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Table 7.2 Examples of hypermethylated genes found in human tumor cell genomes

Name of gene
RAR[2

p 5 7Kip2

TIMP3

IGFBP
CDKN2A/p16/NK4A
CDKN2B/p15'Nk48
p 1 4ARF

APC

p73

GSTP1

MGMT

CDH1

DAPK

MLH1

TGFBR2

THBS1

RB

CASP8

APAF1

CTMP

Nature of protein function

nuclear receptor for
differentiation
CDK inhibitor

inhibitor of metalloproteinases
sequesters IGF-1 factor
inhibitor of CDK4/6

inhibitor of CDK4/6

inhibitor of HDM2/MDM2
inducer of B-catenin degradation
aids p53 to trigger apoptosis
mutagen inactivator

DNA repair enzyme

cell-cell adhesion receptor
kinase involved in cell death
DNA mismatch repair enzyme
TGF-P receptor

angiogenesis inhibitor
cell-cycle regulator

apoptotic caspase
pro-apoptotic cascade
inhibitor of Akt/PKB

Type of tumor

breast, lung

gastric, pancreatic, hepatic;
AML

diverse tumors

diverse tumors

diverse tumors

diverse tumors

colon, lymphoma

colon carcinomas

diverse tumors

breast, liver, prostate

colorectal

bladder, breast, colon, gastric

bladder

colon, endometrial, gastric

colon, gastric, small-cell lung

colon, glioblastoma

retinoblastoma

neuroblastoma, SCLC

melanoma

glioblastoma multiforme

Adapted in part from C.A. Eads et al., Cancer Res. 61:3410-3418, 2001.

TheBi ol ogy of

Cancer

(E Garland Science

2007)
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Tabda 1. Epigenatic Aberrations among Different Tumor Types.*

Type of Cancer Epigenetic Disruption

Colon canoar CpG-island hypermethylation (AMLHI, pIahEa p1 A% RARE2 SFRPI, and WRN), hyper-
methy lation of mikMAS [miR-I 240), global genomic hypomethylation, loss of imprinting of
IGF 2 mutations of histone modifiers [EP300and HOACZ), diminished monoacetylated and
trimethylated forms of histone H4

Ereast cancer CpG-island hypermetitylation (BRCA L E-cadherin, TMSI, and estrogan receptor), global ge-
nomic hypomethylation

Lung cancer CpG-island hypermethylation (pI 5™542, DAPK, and RASSFIA), global genomic hypomethyl-
ation, genomic deletions of CBF and the chromatin-remodaling factor BRGI

Glioma Cpi-island hypermetiylation {DNA-repair eneyme MGMT, EMFPE, and TH 851)

Leukamia CpG-island hypermethylation (pI ™2 ExTI, and iD4), translocations of histone modifiers
{CBF, MOZ MORF, MLLI, MLL3, ana NSO

Lymphama CpG-island hypermethylation (pI 6™° p73, and DMA-repair enzyme MGMT), diminished
manoacetylated and trimethylated forms of histone H4

Eladder cancer CpG-island hypermethylation (pl 5™%49 and TPEF/HPPI), hypermethylation of miRMAS
{miR-127), global genomic iy pomethylation

Kidney cancer CpG-island by parmathylation (¥ HL), loss of imprinting of 1GF 2, global genomic hypomethylation

Prostate cancer CpG-island hypermetitylation (GSTPL), gene amplification of podycomb histone methyliransfer-
ase EZH 2, aberrant modification pattern of histones H3 and H4

Esophageal cancer  CpG-island hypermethylation (pl 6™%? and p144¥), gene amplification of histone demethylase
JMJD2C/GASCI

Stomach cancer CpiG-island hypermethylation (AKLHI and pI4#%)

Liver cancer CpG-island hypermethylation (50OCSI and G5TFI), global genomic hy pomethylation

CWwarian cancer Cp-island hypermethylation (BRCAT)

BRCAI denotes breast-cancer susceptibility gene L BRGI BRM/ 5WI2-related gene 1, CBF cydic AMP response-elament-
binding protein (CREE}-binding protein, 0@ PR death-associated protein kinass, EMP3 epithelial membrane protein 3,
EF300 E1A binding protein p30Q, EXTI sostesin 1, EZH 2 enhancer of zeste drosophila homologuee 2, GSTPI glutathi-
one S-transferase 1, HDAC2 histone deacetylase 2, hMLH 1 homologue of Mutl Eschenchio coli, 104 inhibitor of DMA
binding 4, rGF2 insulindike growth factor 2, M D2C/GASCT Jumonji domain-containing protein 20, MGMT Of-miathyl-
guanine—DMA methy kransferase, MLLI mized-lineage lsukemia 1, MLL 3 mized-lineage leukemia 3, MORF monocyt
lewkemnia zinc finger protein—related factor, MOZ monocytic leukemia zinc finger, M50 nuclear receptor binding SET-
domain protein 1, R4 RS2 retinoic acid receptor 8 2, R4ASSFIA ras association domain family protein 1, SFRPI secreted
frizzlad-related protein L, SOCS1 suppressor of optokine signaling 1, THESI thrombospondin 1, TMSID targst of methyl-
ation-induced silencing 1, TFEF /M PPI hyperplastic polyposis gane 1, ¥HL won HippehLindau disease, and WAN Wernar's
spndrome.

Esteller M, NEJM, 2008, 358: 11, 1148-1159




Methylated state of the promoters of 12 genes in
a variety of human tumor types

VThe frequency of methylation of a specific gene varies dramatically from one tumor to
another

VTumor supressors as well as caretakers undergo hypermethylation

B. Weinberg, The Biology of Cancer (E Garland Science 2007)



CpGislandmethylator phenotype (CIMP)



CpG island methylator phenotype (CIMP)

AHU;UUC{;edQQU oUs egUaUUeddalU 299U
" U yBadUy } 6 ¢

hd U o9 Us3sCQNuRhyg

dJ
RAFd 3 CIve-Ld gdecy Us i d

o°
m =2

u
u

< ce
Ejb ™

CIMP neg
(66%)

MSI- L/ MSS

MNormal colon epithelium Aberrant crypt focus Polyp/Adenoma Adenocarcinoma

SLC5A8
MINTT*
MINT31~
SFRP1
SFRP2
CDH13
CRBP1
RUNX3

p 14 ARF

HLTF TIMP3
ITGA4 CXCL12
CDKN2A/P16 D4
CDH1 IRF&
ESR1

Methylated genes

Lao et al, Nature Rev Gastroenterology and Hepatology, 2012
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4 = Pancreas (99)
Colorectal (164) Breast (162) Colorectal (164)

arian (82) Ovarian (82)

Breast (162) Breast(162)

rostate (102) Prostate (102)

Heichman, Clin Chem Lab Med 2012, 50:1707-1721



Methylated Gene
APC

Tumor

Regional nodes

Mediastinal nodes
RASSF1A

Tumaor

Regional nodes

Mediastinal nodes
pl6

Tumor

Regional nodes

Mediastinal nodes
CDH13

Tumor

Regional nodes

Mediastinal nodes
APC and RASSF1A

Tumaor

DNA methylation as a tumor biomarker
In primary tumors and regional nodes

Odds Ratio for Recurrence [95% Cl)

1
1
1
1
_
:__‘__
[}
1
1
1
e
1
—

o

Regional nodes

One marker

0.95 (0.45-2.04)
0.69 (0.22-2.10)
2.26 (0.66-7.71)

1.79 (0.85-3.75)
0.71 (0.23-2.20)
1.66 (0.43-6.43)

3.50 (1.65-7.41)
3.62 (1.41-9.32)
4,67 (1.52-14.42)

2.12 (0.98-4.59)
1.99 (0.81-4.88)
3.98 (1.22-13.01)

1.38 (0.74-4.78)
1.22 (0.10-14.53)

APC and p16

Tumor 4.16 (1.60-10.81)
2.59 (0.34-19.74)
13.10 (1.20-142.73)

Regional nodes

Mediastinal nodes
APC and CDH13

Tumor 1.54 (0.55-4.31)
2.24 (0.41-12.22)
458 (1.50-20.01)

Regional nodes

Mediastinal nodes
RASSF1A and p16

Tumor 5.95 (2.15-16.56)
1.07 {0.15-7.56)
3.01 (0.49-18.64)

Regional nodes
Mediastinal nodes
RASSF1A and CDH13

Tumor ; 1.61 (0.67-3.89)
0.49 (0.09-2.63)
1.36 (0.22-8.48)

Regional nodes

Mediastinal nodes
pl6and CDH13

Tumeor 8.00 (2.50-25.51)
4.08 (1.06-15.70)
4.32 (1.06-17.65)

Regional nodes

Mediastinal nodes

p16 and CDH13 tumor and 15.50 {1.61-185.02)

mediastinal nedes

I I T 1
0204 10 ! 20.0 100.0

Combination
of markers

Brock, et al, N Engl J Med 2008;358:1118-28.
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Preclinical
Sten 1 Biomarker discovery
s < Define biomarker type

Assay design and validation

Step 2a External assay validation

Step 2b External biomarker validation

Clinical
Step 3 < Standardized assay

Biomarker used in trial

Validation of clinical results
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Publishing results

Publishing results
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Publishing results

Implementation into
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DNA methylation is an early event in
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