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 Early onset non-insulin dependent 

diabetes before the age 25 yrs 

 

 autosomal dominant pattern of 

inheritance 

 

 rare (1-3% of Type 2 diabetes) 

In the beginning………. MODY (Maturity 

Onset Diabetes of the Young)  



3 

MODY: Genetic heterogeneity  

Type Gene Chr. Frequency Penetrance at 
40yrs 

MODY 1 HNF-4 20q 5% >80% 

MODY 2 Glucokinase 7p 22% 95% 

MODY 3 HNF-1 12q 58% >90% 

MODY 4 IPF-1 13q <1% ? 

MODY 5 HNF-1 17q 1% ? 
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Feature HNF1  

(MODY 3) 

Glucokinase 

(MODY 2) 

Fasting hyperglycaemia ++ + 

Diabetes progression Yes  No 

Small vessel 

complications 

Common Rare 

Sulphonylurea 

sensitivity 

Yes No 

MODY: Clinical heterogeneity 
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HNF1   

Sulphonylurea  

Sensitivity 

(Hattersley) 

RCT of gliclazide vs metformin in HNF1 MODY 
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 Gene mutations cause diabetes 

 

 Genetic heterogeneity explains clinical 

heterogeneity 

 

 Gene identification informs clinical 

management (pharmacogenetics) 

MODY: summary 
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Genes and type 2 diabetes: outline of talk 

 Discovery of new type 2 diabetes (T2DM) 

genes 

 

 How do the new genes increase T2DM 

risk? 

 

 How can this new information be used in 

clinical practice? 
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Type 2 Diabetes: a Complex Trait 

Type 2 Diabetes 

Multiple Genes 

effects  
 

Lifestyle and environmental  

factors  

eg. diet and exercise 
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Wellcome Trust Case Control 

Consortium 

3000 

UK controls 

Type 1 diabetes 

Coronary Heart  

Disease 

Hypertension 

Rheumatoid  

Arthritis 

Bipolar disorder 

Crohns 

Disease 

Type 2 diabetes 

N=2000 



The Diabetes UK Warren 2 resource: 1995-2003 

Newcastle 

Imperial 
Exeter 

Cambridge 

Royal London Oxford 

DNA resource established from  

8000 individuals: 

 

3500 type 2 diabetic cases 
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SNP: single nucleotide polymorphism 

Allele 1:   A A C T A A A C C G G T A T T G G  

Allele 2:   A A C T T A A C C G G T A T T G G  

SNP 

Allele 1:  20% population 

 

Allele 2:  80% population 
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          Type 2 diabetes      vs     Non-diabetic controls 

Allele 1 freq:            32%      vs       20%                   
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SNP: single nucleotide polymorphism 

Allele 1:   A A C T A A A C C G G T A T T G G C 

Allele 2:   A A C T T A A C C G G T A T T G G G 

SNP 

Functional change 

 predisposing to  

Type 2 diabetes 

GWA involves typing around 500,000 SNPs in each individual 

For 5000 cases and controls = 2,500,000,000 genotypes 
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Replicated T2DM gene loci 

SUSCEPTIBILITY 

GENE LOCUS 

GENE FUNCTION RISK 

VARIANT 

ODDs RATIO 

 (per allele) 

TCF7L2 Cell signalling rs7901695 1.37 

KCNJ11 K+ channel component E23K 1.14 

PPARG  Transcriptional regulator Pro12Ala 1.14 

FTO unknown rs8050136 1.17 

HHEX/IDE Transcription factor rs1111875 1.15 

CDKAL1 Cyclin dependent kinase rs10946398 1.14 

CDKN2A/2B Tumour suppressor rs10811661 1.20 

IGF2BP2 Binding protein rs4402960 1.14 

SLC30A8 Zinc transporter rs13266634 1.15 
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2nd Wave: meta-analysis of 3 GWAs 

 Meta-analysis based on 10,128 individuals 

 

 Identified 6 further T2DM risk loci 

 

 JAZF1, CDC123-CAMK1D, TSPAN8-LGR5, 

 THADA, ADAMTS9, and NOTCH2 

 

 0Rs 1.09 – 1.13 

 

Zeggini et al, 2008 
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Effect of multiple common susceptibility 

variants on diabetes risk 

Risk variants in TCF7L2, PPARG and KCNJ11 typed  

in over 6000 individuals 
Weedon et al, 2006 
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Part 1 Summary: 

 Common variants of weak functional 

effect 

 

 Risk alleles combine in an additive 

manner to increase overall diabetes 

susceptibility 
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 Discovery of new type 2 diabetes (T2DM) genes 

 

 How do the new genes increase T2DM risk? 

 

Genes and type 2 diabetes: outline of 

talk 
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RISC: Relationship between Insulin Sensitivity 
and CVD 

Malmö  

Rome 

Glasgow 

Vienna 

Madrid 

Athens 

Milan 

Belgrade 

Kuopio 

 
Paris 

Padova 

Pisa 

London 

Amsterdam 

Newcastle 

Lyon 

Odense 

Dublin 

Perugia 

Geneva 

Frankfurt 
 

 



22 

Aim: 

Do the T2DM susceptibility genes increase diabetes   

risk  through altered insulin sensitivity? 

 

Methods: 

 1276 healthy non-diabetic individuals (701 women) 

 

 Insulin sensitivity measured by hyperinsulinaemic clamp. 

 

 Linear trend analysis for additive model, followed by GLM 
analysis for other inheritance patterns. 

RISC: novel T2DM genes and metabolic 

phenotypes 
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Susceptibility loci and insulin sensitivity (M/I) 

Locus/variant Genotype 1/2 Trait 11 12 22 P 

value 

FTO  

rs9939609 

A/T M/I 

BMI 

123 

25.5 

127 

25.1 

134 

24.6 

0.023 

0.022 

CDKAL1 

rs10946398 

A/C M/I 126 

 

129 117 0.11 

HHEX/IDE 

rs1111875 

G/A M/I 127 128 132 0.14 

SLC30A8 

rs13266634 

C/T M/I 128 126 153 0.33 

IGF2BP2 

rs4402960 

G/T M/I 131 126 126 0.20 

CDKN2B 

rs10757283 

C/T M/I 133 127 124 0.08 

Pro12Ala 

rs1801282 

Pro/Ala M/I 127 125 168 0.21 

0.02* 

M/I:  mol/min/kgFFM/nM &  * GLM analysis 
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OGTT derived measures of beta-cell function: 

 

 30min insulin response  

 (30 – 0 min insulin /30 min glucose) 

 

 Beta-cell sensitivity based on C-peptide derived 

insulin secretion rates from the OGTT 

Susceptibility loci and pancreatic Beta-

cell function 
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Susceptibility loci and pancreatic Beta-cell function 

Pascoe et al, 2007 
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Additive effect of TCF7L2, HHEX/IDE and CDKAL1 

risk alleles on beta-cell function 

Pascoe et al, 2008 
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 Only FTO associated with decreased insulin 

sensitivity-this was mediated via increased 

adiposity 

 

 CDKAL1 and HHEX/IDE susceptibility alleles 

associated with impaired pancreatic beta-cell 

function 

 

 Other new genes appear to primarily increase 

T2DM risk through impaired beta-cell function 

Part 2 Summary: 
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 Discovery of new type 2 diabetes (T2DM) genes 

 

 How do the new genes increase T2DM risk? 

 

 How can this new information be used in 

clinical practice? 

 

 

Genes and type 2 diabetes: outline of 

talk 
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Prediction of T2DM: 

Malmo and Botnia Study 

 16,061 Swedish non-diabetic subjects 

 2063 new cases of T2DM over 25 yrs 

 Genotyped 16 SNPs in 16 novel T2DM 

genes 

 Clinical and anthropometric predictors 

 ROC analyses   

Lyssenko et al, 2008 
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Panel A:        AUC 

Clinical predictors  alone      0.745 

(age, sex, FHx, BMI, Trigs, Fasting P. Glucose) 

 

Clinical predictors + genotype data    0.753 
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Duration of follow-up: 

Longest duration  (red line) vs shortest duration (blue line) 
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Prediction of T2DM: Framingham Offspring 

Study 

 2377 non-diabetic relatives of T2DM patients 

 255 new cases of T2DM over 28 yrs FU 

 Genotyped 18 SNPs in 18 T2DM genes 

 Genotype score based on number of risk 

alleles (max 36) 

 Clinical score (age, sex, FHx, BMI, FPG, SBP, 

HDL-chol and Trigs)  

Meigs et al, 2008 
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ROC data: 

Predictor       AUC 

Clinical model      0.901 

Clinical model + genotype data   0.904 

 

Genotype data provided significant 

improvement in T2DM prediction in subjects 

< 50 yrs 

 

Family history and genotype data were  

independent predictors of T2DM 
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Variation in TCF7L2 affects SU response 

 K-M plot of patients by 

rs12225372 genotype 

achieving HbA1c < 7% 

after (A) sulfonylurea  and 

(B) metformin  

  

 (T allele = the diabetes risk 

allele) 

  

Pearson et al, 2007 
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Part 3 Summary: 

 Genotype data do not appreciably 

improve the predictive value of existing 

clinical scores 

 

 Genotype data perform better in younger 

subjects 

 

 Emerging evidence that genotype may 

influence response to therapy 
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