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Stimulus–Response Thresholds & Immune Recognition as a 
Quantitative Trait. 
Regulation of T and B cells controlled by cell signalling events:   

• Normal variation in range of potency 

• Varies between individuals & within different cells types in same individual 

 

Cho JH, Gregersen PK. N Engl J Med 2011;365:1612-1623. 



Henderson P et al. BSG 2010 



*

Developed world: 

*Massive increase in IBD in last century 

 

Developing world: 

*Increase in recent years as countries adopt Western 
lifestyle 

 

*Cannot be explained by genetics …  

… rather, must be related to drastic environmental 
changes of last century and the not yet adapted 
(predisposing) genetic background of a sub-fraction 
of population 

 



Environment & IBD 

http://www.wallpapers-free.org/r/


A positive family history is the strongest known 

risk factor in the development of Crohn’s disease 

 

Sibling relative risk (ls): 25-35  

 

Monozygotic twin concordance: 45% 

MZ 1st degree sibling parent offspring 

667 5-35 25-42 12-16 2-30 

RELATIVE RISK OF CROHN’S DISEASE 

Russell RK et al: IBD: a Family Affair Best Practice Clinical Gastro 2004;18:525-39 





*

*11 million SNPs in 
dbSNPv.129 

*3.5 million SNPs 
characterised in 
HapMap project 

 

*~3 million short 
insertions and 
deletions 
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Identify susceptibility alleles 

• Genome-wide linkage studies 

• Genome-wide association scans (GWAS) 

• Whole-genome sequencing 

Novel biological insight 

• Autophagy 

• Th17 signalling 

• Barrier function 

Clinical advance 

• Therapeutics 

• Prevention 

• Biomarkers 

Personalised medicine 

• Diagnostics 

• Prognostics 

• Therapeutic optimisation 



Identify susceptibility 
alleles 

• Genome-wide linkage 
studies 

• Genome-wide association 
scans (GWAS) 

• Whole-genome sequencing 



Twin studies 

Genome-wide 
linkage 

GWAS 

Meta-GWAS 

Immunochip 

Whole-genome 
sequencing 
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>160 independent IBD 

 susceptibility loci 



1976 

Neutrophil dysfunction 

2001 

NOD2 

2006 

Innate immunity 

Innate immunity 



 



*

*Pdiscovery < 5 x 10-5 

*Preplication < 0.05 

*Pcombined < 5 x 10-8 



*

PHENOTYPE No. of GWAS loci Proportion of 

heritability explained 

(%) 

Type 1 diabetes 41 ~60 

Foetal Hb levels 3 ~50 

Macular degeneration 3 ~50 

Type 2 diabetes 39 20-25 

Lipid levels 95 20-25 

Crohn’s disease 71 23 

Ulcerative colitis 47 16 

Height 180 ~12 



www.ibdresearch.co.uk  

Barrett J, Lee J, Lees CW et al 

NKX2.3 

PTPN2 

IL12B 

3p21 [MST1] 

CDH1 

LAMB1 

HNF4A 

Crohn’s disease Ulcerative colitis 

http://www.ibdresearch.co.uk/


International IBD Genetics Consortium (IIBDGC) 

www.ibdgenetics.org  

http://www.ibdgenetics.org/


Crohn’s disease meta-GWAS 
Franke A, McGovern D, Barrett et al 

Nature Genetics 2010; 42(12):1118-25 

Crohn’s 

Cases 

Controls 

Discovery cohort (6 GWAS) 6,333 15,056 

Replication cohort 14,934 13,647 

Crohn’s disease total 21,267 28,703 

Ulcerative colitis meta-GWAS 
Anderson C, Boucher G, Lees CW et al 

Nature Genetics 2011 [Epub] 

UC Cases Controls 

Discovery cohort (6 GWAS) 6,782 20,099 

Replication cohort 9,628 12,917 

Ulcerative colitis total 16,410 33,016 



*

DNMT3A 



*



*



*

*GRAIL – literature-mining tool 

*Gene-Relationships Amongst Implicated Loci 

*eQTLs from existing databases 

*Correlate focal SNP expression with gene expression 

*nsSNP – 1000 genomes & HapMap3 data 

*Position 

 

Ultimately requires detailed fine-mapping of loci 
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Th17 
IL23R* 

IL12B* 

STAT3* 

JAK2* 

TYK2 Immune-mediated 
IFNg / IL26 
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TNFRSF9 

TNFRSF14 
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Immune- 

mediated 
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Other 
NKX2-3* 

CREM* 

C11Orf30* 

ORMDL3* 

RTEL1* 

PTGER4* 

KIF21B* 

CDKAL1 

ZNF365 

 

 

Other 
DENNDIB 

DNMT3A 

GCKR 

THADA 

SP140 

PRDX5 
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ZMIZ1 

MUC1/SCAMP3 

CPEB4 

FADS1 

5q31 (IBD5) 

 

 

 

 

Immune-mediated 
PTPN22 

CCR6 

IL2RA 

IL18RAP 

IL27 

ERAP2 

ITLN1 

CCL2/CCL7 

TNFSF11 

BACH2 

TAGAP 

VAMP3 

 

 

 

Other 
OTUD3 / PLA2G2E 

DAP 

PIM3 

CAPN10 

 

 



*

*98 IBD genes contribute small amount to genetic 

variance: 

*23% (from 20%) in Crohn’s 

*16% (from 11%) in UC 

 

*Typing 50k CD cases would:  

*Yield 140 loci but only ↑ proportion explained by 2-3% 

 

*NOD2 lead SNP accounts 0.8% 

*All 3 common NOD2 SNPs together account for ~5% 



*Immunochip 

*Customized Illumina GWA Chip 

*~200.000 SNPs 

*Content focused on 9 immune-mediated diseases 

 

*Two main aims 

1) Locus finding:  

*Deep replication of the UC and CD meta-analyses  

*Shared genetics immune-mediated diseases  

2) Extensive fine-mapping of IBD associated loci 

 

*



*

*Crohn’s disease 

*43 Novel loci 

*7 previously associated with UC (e.g. IL2/IL21, FCGR2A)  

*23 associated with other immune-mediated diseases 

 

*Ulcerative Colitis 

*39 Novel loci 

*13 previously associated with CD (e.g. STAT3, LRRK2, IBD5) 

*17 associated with other immune-mediated diseases 

 

 



*

Worldwide : 

*2,700 human genomes sequenced by the end of Nov 2010 

*30,000 human genomes sequenced by the end of 2011 



Novel biological 
insight 

• Autophagy 

• Th17 signalling 

• Barrier function 



Th17 

IL23 

IL17 

IL23R 

NOD2 

MDP 

NF-κB IL1β 

Autophagosome 

Phagophore 

Autophagolysosome 
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STAT3 IL10RB 
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*

   A series of studies in 

animal models 

suggest IL23, rather 

than IL12, is a key 

regulator of Th1 

response and colitis. 



Genetic Associations of Autoimmune Diseases along the Interleukin-12 and Interleukin-23 
Signaling Pathways. 

Cho JH, Gregersen PK. N Engl J Med 2011;365:1612-1623. 



*
an intracellular phosphatase 

*Causal variant is almost certainly R620W 

*Associated with T1DM, RA, A-I thyroid disease, myasthenia 

gravis, systemic sclerosis, vitilitgo, Addison’s and alopecia 

*And infectious disease (invasive bacterial infection & ?M.tb) 

*BUT … in Crohn’s disease it is protective 

*R620W risk allele is ‘gain-of-function’ 

*Phosphatase with higher catalytic activity 

*More potent –ve regulation of T-cell activation 

*Lyp-/- mice have incr T-cell activation with incr production of 

antibodies 

*Alterations in PTPN22 change the thresholds for receptor 

signalling by T and B cells 



TI 
Crohn’s 

Paneth cells 

Cigarette Smoke 

NOD2 

Autophagy 

Dysbiosis 



*

*ATG16L1 & IRGM 

*2 novel, replicated CD 

susceptibility genes clearly 

implicating (?defective) autophagy 

in CD pathogenesis 

 



*



 

*Atg16l1HM + MNV CR6 + DSS = hallmarks of 

Crohn’s disease 

* Inflammation of muscularis, mesenteric fat 

and blood vessels 

*↑ lymphoid aggregate 

*Subserosal fibrosis 

*Hypertrophy of muscularis propria 

*These effects (but not standard DSS injury) 

are ↓↓ by blocking TNFα or IFNγ or with 

broad-spectrum antibiotics 

 

Cadwell K et al Nature 2008;456:259-63 

Cadwell K et al CELL 2010;141:1135-45 

Gene defect + bacteria + virus + chemical injury 

ALL required to reproduce Crohn’s-like phenotype  





*The association of NOD2, ATG16L1 

and IRGM strongly indicates that 

alterations in the intracellular 

processing of bacteria constitute a 

central feature of the pathogenesis 

of Crohn’s disease. 



*

ECM1 

E-cadherin 

Laminins 

HNF4α 

GNA12 

 



IBD 

Type I DIABETES MELLITUS 

RHEUMATOID ARTHRITIS ANKYLOSING SPONDYLITIS 

MULTIPLE SCLEROSIS 

COELIAC DISEASE 

SYSTEMIC LUPUS ERYTHEMATOSUS 

PSORIASIS 

ASTHMA 

Type II DIABETES MELLITUS 

ORMDL3 

SMAD3 

5q31 (IBD5) 

DENND1B 

NOD2 

LRRK2 

TNFSF15 

 

PTPN2 

ORMDL3 

IL10 

TYK2 

FCGR2A 
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Lees CW et al GUT 2011 Epub 



*

*cSNP;  Lead GWAS SNP highly correlated (r2>0.8) with 

common coding mutation (p.G428A / p.W142X) 

*Non-secretor variant 

*20% of background population 

*Ass. with no secretion of blood group antigens at epithelial 

surfaces 

 

*Near-complete protection from symptomatic norovirus infection 

*Partial protection from HIV and H pylori infection 

*BUT increased risk of Crohn’s disease 



Clinical 
advance 

• Therapeutics 

• Prevention 

• Biomarkers 



*

*HMG CoA Reductase & statins 

*SNPs within the gene ass. with small 

effects on cholesterol levels 

*BUT … statins which target the gene 

product are pretty effective & widely 

prescribed! 



*

Th17 

IL23 

IL17 

IL23R 



Autophagosome 

Phagophore 

Autophagolysosome 

mTOR 

*



Personalised 
medicine 

• Diagnostics 

• Prognostics 

• Therapeutic 
optimisation 





Can we use existing drugs better? 

 

Predict response 

 - and avoid toxicity in non-responders 

 

Predict risk of adverse events 

 - big effect size (OR) of germline mutations 

 



*

DRUG RESPONSE N Genome-

wide sign / 

replication 

Implicated 

gene 

Simvastatin Myopathy  85/90 Yes / Yes SLCO1B1 

Flucloxacillin Liver injury 51/282 Yes / Yes HLA-B*5701 

Iloperidone QT 

prolongation 

183 / 0 No / No None found 

Adapted from Ann Daly Nature Reviews Genetics 2010  



5-ASA induced nephrotoxicity 

• Currently recruiting 

• Tariq.ahmad@doctors.org.uk  

Rare anti-TNF side-effects 

• Demyelination 

• Lymphoma 

Response to anti-TNF drugs 

• Acute severe UC (rescue therapy) 

• Primary non-response in Crohn’s 

Colitis-associated colon cancer 

mailto:Tariq.ahmad@doctors.org.uk


*

Gene discovery 

Biology of 
causal variants 

Existing 
therapies? 

‘Designer’ 
Clinical trials 



*

Address issue of missing 
heritability 

Sub-phenotypes 

True biological 
understanding 

Apply the technology to 
patients 





Complex Disease Genetics for Clinicians 
26-27 January 2012 

Registration deadline: 7 November 2011 

 

 

 

Full details at: 
www.wellcome.ac.uk/hinxton 

Advanced Courses and Scientific Conferences 

Wellcome Trust Genome Campus, Hinxton, Cambridge, UK 


