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Motivation	


•  Glioblastoma multiforme (GBM) is most common 
malignant type of brain tumor	


•  GBM patients have a median survival of fourteen 
months	


•  Several international projects to generate “big data” 
to better characterize GBM biology	


•  It is well known that there is a significant survival 
difference between old and young GBM patients	


•  An important remaining questions is “what is the 
biology behind this survival difference between old 
and young GBMs”	




Objective	


•  Obtain clinical, genomic, genetic, and epigenetic 
datasets of GBM patients 	

– to verify	


• Age is an independent significant prognostic factor 
for survival	


– to find	

• Age specific signatures at the genomic, genetic, 
epigenetic levels	
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The Cancer Genome Atlas 
(TCGA) Project	


https://tcga-data.nci.nih.gov/tcga/ 





Age trumps molecular subtypes to 
predict survival	


Source	   L-‐R	  Chi-‐Square	   Prob>ChiSq	  

Age	   36.8861622	   <.0001	  

Subtypes	   3.13180449	   0.3717	  

Subtypes*Age	   1.57077625	   0.666	  



Age trumps molecular subtypes to 
predict survival	


P <= 0.001 P <= 0.0001 





Age is an independent predictor of 
survival	
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Figure S3. Relates to Table 1. Somatic Mutation, Germline Mutation, LOH analysis of 

Proneural G-CIMP-positive tumors and summary of G-CIMP and IDH1 mutation status in the 

360 glioma validation panel.!A) "##!$%&%'!(%)%!*&*+,-%.!/0)!'01*234!152*230&'!(3263&!78"!9:;<!
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Noushmehr, et al. Cancer Cell 2010 



G-CIMP+ proneurals and G-CIMP- 
proneurals have different biology	


Noushmehr, et al. Cancer Cell 2010 



G-CIMP+ samples are younger than G-
CIMP- samples	


Noushmehr, et al. Cancer Cell 2010 



We need to remove G-CIMP effect 
from sample set	


•  We would like to find age-specific changes at 
expression/methylation	


•  However, G-CIMP status affect changes at expression/
methylation level	


•  We remove G-CIMP+ samples	




G-CIMP+ vs. G-CIMP- ���
(PCA on methylation data)	


•  281 samples in methylation data	

•  Probesets std. dev >= 0.2 selected	




G-CIMP prediction from gene 
expression	


• Expression profiles of samples with 
known G-CIMP status are used as 
training	


• K-nearest algorithm with cross-validation 
applied	


• Two gene expression datasets were used 
for prediction	


• Consensus G-CIMP calls are saved	






Age is significant factor of survival 
within G-CIMP- samples	




Old vs. Young	


•  Gene expression	

– Agilent	

– Affymetrix	


•  Exon expression	

•  Methylation	

•  CNA	

•  Mutation	




What is the definition of “old” and 
“young”	


Young 

Old 



Number of sample per age group	




Data set	




Computing age-specific significant 
differentially expressed genes (DEGs)	


•  Two methods have been applied	

– Two sample t-test (old vs. young)	

– Linear regression (SAM) where age is a continuous 

variable	




DEGs	




Validation of DEGs on external 
data (REMBRANDT)	


https://caintegrator.nci.nih.gov/rembrandt/home.do 



Validation of DEGs on external 
dataset	


REMBRANDT 
TCGA DEGs  

REMBRANDT 
All genes  

TCGA 
TCGA DEGs 



Motif analysis	


•  Motif Enrichment analysis using JASPAR motifs and the PSCAN 
algorithm for promoter regions -450bp to + 50bp	


TF Motif FDR(BH) 
Egr1 0.0025 
INSM1 0.0030 
MZF1_1-4 0.0157 
PLAG1 0.0157 
CTCF 0.0226 
TFAP2A 0.0241 
Mycn 0.0241 
SP1 0.0241 
Myc 0.0284 
HIF1A::ARNT 0.0437 



Functional analysis of DEGs	


•  DAVID results	

•  enrichment in several GO terms such as ‘‘response to 

hypoxia’’ (p-value,0.00123, enriched genes: VEGFA, 
SOD2, BNIP3, SLC11A2, EGLN3, PLOD2, NOL3, and 
ALDOC); 	


•  ‘‘vasculo-genesis’’ (p-value,0.088, enriched genes: 
VEGFA, NTRK2, and QKI)	


•  VEGFA is a gene that has role in angiogenesis. It is up-
regulated in old GBMs.	




TCGA miRNA Histogram	


Greg 



Differentially expressed miRNAs	


• Ranked-based linear regression	

• FDR < 0.05	




Differentially expressed 
microRNAs	


•  19 miRs, all downregulated in old	

•  172 experimentally validated target genes (mirWalk 

database)	

•  7 of them are upregulated in old	


– LOX, VEGFA, DDIT4L, BCL6, MAF, NR2F1, SOX2	

 	




TCGA Methylation Data	


•  Infinium HumanMethylation27 Platform by Illimuna	

•  Each value in the data set : M/(U+M) where M and U 

are the signal intensities for methylated and 
unmethylated bead types, respectively.	




Histogram of beta values	




Differentially methylated genes 
(DMGs)	


•  Ranked-based linear regression is used to compute 
DMGs	


•  389 age-specific DMGs were found	

•  98% of them are hypermethylated in old	








Singleton Data	


• All methylation and clinical data are 
available on NCBI GEO (GSE15745)	


• About 130 patients	

• Samples from four regions of the brain	

• Total 506 samples 	




DMGs	


•  Hypermethylated genes with aging in normal brain 
were filtered out	


•  184 of them are uniquely hypermehylation in older 
GBMs	


•  18 of them (Fisher’s exact test p-value < 1.27e-05) are 
found to be associated in cancer through methylation	




TCGA copy number alteration 
data	




Differentially altered genes (DAGs)	


• Comparison function (Nexus)	

• q-value < 0.05	




Age-specific CNA	


CNA (SNP6)	


More frequently deleted in old	
 722	


More frequently amplified in old	
 321	


More frequently amplified in young	
 1	


Total	
 1044	


Eight hypermethylated genes in old (heterozygous deletion) 
 
RASGEF1A C10orf47 HHEX PLCE1 FRMD4A SVIL ITGA8 PDLIM1 
 
 



Hypothesis 
Vasculogenic/angiogenic upregulation 
in old GBMs compared to young 
GBMs through inhibition of VEGF by 
HHEX 



HHEX vs. VEGF	




Scatterplot (Exon data)	




Network of angiogenesis	




Summary	


•  Age is an independent significant prognostic factor of 
survival in GBMs	


•  Older GBMs have higher activity of angiogenesis	

•  Treatments that inhibit angiogenesis work better in 

old GBMs	

•  Activity of angiogenesis in older GBMs might be 

through deletion or hypermethylation of HHEX	



