has been shown to inhibit autophagy by directly targeting 
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MAP1LC3B, a protein important in the initialisation of autophagy [89]. However, miR-204 

was not found to bring about downregulation of MAP1LC3B levels in Daoy cells as studied 

by western blot analysis. Nonetheless, miR-204 expression may still have an effect on the 

autophagy in medulloblastoma cells via inhibition of the lysosomal function rather than by 

directly targeting MAP1LC3B.  

MiR-204 expression was also found to bring about downregulation of FOXC1, a transcription 

factor   involved in eye and cerebellum development, in Daoy medulloblastoma cells. During 

the cerebellum development, the loss of FOXC1 expression results into decrease in 

ventricular zone radial glial cell proliferation and an increase in cerebellar neuronal 

differentiation [114]. In basal like breast cancer cells FOXC1 expression increases the 

invasion potential of endometrial and breast cancer cell lines [87, 115]. Thus, the 

downregulation of FOXC1 expression is also likely to contribute to the effect of miR-204 

expression on the growth and malignant behaviour of Daoy cells. 

Ezrin is another target gene of miR-204 that was found to be downregulated in Daoy, D283 

and D341 cells at the protein level. It is a cytoskeletal crosslinker protein and is a part of the 

ezrin-radixin-moesin complex which is involved in the formation of filopodia which enables 

the migration of cells. Downregulation of Ezrin expression in medulloblastoma cells has been 

reported to result in inhibition of the migration potential of medulloblastoma cell lines [90]. 

Therefore, the downregulation of Ezrin expression by miR-204 may additionally contribute to 

the reduction in the invasion potential of Daoy and D283 cells. The study of Ezrin expression 

across medulloblastoma subgroups carried out using immunohistochemistry showed none to 

negligible expression in all the WNT tumors studied, while the highest expression was seen 

in the group 3 tumors. The Group 3 medulloblastomas are known to have the highest degree 

of metastasis while the WNT tumors rarely metastasize. On the other hand, the metastasis 

rate in the group 4 tumors is moderately higher than that in SHH tumors. Thus, the expression 
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of Ezrin across the medulloblastoma subgroups may correlate with the degree of metastasis. 

This observation needs to be further validated by investigating the correlation of Ezrin 

expression to the metastatic status in medulloblastoma patients. This may help determine if 

the degree of Ezrin staining may be useful as a marker for the metastatic potential of tumors 

especially in group 3 and group 4 tumors. Although, we did not find any correlation of Ezrin 

expression with survival of patients, its correlation with metastasis could not be studied due 

to the unavailability of relevant clinical data.  

The level of miR-204 expression in the WNT and group 4 tumors is 2-4 fold higher than that 

in the normal cerebellum. In the SHH and most group 3 tumors on the other hand, miR-204 

expression is downregulated as compared to that in the normal cerebellum. 47 % of SHH 

tumors and 21 % of group 3 tumors show loss of the chromosome 9q on which the miR-204 

gene is located [8]. This loss of chromosome 9q would contribute to the downregulation of 

miR-204 expression in these subgroups. However the mechanism of downregulation in the 

rest of the medulloblastomas is not understood. Bisulphite sequencing of the CpG island in 

the promoter region of miR-204 gene from one SHH pathway cell line (Daoy) and other 

group 3 cell lines (D283, D425 and D341) did not find the CpG island to be methylated. The 

promoter of the TRPM3 gene was not found to be methylated in the whole genome bisulphite 

sequencing analysis of 34 human and 5 murine medulloblastoma tissues along with 8 normal 

and 5 murine normal tissues corroborating with our results [116]. Methylation of the CpG 

island in the promoter region of the miR-204 gene has been shown to occur only in gliomas 

[101]. In ccRCC, the expression of miR-204 has been shown to be regulated by the Von 

Hippel Lindau (VHL) protein, which is frequently lost in these tumors leading to a 

downregulation of miR-204 expression as well. The mechanism underlying downregulation 

of MiR-204 expression in other malignancies such as neuroblastoma, peripheral nerve sheath 

tumors, and colorectal cancer is not understood. Thus, while downregulation of miR-204 
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expression in SHH subgroup medulloblastomas could be due to loss of chr 9q, the 

mechanism of its downregulation in the non-WNT, non-SHH subgroup medulloblastomas is 

not understood. 

In summary, miR-204 which is differentially expressed across the four medulloblastoma 

subgroups, acts as a tumor suppressor miRNA in medulloblastoma. It targets multiple genes 

involved in intracellular protein trafficking and genes known to be involved in cellular 

invasion and migration. This study draws attention to the underexplored area of the role of 

vesicle trafficking in the biology of cancer, especially in medulloblastoma. In terms of its 

clinical relevance, the higher expression of miR-204 in tumors may contribute at least in part 

to the better survival of the patients within the non-WNT, non-SHH medulloblastomas i.e. the 

group 3, group 4 tumors. This is important in the light of the lack of complete understanding 

of the biology of the non-WNT, non-SHH tumors and the need for prognostication markers 

for appropriate treatment design in these subsets of medulloblastomas. It also provides a 

novel mechanism for therapy in these subgroup tumors which show lower level of miR-204 

expression.  



178 

SUMMARY AND CONCLUDING 

REMARKS 



������������#��������
������$��

179 

The genomics era has seen a significant improvement in the understanding of 

medulloblastoma biology. It identified the molecular basis of this clinically heterogeneous 

disease. The identification of the four molecular subgroups and their association with clinical 

characteristics has shifted the focus of ongoing research towards identification of subgroup 

specific mechanisms of pathogenesis. In spite of the technological advances in genomic 

studies that identified genetic alterations in the medulloblastoma subgroups right upto the 

single nucleotide level, the biology of the non-WNT non-SHH subgroups in particular still 

remain poorly understood. In the present study, the role of two miRNAs in the biology of 

medulloblastoma was studied especially with relevance to their role in the pathogenesis of the 

non-WNT non-SHH medulloblastoma. The salient features of this study are described below: 

Subgroup association of medulloblastoma cell lines

Genome wide expression profiling identified four core molecular subgroups of 

medulloblastomas. However, the subgroup association of the established medulloblastoma 

cell lines was not known. The differential expression of a select set of subgroup specific 

genes (WIF1, HHIP, CMYC, NMYC, OTX2, EOMES, IMPG2, NPR3 and GRM8) enables the 

subgrouping of medulloblastomas into the four subgroups. Based on the expression profile of 

these genes as well as known chromosomal alterations in these cell lines, the Daoy cell line 

was assigned to the SHH subgroup while all the other cell lines were found to belong to 

the Group 3 with very high expression of the MYC gene.

Role of miR-206 in the pathogenesis of medulloblastoma

• MiR-206 expression was found to be downregulated 10-10,000 fold in most 

medulloblastoma tumor tissues and cell lines as compared to the normal cerebellum. 

Its expression was also found to be downregulated ~10 fold in Smo
+/+

 transgenic mice 

tumors and 10-100 folds in Ptch1 
+/-

 knock-out mice tumors as compared to their 
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normal cerebellar counterparts. Thus, miR-206 expression was found to be 

downregulated in all subgroups of medulloblastoma and in established 

medulloblastoma cell lines. 

• MiR-206 expression was found to be 50-200 folds lower in the normal cerebrum as 

compared to that in the normal cerebellum in the human brain. This indicates that

miR-206 is specifically expressed in the cerebellum in the human brain. 

• Although the restoration of miR-206 expression did not affect the growth 

characteristics of medulloblastoma cell lines, ~50-100 fold overexpression of miR-

206 in the Group 3 cell lines D425 and D283 resulted in downregulation of OTX2  

expression and ~ 50 % inhibition of colony formation in soft agar. Thus, miR-206 

downregulation although is likely to be important during the process of malignant 

transformation, its overexpression is necessary to bring about downregulation of 

OTX2 expression and inhibit the growth of medulloblastoma cells.

In summary, expression of miR-206 is enriched in both developing and adult cerebellum 

and is down-regulated in medulloblastomas belonging to all the four molecular 

subgroups. Downregulation of miR-206 expression upon malignant transformation 

suggests its role in medulloblastoma pathogenesis. However, the tumor suppressive 

potential of miR-206 appears to be inhibited by the aberrant high expression and / 

or amplification of its target genes such as OTX2 in medulloblastoma cells 

Role of miR-204 in the pathogenesis of medulloblastoma

• MiR-204 expression was found to be downregulated in the SHH subgroup tumors and 

in most group 3 tumors as compared to the WNT and Group 4 medulloblastomas. 

MiR-204 expression was also found to be downregulated in the SHH subgroup cell 

line, Daoy as well as in the Group 3 cell lines, D283, D425 and D341.
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• MiR-204 expression in the non-WNT, non-SHH tumors was found to correlate 

with the significantly better survival (hazard ratio = 5.55; p = 0.01) of these 

patients as studied by Kaplan Meier survival analysis. This indicates the potential 

of this miRNA as a marker of better prognosis within the poorly understood non-

WNT non-SHH medulloblastoma subgroups. 

• Expression of miR-204 in the medulloblastoma cell lines resulted in 30-40% decrease 

in the anchorage independence potential, ~ 50% reduction in the invasion capacity 

through matrigel and a substantial ( 70-80 %) reduction in the tumorigenicity as 

judged by xenograft formation in immunodeficient mice. These results and the 

positive correlation of miR-204 expression with better survival of medulloblastoma 

patients indicate a tumor suppressive role for miR-204 in medulloblastoma 

biology. 

• MiR-204 expression resulted in downregulation of its target gene, Ezrin in the Daoy, 

D283 and D341 medulloblastoma cell lines. Ezrin is highly expressed in 

medulloblastoma tumors and is known to be associated with the increased metastatic 

potential of many cancers [85, 90-93, 117]. Thus, the reduction in invasion 

potential of medulloblastoma cell lines upon miR-204 expression is likely to be 

partially mediated by the downregulation of Ezrin expression. 

• Ezrin expression across 108 medulloblastoma tumor tissues from the four molecular 

subgroups showed differential expression across the subgroups. The highest level of 

Ezrin expression was seen in the group 3 tumors followed by the group 4 tumors. On 

the other hand, the WNT and the SHH tumors showed negligible Ezrin expression. 

Thus, the high Ezrin expression is observed in the poor prognosis non-WNT non-

SHH subgroups of medulloblastoma.
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• A number of genes involved in intracellular protein trafficking including RAB22A and 

M6PR among others were found to be downregulated upon miR-204 expression in 

both the Daoy and D341 medulloblastoma cell lines. These genes are important 

players in the retrograde transport of proteins, receptor recycling at the cell surface 

and lysosomal enzyme transport. Thus, the tumor suppressive effect of miR-204 

may be mediated by the perturbation of protein trafficking in medulloblastoma 

cell lines.

• RAB10 was identified as a novel miR-204 target gene in the present study.  

RAB10 is also a member of the RAB family of proteins involved in intracellular 

protein trafficking and has been shown to be involved in polarised transport of 

proteins which is important for maintaining the polarity of epithelial cells and thus is 

likely to play a role in their migration potential.

In conclusion, miR-204 acts as a tumor suppressor miRNA in medulloblastoma by inhibiting 

the medulloblastoma cell invasion and tumorigenicity. Group 3 and group 4 

medulloblastomas have overlapping gene expression profiles. However, most group 3 

medulloblastomas have poor survival as compared to that of most Group 4 patients. Accurate 

prognostication of these non-WNT, non-SHH medulloblastomas is therefore necessary for 

appropriate treatment strategies.  MiR-204 expression correlating significantly with the better 

survival suggests miR-204 as a useful marker for accurate risk stratification and thereby 

appropriate treatment design of the non-WNT, non-SHH medulloblastoma patients. The 

downregulation of a number of genes involved in a single cellular pathway of intracellular 

protein trafficking upon miR-204 expression in medulloblastoma cell lines points to a novel 

molecular mechanism underlying tumor suppressive activity of this miRNA. It brings to 

attention the relatively less explored field of protein trafficking playing a role in the 

pathogenesis and growth of cancer, particularly in medulloblastoma. The therapeutic 
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potential of this miRNA may be explored for targeted treatment of the poor prognosis 

medulloblastomas having downregulation of miR-204 expression.  
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