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Supplementary Material 

Supplementary Figure 1: Comparison Graphs of Infinium HumanMethylation27 array total 

probe β-values. 

A - An experimental replicate demonstrating high repeatability between HumanMethylation27 arrays 

with a correlation co-efficient of R2= 0.9955; B and C – Comparison of methylation scores from 

normal kidney samples; D, E and F – Comparison of methylation scores in paired normal and renal 

cancer samples demonstrating large amounts of both aberrant hypermethylation and hypomethylation 

in teh cancer samples resulting in low levels of correlation with the normal kidney samples. 

 

Supplementary Figure 2: Methylation levels within Normal Kidney Controls related to Age 

These lists demonstrate the number of Infinium Probes/Genes either methylated in normal kidney 

samples aged >60 years but unmethylated in normal kidney samples  aged <45 years or methylated in 

normal kidney samples aged <45 years but unmethylated in normal kidney samples  aged >60.  

 

Supplementary Figure 3: Schematic Diagram of the Gene Selection Process and the Selected 

Genes 

The flow diagram demonstrates the selection criteria and the number of selected probes/genes. The X 

chromosome genes and imprinted genes were removed along with the probes for which one or more 

normal kidney samples were methylated. The functional analysis selection of the combined analysis 

list was performed using the Database for Annotation, Visualization and Integrated Discovery 

(DAVID) software (http://david.abcc.ncifcrf.gov/) and the Ingenuity® Systems Pathway Analysis 

Software (http://www.ingenuity.com/). 

 

 



Supplementary Figure 4: Methylation only Methylated Probes 

This demonstrates which tumours were methylated (red dots represent methylation) for which of the 

60 probes selected by the methylation only criteria. The distance to transcription start site was 

provided by Illumina annotation and does not differentiate between upstream or downstream distance. 

All probes were deemed to be within “true” CpG islands in accordance with an Illumina algorithm. 

 

Supplementary Figure 5: Gene Selection Breakdown 

The Venn diagrams show the number of genes selected by either criteria for the methylation only 

selection (A) and the combined analysis selection (B) and the number of genes that satisfied both 

criteria. 

 

Supplementary Figure 6: Methylation only Genes with Multiple Methylated Probes 

This demonstrates which tumours were methylated (red dots represent methylation) for each of the 

genes with multiple probes selected by the methylation only criteria and level of concordance between 

the methylation seen between two probes for the same genes CpG island. The multiple probes were 

mapped to the CpG islands and the first exon of the gene to demonstrate their distance apart. 

 

Supplementary Figure 7: CoBRA Confirmation of β-values 

A – Examples of CoBRA showing methylation in the assessed tumours with high β-values for 

OVOL1 and DLEC1 (U = undigested, D = digested) with no methylation in normal kidney samples. 

B – FBN2, a recently identified gene methylated in kidney cancer and present within the high 

stringency list demonstrated methylation in the assessed tumours with high β-values (U = undigested, 

D = digested). The Infinium primer set (surrounding the Infinium probe) and the MeDIP primer set 



(from the previous study) demonstrated strong, but not perfect, correlation and their positions were 

mapped against the CpG island. Neither primer sets showed methylation in normal kidney samples. 

 

Supplementary Figure 8: HumanMethylation27 array β-values for genes identified by previous 

MeDIP study 

This figure shows the HumanMethylation27 array β-values and Difference values (tumour probe β-

value – average normal kidney β-value) for genes identified by a previous MeDIP study 23. Probes 

shaded dark grey demonstrate high levels of normal methylation and light grey demonstrate levels of 

methylation in the normals only slightly above accepted levels. The percentage of methylation is 

shown for each level of selection criteria. 

 

Supplementary Figure 9: Multiple comparison analysis for clustered probe groups 

A - Multiple comparison graph of the average β-value for selected genes for clustered groups using 

the average methylation only probe β-values. 

B - Student-Newman-Keuls test for all pairwise comparisons for the clustered groups using the 

average methylation only probe β-values. 

 

Supplementary Figure 10: mRNA Analysis of Methylation of DLEC1, TMPRSS2 and BMP4 

Demonstrates the loss or depletion of each methylated genes mRNA in tumour/associated normal 

(T/N) mRNA pairs (numbered 1-15).  

	  



	  

	  

	  

	  

	  

	  

Supplementary	  Figure	  1	  



	  

	  

	  

	  

Supplementary	  Figure	  2	  
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Supplementary	  Figure	  4	  



	  

	  

	  

	  

	  

Supplementary	  Figure	  5	  



	  

	  

	  

Supplementary	  Figure	  6	  



	  

	  

	  

Supplementary	  Figure	  7	  



	  

	  

	  

	  

	  

Supplementary	  Figure	  8	  



	  

	  

	  

	  

Supplementary	  Figure	  9	  



	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

Supplementary	  Figure	  10	  



 

Gene Cancer Types positive for methylation in PubMeth (number of tested samples) with percentage of methylation 

CACNA1G Bile Duct (27) 8% Pancreas (36) 11% Liver (85) 21% Duodenum (12) 17%       

CDKN2B Leukemia (1837) 43% Lymphoma (438) 41% Brain (361) 16% Liver (301) 45% Multiple Myeloma (221) 37% 

  Lung (153) 16% Colorectal (393) 23% Gastric (170) 44% Nasophaegeal (101) 47% Ovarian (157) 23% 

  Oesophageal (88) 10% Oral (121) 12% Head and Neck (104) 61% Bladder (129) 12% Cervical (82) 4% 

  Endocrine (42) 36% Pancreas (58) 9% Gall Bladder (50) 44%             

COL1A2 Liver (24) 54% Colorectal (4) 75%                   

DLEC1 Ovarian (14) 50%                         

FBN2 Pancreas (24) 75% Lung (126) 49%                   

GSTP1 Prostate (2001) 72% Liver (864) 45% Lung (693) 12% Gastric (756) 10% Brain (189) 26% 

  Lymphoma (28) 14% Kidney (99) 13% Bladder (424) 21% Breast (527) 31% Colorectal (374) 7% 

  Ovarian (48) 17% Pancreas (72) 19% Mesothelioma (6) 33% Neuroblastoma (27) 3% Neuroendocrine (83) 20% 

  Soft Tissue Sarcoma (65) 14% Wilm's Tumour (1) 100%                   

PENK Pancreas (15) 74%                         

TNFRSF10C Brain (34) 18% Ovarian (106) 31% Prostate (179) 65% Lung (40) 23%    

  Neuroblastoma (48) 25% Bladder (105) 7% Endocrine (39) 24%             

ZNF177 Gastric (10) 100%             

 

 

Supplementary	  Table	  1:	  Methylation only	  Selected	  Genes	  in	  PubMeth	  (http://www.pubmeth.org/)	  



 

 

Supplementary	  Table	  2:	  Combined analysis	  Hypermethylated	  Gene	  Probes	  

METH+	  
(β≥0.4	  or	  Diff≥0.3)	  
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(β≥0.4	  or	  Diff≥0.3)	  



 

 

 

METH+	  
(β≥0.4	  or	  Diff≥0.3)	  



  
DAVID Functional Analysis  

      
Cell-Cell Signalling         

BMP4 DRD5 FAM3B FGF4 GATA4 GLRA1 
GRIK1 GRM6 HTR1E HTR7 KCNC4 NTSR1 
PCDH8 SLC5A7 SLC6A2 SST WNT2  

      
Regulation of Cell Proliferation       

ATP8A2 BMP4 BNC1 CD38 CDKN2A CDKN2B 
CLEC11A DLEC1 EDNRB FGF4 FLT4 FOXE3 
FOXJ1 GATA4 SST TCFL5 WNT2  

      
Regulation of Cell Death         

BIK BMP4 CBX4 CD38 CDKN2A COMP 
DLX1 EDNRB FGF4 GCM2 GSTP1 PAX7 
POU4F1 RASGRF2 SOCS2 SST   

      
Cell-Cell Adhesions         

AEBP1 BCAN CNTNAP2 COMP CTNND2 DSC3 
FGF4 FLRT2 ICAM4 ITGA8 PCDH8 PCDHB15 
PCDHGB4 PCDHGC4 SCARF2    

      
Angiogenesis/Blood Vessel Development     

ANGPT1 BMP4 COL1A2 GBX2 HAND2  
PLXDC1 SOX17 TBX20    

      
EGF Genes         

BCAN CNTNAP2 GAS6 NOTCH3 SCUBE2  
      

Tumour Suppressor        

CDKN2A CDKN2B DLEC1 KLK10 MAFB  
      

Cadherins      

PCDH8 PCDHB15 PCDHGB4 PCDHGC4   
      
 Ingenuity® Systems Pathway Analysis  
      

TGF-β Signalling Pathway       

BMP4 CDKN2B COMP GDF7 PITX2  
      

Somatostatin Pathway      

GNB4 GUCY2D SST    

Supplementary	  Table	  3:	  Pathway	  Analysis	  of	  the	  Selected	  Hypermethylated	  Genes	  using	  
DAVID	  and	  Ingenuity®	  Systems	  Pathway	  Analysis	  



 

COSMIC Mutation Positive Samples COSMIC Mutation Data  
Gene  

Kidney Total Nucleotide Change Amino Acid Change Cancer Type (frequency) 
FOXL1 0/101 0/180 - - - 

SLC34A2 1/1 2/46 c.1665 G>C p.L555L Kidney (1/1) 
      c.770 G>C p.G257A Ovarian (1/1) 

TM6SF1 0/0 1/45 c.1049 C>T p.A350V Ovarian (1/1) 
COL1A2 0/0 5/470 c.2079 G>A p.R693R Glioma (1/446) 

      c.2527 G>A p.A843T Ovarian (1/2) 
      c.2809 G>A p.G937S Ovarian (1/2) 
      c.2813 G>A p.R938H Glioma (1/446) 
      c.688 C>T p.P230S Glioma (1/446) 

SOCS2 0/101 0/180 - - - 
OVOL1 0/0 1/44 c.402 C>T p.N134N Glioma (1/22) 
ZNF154 0/0 0/44 - - - 

TNFRSF10C 0/101 0/605 - - - 
TMPRSS2 0/101 1/3700 c.1254 C>T p.N418N Glioma (1/23) 

DLEC1 0/101 0/180 c.1052 C>G p.P351R Breast (1/48) 
      c.2532 G>A p.S844S Ovarian (1/2) 
      c.2595 C>T p.A865A Glioma (1/22) 
      c.2614 C>T p.R872C Glioma (1/22) 
      c.2651 G>A p.R884Q Pancreas (1/2) 
      c.3296 G>A p.R1099H Pancreas (1/2) 
      c.4035 G>A p.S1345S Ovarian (1/2) 
      c.643 G>A p.D215N Malignant Melanoma (1/1) 

SST 0/0 1/45 c.73 G>A p.A25T Pancreas (1/1) 
GNB4 0/101 2/181 c.320 C>T p.P107L Malignant Melanoma (2/6) 

GUCY2D 0/27 1/273 c.1292 G>A p.G431D Malignant Melanoma (1/6) 

Supplementary	  Table	  4:	  Methylation	  Analysis	  Selected	  Genes	  in	  COSMIC	  (http://www.sanger.ac.uk/genetics/CGP/cosmic/)	  



	  

Supplementary	  Table	  5:	  Mutation	  and	  Cluster	  Data	  for	  38	  Sporadic	  Renal	  Cell	  Carcinoma	  Patients	  
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