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Current Status of Genomic Epidemiology Research
Daehee Kang, Kyoung-Mu Lee
Department of Preventive Medicine, Seoul National University College of Medicine
Genomic epidemiology is defined as “an evolving field of inquiing  epidemiological research due to high population attributable risk.
that uses the systematic application of epidemiologic methods and In this paper, the summarized results of the association study
approaches in population-based studies of the impact of human  between single nucleotide polymorphisms (SNPs) and breast
genetic variation on health and disease (Khoury, 1998)". Most  cancer in Korea were introduced and the international trends of
human diseases are caused by the intricate interaction among  genomic epidemiology research were reviewed with an emphasis
environmental exposures and genetic susceptibility factors.  onintemet-based case-control and cohort consortium. ’
Susceptibility genes involved in disease pathogenesis are 2003:36(3
categorized into two groups: high penetrance genes (i.e., BRACT, Korean J Prev Med )213-222
RB, etc.} and low penetrance genes (i.e., GSTs, Cyps, XRCC1, ets),  Key Words: Genome, Epidemiology, SNP, Case-control study,
and low penetrance susceptibility genes has the higher priority for Cohort study
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N 2 Aoz o]4d & 9] AE A swdy) § ZIE ATE FHozZ A
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AQ 807 FAHY 8909 FeAE
A 2% AT 2 Jolse $AG
(genetic epidemiology) [2] £°F7} 1980
WOE A 2ol AAUA Ho
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e F4d4 Fur} 9 52 FFHE
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A% 1 02-740-8326, B2

A1 A4 drAeE Aoz &
g 2 A2 A
AQoz Zﬂ,%‘é}% +ok(an evolving
field of inquiry that uses systematic
applications of epidemiologic methods
and approaches in population-based
studies of the impact of human genetic
variation on health and disease)’ & 7 9]
33 ek & Khowy 5 [3)2 o3
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cleotide polymorphisms: SNPs)3} ZH
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: 02-747-4830, E-mail : dhkang@snu.ac.kr)
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& ATk [45]. Fei7E obd Aol AEAHH A=A
AR dgAtNg B fA 2 YE 2AE g F A W, @ 12
B4 434 034 499 7)2S,0 A  FUNE A7} 7HE 3, ® Y
E849] % QA(biological relevance), H 2 ¥4 AEFY FHo] £ WY
@ variant alleled] M=, @) o] £ & 93l F L IEE E T YRR dR
EAAR B P £78 £ 4 3 HASNP B WY B, S5 08 R
ok =3, Qe Aol B2 SNP o AYEE vjwsiH Table 334 2} [9-16].
olElWle]2E0] FFHIL Yol FAH
A AR e A de ¢ 9 FEX O fUgel Ett
£, EHQ ot Table 20] Ao} AP AP
At [6-8]

o 4HQl A% CHA(SNP) #44
el 2oz @ ofr 24¥0] 39 d
AL, HAR] HEZRE 2AEel 9
A AWEsE PO 2859 B, S
AZ % Az 2R AYHoR & &

249 W, @ DNA sampleo] 348l 4399 728 9974 Agsde

Table 1. Characteristics of two categories of susceptibility genes

High Penetrance Low Penetrance

Role necessary and sufficient neither necessary nor

for disease sufficient for disease
Frequency in population low to rare often common
Familial hereditary pattern clear equivocal
Strength of association high - low to moderate
Absolute risk of disease high © low
Population attributable risk low high
Role of environmental exposure secondary and variable critical
Gene-environmental interaction secondary and variable primary and implicit
Study type family population
Examples BRCAI/Z, RB, etc. GSTs, CYPs, XRCC1, etc.

modified from Caporaso {4] and Zheng [5]

Table 2. Usefu! websites for SNP databases

Database [Ref] Website
NCBI SNP database [6] www.ncbi.nlm.nih.gov/SNP
SNP Consortium (TSC) [7] snp.cshlL.org
HGVbase [8] hgvbase.cgb.ki.se
SNP500Cancer database

(CGAP, Cancer Genome Anatomy Project) snp500cancer.nci.nih.gov/home.cfm

Table 3. Comparison of SNP genotyping methods
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XL

5‘3&,11

B

[ o EETO: ao] ?
da 3 Ay A, Ee A

ow, y2e) ATY Adol g AR
o2 4t BE A7

[20,21].

4Bz 2 NS BT 499
ATFdAARE 20039 49 dA SR
1,1479, 92T 1,016 0™, Table 49
ANE 7zke) §3474 B84 PCR,
PCR-RFLP, TagMan Assay, Real-time
PCR, PCR-CTPP, SBE, MALDI-TOF
MS Ho R gelsein.

2. @781
1) variant allele 2%
Table 4% 7} 44 T84 @2 4]

Methods [Ref] ~ Characteristics Throughput Cost Accuracy
Sequencing identification of novel SNP locus + 4+t A+
RFLP {9] restriction fragment length polymorphism + ++ 4+

- SSCP[10] single-strand conformation polymorphism + + +
DASH [11] dynamic allele specific hybridizationd - + -
TagMan [12] difference in hybridization (5 -exonuclease) ++ +++ ++
PCR-CTPP[13] allele-specific PCR with confronting two-pair primers ++ + ++
SBE (14] single base extension (blocking nucleotide synthesis by ddNTP) +4++ ++ +++
MALDI-TOF MS [15] matrix-assisted laser desorption/ionization time of flight mass spectrometry +4++ ++ +++
Oligonucleotide chip [16]  simultaneous genotyping for thousands of SNPs ++++ +++ ++




Table 4. List of genes and polymorphisms analyzed in Korean breast cancer cases

and controls
Gene Polymorphism Case  Control M Genotyping
% Method
Xenobiotics metabolism
GSTM1 deletion 188 181 null 52 PCR
GSTT! deletion 189 189 null 41 PCR
GSTPI Ile105Val (A>G) 189 189 G 18 RFLP
NATI 11 variants 284 366 *10 46  TagMan
NAT? 24 variants 292 381 fast 15 TagMan
CYP2EI 5 UTR 1259G>C 306 358 C 18 RFLP
EPHX Thr113His (T>C) 169 175 C 57 DASH
NQO! Pro187Ser (C>T) 307 390 T 44 RT-PCR
ALDH?  Glu487Lys (G>A) 592 523 A 19 PCR-CTPP
MTHFR  667C>T 314 364 T 41  RFLP
Estrogen synthesis & metabolism
ER-2 PuvIl (P/p) 310 376 P 60 RFLP
Xbal (X/x) 310 376 X 75 RFLP
Pro325Pro (C>G) 792 760 G 52 MALDI-TOF
Thr594Thr (G>A) 820 785 A 18 MALDI-TOF
CYPIAI  Ncollled62Val (G>C) 537 445 G 27 SBE
Mspl 6235T>C 423 289 T 47 SBE
CYPIB1  Val432Leu (G>C) 308 399 G 11 RT-PCR
CYPI7 5 UTR 1931C>T 500 426 T 42 SBE
CYPI9 Arg264Cys (C>T) 389 345 T 21 DASH
coMT Val158Met (G>A) 188 330 L 25 RFLP
DNA repair
hOGGI  Ser326Cys (C>T) 307 350 T 55 RFLP
XRCCl  Argl94Tip (C>T) 306 315 T 33  RELP
Arg399GIn (G>A) 307 315 A 30 ~RFLP
XRCC2  Argl88His (G>A) 864 786 A 0  MALDITOF
XRCC3  Thr241Met (C>T) 517 376 T 4 SBE
XRCC4  921G>T 844 812 T 28 MALDI-TOF
XRCC6  Gly593Gly (G>T) 477 464 T 0  MALDI-TOF
ERCC2  Asp312Asn (G>A) 557 445 A 5 SBE
ERCC4 2505T>C 386 337 C 23 DASH
ATM Ser707Pro (C>T) 547 439 T 0 SBE
1066-6T>G 500 410 G 0 SBE
AGT Tle143Val (A>G) 442 424 G 01  SBE
Gly160Arg (G>A) 493 437 A 0 SBE
LIG4 Asp501Asp (T>C) 872 808 C 0 MALDI-TOF
RAD5I 5 UTR 135G>C 834 734 C 16 ~ MALDI-TOF
5 UTR 172G>T 837 740 T 6 MALDI-TOF
RADS2 3 UTR 2259C>T 875 826 T 56 MALDI-TOF
Cytokine & growth factor
TGF-G1 LeulOPro (T>C) 594 521 C 47 PCR-CTPP
TNF-# 252A>G 588 516 G 46 PCR-CTPP
IGF-1 3 UTR 2505T>G 595 518 G 24 PCR-CTPP
IL-18 .5 UTR3ICT 595 525 C 49  PCR-CTPP
ILIRN 86bp VNTR 595 522 *2. 15 PCR-CTPP
HER2 ' Te655Val (A>G) 586 519 G 12 PCR-CTPP
BAR2 GIn27Glu (C>G) 589 523 G 10 PCR-CTPP
Celi cycle control
CCNDI  8I0G>A 816 805 A 53 MALDI-TOF
CDK7 99T>C 730 653 T 56 MALDI-TOF
BCL-6 397G>C 847 785 C 21 MALDI-TOF
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genotype odds ratio frequency
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CI053TSUTR  50n —

ALDH2GIu487Lys GlulLys < Lys:18%
LysiLys «—t—

GSTP1 lle105val  lle/Val > Val : 19%
Val/Val - 5

MTHFR C667T CcT «—t—> T:43%
‘rT <—-—“|—_>

CYPTAT A4889G AG > G:26%
GG >

EPHX Tyr113His  Tyr/His “+— His : 57%
His/His «

NAT2 rapid “+—> rapid : 42%

NAT? *10/any R *10 : 46%
*11/any —+ *11:0.2%

Figure 1. Carcinogen metabolizing enzyme genes and breast cancer.

Figure 2. Estrogen synthesis and metaholism related genes and breast cancer.

genotype odds ratio fregltlﬂﬁcy
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Xbal (X/x} Xx4xx «> x:75%
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AA g
COMTVal 158Met  Val/Met < ¥ > Met : 24%
MetMet <«—
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Val/Val +
CYP19 Arg264Cys  Arg/Cys et > Cys : 20%
Cys/Cys —
CYP17 TC e C:44%
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genotype odds ratio lre%‘ll.leelﬁcy
XRCCT Arg194Tmp  Arg/Trp 00 05 J_IO 15 2025 50 Trp : 34%
Trp/Trp >
XRCCT Arg339GIn  Arg/Gin > Gin:31%
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XRCC4 G921T GT PSS T:28%
T -
RAD51 G135C GC PTG C:13%
cc —
G172T GT > T:6%
T P
RADS2 C2259T CT —— T:53%
T “p—r
Figure 3. DNA repair genes and breast cancer.
i allele
genotype odds ratio frequency
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IGF1 TG <t G:24%
T2502G 3'UTR GG >
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AA <>
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Figure 4. Cytokine, growth factor, and cell cycle control genes and breast cancer.
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2. GSEC (International Col-
laborative Study on Ge-
netic Susceptibility to
Environmental Carcino-
gen: International Pooled
Data Analysis Project)
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Table 5. Percentage of SNPs analyéed for the subjects in GSEC database

Gene Controls, n (%) Cases, n (%)
GSTM1 17,843 (74.7) 16,937 (80.3)
GSTT1 10,672 (44.7) 11,753 (55.7)
CYPIAI 10,133 (42.4) 8,780 (41.6)
CYP2E] 4,178 (17.5) 3,701 (17.5)
CYP2D6 5,811 (24.3) 5,805 (27.5)
NAT2 7,121 (29.8) 6,108 (29.0)
GSTM3 1,820 ( 7.6) 3,098 (14.7)
GSTP! 5,166 (21.6) 5,744 (27.2)
HPX 1,144 ( 4.8) 1,003 ( 4.8)
NAT1 1,714 ( 7.2) 1,999 ( 9.5)
CYP2CI9 1,615( 6.8) 1,051 ( 5.0)
Two genes 4,846 (20.3) 4,962 (23.5)
Three genes 4270 (17.9) 3,879 (184)
Four genes 3,532 (14.8) 2,685 (12.7)
Five or More genes 4,159 (17.4) 4,773 (22.6)
Total 23,874 (100) 21,092 (100)

(from http://www.gsec.net)

1. US National Cancer In-
stitute Cohort Consor-
tium
75 NCIE 44 98 A9 a3
R4l 532 9J3te] 1087 o] AT
WAAE 3 H3sl= 73 Ed 3 (cohort
consortium)g FA3s vt (hitp://
ospahome.nci.nih.gov/cohort/default.
htm). ©]& NCI9] 2 9& 42 Cancer
Genetics Working Group (19963 A )
0] 19991 “Genes and the Environment’

T A 23& FFHEAM 7]&d &
AL gle d7AdE S8 88
A% ALY AH=A, ASEAY 7
A% F Jde 4T AH8AE
3} Zro] AAsta 9t 1) DNA sample
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el TEEFO] dojof 3kn, 2) 2010
7R #Hag 1,500 9 3k g
Aoz FAEoof 81, 3) Al A
& A2 9T YSEAA A
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R} A ZdA A A R E 0] glomA,
5) A (consortium)e] & L A7 3
A 2JA7} glojof gt Table 62 F2.
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Principle Study” 24 $85 6], WA
databaseT& o|83lo] FHRAFHAY &
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Aol FZEY FA-UZTE ATLEHR
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g ootk &, S 2 AYMLE
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A+E A8 o] IGF (insulin growth
factor) @ IGF-binding protein®] 4+F9]|
oA GEe #d A7E FPsta gl
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2. COGENE (Co-ordination
of Genomes Research
Across Europe)
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Table 6. List of cohdrts in US NCI cohort consortium

: .. . . No. Cancer
Year No.at Female Ethnicity Biospecimen . .

‘Cohons began entry %) %) (%) Types of Biospecimen (bz (2((71(;2)
AARP Diet and Health Study (US) 1995 540833 40 White(92) 27?{;‘1)00 ?53 buccal cell (planning) 30,000 (6)
Agricultural Health Study (US) 1994 89,190 35 White (97) buccal cell 2000 (2)
The Black Women' s Health Study (US) 1995 64,500 100 Af-Am (100) buccal cell 700 (1)
California Teachers Study (US) 1995 133479 100 White (87) 432 (0.3) buccal cell cheek brushes 13,400 (10)
Physicians Health Study U1 (US) 19811997 29571 0 Whitt©4) o0 Egg; plasma & red cells/buffy 3,607 (12)
Clue Cohort (US) 1974/1989 58,000 55 White (98) 58,000 (100) serum, plasma, RBC, buffy coat 3,263 (6)
Women' s Health Study (WHS) (US) 1992 39876 100 White(94)  28,133(71) plasma, buffy coat, RBC 1,699 (4)
PLCO (US) 1993 148000 SO White(90)  60,000(41) plasma, buffy coat, RBC 3,000 (2)
Nutrition Intervention Trials in . plasma, buffy coat, RBC,

Linxiny (Chin) 1985 32902 55 Asian(100) 32902(100) PR 3,656 (1)
Multiethnic Cohort (US) 1993 215251 55 White (23) 8,900 (4) z‘:;tmmﬂzsma RBC, buffy 18,300 (9)
The Shanghai Male Cohort Study (China) 1986 18244 0 Asian(100) 18244 (6) serum, urine 1,178 (6)
The Singapore Chinese Health Study 1993 63257 56 Asian(100) 1,500 () Plasma, serum, RBC, 2,355 (4)

(Singapore) buffy coat, urine
Vitamins & Lifestyle Study (VITAL) US) 2000 75000 53 White (93) 35,000 (47) buccal cell N/A
Shanghai Women' s Health Study (China) 1992 75,000 100 Asian(100) 60,000 (80) plasma, RBC, WBC 1,200 (2)
Prevention Study (CPS) I Nutrition 1982 184000 53 White(7)  40,000(22) serum, plasma, buffy coat, RBC 20,000 (11)

Cohort (US)

Health Professionals Follow-up 1986 51,529 0 Whie(97)  33,000(64) plasma, WBC,RBC, buccalcell 4,000 (8)

Study (US)

Nurses Health Study (US) 1976 121,700 100 White85) 32,826 (30) plasma, buffy coat, RBC

Nurses Health Study I (US) 1989 116,671 100 White (94) 29,500 (25) plasma, bufty coat, RBC, urine »

EPIC (Europe 8 countries) 1993 480,000 69 White (100) 400,000 (83) serum, plasma, buffy coat, RBC 15,200 (3)
ATBC Study (US) 1985 29,133 0 White(100) 29,133 (100) serum, RBC, toenail 7,000 (24)
New York Womens Health Study (US) 1985 14275 100 White (85) 14,250 (100) serum, blood clots 2,000 (14)

A AT B3l 3] 2Abe}aL, tiFoll o
& T R3k= 3, ek skpopulation
genetics)d| )8 $) 34K Co-ordination
of European Population Databases for
Investigating Genetic Susceptibility to
Disease: Oct 17-19, 2002, Cyprus)3} o}
242 4| 8H(pharmacogenomics)ol| 3t
2 34HThe 2nd COGENE workshop on
Pharmacogenomics: Sep 26-27, 2003,
Frankfur)s o3 434k Agsta

o Zdzrlel §44)
glov, w3, $F
$ 93 Q78 Slad Ao f97
7} el 1,0007] o] de] AgE 7HA 1L
£ 33 E(population cohort) 37|45k

& 2 0|59 9L ALY
2 Az it} (Table 7).
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UK Biobank Project
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Table 7. Major European population cohorts/biobanks collected for genetic stiudies (>1000 samples)

Country Cohorts/Registry DNA Biobanks/Subjects
Austria Austrian Disease and Health Bank Project Frozen tissues: >20,000; Paraffin embedded tissues >2,5 M;
Patient data >600,000
Cyprus Histocompatibility Laboratory at the Paraskevaidion Transplant Center ~ Approx. 3,000 DNA samples
Czech Masaryk Memorial Cancer Institute Breast ca. pts & healthy >1000 DNA samples
Cystic Fibrosis Registry >2,500 DNA samples .
Thrombofilia Registry >1,000 DNA samples
Estonia Estonian Genome Project 10,000 participants (DNA & health records)
Cancer Register 30,000 samples?
Finland Finnish Twin Cohort 170,000 samples
Health 2000 Cohort 11,500 samples
Northern Finland Cohorts 21,000 samples
FINRISK 92 8,000 samples (cardiovascular diseases)
FINRISK 97 10,000 samples (cardiovascular diseases)
FINRISK 02 11,000 sample (cardiovascular dlseases)
Diabetes Cohort 6,000 samples
Autism Cohort 2,000 samples
Psychosis Cohort 3,000 samples
Germany KORA/MONICA >20,000 individuals (for cardiovascular disease & diabetes)
EPICS >30,000 individuals
PopGen 2.3 million individuals (for 12 “civilization diseases)
Israel Ashkenazi Jewish population several thousands samples (IDgene Pharmaceuticals Ltd)
The Israel Ischaemic Heart Disease 10,000 civil servant men
Jerusalem Lipid Research Clinic 7,000 middle aged and 8600 offspring
Jerusalem Perinatal Study 92,000 children & 40,000 of their mothers.
Latvia Latvian Diabetes Registry 31,000 patients
Nether- Cohorts of elderly subjects from many studies
lands Twin Cohorts Netherlands Twin Register (adult/young twins): depression,
cardiovascular etc.
Norway CONOR - Cohort of Norway 175,000 participants
MOBA - Norwegian mother and child cohort 16,000 mothers
Portugal  Bleeding disorder register 2,800 samples
Cardiovascular disease register 1,746 samples
Cystic fibrosis register 4,100 samples
Sweden The Vasterbotten Project Cohort 70,000 samples
The Northern Sweden Monica Cohort 7,000 samples
The Vasterbotten Mammary Screening Cohort 35,000 samples
UK Biobank UK 500,000 participants (planning)

MRC - Genetic Materials Collection
National Child Development Study
EPIC-Norfolk: Prospective study on cancer
ALSPAC

Million Women Study

ProtectT Study

14 collections of genetic material (complex disease patients)
17,000 participants

30,000 aged 45-74 yrs

14,000 children born in Bristol area 1991-2

Breast cancer screening programme

Prostate cancer study
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4. Japanese Cohorts for
Genomic Epidemiology

UdEox= @A JPHC (Japan Public
Health Center-based prospective study)
(http://www?2.ttcn.ne. jp/~epidemiology/j
phe) [47] 2 JACC (Japan Collaborative
Cohort Study) [48]9} 722 dl+F=9] ¢
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5. Korean Multi-center
~Cancer Cohort (KMCC)
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