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Screening for Epigenetically Masked Genes in Colorectal Cancer by Microarray
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Abstract; [Objective] We used the DNA methylation microarrays to investigate the hypermethylated genes in colorectal cancer
and adjacent normal mucosa.  [Method] DNA was extracted from six pairs of CRC and adjacent normal mucosa and sonicated into
fragments ranging in size from 300-1000 bp, followed by methylated DNA Immunoprecipitation analysis and then sent to NimbleGen
for Microarray hybridization according to their standard protocol. The hybridized array is then scanned and the resulting image
analyzed. The biologic functions were analyzed by bioinformatics methods. In addition, preliminary validation studies were done in six
pairs of samples by MSP  (methylation-specific PCR).  [Results] Compared with the normal tissues, there are 2 296 genes were
hypermethylated, in which 293 hypermethylated genes were unreported. All these genes were randomly distributed on all the
chromosomes. According to gene ontology analysis, the genes involved in some physiological processes which play important roles in
the cell division and the development of tumor are methylated, such as DNA repair, cell cycle and invasion et ¢. Preliminary
validation, the Opeml in thirty top-ranking genes was shown hypermethylated in six pairs of colorectal cancer (CRC) and adjacent
normal mucosa. [Conclusions] High density DNA methylation microarrays is an effective method for screening aberrantly methylated
genes in CRC.
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Table 1 The number of methylated genes in each

chromosome
Total Hypomethylation Hypermethylation
chrl 444 212 232
chr2 296 155 141
chr3 251 124 127
chr4 195 99 96
chr5 245 134 111
chr6 252 140 112
chr7 217 109 108
chr8 170 80 90
chr9 188 88 100
chr10 184 94 90
chrll 291 147 144
chrl2 222 110 112
chrl3 79 44 35
chrl4 154 74 80
chrl5 157 74 83
chrl6 196 107 89
chrl7 60 27 33
chrl8 80 46 34
chr19 286 137 149
chr20 148 65 83
chr21 60 27 33
chr22 106 62 44
chrx 153 87 66
chry 19 10 9
Total 4 644 2 348 2296
TS

SEMIER R 2B 2R
F o H ARG B FEI AR EE N RS AT oG
RS IR NS RS @ -4k NN ]S e &4 1) D B

UMD
LEFRE_2
HO=D1 2
ALHME
FOPDCI
STOMLE
AOPE
SEMAZF
FTFRE
FCMEL
FLI32745
i)
FRIESA
DL:3
Al
CHRM3
LG339674
VDR G
TEL?
RFFLI
SLC2AZ
FRKABZ
C200mi 2

SLC3EAS

EDrF
RPSS
COIE3L

ET3GALS

B1 HRA 29 R EUERRRREE

Fig.1 Hierarchical clustering of 29 top—ranking genes
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The color in each well represents relative methylation level of each
gene (vertical axis) in each paired sample (horizontal axis); more
intense color reflects wider differences between hyper —and hypo —
methylation. Red, hypermethylation; green, hypomethylation; black,
no differential;  1BF, The first pair of CRC and adjacent normal

mucosa
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Fig.2 Methylation specific polymerase chain reaction
(MSP) analysis results in the six paired tissues

T : tumor tissue ; N : normal mucosa
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Table 2 Thirty top—ranking hypermethylated and hypomethylated genes

Hypermethylation

Hypomethylation

RFPL2,SLC24A3,WDR66,ZMAT4,SLC38A5,TBL2 ,PRKAB2,

BDNF,RPS5,ST3GAL6,CD163L1,C200rf72 ,KIAA0774,CNN1,

ELF3,PLEC1,SLC8A1,DEFB109,HISPPD2A,NASP,CD40,TTMB,
FARSLA,ZNF100,NGFR,CYP11B2,KCNABI,RPS6KA1,SELV,
OPCML

SEMA3F,AQP6,PTPRB,POPDC3,UMOD, LEPREL2, ADAMS,
DLX3,ITGA11,L0C339674,HOXD13,PDESA,KCNK1,STOML3,
FLJ32745,CHRM3,SGK3,BAZ1B,CRTACI,KIAA0652,ZCCHCY,
LOC338809, BNC2,ZBTB7C , MSLN , RGS3, C200rf43 , PDESA |
C5orf3, MOSPD1
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Table 3 The ontologic categories of hypomethylated genes
Term Count % P
GOTERM_BP_FAT cell cycle 78 4.42 0.370
cell-cell signaling 70 3.96 0.059
DNA repair 31 1.76 0.310
positive regulation of signal transduction 21 1.19 0.960
negative regulation of T cell activation 4 0.23 0.780
cell cycle checkpoint 0.45 0.780
regulation of neurological system process 26 1.47 0.005
water transport 7 0.40 0.003
transmission of nerve impulse 47 2.66 0.016
ammonium transport 4 0.23 0.014
response to organic substance 89 5.04 0.009
GOTERM_MF_FAT identical protein binding 84 4.76 0.003
ribonuclease P activity 6 0.34 0.001
adenylate cyclase activity 5 0.28 0.022
receptor antagonist activity 4 0.23 0.081
KEGG_PATHWAY Dilated cardiomyopathy 18 1.02 0.016
ErbB signaling pathway 13 0.74 0.210
mTOR signaling pathway 9 0.51 0.180
alpha—Linolenic acid metabolism 4 0.23 0.300
Retinol metabolism 8 0.45 0.350
Non-small cell lung cancer 7 0.40 0.520
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Table 4 The ontologic categories of hypermethylated genes
Term Count o P
GOTERM_BP_FAT cell cycle 75 4.25 0.600
positive regulation of signal transduction 27 1.53 0.770
cell—cell signaling 82 4.64 0.002
DNA repair 25 1.98 0.820
negative regulation of T cell activation 4 0.23 0.800
cell cycle checkpoint 11 0.62 0.420
response to radiation 36 2.04 0.001
cell morphogenesis 54 3.06 0.002
actin filament—based process 37 2.10 0.008
protein amino acid dephosphorylation 21 1.19 0.038
GOTERM_MF_FAT amino acid binding 13 0.74 0.013
Purine NTP—dependent helicase activity 16 0.91 0.057
transcription activator activity 58 3.28 0.005
phosphatase activity 33 1.87 0.073
KEGG_PATHWAY T cell receptor signaling pathway 23 1.30 0.003
ErbB signaling pathway 14 0.79 0.150
Cell adhesion molecules (CAMs) 17 0.96 0.360
Histidine metabolism 6 0.34 0.200
Nucleotide excision repair 8 0.45 0.200
Alzheimer’s disease 20 1.13 0.410
integral to plasma membrane 144 8.15 0.002
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