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Identification of cancer DNA methylation regulatory sites

WEI Yunzhen', LIU Xiaojuan®, WANG Fang', SU Jianzhong',ZHANG Yan'", LIU Hongho'"
(1. College of Bioinformatics Science and Technology, Harbin Medical University, Harbin 150081, China;
2. Department of Rehabilitation, The First Affiliated Hospital of Harbin Medical University, Harbin 150001, China)

Abstract; DNA methylation is an important epigenetic modification,which plays an important role in the regulation
of gene transcription. Abnormal DNA methylation may lead to cancer and disease, and identifying oncogene-related
DNA methylation gene regulatory sites is important for the development of mechanisms to resolve the occurrence of
cancer and identify new cancer markers.In this study, we integrate high-throughput DNA methylation profiling and
gene expression profiling of pan-cancer genome in TCGA, then identify oncogene-related DNA methylation
regulation sites.For each cancer,we calculate the correlation between methylation of CpG sites and gene expression,
and filter the CpG sites, which regulate downstream genes ( including strong regulatory sites, weak regulatory sites
and not regulatory sites) .The results show thatonly half of the CpG sites regulate the downstream genes. Analyzing of
regulatory sites that is shared between cancers show that regulatory sites are not necessarily the same in different
cancer ,and the presence of cancer-specific methylation regulatory sites. Moreover, gene function enrichment analysis
of differential DNA methylation and differentially expressed genes show that genes regulated by methylation are
indeed involved in the development of cancer-related functions. The results of this study are an important
supplementation to the current DNA methylation regulatory sites set, and an important resource to identify new
molecular markers characteristics of cancer.
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Tablel Data of the research

HE MK HA s %
BRCA 4 334 313 21
GBM 18 577 577 0
KIRC 2 71 71 0
KIRP 1 16 16 0
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LGG 1 27 27 0
LUAD 2 30 30 0
LUSC 10 267 267 0
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Table 2 Select all the cancer related points and

weak related points

P e 24 PR A A7 AL SEAH A R AL
JIAT i E 186 16 280
BRCA 746 9 838
GBM 409 13 501
KIRC 307 7 838
KIRP 3301 13 261
LAML 348 12 619
LGG 2311 13 233
LUAD 666 8 932
LUSC 928 12 881
oV 678 14 523
READ 2 644 15 739
UCEC 628 8 321
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Table 3 Methylation and expressing differences sites of

strong related sites and weak related sites

Bl 44 B Ak 22 3007 5 8K FIRBE 22 AL A
BRCA F8AHC 139 77
OV BRAH 140 54
READ 584 ¢ 33 97
BRCA 554¢ 3 840 4731
OV AR 974 1 000
READ 5540 ¢ 71 3583
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Table 4 GO annotation description of BRCA in BP_1

R 25 iLice il PH N R TR
GOTERM_BP_1 cellular process 5.1x107% 1.1x107%
GOTERM_BP_1 cellular component organization 2.7x107% 3.0x107%
GOTERM_BP_1 developmental process 6.9x107" 5.0x10718
GOTERM_BP_1 cellular component biogenesis 1.2x10712 6.3x10712
GOTERM_BP_1 death 9.4x10712 4.1x1071
GOTERM_BP_1 biological adhesion 2.1x1077 7.7%1077
GOTERM_BP_1 locomotion 3.7x1077 1.2x107°
GOTERM_BP_1 metabolic process 4.0x1077 1.1x107°
GOTERM_BP_1 localization 2.3x107° 5.7x107°
GOTERM_BP_1 growth 2.5x107° 5.4x107
GOTERM_BP_1 multi—organism process 7.5%x107* 1.5x1073
GOTERM_BP_1 reproduction 1.1x1073 2.1x1073
GOTERM_BP_1 reproductive process 1.3x1073 2.2x1073
GOTERM_BP_1 multicellular organismal process 1.5x1072 2.4x1073
GOTERM_BP_1 establishment of localization 2.2x1073 3.3%1073
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£5 OV EEE BP2 EEA GO ERHK
Table5 GO annotation description of OV in BP_2

SR TR PE ARAUIKIEE
GOTERM_BP_2 cell cycle process 7.4x107% 1.4x107%
GOTERM_BP_2 cell cycle 8.0x107™% 7.8x107%
GOTERM_BP_2 organelle organization 9.5x107" 6.1x107"7
GOTERM_BP_2 cell division 3.7x10716 1.6x1071
GOTERM_BP_2 microtubule—based process 7.4x107° 2.9x1077
GOTERM_BP_2 chromosome segregation 1.9x1078 6.2x1077
GOTERM_BP_2 anatomical structure development 6.1x1077 1.7x107°
GOTERM_BP_2 cell proliferation 3.3x107° 8.0x107°
GOTERM_BP_2 cellular response to stimulus 1.2x107° 2.5x107*
GOTERM_BP_2 negative regulation of cellular process 1.5x107° 3.0x107
GOTERM_BP_2 negative regulation of biological process 1.6x107° 2.8x107*
GOTERM_BP_2 multicellular organismal development 5.1x107° 8.3x107*
GOTERM_BP_2 anatomical structure morphogenesis 5.3x107° 8.0x107
GOTERM_BP_2 cell death 6.3x107° 8.8x10™*
GOTERM_BP_2 interspecies interaction between organisms 2.3x107% 3.0x1073
GOTERM_BP_2 cellular component assembly 3.0x107 3.6x1073
GOTERM_BP_2 DNA packaging 3.8x107* 4.4x1073

X B RREIE RN AR TE A WA FE BP_1 B AR B B IR, AT LU B S A
JETE R GO TERE (P, Benjamini<0.01) ,ATLAE R E N KEYFEIWE, HUA R A T RO, AR HE T sy
FERRBEIE S R e A I I E R DIRE - 7 AR IR EE sh DN RE L, X S AR N 19 3
ARSI (A AR, 2, T REIRHE T 40 M A e B RN B IR G A 2% e R 4
FEAERGR I DORE b, (A58 A0 B R B A 2 B A 4L,

% 6 READ fEfE7E BP_1 EEH GO i BEHiA
Table 6 GO annotation description of READ in BP_1

J2 R rhe2en PE AWK IEE
GOTERM_BP_1 developmental process 4.7x107% 1.0x1073!
GOTERM_BP_1 biological adhesion 3.3x107"7 3.7x1071
GOTERM_BP_1 multicellular organismal process 4.8x10716 3.2x1071
GOTERM_BP_1 cellular component organization 1.2x107" 6.8x107"!
GOTERM_BP_1 cellular process 4.8x107M 2.1x1071°
GOTERM_BP_1 death 2.2x107° 8.2x107°
GOTERM_BP_1 biological regulation 2.9x107° 9.1x107°
GOTERM_BP_1 immune system process 6.5%107° 1.8x1078
GOTERM_BP_1 locomotion 7.5%1077 1.8x107°
GOTERM_BP_1 response to stimulus 1.8x1073 3.9x107°
GOTERM_BP_I growth 1.6x107* 3.1x107*
GOTERM_BP_1 localization 1.8x107* 3.3x107
GOTERM_BP_1 cellular component biogenesis 8.9x107™* 1.5x1073

GOTERM_BP_I thythmic process 4.0x1073 6.2x1073




178 £ 4 £ & F £ 13 4
[3] SHAMES D S. DNA methylation in health, disease, and

#it
AT T EE A TCCA Y72 I8 4 36 PR 41 f) v 3
St F AL A DR e iR 0k, 1R 0310 i 5 DR A G 1Y DNA
SRR 07 0 s 25 R R B — 211 CpG o g X
A LELA PR AR T 5 ELAF R RE R S 1 Y 34k
PAEALE FF R R X B A R H LS5 T
JEE A R AR S T
3.2 itig

AIFEAE Batch () PCC {E43 A7 2 2 AR LAY T
HAE  HE7E B 5 90 8298 1A 3 & Batch )
PCC 43 IRt B 5, 3 AT B8 2 udie itk A sl
Bt AR 6 5 A0 R DR s A

JERE A5 R 56 07 st B0 S8 /N T 55 M S 07 a5, I
HAGH A B R TCARSE Y, X AR R AE 27 KOs i
(1)) 217 X S8 2 A 1 2 st i, AT 75 o8 % . F
FEATHT AT, A — e SRR IR 3 T I E
ST B RE A X SR I, A A N I A A
f), H S BB A SGIBE, n] LAE— A 2 B X 22 B
DX IR A7 1 2 ST 5 M X SRR RE 11 & A A e
ST ARERE A OCHE A AL B o H g
REA R

Bl T R S T A SRR /D | i R AE B & AR AR
AEAS R R 8 — AL A 52, i 220 ) il LA 2%
DR [ 1 R 0 7 2 ) ) 9 32 3 S A
PHSEIR , J5 29 AT A3 3 Pk 32 330 S AR [] 28 ) 35
A TIFSY

T R 0 35 M R E 25 SR LR LA DAVID
LRI SR BT B = S RE A B Y GO TE
B A S50, XS Hh R 1) 22 S 3 R 7 A 2o
P I RS0 54 E A A B U ORI, AR
S5 IR Y i A R A A ) A e, R
PUBEERE BT 3 F B IR AE ) T B U8

3.1

2% ik ( References )
[1] JONES P A. Functions of DNA methylation; islands, start
sites, gene bodies and beyond[ J]. Nature Reviews Genet-
ics, 2012, 13(7) .484-492.

FAN G. DNA methylation and its basic function[ J]. Neu-
ropsychopharmacology Reviews, 2012,38(1) ; 23-38.

(2]

[4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

cancer[ J]. Current Molecular Medicine, 2007,7(1) :85—
102(18).

DAY J J, SWEATT J D. DNA methylation and memory
formation[ J ]. Nature Neuroscience, 2010, 13 ( 11):
1319-1323.

WU H, ZHANG Y. Reversing DNA methylation: mecha-
nisms, genomics, and biological functions [ J]. Cell,
2014, 156.:45-68.

REA M,ZHENG W, CHEN M, et al. Histone H1 affects
gene imprinting and DNA methylation in Arabidopsis[ J].
Plant Journal, 2012, 71(5) . 776-786.

ZALA D, HINCKELMANN M V, YU H, et al. Vesicular
glycolysis provides on-board energy for fast axonal trans-
port[ J]. Cell, 2013, 152(3) :479-491.

SUN H S, KENNEDY P J, NESTLER E J. Epigenetics of
the depressed brain: role of histone acetylation and methy-
lation[ J ]. Neuropsychopharmacology Official Publication
of the American College of Neuropsychopharmacology,
2013,38(1) :124-137.

LRY T J, LI D, WALTER M J, et al. DNMT3A muta-
tions in acute myeloid leukemia[ J]. New England Journal
of Medicine, 2010, 363(25) : 2424-2433.

RUSICIO A D, EBRALIDZE A K, BENOUKRAF T, et
al. DNMT1-interacting RNAs block gene-specific DNA
methylation[ J ]. Nature, 2013, 503(7476) :371-376.
GUO X, WANG L, LIJ, et al. Structural insight into au-
toinhibition and histone H3-induced activation of DNMT3A
[J]. Nature, 2015, 517(7536) ;640-644.

COPPIETERS N, DIERIKS B V, LILL C, et al. Global
changes in DNA methylation and hydroxymethylation in
Alzheimer’s disease human brain[ J]. Neurobiology of Ag-
ing, 2014, 35.1334-1344.

AKHAVAN-NIAKI H, SAMADANI A A. DNA methyla-
tion and cancer development; molecular mechanism [ J].
Cell Biochemistry & Biophysics, 2013, 67(2) :501-513.
ARAN D, SABATO S, HELLMAN A. DNA methylation of
distal regulatory sites characterizes dysregulation of cancer
genes[ J]. Genome Biology, 2013,14(3) :2242-2254.
RICKETTS C J, MORRIS M R, GENTLES D, et al
Methylation profiling and evaluation of demethylating ther-
apy in renal cell carcinoma [ J]. Clinical Epigenetics,
2013, 5(1) :16-16.

BAEK S J, YANG S, KANG T W, et al. MENT; Methyl-
ation and expression database of normal and tumor tissues

[J]. Genes, 2013, 518(1) : 194-200.



