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•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 

Asians 

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 

Ko GT et al, Diabetes Care 2002 

1649 adults with RF for DM 

All underwent 75g OGTT, 15% T2 DM 

 



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) Bioinformatics analysis 

 



Strategies for discovering genetic factors for 

diseases  
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Allele Frequency 

Common variant, common 

disease (association)  

 cases controls 

Rare variant, rare disease 

(linkage, exome sequencing) 

Rare variant, common 

disease (resequencing) 

trios  cases controls 



Genome Wide Association Studies (GWAS) 

Kingsmore SF et al, 
Nature Reviews Drug  
Discovery 2008 



Identified genetic variants for T2 DM 

Gene regions as of 7 Nov 2013: >70 

 
Voigt B et al, Nature Genetics 2010 
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Biological function of T2 DM variants 

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

Genetic markers in E.Asians vs Europeans 

Ma RC and Chan JC, Annals NY Acad Sci 2013 
> 60 variants discovered 

East 

Asians 
Europeans 

Effect size 



> 70 variants explain  

<10% of heritability of T2D 

0.75 

0.77 

5,882 T2DM a 2,569 healthy controls  

Tam CH et al, PLoS One, in press 



rs10906115  10p13 
rs 1359790  13q31.1 

rs17584499  PTPRD 
rs391300  SRR 

KCNQ1 



Discovering Asian-relevant Genes Asian GWAS  

Meta-analysis for T2 DM 

25,079 cases and 29,611 controls 

P < 5 X 10-4 

Stage1 : Discovery   

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

Stage2 : in silico replication 

Validation of 3,756 SNPs selected from Stage1  
(297 lead SNPs + their proxy SNPs) 
in 3 T2D GWA studies (5,843 cases vs. 4,574 controls) 
Combined meta-analysis (Stages 1+2) 

P <  10-5 

Stage3 : de novo replication 

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

P < 5 X 10-8 

Novel T2D SNPs Cho YS et al Nature Genetics 2012 



8 novel loci all implicated in beta cell development 

and protein metabolism  

SNP chr Loci 
Risk 

allele 
OR (CI) P-value Possible functions 

rs6815464 4 MAEA c 1.13 (1.10-1.16) 1.57E-20 
erythroblast enucleation  
& macrophages maturation 

rs7041847 9 GLIS3 a 1.10 (1.07-1.13) 1.99E-14 
beta cell development and insulin 
expression  

rs6017317 20 

FITM2-
R3HDML-

HNF4A 

g 1.09(1.07-1.12) 1.12E-11 pancreatic islet development 

rs6467136 7 GCC1 g 1.11 (1.07-1.14) 4.96E-11 
organization of the trans-Golgi 
network   

rs831571 3 PSMD6 c 1.09 (1.06-1.12) 8.41E-11 
degradation of 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   

rs1535500 6 KCNK16 t 1.08 (1.05-1.11) 2.30E-08 
defective regulation of potassium 
channel activity  



Objective 

•To identify genetic susceptibility loci in Chinese patients 

with type 2 diabetes 





Study Cohort 
N 

(Male %) 

Age 

(years) 

AAD 

(year) 

Diabetes 

duration 

(years) 

BMI 

(kg/m2) 

FPG 

(mmol/l) 

Stage 1 (genome scan) 

  

HK1 
Control 99 (36.4) 37.3 ± 10.2 – – 20.8 ± 2.0 4.7 ± 0.4 

T2D patient 99 (40.4) 40.6 ± 8.8 31.8 ± 7.7 8.0 ± 8.3 30.9 ± 4.4 – 

  

HK2 
Diseased control 659 (48.7) 37.1 ± 17.0 – – 23.3 ± 3.7 – 

T2D patient 388 (49.5) 60.6 ± 10.8 51.1 ± 12.1 9.5 ± 7.0 25.0 ± 3.8 – 

  

SH 
Control 197 (50.8) 66.4 ± 10.1 – – 20.6 ± 1.7 4.8 ± 0.4 

T2D patient 197 (57.9) 41.6 ± 10.4 34.5 ± 4.8 7.3 ± 8.5 23.8 ± 4.1 – 

Stage 2 (de novo replication in Chinese) 

  

HK1 

Adolescent 

control 
985 (44.2) 15.5 ± 1.9 – – 22.7 ± 5.4 4.9 ± 0.4 

Adults control 513 (47.0) 42.0 ± 10.4 – – 19.9 ± 3.5 4.7 ± 0.3 

Elderly control 976 (51.4) 72.3 ± 5.3 – – 23.2 ± 3.2 – 

T2D patient 5366 (45.1) 56.7 ± 13.4 48.8 ± 14.9 6.6 ± 6.9 24.6 ± 5.3 – 

  

SH1 
Control 3964 (37.6) 51.3 ± 13.5 – – 23.6 ± 3.2 5.0 ± 0.5 

T2D patient 4035 (52.0) 61.2 ± 12.1 54.2 ± 11.3 7.2 ± 6.9 24.5 ± 3.5 – 

  HK 

Family 2 
Control 368 (41.0) 37.0 ± 13.6 – – 24.0 ± 4.1 4.9 ± 0.4 

T2D patient 325 (40.6) 48.0 ± 14.4 41.7 ± 13.1 6.3 ± 7.6 25.9 ± 4.4 – 

SH Control 168 (51.2) 62.8 ± 11.2 – – 23.7 ± 3.5 4.8 ± 0.6 

Family 2 T2D patient 657 (43.7) 54.6 ± 15.6 50.0 ± 14.2 4.9 ± 7.3 23.9 ± 3.5 – 







Study Cohort 
N 

(Male %) 

Age 

(years) 

AAD 

(year) 

Diabetes 

duration 

(years) 

BMI 

(kg/m2) 

FPG 

(mmol/l) 

Stage 3 (in silico replication in East Asians) 

  

Japanese 
Control 3023 (54.5) 51.9 ± 15.2 – – 22.4 ± 3.7 – 

T2D patient 4465 (68.0) 65.8 ± 10.0 56.5 ± 11.4 9.4 ± 8.4 24.1 ± 3.8 – 

  

Korean 1 
Control 2943 (46.0) 51.1 ± 8.6 – – 24.1 ± 3.0 4.5 + 0.4 

T2D patient 1042 (51.7) 56.4 ± 8.6 – – 25.5 ± 3.3 7.0 ± 2.6 

  

Korean 2 
Control 1305 (54.5) 65.2 ± 2.6 – – 23.9 ± 3.0 5.0 ± 0.5 

T2D patient 1183 (46.5) 58.6 ± 7.1 – – 25.2 ± 3.4 7.4 ± 2.7 

  Singapore 

Chinese 1 
Control 1006 (21.6) 47.7 ± 11.1 – – 22.3 ± 3.7 4.7 ± 0.4 

T2D patient 1082 (37.2) 65.1 ± 9.7 55.7 ± 12.0 – 25.3 ± 3.9 – 

  

Singapore 

Chinese 2 

Control 939 (63.8) 46.7 ± 10.2 – – 22.8 ± 3.4 4.7 ± 0.5 

T2D patient 928 (64.9) 63.7 ± 10.8 52.2 ± 14.4 – 25.4 ± 3.8 – 

  

Chinese 
Control 1839 (43.7) 54.1 ± 9.2 – – 24.00 ± 3.18 5.04 ± 0.35 

T2D patient 1873 (46.0) 58.6 ± 8.4 – – 25.00 ± 3.24 8.43 ± 2.90 



 

 Identification of novel T2D loci in Chinese 

Stage 1: Meta-analysis of GWAS in Chinese 

         684 T2 DM cases: 955 controls 

Stage 2: de novo replication in Chinese 

 11067 T2 DM: 7929 controls 

Stage 3: in silico replication in East Asians 

 10573 T2 DM: 11055 controls 

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 







rs10229583 

Near PAX4 



rs10229583 

Near PAX4 



Heterogeneity in effects between East 

Asians and other populations 



Significant Variation in LD and genetic 

architecture around the identified loci 





Function of PAX4 



Non-diabetic carriers of the risk variant 

had impaired beta-cell function 

Associated with earlier age of diagnosis among Chinese with T2DM: 

 P=2.3×10-4, βunadjusted ± SE = -0.90 ± 0.24)  

Healthy adolescents in HK Shanghai healthy controls 

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 

 

 





Targeted re-sequencing studies of PAX4 region 



Utilization of genetic score for T2DM 
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Number of risk allele

CGS from 8 loci: 

 

IGF2BP2 rs4402960,  

WFS1 rs734312,  

CDKAL1 rs7756992,  

SLC30A8 rs13266634,  

CDKN2A/B rs10811661,  

HHEX rs7923837,  

TCF7L2 rs7903146 

KCNQ1 rs2237892  

 

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 

 
 



Conclusion 

We observed a significant increase in CKD risk with increased risk 

allele number based on 34 SNPs associated with diabetic 

complication diseases in Hong Kong Chinese population. 

 

We found an interaction effect between genetic risk score and three 

treatment targets.  
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