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The screening of DNA methylation gene modules in cancers
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Abstract ; Tumorigenesis is affected by both genetic and epigenetic modifications. DNA methylation acts as an
important epigenetic modification and plays a major role in the occurrence and development of cancers. Therefore,
finding the methylation biomarkers in cancers is a great feat in the diagnosis and treatment of cancers. In this paper,
we take the advantage of Weight Gene Co-expression Network Analysis method( WGCNA) to filter out methylation
the functional annotation, then we conduct

gene modules and analyze the module vector genes, afterwards,

functional analysis of gene modules, finally the relationship between DNA methylation and cancers can be
interpreted. The results showed that these aberrant methylated gene modules have significant associations with
cancers. Interestingly,we also found that some abnormal methylation gene modules have great associations with the
occurrences of various cancers.
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Fig.1 Threshold value analysis
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Notes ; The horizontal ordinate in the left figure represent the candidate thresholds and Y—axis corresponds to the index of scale free network model; the

right figure shows the mean connectivity of network corresponds to the thresholds.
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Fig.2 Cluster tree
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Notes: In the tree diagram, every leaf node represents a gene, and branches densely connected represent the genes which have the similar methylation

values. The different colors represent different modules.
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Fig.3 Module-trait relationship
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Notes ; Each row corresponds to a module and each column corresponds to a phenotype, each cell represents the relative value between module and cancer.
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Table 2 Functional annotation for module vector genes significantly associated with gastric cancer and ESCC

GO term with P=0.05 Count Gene in Go Term
ANAPC1,RAD23B,TBL1XR1,EDEMI1,SELS,0S89,CUL3,USP19,PSMA1,PSMC6,
Proteasomal protein catabolic process 19
MAD2L1,PSME1,VCP,PSMD11 ,PSMC2, PSMA3, PPP2CB, BUBIB, PSMD3
EIF2C2, ZCCHC11, HDAC2, EIF2C1, DGCRS,
gene silencing 12
MAEL,SIRTS, MBD3, KCNQ1, EIF2C3, HELLS, ADAR
PALM, ADCY4, GNAII, OPRKI, ADCY6, GABBR1,PYDCI,PDCD4,LATS2,GPX1,
negative regulation of catalytic activity 32
SPRY2,HRH3,HEXIM1 , ARG2, PSMD3, ANAPC1,DUSP22, CDKN1C, PSMA1, PSMC6
proteolysis involved in cellular 68 TSG101, VPRBP,0S9,CUL3,USP19,MAP1LC3A,PSMD3,USP15,
proteincatabolic process USP13, ANAPC1, TBL1XR1, FBXL21, USP1, GAN,UBE2I
CSNK1A1,DIXDC1,TBLIXR1,WNT10A ,NKD1,CSNK1G2, WNT3A,
Wnt receptor signaling pathway 18

CTNND1,TLE2,FRZB,¥ZD4 ,FZD6 ,WNT4 , KREMEN2
RO count RFEFEBE] GO term HAFEH AN,

Notes: The table illustrates part of the annotation in some genes, Count represents the number of genes annotated into the GO terms.

[ B4, X6 5 i 90 R B A S AR 2 A JRDITERRE 79 KA e R, XY i
BN T INREIE RS TERERY 372 NJEIAAT 204 ANE BEALHE . 3 ORI MR GOUR Y, A0S AR Y, A4
BB T 127 AW Ed R, BOERIESN p <0.05, 00 A4St S S AMIE S MESE (WK 3) .
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Table 3 Functional annotation for module vector genes significantly associated with prostate cancer

GO term with P=0.05 Count Gene in Go Term
SH3BPS, TARBP2, YWHAG , PAK2, PSEN1 ,NF1
negative regulation ofprotein kinase activity 10
GADD45G, MLLT1, PKIB, GPS2
HTATIP2, TRAIP, GCLM ,SRC, MOAP1, BLOCIS2 , BOK,
NPM1,PLEKHGS, CHST11,TDGF1, TGM2 ,HSPAS , FGF4,
regulation of programmed cell death 36

EGFR,TP53BP2,NF1,MAL,SR2,YWHAE , TAX1BP1,
SOD2,SMO,AMIGO2, TNFRSF10B, UACA

CAST,NF1,PKIB,GPS2,SH3BP5,PSMF1,SMO, TARBP2,
negative regulation of molecular function 18 YWHAG, HTR1A, PSEN1, PAK2, GADD45G, PSMDI,
MLLT1, ID3, HSPA5, UBA52

EGFR, CDC7, UBE2A, NAPILI, IRS1, HES1, SMO,
positive regulation of cell proliferation 24 HTR1A, HIF1A, BLOC1S2, NME1, NCK1, NPM1, CD81,TDGF1, TGM2,
MDM2, LAMB1, CCNA2, TSHR, PGGT1B,RHOG, ALOX12, FGF4

SH3BP5, TARBP2, YWHAG, PAK2, PSENI, NFI,
GADD45G, MLLT1, PKIB, GPS2

negative regulation of transferase activity 10

T R R B K ER A TERE , count fRERTERER GO term H R KIANEL

Notes: The table illustrates part of the annotation in some genes, Count represents the number of genes annotated into the GO terms.
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Table 4 Functional annotation for module vector genes significantly associated with leukemia

GO term with P=0.05 Count Gene in Go Term
ATPSE,PTPRK,PDP2, TRPM7,SSH3,MAP2K4 ,MKNK2,CDKL2, EPHB4, ATP5G3,
phosphorus metabolic process 19
MARK2, CDKL1, ERN1,LMTK2, SYNJ2, PRKAA1, BMP7, IGFBP3, MELK
mRNA metabolic process 9 SFRS6,DHX8,DDX46,MAGOH,ERN1,PTBP2 ,PRPF18,SNRPF, KIAA(0427
transmembrane 17 MRPS17, ATPSE, SLCI13A5,KCNAB3,MFSD3,TRPM7,
MFSD1, ATP5G3, SLC2A8,KCNS3,NUP214,SLC26AS,
transport
SLC2A2, SLC37A2, KCNQ2, EIF5A2, SLC25A17
regulation oftranslation 6 TNRC6C,MAGOH,MKNK2,GCN1L1,EIF5A2 ,KIAA0427
posttranscriptional regulation
7 TNRC6C, MAGOH, MKNK2, GCN1L1, EIF5A2, LIN28B,KIAA0427

of gene expression

TR AR IR MIRE count AFRIEREE GO term HHRIER 4L,

Notes: The table illustrates part of the annotation in some genes, Count represents the number of genes annotated into the GO terms.

28 00 5 B S B R 0 MO A DG Y
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I, KM Fisher #5HHAE S0, p<0.05 A — &

F LR BB S 5 F 86 A Wy e e HH G A A= 1 27 D e
KA T HUE . AW B b B R AR U ) A
FEHEJEAE ( Pathways in cancer) , P= A4 B 1 Bz 40 ffd g2
(Renal cell carcinoma) (JLFR 5) ,

x5 EBEFEER1410 EYRBERPEEFER
Table 5 Gene modules 1.4.10 biological pathway enrichment

Term Count P-value Genes

FGF19,E2F2,FGFR1,PGF,GRB2,WNT3A,ARNT2,TGFB1,GLI1, WNT4,CDKN2B,SLC2A1,

TGFA, WNT6, MYC, FGF3, TRAF4,FN1,AKT2,MSH6, WNT10A, RET, MSH3, MAP2K2,
Pathways in cancer 43 4.4E-3

MET,BRCA2, PRKCG,FADD,CTNNA1,BIRC2,FZD4,RALGDS,DAPK1,RAD51,FZD6,
CBLB,CDKNIB,HDAC2, LAMA5, NTRK1, PLCG2,TCEB2,PIAS]
MAP2K2, PGF, GRB2, MET, ARNT2, TGFB1,GABI1,

Renal cell carcinoma 13 7.1E-3

SLC2A1, TCEB2, TGFA, RAP1A,RAP1B,AKT2

WL DL E A E RSO, R IIERBIE 1 410 1Y
FHOCHE DR & AR B T 7 A e il % . PR
Bl DX AR B A i, 23 AR S A VR
R R XM HR FHREAFH T (BABESH -
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BT bR i A A
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(1% PP AR R P e s, 2 ) 1) 22 e i 1) 2

P55 91) e 0 2 A DG AR 2 ) ) i 3 A
#1T KEGG # #% 53 #r., i3k DAVID 43 #r, R H
Fisher KGR 4 , A< UK 43 A1 v 388 i & A 2% 7 02 - 2
Ml 24T (WL 6) .
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Table 6 Gene module 2 biological pathway enrichment

Term  Count P-value Genes

CDC7,MADIL1,CCNB3,YWHAG , GADD45G,

Cell cycle 10 4.1E-3
MDM2,ATR, CCNA2, YWHAE, CDC25A

i Y AR R PR 2 A S S TN R 4R
PR AN o 2RI % b A 220 R — A
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