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Biobank Japan Summary at 2006 November 30

Hyperlipidemia 33,312|Myoma uteri 4,678|Leukemia 1,173
Diabetes 32,506|Pollinosis 4,656|Cervical caner 1,105
Cataract 13,541|Prostate cancer 4,406 (Hepatitis B 1,073
Cerebral infarction 13,280|Gaucoma 4,233 |Esophageal cancer 1,057
Stable angina pectoris  12,152|Unstable angina pectoris 3,521|Uterine corpus cancer 901
Arrhythmia 12,135|Lung cancer 3,519(Nephrotic syndrome 885
Myocardial Infarction 11,020{Rheumatoid arthritis 3,477 |Ovarian cancer 805
Bronchial asthma 7,084 |Atopic dermatitis 2403|ALS 746
Cardiac failure 5,640{COPD 2,311|Tuberculosis 664
Colorectal cancer 5,520(Cerebral aneurysm 2,291|Keloid 652
Breast cancer 5433|Liver cirrhosis 1,978|ILD 571
Gastric cancer 5,386|Hyperthyroidism 1,947|Drua- induced hvnersensitivitv 486
Urinary stone 5,344 |Arteriosclerotic obliterans 1,847 |Febrile seizures 407
Osteoporosis 5,286 |Epilepsy 1,831|CCC 406
Periodontitis 5,019|Liver cancer 1,826|Pancreatic cancer 404
Hepatitis C 4,780|Endometriosis 1,450| Total 235,147

|IC asked 192,332 patients

|IC obtained 165,221 patients Tlglikanes; 2a]107Gases

( 85.9%)

Withdrawn

150

Individuals
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Sources of Data : Large-scale

studies

e UK Biobank

e A study of genes, environment and health
e Www.ukbiobank.ac.uk

Health N
particigants blood sample to extract DNA _ participants tra cked for
aged 45-69 medical examination and questionnaire at least 10 years

e The Wellcome Trust: £28 million
e The Medical Research Council: £28 million
e UK Department of Health: £5 million

e Information to be made freely available to
researchers!



What is GWAS?



Large cohort of cases and controls (n =1,000)

» Matched for confounding variables, such as race,
ethnicity and sex

» Stratified in order to maximize signals

Microarray-based SNP genotyping
» -1 million random marker SMPs or
~25,000 risk-enhancing SNPs (for example, nsSNPs)

Derivation of haplotypes
» Predicated on International HapMap

Detection of association signals

« y* or similar test

* Uncorrected P <1077 or false discovery rate-like
correction

Fine mapping of association signal (see FIG. 2)

» Directed genotyping of additional SNPs in region
» Fine mapping of LD in region of association

» Empirical derivation of hapletypes

» Examination of effect of stratification, if available

Replication of association

» Large independent cohort of cases and controls
(n =1,000)

» Genotyping of nominated candidate SNPs (<20)

= 4% or similar test; replication of initial signal

Biological validation of association

» |dentification of risk-enhancing variant

» Examination of functional consequence of variant
» Determination of mechanism of risk-enhancement
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Samples require vs AF at
difference odds ratios
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CDCV vs heterogeneity mode|

e Common disease common variants
— Interaction of common alleles cause diseases

 Heterogeneity model
— Multiple rare alleles cause diseses



Risk of disease

Genetic relatedness vs
Risk of disease

— Heterogeneity mode

e = CDCV model

S o
- === Risk in population

N Cancer, stature

Genetic relatedness

MNature Reviews | Genetics



Example from WTCCC study
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Schematic diagram of WTCCC
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QQ plot of X2 statisitics comparing
two control populations
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Comparison of populations from 12
different geographic areas
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Correction of population
stratification

® WTCCC

- Excluded samples
* YRI

* CEU

e CHB+JPT




Table 3 | Regions of the genome showing the strongest association signals

Results of assoclation studies

c o Region (Mb SNP T ke, - = T o o b L
2 P enew E £y 8% &3 3 3 2o 22 = =

3 g " e 5E 43 &t % 3 ge g 3 : 3

o o 0 a Sa SO w e = 58 - 5 >

5 = *3 T3 S
Standard analysis
BD 16pl2  23.3-23.62 rs420259 219 x 107 £20x 1077 196 479 A G 208 (lA0-271) 2.07(16-269) 0282 0248
CAD Gp21  21.93-2212  rs1333049 179 x 107 1lex 107" 1166 1119 C C 147 (127-170) 1.9(1.61-2.24) 0474 0.554
D 1p31  67.3-67.48  1s11805303 645 x 1072 585x 107 1007 941 T T 139(122-158) 1.86(1.54-2.24) 0.317 0.391
D 2q37  23392-234  1s10210302 710 %107 s526x107Y 1111 1128 T € 119(101-141) 1.85(1.56-2.21) 0481 0.402
D 3p21  49.3-49.87  rs0858542 771 x107% 358 x107% 424 522 A A 109(096-124) 1.84(1.49-226) 0282 0.331
D 5pl3  40.32-4066 rs17234657 213 x107% 199x 107" 1041 98% G G 1.54(134-176) 2.32(1.59-3.39) 0125 0.181
D 5933 150.15-150.31 rsl000113 510 x107% 315x107% 536 501 T T 1.54(131-182) 1.92(0.52-4.00) 0067 0.008
D 10g21 64.06-64.31 rsl0761659 268 x 1077 175x107% 469 413 G A 123(105-145) 155(1.3-1.84) 0461 0406
D 10924 101.26-101.32 rs10883365 141 %10 ™ 582x107™ 591 548 G G 1.2(103-1.39) 1.62(137-192) 0477 0537
D 16g12  49.02-494  rs17221417 936 x10°% 398x 107" 893 847 G G 1.29(113-146) 1.92(1.58-2.34) 0287 0.35
D 18pl1 12.76-1291 rs2542151 456 x107% 203x 107" 542 500 G G 13(114-1.48) 201(146-276) 0163 0.208
RA 1pl3 113.54-114.16 rs6679677 490 X107 % 555x10°% 2236 2199 A A 198 (172-227) 3.32(1.93-569) 0.09 0.168
RA 6 MHC rs6457617% 344 X 1077¢ 518 x1077° 7484 7318 T T 236(197-284) 521(4.31-630) 0485 0.685
T1iD 1p13 113.54-114.16 rs6679677 117 ¥ 107°° 543 % 107°° 2307 2283 A A 182(159-209) 519(3.15-855) 009 0.169
TiD B MHC rs9272346° 242 % 107 547 x 107 1419 1422 A G 549 (4.83-6.24) 1852 (27.03-1269) 0387 0.150
TiD 12913 54.64-5508 rs11171739 114 107" 971x 107 889 824 C C 134(117-154) 1.75(1.48-2.06) 0423 0.493
T1D 12924 109.82-111.49 rs17696736 217 x10° ¥ 151 x 107 1253 1188 G G 1.34(1L16-153) 1.94(1.65-2.29) 0424 0506
TiD 16pl13 10.93-11.37 rsl2708716 924 x 107 492x 107" 515 470 A G 1.19(097-145) 1.55(1.27-189) 0350 0.297
T2D 6p22  20.63-2084  rs0465871 102 x107% 334x 107 415 398 C C 1.18(l04-134) 217(1.6-295 0178 0.218
T2D 10925 114.71-114.81 rs4506565 568 x 1072 505x 1071 1014 943 T T 136(L2-1.54) 1.88(156-2.27) 0324 0.395
T2D 16g12 52.36-52.41 rs9939609 524 x10°% 191x 10797 535 505 A A 134(117-152) 155(1.3-1.84) 0398 0.453
Multi-locus analysis
TiD 4q27 123.26-12392 rs6534347 448 x 10777 183 x107% 515 469 A A 1.30(110-155) 1.49(1.25-1.78) 0351 0.402
TiD 12p13  9.71-9.86 rs3764021 719 x107% s08x 107" 212 455 C T 157 (138-179) 148(1.25-175) 0467 0.426
Sex differentiated analysis
RA 7932 130.80-130.84 rsll1761231 391 x10°97 137x10°% - - G A 144(119-175) 164(1.35-1.99) 0375 0.327
Combined cases
RA+TID 10pl5  6.07-6.17 152104286 592 x 107" 252x107% 526 445 T C 135(L11-1865) 1.62(1.34-197) 0286 0.245




Implication: Small molecule drug
targets

Table 2 | Loci and variants associated with multiple diseases in GWA studies

Locus Variant (rs) Disease Refs
PTPN22 6679677 RA 18
T1DM 18
IL2ZRA 2104286 RA 18
T1DM 18
PTPN2 2542151 T1DM 51
CcD 18,46
TCF2 4430796 T2DM 53
PC 53
FTO 9939609 T2DM 18
Obesity 71
APOE 4420638 Triglyceride level 54
Alzheimer's disease 90
8q24 6983267 PC 79,81,113
CcC 111-113
IL23R 11209026 CcD 43
Psoriasis 21

Abovevariants are associated P <5 ¢ 107, CC, colorectal cancer; CD, Crohn's disease; PC, prostate
cancer; RA, rheumatoid arthritis; TIDM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus.
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Some GWAS examples

Genome-wide association study shows BCLT1A
assoclated with persistent fetal hemoglobin and
amelioration of the phenotype of 3-thalassemia
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BMC MEdlcal Genetlcs BiolNed Central

Research Open Access
Genome-wide association with select biomarker traits in the
Framingham Heart Study

Emelia ] Benjamin* 1234, Josée Dupuis!#, Martin G Larson!,
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ORIGINAL ARTICLE

Genome-Wide Association
for Methamphetamine Dependence

Convergent Results From 2 Samples

George R. Uhl, MD, PhD; Tomas Drgon, PhD; Qing-Rong Liu, PhD; Catherine Johnson, MSc; Donna Walther, MSc;
Tokutaro Komiyama, MD; Mutsuo Harano, MD; Yoshimoto Sekine, MD, PhD; Toshiya Inada, MD;

Norie Ozaki, MD, PhD; Masaomi Iyo, MD, PhD; Nakao Iwata, MD, PhD; Mitsuhiko Yamada, MD;

Ichiro Sora, MD, PhD; Chih-Ken Chen, MD, PhD; Hsing-Cheng Liu, MD, PhD; Hiroshi Ujike; Shih-Ku Lin, MD



Private services

signin | claim codes | help

23andMe genetics just got personal. é Wisit our blog!

1866 Gregor Mendal discovers the laws of inharitanca,

200,000 years ago: Homo sapiens walks the Earth 2003: The Human Genome Project maps a single person’

3 Jenona

2007: 23andMe introduces the first Personal Genome Service.
Unlock the secrets of your own DNA. Today.

175,000 years ago: The mother of all present-day humans is born in Africa

1953 Watson and Crick uncover the double-helx structure of DA
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Implication: Disease prevention

* Increased cost-effectiveness of prevention
strategy by gene-based risks stratifying
— Streptococcus pneumoniae vaccination
— Latent TB treatment
— HPV vaccination

* Increased survelillance in high genetic
risks



Implication: Personalized medicine

« US FDA recommended to test HLA-B for
— Carbamazepine in Asian (HLA-B*1502)
— Abacavir in Caucasian(HLA-B*5707)
— TPMT genetic test for 5-FU
— CYP2*9 and VKORC for Warfarin dosing

« Selection of effective drug
* Avoidance of side effect



Pharmacogenomics
case study



HLA-B=5701 Screening for Hypersensitivity
to Abacavir

The NEW ENGLAND Jid L NMAaL :_rMI'_IJI.LI.I:'\-II:

DRIGINAL ARTICLE

HLA-E*5701 Screening for Hypersensitivity
to Abacavir

Sirnon Mallal, M.B., B.5., Elizabeth Phillips, M.D., Giampiero Carosi, M.D.,
|ean-Michel Maolina, M.D., CassyWarkman, M.B., B.5,, |anez TomaZié, M.D.,
Eva |igel-Guedes, M.D,, Sorin Rugina, M.D., Oleg Kazyrev, M.D.,

Juan Flores Cid, M.D., Phillip Hay, M.B., B.5., David Molan, M.E., B.5,
Sara Hughes, M.5c., Arlene Hughes, Ph.D., Susanna Ryan, Ph.D.,
Micholas Fitch, Ph.D., Daren Tharborn, Ph.D., and Alastair Benbow, M.B., B.5.,
forthe PREDICT-1 Study Team®

NEJM; Feb 2008



HLA-B-5701 Screening for Hypersensitivity
to Abacavir

Double-blind,prospective,randomized
1956 patients from 19 countries
Naive to abacavir

Randomly assigned to
— Prospective screening of HLA-B*5701 or

— Standard-of-care approach without HLA-B testing
(control group)

Observe for 6 weeks
Epicutaneous patch testing with abacavir in HSR



Statistical analysis

e Two primary endpoint

— Clinical hypersensitivity

— Lab-confirmed hypersensitivity
 Logistic regression (exact)

o Sensitivity,specificity of HLA-B calculated
In control group



Positive for Negative for Performance Characteri
roup HLA-B*5701 HLA-B*5701 Total for Hypersensitivity Rea

number of patients percent (95% Cl)
ally diagnosed hypersensitivity reaction
population that could be evaluated
ypersensitivity reaction 30 36 66 Sensitivity: 45.5 (33.1-5

o hypersensitivity reaction 19 762 781 Specificity: 97.6 (96.2-9
PPV: 61.2 (46.2-74.8)
NPV:95.5 (93.8-96.8)

 subgroup
ypersensitivity reaction 29 32 61 Sensitivity: 47.5 (34.6-6
o hypersensitivity reaction 19 638 657 Specificity: 97.1 (95.5-9

PPV: 60.4 (45.3-74.2)
MNPV:95.2 (93.3-96.7)

inologically confirmed hypersensitivity reaction
population that could be evaluated
ypersensitivity reaction 23 0 23 Sensitivity: 100 (85.2-1(

o hypersensitivity reaction 25 794 819 Specificity: 96.9 (95.5-9
PPV: 47.9 (33.3-62.8)
NPV: 100 (99.5-100)

> subgroup
ypersensitivity reaction 22 0 22 Sensitivity: 100 (84.6-1(
o hypersensitivity reaction 25 666 691 Specificity: 96.4 (94.7-9

PPV: 46.8 (32.1-61.9)
NPV: 100 (99.4-100)



ldentification of genetic risks of
NVP-induced rash

o case (n=131) control (n=177) sensitivity | specificity | PPV | NPV
No. | Marker or Combination =k Tronrickl sk | nonorick p-value OR o % % %
1 |B*3505 22 109 2 175 2.51E-07]17.66 17 99 79 | 83
2 |B*3505 |SNP7 33 98 6 171 1.21E-08 | 9.60 25 97 65 | 84
3 |B*3505 |A*2407 28 103 9 168 2.51E-05| 5.07 21 95 51 83
4 |SNP7 15 116 5 172 3.91E-03 | 4.45 11 97 50 81
5 |B*3505 |A*2407 |SNP7 38 93 13 164 7.29E-07 ] 5.15 29 93 50 | 84
6 |B*3505 |SNP3 32 99 11 166 8.44E-06 | 4.88 24 94 50 | 83
7 |B*3505 |SNP3 SNP7 40 91 14 163 3.08E-07 | 5.12 31 92 49 84
8 |SNP3 31 100 11 166 1.59E-05| 4.68 24 94 49 83
9 |SNP3 SNP7 39 92 14 163 6.19E-07 | 4.94 30 92 48 | 84
10 |B*3505 |SNP4/5 |SNP7 38 93 15 162 3.08E-06 ]| 4.41 29 92 46 | 84




n=

Cost-effectiveness analysis

74,867,648.52

8.473.64

0170
Test +ve (a+ble)

1,500 Bah
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0.144

27.6809.25
0.307
Failure (%)

HIV patient 0830
1,366 44,834 30 26,207 98
0.693 -
Success {d) q ity
0.144
26,864.62
0.307
Failure (%)
72,497 176.47
0 Baht
No test
26,207.979
Costlyear Cost/personfyear SoEffectiveness  |duau success CEA N 0.693 <J-vp
test 74,867.648.52 54,807.94 74.5 1013 73,521.65 Success (d%c) i
no test 12,497.176.47 53,072.60 69.3 947 76,547.02
ICER 33,286.54
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Diug failure
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Controlled trials for Screening for
NVP-induced rash

Double-blind controlled trial

Screening genetic tests(HLA-B+additional
markers)

Primary endpoints

— Expected to 50% rashes reduction

— Epicutanuous test

Control groups confirmed sensitivity and
specificity



Development of a fully-automated SNP genotyping System
( Collaboration with TOPPAN a SHIMADZU )
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A drop of blood
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Disposable chip on which all reagents are ready for
reaction
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This system requires a drop of blood for genotyping
and provides genotype information within 80 minutes.



	Genome-wide association studies: �implication for public health
	UK-biobank
	Sources of Data : Large-scale studies
	What is GWAS?
	Samples require vs AF at difference odds ratios
	CDCV vs heterogeneity model
	Genetic relatedness vs �Risk of disease
	Example from WTCCC study
	Schematic diagram of WTCCC
	QQ plot of X2 statisitics comparing two control populations
	Comparison of populations from 12 different geographic areas
	Correction of population stratification
	Results of association studies
	Implication: Small molecule drug targets
	Some GWAS examples
	Private services
	Implication: Disease prevention
	Implication: Personalized medicine
	Pharmacogenomics �case study
	HLA-B*5701 Screening for Hypersensitivity�to Abacavir
	HLA-B*5701 Screening for Hypersensitivity�to Abacavir
	Statistical analysis	
	Identification of genetic risks of NVP-induced rash 
	Cost-effectiveness analysis
	Controlled trials for Screening for NVP-induced rash

