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1. Xt & <Molecular epidemiology>2l JI 21 HE

O 19824 : Pereradt Weinstein: ‘“Molecular cancer epidemiology’’
ololxter e LMol 0|2 A A (continuum) 0l A 1 & Dt
B3 S biomarkerS 0/ 206t01 220 AstX 10 (Y - &2 AR
MZ& paradigm2 Ml Al

% Molecular epidemiology & 2| lZ =& Perera FP, Weinstein IB.
Molecular epidemiology and carcinogen DNA adduct detection: new
approaches to studies of human cancer causation. J Chronic Dis
1982;35:581-600.

O 1987H: U.S. National Academy of Sciences: BiomarkerE 34
A A ol makers of internal dose, markers of biologically effective
dose, markers of early response/effect@ markers of susceptibility 2|

S0l “altered structure and function” £ X & 5t0i biomarker2| 4JH
%4 Ao <OE>9 The origin model of “Molecular Epidemiology 2t
20| Pererall Weinstein2| paradigmE upgrade.



O The origin model of “Molecular Epidemiology: Biomarker2l gretol
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Clinical Interventions

EBxpasure. Internal Dase/Biologically
Effective Dose

Preclinical Response / Effect

Cell Proliferation

Further Genetic /
Epigenetic Change

Malignant
Tumour

Absorption Repair
Distribution i Clonal Expansion
Metabolism =
reporter genes,
Tumor Suppressor
Environmental, DNA genes, Chromosomal
Nutritional or M ites » adducts, +, aberrations,
Endogenous || body fluid Onidative Genomic instability,
agents & excreta damage, Aberrant gene
Protein Methylation and
adducts expression, Altered
protein expression
SUSCEPTII ITY
Genetic, Nutritional,

Preexisting discase

O Molecular epidemiology: Biomarker—based epidemiology
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2. 2XAsti A S4=H 0|dll(Toxicological approaches)l S= 1} g

Biomarker is anything that can be used as an indicator of a particular
state or progress of a disease.

Biomarker requirements : Timely , Easily(non—invasive), Specificity
and Sensitivity

The origin model of “Molecular Epidemiology” 0l A 4JH = OF<)
Biomarkers: Biomarkers of internal dose, Biomarkers of biologically
effective dose, Biomarkers of early response/effectet Biomarkers of
susceptibility

2 21320| A= Benzenel Acute Myelogenous Leukemia(AML, =4
=244 BWEY)E The origin model of “Molecular Epidemiology” Ofl CH
2504 Biomarker requirementOfl HOjL} 28st=71E =Qlst= AO|
SHOICH

Benzene SA4SXO=Z Il ROl 6718 SA0IEZ 23 0|8 Sdll

4
SHSEo =0 tigt 2YUFH0UA biomarkerdt Z0OLE NS =0t
St= 8FAE #olst= A0l



3. Benzenelt leukemialOll CH& molecular epidemiology
1) S48 Iz e

O RISEO "S5 IR B2 toxicokinetic?t toxicokinetics"0l2t= HE 2
2 "Central dogma" i

Direct-acting
chemicals
(minor pathway)

E Parent compound ——m78 ——

Natural » Active forms —————————|

: Phase Il [ Interaction with
Organic  ————p |
xer?obrotics p— —— 4 macromolecules
ndirect-acting
chemicals ' .. —Reactive intermediates —/
(major pathway) > Biotrar ! i metabolites (80%)
-Redox-active species
-Carbon-centered radicals

Toxicodynamics

Phase |

| Lipid, Protein,
Cytochrome P450 Carbohydrate
dependent independent Reversible & Irreversible
(80%) (20%) irreversible toxicity  toxicity

(Park, 2010)
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BenzeneOfl 2|5t leukemia

ERIPIES!

ROS(reactive oxygen species)
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@ ROS &H

Two-electron reduction One-electron reduction
3 Quinone i
OH e g <
v
Autoxidation
IR
R R-T
o : o
202" 02
Hydrcqumone ==t ] Semiquinone anion
\, radical
A ;'8'1' = Fenton pathway H
v
OH" = -+ DNA &2

FAMAA T VAAY

ClAbR = Z & » Intereross link

3-16:  Quinone 2&}E° one-electron reductioni®t two-electon reduction:
One-electron reduction(® MA-ZHI2 cytochiome P450 reductase St 22 540 SliEt2cz
semiquinone0l EECTAN Mzl A SHE FLSICHL DJallk NQOT SUl ol & ol BA-EH

{two-electron reduction}2 hydroquioneE MASIBM HedBEE S M2 HSH= 255

OICt, 2Lt hwdroquinone2 AtEAtSHautoxidatiomS Z8H CHAl auinone2 &&tE= redox CydEE

=5 ROSE MASH2IE B (2D Bolton)

(Park, 2010)



3. Benzenelt leukemialOll CH& molecular epidemiology

2) Biomarker and leukemia based on the model

(@Biomarker of internal dose after benzene exposure: Urinary Benzene
C} internal doseS

7t
H

UB)
= xh
= o

CHA
=

FA &2

“Table 1. Summary of benzene exposures and UB levels in workers occupationally exposed to benzene and controls in Shanghai, China

Group Parameter Benzene exposure (p.p.m.) UB (ug/)
Control Mean £ SD 0015 = 0018 0.145 £ 0335
Median (range) 0016 (0-0.11)

Lower exposure (<31 pp.m.)

Higher exposure (>31 p.p.m.)

No. of workers
No. of smokers
Mean + SD

Median (range)
No. of workers
No. of smokers
Mean + SD

Median (range)
No. of workers
No. of smokers

920 (31.5-329)
20

7

0,069 (0.027-2.06)
41

4051()){17 27.9)
17

502625

46 1(1.30-284)

7

(Waidyanatha etal, 2001]

Slmngh.'u T

ast squares regression of urinary metabolites of benzene on UB® among workers occupationally exposed o benzene and matching controls in
1

Metabolite Relationship! (Pearson 1)

Exposed subjects Al subjects
Phenol In(phenol) = 3.2 + 0.60 In(UB) (0.815) In(phenol) 2 In(UB) (0.826)
Catechol Inicatechol) = 1.4 + 062 In(UB) (0.815) In(catechol) +0.39 In(UB) (0812)

Hydrogquinone
Muconic acid

In(hydroquinone) = 2.1 + 049 In(UB) (0.736)
In(MA) = 1.7 + 0.54 In(UB) (0.730)

In(hydroquinone

0.48 In(UB) (0.598)

In(MA) = L0 + 079 In(UB) (0.938)

“Hydroquinone. phenol and MA levels were available for 43 exposed workers and 17 controls: catechol levels were available for 42 exposed workers and 16



@ Biomarker of biological effective dose (DNA adduct Before cell division)

O N2HPG(N2-4-hydroxyphenyl guanine)2 rat0l £0{ & 9 8%7} urine2 2 24A|Zt0|Lf HiZ

O 83t H2 non-invasive &# 22 Benzene-DNA adduct?} biological effective dose &9l&
2I3t biomaeker2M 2| 7Hs4

In liver
N2HPG N2HPOG
p-Benzoquinone

o

& = H

‘}\ . HO = ‘oxidation ] HDY\‘ HNJK)I/NFO
0 S L

I H H
1480

Guanine
Scheme 1. Urinary metabolites of NZHPG and routes of their formation.
Table 1

Excretion of N2HPG and its metabalite, N2HPOG, in the urine of rats dased with a single ip injection of 2mg/kg N2HPG.

Time interval [h] Urinary excretion [% of dose: mean & SE, n=3]

Untreated urine

N2ZHPG NZHPOG Total
0-24 80£22 27402 107 +27

24-48 12+06 <02% 12+06
0-48 91+£17 27402 18+£21

2 NZHPG +N2HPOG,
B N2HPOG was not detected. The limit of detection 100 ng/mL correspends to approximately 0.2% of the dose.
(Linhart etal, 2011)



(3 Biomarker of early response/effect (Mutation after cell division)

O The Nature of Chromosomal Aberrations Detected in Humans Exposed to
Benzene (Zhang et al., 2002): &= B2 mutation TF &0l Benzene-specific
pattern2| mutationO| 2{Ct.

TABLE 12

Spocinic n Loukemia
Likely Prior Exposurs 1 Banzens®
Chromosomal Case Rate (%) Rate (%)
Aberration Number (a1, abnormal only)®
Translocations 22 54 azan)
7 17 2
2 s
w« 10 7
s s 3
2e) 10 7
W7y B B
Deletions 31 21
del(11q) 5 3
ae1c12p) s 3
ael(17p) 5 B
S/54- & T4 17 a 29
/30 o 22 Is
717q- 12 2 20
Sq-/7a1- n 27 19
Sa-f(5a) 8 20 14
sq- 5 12 5
w(Sa) El 7 s
T 3 7 5
&7 1 7 19
kS > s 3




(3 Biomarker of early response/effect (Mutation after cell division)

8Y-oz% goly

O Case-control studyO| A chromosome 7 monosomy: ‘=& & 2-2)

Rorprsom s oy

Mean Frequency

P, <0001

P, <00001

|

P <0001

P ent

Monosomy 1 Monosomy 5 Monosomy 7  Monosomy §

i

Monosomy 21

FIGURE 2. Monosomy of chromosomes 1,5, 7, 8, and 21 In workers exposed to berzene and controls. Data presented are mean
monosomy fraquenicy (%). Ertor bar represents S E. Black baf represerts control, while bar tepreserts < 31 ppm group, and gray bar

represents > 31 pom Group. ‘performed by linear reg

(Zhang et al, 2002)
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L. Frequency of monosomy induced by HQ in chromosomes 15,6, 7.
8.9, 11, 12, and 21. Mean values for monosomy of the nine chromosomes
following tratment with 0, 10, 25, 50, 75, and 100 uM HOQ in culiured
human lymphocytes are presented o each blood donor (as open Squares
and filled cireles). Each donor’s blocd was cultured in three separate experi-
ments. The graphs represent the best log-linear (o log-guadratic) K o the

sctual ey
dashed |

data (ol Tine) and the 95% pointwise canfidence intervals as
. Data for chromosomes 15,6, 7. 8,9, 11,12, and 21 are shown

ly with the chrcmosome number indicated in the t0p left comer.
Only s chrencsames (5.1, 8,, and 21) ere cramieda tigherdoses
of HQ (75 and 100 uM) due 1o its eytotoxicity such that fewer cells were
obined

(2hang et al, 2005)



@ Biomarker of Clinical disease prognosis(0ll &)

O =& Cytogenetic analysis and clinical significance of chromosome 7 aberrations in
acute leukemia (Brozek et al., 2003): Leukemia & Xt = chromosome 7 monosomy
£ JIX% XI& ¥ CROl ¥8

AML: Acute myelogenous leukemia
Table 4. Frequency of complete remission (CR) i the groups of AML patients: with
anormal karyotype and with chromosome 7 aberrations in bone marrow cells
Karyotype

Number of patients

CRH%) CR(%) total
Normal karyotype 16 (64) 9(36) 25
= imesbmod 3@ 1(79) 14
Total 19 (49) 20(51) 39
CR+ = complete remission achieved
CR-=not achieved

O The origin model of molecular epidemiologyOll Al JtZ 2 &l & Biomarker



4. Benzenel} leukemia2 molecular epidemiology0li A2l clinical effectOil CH&t
S48 A
O Benzene produces genomic instability by causing recombination, double strand breaks and

mitotic spindle disruption, which leads to formation of translocations, inversions, deletions,
and chromosome loss and gain (Smith, 1996)

O #= 22 mutation 7 S0l Benzene-specific pattern2 mutation0l SiCt: CrSt CHAL
Mol o8 CH2kEH DNA &40 20t2 CYEF mutation

O JQl: Benzene? HLAEIIE ARt S+HZ2014 HALHOL EX

1. Reactive oxygen species

1e”

28 Z“ 2 HUREIIY EAVOIH vs SR BINY A0
v
mmm
R 2

OH 20’ 202 oF c\"” °°

Hydroquinone: y Semiquinone anion Bensaiieoxide
radical Diphenoguinone

Fenlnn‘vllhwﬂy
| /
OH"

Spindle fiebr Gene mutation Chromosomal mutation

Genetic damages



O Monofunctional agents vs Bifunctional agents

A) Monofunctional alkylating agents  B) Bifunctional alkylating agents

k2

ci—ci,

p
.~ cn,=Cl
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Monofunctional alkylating agents Bifunctional alkylating agnet

lalky\a(ion lalkyiahcn
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e T
i T
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5. Benzene-induced acute myelogenous leukemia Gl2S <&t Biomarker

Primary Prevention

Exposee ternal Dose/Bialogically — - Clinical
EXective Dose Preclinical Response / Effect Disease
Absorption Repair Gel Peolifecation Further Genetic /
Distribution Replication Clonal Expansion Epigenetic Change
Nttiolpas Mutations in
reporter genes,
Tumor Suppressor
Environmental,| genes, Chromosomal
Nutritional or aberrations, Malignant
Endogenous body fluid Genomic instability, Tumour
agents Aberrant gene
Methylation and
expression, Altered
protein expression

SUSCEPTIBILITY
Genetic, Nutritional,
Preexisting disease

O Molecular epidemiology: Biomarker—based epidemiology



1) DNA methylation by benzene exposure — high AML risk group

O Epigenetic(Z 4 R &) mechanisms of carcinogenesis: mechanisms that do
not depend on structural changes in DNA but on functional regulation such as
DNA methylation)

O DNA methylation(0ll £ 3): DNA-methyltransferase (O & 015 4)0I 26 cytosine Z 101
€Il (methyl group, CH,)Sl H0I8HS - ST X 28 AR FAHO J|s CpG island: {&
Xt2l Promotor £210il CpG SIIME0l L& 2

Exon 1 CpG 12634-12767

tassteotgt covtotaten stkeatoctt Ciokoteott

1221 GTRRMMME dottacacan schcamagie OECHACLS LoAMtetang cHACATS



O Cancer cell0ll Al DNA methylation: 2 M Z0HAM= SEM HBHHIAM 2
genomic hypomethylation)tXI 28 Z &AM Z O A Ol €3 0F L O LEX] &
island promotor £ &0l DNA methylation0l EJtotH SE KX LSS AX

SsS7d

SICH (2B sBI0l 28?)

=d

| stz
DNA
Methyl-binding proteins

Histone Deacetylases
Transcription repressor

Normal Cell Cancer Cell



O A specific pattern: AML(S4& 24 &8 Acute myelogenous leukemia) 2l

gene-specific hypermethylation

O In AML, gene-specific hypermethylation shows a specific pattern, including
frequent methylation and inactivation of the p15 tumor suppressor gene

(Galm et al., 2006)

Table 2 Genes in

ic

Tumor subtype

Genes

Neon Hodgkin's lymphoma
Multiple myeloma

Chronic myelogenous leukemia
Acute lymphocytic leukemia
Acute leukemia

DAP kinase 1, p57, p16, 0°MGMT, GSTx, RARfi2, CRBP1

p16, SOCS-1, E-cadherin, p73, DAP kinase 1

p15, abl

E-cadherin, p16, p15, p73, DAP kinase 1, O°MGMT

p15, E-cadherin, SOCS-1, p73, DAP kinase 1, HIC1, RARB2, CRBP1

(Galm et al., 2006)



O Hypermethylation in p15 (+0.35%; P = 0.018) were associated with increasing
airborne benzene levels.(In article: Changes in DNA Methylation Patterns in Subjects
Exposed to Low-Dose Benzene)

coeff.= +0.35%
p=0.018

6
L

p15 methylation (%)

e @ee 0 o0 &

Y *s ..
= . 8 8 o8 srean - e L .
: ; : - . . -
25 5 10 20 40 80 160 320

airbomne benzene (meg/m3)

(Bollati et al.,, 2007)



O Gene-specific analysis showed low p15 methylation in the referent group
(mean, 1.2; SD, 0.9) that increased significantly in traffic officers (mean,
2.0; SD, 1.0) and gas station attendants (mean, 2.0; SD, 1.2; P < 0.001).

O Healthy subjects by low-level exposure to benzene- cancer risk

O Blood DNA samples- biomarker 7t ZtZ=0{0f & timely, easily & &

Table 3. Methylation levels (Cm%) of global and gene-specific methylation markers in the exposed groups (urban traffic
officers and gas station attendants) compared with referent subjects (office workers)

Referents Benzene-excosed subjects
Office workers Urban traffic officers Gas staticn attendarts
n Mean (SD} n Mezn (SD) n Mean (SD)
LINE (Cs)* 51 ) 61
Alul (o) 57 7 72 b
P15 (Cm'%) 52 2" (09) b3 i 2
MAGE-T (CmS%) 56 934 (18) k) 3 934(18)

Abbreviations: SD, stendard deviation; Crnth, methylated cytosine percentage.
*DNA methylation of LIVET and Alul repeated elements was measured as a surrogete for global DNA methylation (10).
003, ANOVA tost for diffrences amang exposure zroups.
=P <0001, ANOVA test for differences among exposure groups.

(Bollati et al., 2007)



2) Benzene- exposure susceptibility : cytochrome P4502| SNPE &
st s elxt

O SNP(Single Nucleotide Polymorphism)0ll &8 benzene susceptibility

O St gl|Bioletl) Gto 21E0IL JHelE D19 XIO0IE LT M8 =0
SATIOF 21D A= 30 AN FI| MS Ot20 el BXHE UEHHE &8 ) =
S8 HOIEIE L&Z=CH. 500~1000 EI1Y 10HEB=2 LHEHLHOE,
Q12X s 0fl= 2 3002HH2] SNPIF ETHat D UCH

O eIzt2 eIE0lU =0 42101 FEXIE 99.9% LXIGHAICH 0.1%2] SNP
HEol 212t T SA0l etXI €Ch 8t=210] Meloll HigH 21t 2tt0l &
Zels AT 0l MOINM Il X2 =ZE D AL

0ll) Cytochrome P4502E1
Table 1. Information of SNP in Locus Region in Asian Population from dbSNP NCBI

R e
Rs2070673 -298 Locus region AT A 0.440-0.500 0.500-0.560
Rs2031921 -992 Locus region /T T 0.812 0.188
Rs2031920 -1020 Locus region /T C 0.711-0.812 0.167-0.289
Rs3813866 -1531 Locus region AT T 0.717 0.283

(Zhang et al., 2010)



O Cytochrome P5402E1(CYP2E1)2l SNP(single nucleotide polymorphism, &2 & 0|
510])0] &/40| &2 AHEO| benzene toxicity0l susceptibility?} &2 :

O =20 HMANZNM FHEX =4 Y E A B (Comet assay)2| Comet rate0l CYP2E1

SNP rs203192001 Al =5

2350
z .
Z,
3 200 Table 4. DNA Damage by Phenol in Cells with CYP2E1 rs2031920 SNP
§ 150 Genotype Groups. Comet rate (%) Ratio of comet rate
il 12031920 Control 3224500 "
= . 7.2641.04
E 1.00 cc 0.01% 22.28+4.02
E 52031920 Control 3.5611.17
. 4.39£1.38
s ant 001% 13.1723.19
5 N 52070673 Control 3331086
E . 5232153
E m 0.01% 16.50£2.16
0.00
132070673 Control 3.4441.06
cc cr T . i) 4230158
Genotypes of CYP2ELrs AA/AT 0.01% 13564293

Phenol 501 ¥ lymphocyteOll Al S & &

(ZHANG et al, 2010)



6. Benzenell leukemiaZ molecular epidemiology0il Al 2| Primary prevention
o et S&&H shA

1) DNA methylation by benzene exposure — high AML risk group
2) Benzene- exposure susceptibility : cytochrome P450 SNPE 3+ 7 Ikt

O Cytochrome P5402E1(CYP2E1)0| &/ 0| =2 ArZO| benzene toxicity Of
susceptibility?} &

Vetaboism Bictamsformation Senee
i 3

4]
WHINNY Z2% Y NEA:
#4: Cytochrome P40 P
—— Glutathione B0k
SLEE
@REL) S e
5 %, Diysil  Glutathione
C02 ONA 8 40k —+ 521 Glutathione  ypymic o
s [ v,
0
L‘IP‘J‘I (\L YR
—
_ e T, CLW o Q%
Bonacivitor usyiun «—Clutathione
patheay ) (20 HEINVY B ) 1480 Hycrogmen: el urm -
A nE Rescten with macrsmolecales: il
e e—
ks wiy e ofaidve s

(Park, 2010)



SE0 ALZ0 AAN LSS E 0l CHEF susceptibilityl XHOIOIA J+&
0l : Cytochrome P5402E1(CYP2E1) S&2| Xt0l0f J]2l

O
2

Complement of fal liver cytochrome P450 (CYP) enzymes in unin-  Table 1. Classification of Human P450s Based on Major

duced and Aroclor-1254 induced states Substrate Class
Faryme Cytochrome P450 (nmolimg microsomal protein). ™5 s eicosanoids  vitamins  unknown
181 4r2 247
Untreated Aoclor treated Al 4 281
1 4F% U1
CYPIAL 004 145 381 SAl wi
CYPIA2 <003 123 1AL 341 A4
CYP2BI 003 129 1181 4A2
CYPB2 007 146 1182 i)
cvece 036 036 {7’:“\‘ i
cyrcll 120 027 :‘[’A‘: ‘: ol
cymp! 015 015 Al 7
CYP3A 039 017 WAl 20A1
46A1 3 4 521 P4s00] bael}
FESH0]A 2| 9 Fraction: Metabolic activation SiAlL - 3AS 95%0ll 20l




7. Benzene-induced AMLOIAl DNA methylation® S43t= 90|

Chemical carclnogenesls(s’.}f’—? & 245 2| Multi-stage theory (EI":*HIOIE) M=
LS HYMZETL CHEe B oﬁ:rL (pre-neoplastic) &£+ F ¥ d(neoplastic) EH

S AN of2f Ho| SO IPYO| CiEHA F JHA|-FT - dHe-TI™ oM
HO|E Soff AMZ= Hetel= 0f< 37 ’WOIEr

i r_>L'u

o
o

‘selective clonal
expansion B  paLIGNANT
epigeneic factor

O EETR

AT S
initiated | preneoplstic| malignant
cel | lesion tumor

'PROMOTION % (\ll lﬂ 0'
weolstol CIEhigh EIY SAD oMol
{promation), ehg7;

o
o al( aignart umor) 121D 2 (progression)
BB il SHEC) [ Weden]

PROGRESSION

INITIATION

wamE mM(\r.namM Aﬂ
Rusisd 2

(Park, 2010)



7. Benzene-induced AMLOIAl DNA methylation® S43t= 90|

O A0 multi-stage?t LM EHEHS flet SAHHO|

- XBR LR 9

o 27&l= SCR0[o| x4 FEAtE CHE Y(colon cancer)0|2| 471O|Ct.
o ZEn S AP0 £ 47 T XHE APC(adenomatous polyposis coli), K-ras,
DCC(deleted in colon cancer), 12|11 p53 SO|Ct.

o g

O ol YIS BECH S OfH o ojE st KHX

2y +E£ o 5is
7t chgt e He + 9ol gEolct
o g fue

= RHA SABO| ZX: 1200 ZFL| AMMZO| 120 0152 AF0| EX. AtEtel
HAL 22,5007 F °f 2% FHA| EAHO7} Wkt 2EHO| UCH O|F YAMEHME
HE KT o 7070, HMIZOIM = o 342702 RAXIL BFO| Qe HE FHED

= X= T

0 2% /AL 3 3F 2 Proto-oncogene(Z A -3 X}), tumor-suppressor gene( & A |- T At
2} DNA mismatch-repair gene(DNA =R X



7. Benzene-induced AMLOIAl DNA methylation® S43t= 90|

0 2% 578Xt2l 3 B35 Proto-oncogene(Z A TR XL, tumor-suppressor gene(H
QoI H| 3 M XH)2t DNA mismatch-repair gene(DNA 4R F Xt o E A= 0|0f| 28}
2 -> 7|EQ 0|5 R 752 AA.

O p53(RFAF TP53) SO BE 20| 50%0A LMo Fa flol

» Apoptosis
DNA @24 -
b ine Homse . Splicung
—y DDR®| ATM pathway
[ oA repar
b Fiisstd o
T Transcrpiion 15 x ~
'DDR=) & M Al tme\_/

v
Gonotc disasen, Roing, €ancer N

wow2 J 5D,

DDR: DNA-damage response . J . )
2 0j o5

LZT) Apoptosis

ATMO|| apoptosis
(Park, 2010)



7. Benzene-induced AMLOIAl DNA methylation® S43t= 90|

O AMLS| EHXLOII M LIEfLE= S #O| ST XH= 9 117H: CHE & Proto-oncogene, tumor-suppressor
gene®t DNA mismatch-repair gene 73

Table 2
Frequency of molecular mutations in AML de rovo .

Mutated gene AML de novo
FLT3(TD) 35%
FLT3(TKD) 9%
NRAS 10-15%
KiT®1® ~5%
MLL(ITD) 3%
RUNX1 10-15%
P53 10%
PIPNII ~2%
NPMI 35-50%
CEBPA 6-15%
JAKZEVE 2-5%

Table 2 Genes frequently methylated in

Tumor subtype Genes

Non Hodgkin’s lymphoma DAP kinase 1, p57, p16, 0°MGMT, GSTx, RARP2, CRBP1

Multiple myeloma p16, SOCS-1, E-cadherin, p73, DAP kinase 1

Chronic myelogenous leukemia p15, abl

Acute lymphocytic leukemia E-cadherin, p16, p15, p73, DAP kinase 1, O°MGMT

Acute kemi; p15, E-cadherin, SOCS-1, p73, DAP kinase 1, HIC1, RARp2, CRBP1

(Galm et al.,, 2006)
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Table 2 Genes methylated in

Tumor subtype Genes

Non Hodgkin's lymphoma DAP kinase 1, p57, p16, O°MGMT, GSTx, RARf2, CRBP1

Multiple myeloma p16, SOCS-1, E-cadherin, p73, DAP kinase 1

Chronic myelogenous leukemia p15, abl

Acute lymphocytic leukemia E-cadherin, p16, p15, p73, DAP kinase 1, O°MGMT

Acute myelogenous leukemia p15, E-cadherin, SOCS-1, p73, DAP kinase 1, HIC1, RAR(2, CRBP1

Table 1 Pathways disrupted by aberrant CpG island methylation associated with gene silencing in human cancer.

Pathway Genes

Cell cycte control Rb, p14, p15, p16, p73

Cell invasion and adhesion E-cadherin, APC, TIMP-3, VHL
Regulation of apoptosis DAP kinase 1, caspase 8, TMS-1
DNA damage repair O°MGMT, hMLH1, BRCA1, GSTx
Growth-factor response RARBZ, CRBP1, SOCS-1, SOCS-3, ER

(Galm et al., 2006)
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O Benzene-induced methylation vs Benezne-induced mutation: &% S & Proto-
oncogene, tumor-suppressor gene2t DNA mismatch-repair geneOi|A] 24

O DNA-methylation2 2 LUASHO| 27 &= /42

erouonon = O O]

4

SNEE (DNA A4S N2 HAME 2E6 R : co-carcinogen)

» EATLY i )

AXLASH (Complete carcinogen)

No DNA &4

N atoidc cardiiiogent

(0ll) Epigenetic factor: DNA-methylation

(Park, 2010)
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