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Outline

‘Update on the genetic basis of T2 DM
-Studies in East Asian populations
*HK-Shanghai GWAS for T2 DM
‘Implications of findings and further work



Phenotypic heterogeneity of Diabetes In
Aslans

Rapid modernization
Changes environment and lifestyle,
unmasking diabetes mellitus
and obesity in genetically
predisposed subjects

Reduced p-cell function
and increased insulin resistance
Low BMI and large waist circumference
put Asian people at high risk of pcell
dysfunction and insulin resistance

Phenotypic heterogeneity
of diabetes mellitus in Asia

Genetic factors
Might alter islet biology and dysregulate
growth and development

Epigenetic factors
Might modify genotype and phenotype of
diabetes mellitus and related comorbidities

Kong AP, et al, Nat Rev Endocrinol 2013; May 28
Ma RC and Chan JC. Ann N Y Acad Sci 2013; April

Ramachandran A, Ma RC et al, Lancet 2010; 375: 408-18

Chan JC et al, JAMA 2009; May 27




Clinical Predictors of T2 DM In Chinese

FH

smoking
GDM |
obesity |
HT |

Dyslipidaemia

15

odds ratio

1649 adults with RF for DM
All underwent 759 OGTT, 15% T2 DM Ko GT et a|’ Diabetes Care 2002




Searching for disease-related genetic variants




Approaches to genetic studies

1) Linkage analysis
-2) Candidate Gene Approach
— Case: Control Study
— Prospective cohort study
-3) Genome Wide Association Studies
4) Bloinformatics analysis



Strategies for discovering genetic factors for
diseases

Rare variant, rare disease
(linkage, exome sequencing)
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Genome Wide Association Studies (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 gnnﬂwpmg
= -1 million randem mark MPs cr
~25,000 risk-enhancing SMPs (for example, nsSMPs)

Derivation of haplotypes
= Predicated on International HapMap

Detection of association signals

=y or similar test

» Uncorrected P <107 or false discovery rate-like
comection

Fine mapping of association signal (see FIG. 2

» Directed genotyping of additional SMPs in region
= Fine mapping of LD in regic ssociation

= Empirical derivation of haplo

= Bxamination of effect of stratification, if available

Replication of association

» Large |r|d:-pi=-nd:-r|1' cohaort of cases and contrals Cazes ohserved
|I|"| :-] I:IUI I.I

= Genotyping of nominated candidat )

= % or similar test; replication of initial sig Total

Controls observed

Kingsmore SF et al,
. E.m:arnina_tic-r_u of flgnr:r' ‘consequence of variart | | g 3 ! . ; E N atu re ReVI ews D rug
= Determination of mechanism of risk-enhancement ._ S L ke DIS cove ry 200 8




ldentified genetic variants for T2 DM

B Locus established previously
B Locus identified by current study
B Locus not confirmed by cumrent study
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Biological function of T2 DM variants

Glucose
transporter

ATP-sensitive Glucose

K* channel _ MtDNA
Glycolysis Mutations
PGCla

K+

KCNJ11 Mitochondrion
CDKAL1 KCNQ1

CDKN 2A/B HNFla
HNF14 Nucleus

Endoplasmic
reticulum

WFS1
IGFBP

Ca2t Insulin
receptor

O
O QY Insulin

Ramachandran A, Ma RC and Snehalatha DC, Lancet 2010; Jan 30; 375: 408-18



Genetic markers in E.Asians vs Europeans
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> 70 variants explain

<10% of heritability of T2D g |

e
o

B
B
e
=
[=F]
[ )

—— Both

+ = - Sex, age and BWI

= =12 genetic variants (weighted)
— Reference Line

04 0.6
1 - Specificity

5,882 T2DM a 2,569 healthy controls

Tam CH et al, PLoS One, in press
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A Genome-Wide Association Study Identifies
Susceptibility Variants for Type 2 Diabetes in Han
Chinese

Fuu-Jen Tsai%32, Chi-Fan Yang*>®, Ching-Chu Chen®7”®, Lee-Ming Chuang?®, Chieh-Hsiang Lu®, Chwen-
Tzuei Chang®’, Tzu-Yuan Wang®’, Rong-Hsing Chen®’, Chiung-Fang Shiu® Yi-Min Liu®, Chih-Chun
Chang®, Pei Chen®, Chien-Hsiun Chen®®, Cathy S. J. Fann® Yuan-Tsong Chen®>"%*, Jer-Yuarn Wu*>""*

1 School of Post-Baccalaureate Chinese Medicine, China Medical University, Taichung, Taiwan, 2 Department of Medical Genetics, Pediatrics and Medical Research, China
Medical University Hospital, Taichung, Taiwan, 3 Department of Biotechnology and Bicinformatics, Asia University, Taichung, Taiwan, 4Institute of Biomedical Sciences,
Academia Sinica, Taipei, Taiwan, 5National Genotyping Center, Academia Sinica, Taipei, Taiwan, 6 Division of Endocrinology and Metabolism, Department of Medicine,
China Medical University Hospital, Taichung, Taiwan, 7 School of Chinese Medicine, College of Chinese Medicine, China Medical University, Taichung, Taiwan,
8 Department of Intemal Medicine, National Taiwan University Hospital, Taipei, Tawan, 9 Department of Internal Medicine, Endocrinology and Metabolism, Chia-Yi
Christian Hospital, Chia-Yi, Taiwan, 10 Department of Pediatrics, Duke University Medical Center, Durham, North Carolina, United States of America, 11 Graduate Institute
of Chinese Medical Science, China Medical University, Taichung, Taiwan

Abstract

To investigate the underlying mechanisms of T2D pathogenesis, we looked for diabetes susceptibility genes that increase
the risk of type 2 diabetes (T2D) in a Han Chinese population. A two-stage genome-wide association (GWA) study was
conducted, in which 995 patients and 894 controls were genotyped using the lllumina HumanHap550-Duo BeadChip for
the first genome scan stage. This was further replicated in 1,803 patients and 1,473 controls in stage 2. We found two loci
not previously associated with diabetes susceptibility in and around the genes protein tyrosine phosphatase receptor type
D (PTPRD) (P=854x10" "% odds ratio [OR]=1.57; 95% confidence interval [Cl]=136-1.82), and serine racemase (SRR)
(P=3.06x10""% OR=1.28; 95% Cl= 1.18-1.39). We also confirmed that variants in KCNQ1 were associated with T2D risk, with
the strongest signal at rs2237895 (P=9.65x10""'% OR=1.29, 95% Cl=1.19-1.40). By identifying two novel genetic
susceptibility loci in a Han Chinese population and confirming the involvement of KCNQ1, which was previously reported to
be associated with T2D in Japanese and European descent populations, our results may lead to a better understanding of
differences in the molecular pathogenesis of T2D among various populations.

rs17584499 PTPRD

rs391300 SRR



Discovering Asian-relevant Genes Asian GWAS
Meta-analysis for T2 DM
25,079 cases and 29,611 controls

Stagel : Discovery

v'GWA meta-analysis combining 8 T2D GWA studies
(6,952 cases vs. 11,865 controls)

l P<5X10*4

Stage2 : in silico replication

v'Validation of 3,756 SNPs selected from Stagel
(297 lead SNPs + their proxy SNPs)
in 3 T2D GWA studies (5,843 cases vs. 4,574 controls)

v Combined meta-analysis (Stages 1+2)
P< 10°

Stage3 : de novo replication

v'Validation of 19 SNPs selected from Stage2
in 5 T2D studies (12,284 cases vs. 13,172 controls)
v'Combined meta-analysis (Stages 1+2+3)

l P<5X1038

Novel T2D SNPs Cho YS et al Nature Genetics 2012



8 novel loci all implicated in beta cell development

and protein metabolism

Risk

SNP chr Loci allele OR (CI) P-value Possible functions
rs6815464 4 MAEA c 113 (1.10-1.16)  1.57E-20  crythroblastenucleation
& macrophages maturation
(s7041847 9 GLIS3 a 110(1.07-1.13)  1.99e-14  Petacell development and insulin
expression
FITM2-
rs6017317 20 R3HDML- g 1.09(1.07-1.12) 1.12E-11 pancreatic islet development
HNF4A
(6467136 7 GCC1 g 111(1.07-1.14)  4.966-11 |
network
rs831571 3 PSMD6 c 109 (1.06-1.12)  8.41E-11  “esradationof ubiquitinated
proteins
rs9470794 6 ZFAND3 C 1.12 (1.08-1.16) 2.06E-10 zinc finger transcription factor
rs3786897 19 PEPD a 1.10 (1.07-1.14) 1.30E-08 Beta cell development
defective regulation of potassium
rs1535500 6 KCNK16 t 1.08 (1.05-1.11) 2.30E-08

channel activity



Objective

*To identify genetic susceptibility loci in Chinese patients
with type 2 diabetes



Stage 1: Meta-analysis of three GWA studies in Chinese population
Hong Kong GWAS 1 Hong Kong GWAS 2 Shanghai GWAS
using Illumina 550K chip using Illumina 610K chip using Illumina 370K chip

(99 cases and 99 controls) (388 cases and 659 controls) (197 cases and 197 controls)

Imputation using the haplotypes of CHB + JPT in
1000 genome project as reference panel

2,925,090 SNPs were included in meta-analysis

CD. B + 11 top and proxy SNPs in four loci
P<1x10°%

Stage 2: de novo replication in Chinese population
a) Replication of 11 SNPs in Chinese case-control cohorts

Hong Kong 1 Shanghai 1
(5366 cases and 2474 controls) (4035 cases and 3964 controls)

Two SNPs: P4X4 rs10229583 and TRPS! rs2737250
P<45x103
b) Replication of 2 SNPs in Chinese families

Hong Kong 2 in 178 families Shanghai 2 in 248 families
(325 cases and 368 controls) (657 cases and 168 controls)

|

Meta-analysis of all Chinese cohorts in stage 1+2

[]  One SNP: PAX4 1510229583
7 P<5x10°

Stage 3: in silico replication in East Asian populations

Japanese Korean 1 Korean 2
(4465 cases and 3023 controls) (1042 cases and 2943 controls) (1183 cases and 1305 controls)

Singapore Chinese 1 Singapore Chinese 2 Chinese
(1082 cases and 1006 controls) (928 cases and 939 controls) (1873 cases and 1839 controls)

|

Meta-analysis of all East Asian cohorts in stage 1+2+3

Stage 4: in silico replication in Non-East Asian populations

Singapore Malaysian Singapore Indian Caucasian (DIAGRAM+)
(794 cases and 1204 controls) (977 cases and 1169 controls) (8130 cases and 38987 controls)




AAD
N Age

Stage 1 (genome scan)

HK1

Control

T2D patient

Diseased control

T2D patient

Control

T2D patient

99 (36.4)
99 (40.4)
659 (48.7)
388 (49.5)

197 (50.8)

197 (57.9)

Stage 2 (de novo replication in Chinese)

HK1

Adolescent
control

Adults control
Elderly control
T2D patient

Control

T2D patient

Control

T2D patient

Control

T2D patient

985 (44.2)

513 (47.0)
976 (51.4)
5366 (45.1)

3964 (37.6)

4035 (52.0)
368 (41.0)

325 (40.6)
168 (51.2)
657 (43.7)

37.3 £ 10.2

40.6 £ 8.8

371 £ 17.0

60.6 = 10.8

66.4 = 10.1

416 £ 104

155+ 19

42.0 = 104
723 x£53
56.7 £ 13.4
51.3 £ 13.5

61.2 £ 12.1

37.0 £ 13.6

48.0 = 144
62.8 £ 11.2
54.6 £ 15.6

318 7.7

511 %121

34548

48.8 = 14.9

542 £ 113

41.7 £ 131

50.0 £ 14.2

Diabetes
duration
ears

8.0+ 83

9570

7.3*85

kg/m?2 mmol/I

208 £ 2.0

309 £44

23.3 £ 3.7

250 %= 3.8

20.6 £ 1.7

23.8 £ 41

22.7x54

19.9 £ 35
232 £ 3.2
246 £ 53
23.6 X 3.2

245 X 35

240 £ 41

259 X 44
23.7 £ 35
23.9 £ 35
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Table 2 Association results for type 2 diabetes (T2D) with 11 top and proxy SNPs in de novo replication stage in Chinese populations

Hong Kong replication 1 Shanghai replication 1 Combined

(5,366 T2D vs 2,474 confrols) (4,035 T2D vs 3,964 controls)
SNP Chromosome Nearest  Position Minor/ Case Control OR Paagigve Case Control OR Paggiive OR Proets Pha P

gene(s) (B36) major MAF MAF  (95% CI) MAF MAF  (95% CI) (95% CI) (uncorrected)
allele

510229583 7 P4X4 127034139 A/G  0.847 0.83 1.14(1.03, 1.23) 0.0077 0.846 0.825 116(10&12?) 37x107 115(1 08,1.2) 1.0x107° 06406 0.000
52721960 8 TRPS1 116725904 T/C 0.657 0.644  1.05(098, 1.14) 0.1566 0.655 0.638 08 (1.01, 1.15) 0.0277 06(1.02, 1.12) 0.0095 0.7067 0.000
52737250 8 TRPS1 116731048 G/A 0.631 0.62 1.05(098, 1.12) 0.1807 0.641 0.621 09 (1.02, 1.16) 0.0090 1{}8(1 02, 1.12) 0.0045 0.4582 0.000
rs3858158 10 COLI341 71310056 C/T 0.516 0.521 098(092 1.05) 0.6000 0.569 0.561 03 (097, 1.10) 0.3211  1.01(0.96, 1.05) 0.7408 0.3026 0.506
52395272 10 COLI3AI 71310261 A/G 0531 0.534 99 (093, 1.06) 0.7680 0.594 0.584 04 (097, 1.11) 02312 1.02(097, 1.06) 0.4589 0.3027 0.364
537703465 10 COLI3AI 71311074 T/C 0.654 0.662 096089, L.04) 0.3463 0.667 0.656 05 (098, 1.12) 0.1502 101096, 1.06) 0.6467 0.0976 0.765
511065441 12 P2RX7 120045354 C/T 0.728 0.724  1.02(0.94, 1.11) 0.6224 0.728 0.733 97 (091, 1.04) 04312  099(094, 1.05) 0.7756 0.3748 0.000
3684201 12 P2RX7 120054726 A/G 073 0.726 1.02(094, L.10) 0.5916 0735 0.739 98 (0.91, 1.05) 0.5609  1.00(0.94, 1.05) 0.9462 0.4332 0.000
rs11065450 12 P2RX7 120064040 AJC 0.682 0.688 097 (0.90, 1.05) 0.4995 0.702 0.707 98 (092, 1.05) 0.5520 098093, 1.03) 0.3699 09111 0.000
rs208290 12 P2RX7 120078439 T/C 0.612 0.609  1.01(0.94, 1L.09) 0.7086 0.643 0.645 99 (093, 1.06) 0.7950  1.00(0.95, 1.05) 0.9605 0.6472 0.000
rs10849851 12 P2RX7 120081027 G/A 0.727 0.72 1.03 (095, 1.12) 0.4079 0.737 0.741 098 (091, 1.05) 0.5237  1.00(0.95, 1.05) 0.9308 0.3002 0.068

Mearest Entrez genes within 250 kb

P Prea 80d o represent p values from logistic regression without any adjustment under the additive genetic model, meta-analysis under a fixed effect model (uncorrected for multiple testing) and
test of heterogeneity, respectively

ORs are reported with respect to the minor allele




N Age AAD Diabetes BMI FPG
Study Cohort o g duration
(Male %) (years) ear ears kg/m? mmol/I

Stage 3 (in silico replication in East Asians)

Control 3023 (54.5) 519 £ 15.2 - - 22.4 = 3.7 -
Japanese
T2D patient 4465 (68.0) 65.8 = 10.0 565+ 114 94384 24.1 = 3.8 -
Control 2943 (46.0) 51.1 + 8.6 - - 241 + 3.0 45+04
Korean 1
T2D patient 1042 (51.7) 56.4 =+ 8.6 - - 255 %+ 3.3 70+ 26
Control 1305 (54.5) 65.2 £ 2.6 - - 239 30 50x05
Korean 2
T2D patient 1183 (46.5) 586 £ 7.1 - — 252 £ 34 7.4 27
_Singapore o 1006 (21.6)  47.7 +11.1 - - 223+ 37 47 + 0.4
Chinese 1
T2D patient 1082 (37.2) 65.1 £ 9.7 55.7 = 12.0 = 253+ 3.9 =
Singapore Control 939 (63.8) 46.7 = 10.2 - - 228+ 34 47 £ 0.5
Chinese 2
T2D patient 928 (64.9) 63.7 == 10.8 52.2 + 14.4 - 254 + 3.8 -
: Control 1839 (43.7) 54.119.2 - — 24.00t3.18 5.0410.35
Chinese

T2D patient 1873 (46.0) 58.6 + 8.4 - - 25.00 + 3.24 8.43 4 2.90



|dentification of novel T2D locl in Chinese

Stage 1: Meta-analysis of GWAS in Chinese
684 T2 DM cases: 955 controls

\ 4

Stage 2: de novo replication in Chinese
11067 T2 DM: 7929 controls

\ 4

Stage 3: in silico replication in East Asians
10573 T2 DM: 11055 controls

\ 4

Stage 4. in silico replication in other populations
9901 T2 DM: 41360 controls
Global meta-analysis of stages 1+2+3+4
31541 cases: 60344 controls



Risk allele frequencies

Stage Cohort Adjustment  T2D Control T2D Control  OR (95% CI) Padditive Phet r
(uncorrected GC)
1. Discovery Hong Kong GWAS 1 Sex and age 99 99 0.879 0818 1.48 (0.85, 2.59)  0.1645
Hong Kong GWAS 2 Sex and age 388 659 0.857 0.820 1.56 (1.14, 2.13)  0.0055
Shanghai GWAS None 197 197 0.873 0777 1.92(1.32,279)  s0x10"
Meta-analysis of GWAS 684 955 66 (1.33,2.07) 7.7x10°° 0.6455  0.000
2. De novo replications in Hong Kong replication 1 None 5,366 2,474 0.847 0.831 1.13(1.03, 1.24) 7.7= 10
Hong Kong and Shanghai Shanghai replication 1 None 4,035 3,964 0.846 0.825 1.17(1.07, 1.27)  3.7=107"
Hong Kong family replication 2 Sex and age 325 368 0.872 0.856 1.22 (0.85, 1.74) 02817
Shanghai family replication 2 Sex and age 657 168 0.824 0.813 09 (0.80, 1.49)  0.5757
Replication in Chinese 10383 6,974 1.15(1.08, 1.22)  1.0x10° 0.6406  0.000
Meta-analysis of Chinese 11,067 7,929 1.18(1.11, 1.25)  2.6x10°® 0.0839 0.396
3. In silico replications in East Asians  Japanese replication None 4,465 3,023 0.892 0.881 111 (101, 1.23)  0.0379
Korean replication 1 None 1,042 2,943 0.894 0878 1.17 (0,99, 1.38)  0.0577
Korean replication 2 None 1,183 1,305 0.841 0.844 0.98 (0.84, 1.15)  0.8101
Singapore Chinese replication 1 None 1,082 1,006 0.832 0.819 107 (0,95, 1.200 02728
Singapore Chinese replication2  None 928 939 0.833 0816
Chinese replication First 2 PCs 1,873 1,839 0.8396  0.8167 1.17 (1.04, 1.32)  0.01091
Replication in other East Asian 10,573 11,055 110 (104, 1.17)  6.0x107° 06767  0.000
Meta-analysis of East Asian 21640 18,934 1.14 (1.09, 1.19)  2.3x10 " 05939  0.000
4_ In silico replications in Singapore Malaysian replication  None 794 1,204 0.798 0.804 0.97 (0.83, 1.14) 0.7185
South Asians and Europeans Singapore Indian replication None 977 1,169 0.647 0.682 0.86 (0.76, 0.98) 0.0276
DIAGRAM None 8,130 38,987 - - 06(1.02,1.12) 86x10°
Replication in non-East Asian 9,901 41,360 1.03 (0.99, 1.08) 0.1156 00042 0.878

ORs and 95% Cls were reported with respect to the T2D-related risk alleles (G)
et Tefers to the p value obtained from the heterogeneity test

GC, genomic control; PC, principal components
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Hong Kong GWAS 1

Hong Kong GWAS 2

Shanghai GWAS

All discovery GWAS OR(QS% Cl) =1.66 (1.33 - 2.07)
P=7.7 x10°

Hong Kong replication 1
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Shanghai replication 1
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Shanghai replication 2

All discovery GWAS + OR(95% CI) = 1.18 (1.11 - 1.25)
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leterogeneity in effects between East
Aslans and other populations

OR Heterogeneity of OR
Population (95% CI) QO test P

. 1.18
Chinese ) -
(1.11. 1.25)

1.09
Japanese + Korean o 0.1254 0.5742
(1.01,1.18)

1.06
DIAGRAM+ o 0.0088 0.8544
(1.02,1.12)

0.90
Malaysian + Indian 1.1 %107

0.9485
(0.82. 1.00)

O test P and I refer to the statistical significance and quantified index of heterogeneity test of OR between Chinese and other

populations. respectively.



Significant Variation in LD and genetic
architecture around the identified loci
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Function of PAX4
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Non-diabetic carriers of the risk variant
had impaired beta-cell function

Healthy adolescents in HK Shanghai healthy controls

P=10.0303

HOMA -
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o
=
c
5
]
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AG
(276)

HK healthy adolescents

Assoclated with earlier age of diagnosis among Chinese with T2DM:
P=2.3 X 10, Bynadiustes T SE =-0.90 £ 0.24)

Ma RC, Hu C et al, Diabetologia 2013



Summary

‘GWAS meta-analysis in Chinese patients with T2DM
identified a novel loci for T2DM

*Non-diabetic individuals who carry the risk variant have
evidence of impaired beta-cell function

*The variant resides in a region of genetic variability
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Targeted re-sequencing studies of PAX4 region




Utilization of genetic score for T2DM

CGS from 8 loci:

IGF2BP2 rs4402960,
WEFS1 rs734312,
CDKAL1 rs7756992,
SLC30AS8 rs13266634,
CDKN2A/B rs10811661,
HHEX rs7923837,
B oot TCF7L2 rs7903146
KCNQ1 rs2237892

2
s
—
n
o
o
®]

Number of risk allele

Controls: increasing number of risk alleles for CGS asso with lower HOMA-beta
For T2DM: increasing number of risk alleles asso with lower BMI, WC
Increasing alleles asso with younger age of onset of T2DM

Increasing numbers of alleles also asso. with insulin use at time of recruitment

Tam CH et al, PLoS One, in press



Conclusions

Genome-wide association study in Chinese have
identified a novel locus for T2DM

The risk variant Is associated with reduced beta-cell
function and earlier age of onset in Asians

*Targeted re-sequencing has identified additional variants
within the region

*Incorporation of genetic markers to improved prediction of
treatment outcome
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