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OUTLINE 

 

Autoimmune diseases, GWAS and HLA complex  
 

Online tools to assess functionality of disease-

associated SNPs 
 

Disease association databases 
 

Large biologicals datasets 
 

An overview of the issues with causality assessment in 

the HLA region 
 

http://www.tbgk2015.org/eng/
http://www.well.ox.ac.uk/julian-knight


AUTOIMMUNE DISEASES and HLA COMPLEX 

 

More than 80 autoimmune diseases (AIDs) affect 5 to 9% of the 

population worldwide  
 

The etiology of the AIDs is still poorly understood  
 

Autoimmune disorders result from a complex interaction of 

genetic and epigenetic variations, as well as triggering 

environmental factors 
 

Over 130 GWAS have established AID susceptibility markers, 

some of which are shared among multiple AIDs  
 

The mechanism of the gender effect is still elusive 
 

All AIDs have some linkage to HLA region variation 
 

http://www.tbgk2015.org/eng/
http://www.well.ox.ac.uk/julian-knight


AUTOIMMUNE DISEASES: Prevalance 

http://www.tbgk2015.org/eng/
http://www.sciencedirect.com/science/article/pii/S089684110900122X
http://www.sciencedirect.com/science/article/pii/S089684110900122X


AUTOIMMUNE DISEASES: Co-occurrence 

http://www.tbgk2015.org/eng/
http://www.sciencedirect.com/science/article/pii/S089684110900122X


AUTOIMMUNE DISEASES: Gender Effect 

http://www.tbgk2015.org/eng/


AUTOIMMUNE DISEASES and GWAS 

http://www.tbgk2015.org/eng/
http://www.nature.com/jhg/journal/vaop/ncurrent/full/jhg201594a.html
http://www.nature.com/jhg/journal/vaop/ncurrent/full/jhg201594a.html
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AUTOIMMUNE DISEASES and GWAS 

http://www.tbgk2015.org/eng/
http://www.nature.com/jhg/journal/vaop/ncurrent/full/jhg201594a.html


IMMUNE TRAITS and GWAS 

http://www.cell.com/cell/abstract/S0092-8674(13)01072-6
http://www.tbgk2015.org/eng/


IMMUNE TRAITS and GWAS 

Lead SNP and 
perfect proxies 

eQTLeffect 

http://www.tbgk2015.org/eng/
http://www.cell.com/cell/abstract/S0092-8674(13)01072-6


IMMUNE TRAITS and GWAS 

Lead SNP Perfect Proxy 

http://www.tbgk2015.org/eng/
http://www.cell.com/cell/abstract/S0092-8674(13)01072-6


IMMUNE TRAITS and GWAS 

http://www.tbgk2015.org/eng/
http://www.cell.com/cell/abstract/S0092-8674(13)01072-6


IMMUNE TRAITS and GWAS: rs6923504 

 

> rs6923504 and rs6903608 have shown replicated 

RA associations (OR ~ 0.40) 
 

> Also associated with T1D, GD, MDS, PBC, UC and 

SLE (in GRASP, dbGAP; none in GWAS Catalog) 
 

> They map to the HLA-DRB9 gene 
 

> They are linked to a particular HLA lineage 
 

> They are eQTLs for HLA-DRA, -DQA1, -DQB1 
 

http://www.tbgk2015.org/eng/


IMMUNE TRAITS and GWAS: rs6923504 

http://www.tbgk2015.org/eng/


HLA REGION SNPs and HLA TYPES 

ASHI 2015 

This resource is available on request and online in 2016 

http://www.tbgk2015.org/eng/


HLA REGION SNPs and HLA TYPES 

rs2395185 is a 
marker for the  
HLA-DR53 lineage, 
which has unique 
immunological 
characteristics. 

http://www.tbgk2015.org/eng/


AUTOIMMUNE DISEASES and GWAS 

http://www.annualreviews.org/doi/abs/10.1146/annurev-genom-091212-153450
http://www.annualreviews.org/doi/abs/10.1146/annurev-genom-091212-153450
http://www.tbgk2015.org/eng/


AUTOIMMUNE DISEASES and GWAS 

http://www.tbgk2015.org/eng/
http://www.annualreviews.org/doi/abs/10.1146/annurev-genom-091212-153450


AUTOIMMUNE DISEASES and GWAS 

http://www.tbgk2015.org/eng/
http://pubs.broadinstitute.org/pubs/finemapping/analysis.php
http://www.nature.com/nature/journal/v518/n7539/pdf/nature13835.pdf


AUTOIMMUNE DISEASES and GWAS 

http://www.tbgk2015.org/eng/
http://www.nature.com/nature/journal/v518/n7539/pdf/nature13835.pdf
http://pubs.broadinstitute.org/pubs/finemapping/analysis.php


 

Even though many loci have been 

identified by GWAS, the goal remains 

the discovery of “new biology” 
 

AUTOIMMUNE DISEASES and GWAS 

http://www.well.ox.ac.uk/julian-knight
http://www.tbgk2015.org/eng/


AUTOIMMUNE DISEASES and GWAS 

http://www.tbgk2015.org/eng/


AUTOIMMUNE DISEASES and GWAS 

 

What have we learned from GWAS in AID? 
 

The lead SNP reported in GWAS has only 5% chance of being 

the causal SNP 
 

Lead SNPs are typically some distance from the causal SNPs 
(median~ 14kb) 

 

Lead SNPs and causal SNPs are not necessarily in tight LD  

(r2 = 0.50 is not unusual)  
 

The PICS algorithm described in this paper identified the causal 

SNP for 12% of AID risk markers 
 

Almost all causal SNPs map to enhancers and promoters 
 

http://www.tbgk2015.org/eng/
http://www.nature.com/nature/journal/v518/n7539/pdf/nature13835.pdf


AUTOIMMUNE DISEASES and GWAS: Annotation 

http://www.ncbi.nlm.nih.gov/pubmed/25458995
http://www.tbgk2015.org/eng/


AUTOIMMUNE DISEASES and GWAS: Pathway Analysis 

http://www.tbgk2015.org/eng/
http://www.ncbi.nlm.nih.gov/pubmed/25458995


AUTOIMMUNE DISEASES and GWAS 
 

What have we learned from GWAS in AID? 
 

The most common mechanism is the regulation of  

gene expression (most SNPs are eQTLs) 
 

T-cell-specific eQTLs are overrepresented among  

AID-associated SNPs 
 

Most AID-associated SNPs are in non-coding regioins and 

within DNAse hypersensitivity regions 
 

1.2% of AID-associated SNPs alter miRNA binding site,  

8.5% map to lincRNA (expression in specific cell types) 
 

Top three pathways appeared to be involved in AID 

pathogenesis are JAK-STAT,  TCR signaling and  

cytokine-cytokine interaction pathways 
 

http://www.tbgk2015.org/eng/


AUTOIMMUNE DISEASES and GWAS 

No HLA region gene  
among the 
candidates!  

http://www.tbgk2015.org/eng/


HLA REGION: UNIQUE FEATURES 

• Most gene dense  
• Extremely polymorphic 
• Paralog regions and genes 
• CNV and structural variation 
• Very high linkage disequilibrium over very long range 
resulting from conserved extended haplotypes (CEH) 
• Greatest trans-eQTL density 
• Very strong selective pressures 
• Extreme geographical, racial and ethnic differential in 
allele frequencies  
• So many lineages and groupings of alleles & haplotypes  
• So many functional dimorphisms or supertypes with no 
single corresponding SNPs 

An invited review paper is in preparation 

http://www.tbgk2015.org/eng/
http://www.well.ox.ac.uk/julian-knight


FUNCTIONAL ANNOTATION of HLA REGION SNPs 

http://www.tbgk2015.org/eng/
http://grasp.nhlbi.nih.gov/Search.aspx


FUNCTIONAL ANNOTATION of HLA REGION SNPs 

http://www.tbgk2015.org/eng/


FUNCTIONAL ANNOTATION of HLA REGION SNPs 
Type 1 Diabetes - Gender-differentiated 

http://www.tbgk2015.org/eng/


FUNCTIONAL ANNOTATION of HLA REGION SNPs 
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FUNCTIONAL ANNOTATION of HLA REGION SNPs 
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FUNCTIONAL ANNOTATION of HLA REGION SNPs 

http://www.tbgk2015.org/eng/
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FUNCTIONAL ANNOTATION of HLA REGION SNPs 

Lead SNP and proxy SNPs (statistically similar SNP set) with functional annotation 

http://www.tbgk2015.org/eng/
http://bmi-tokai.jp/VaDE/snp-annotation/


FUNCTIONAL ANNOTATION of HLA REGION SNPs 

Lead SNP and proxy SNPs (statistically similar SNP set) with functional annotation 

http://www.tbgk2015.org/eng/


FUNCTIONAL ANNOTATION of HLA REGION SNPs 

Average number of perfect proxies for AID-associated lead SNPs = 7.6 

Lead SNP and proxy SNPs (statistically similar SNP set) with functional annotation 

http://www.tbgk2015.org/eng/


FUNCTIONAL ANNOTATION of HLA REGION SNPs 

rSNPBase informs about the presence of a regulatory SNP among 
the statistically similar SNP set. 

http://www.tbgk2015.org/eng/


FUNCTIONAL ANNOTATION of HLA REGION SNPs 

RegulomeDB provides a score for regulatory function  

http://www.tbgk2015.org/eng/


FUNCTIONAL ANNOTATION of HLA REGION SNPs 

Lead SNP and proxy SNPs (statistically similar SNP set) with functional annotation 

http://www.tbgk2015.org/eng/


FUNCTIONAL ANNOTATION of HLA REGION SNPs 

Lead SNP and proxy SNPs (statistically similar SNP set) with functional annotation 

http://www.tbgk2015.org/eng/


FUNCTIONAL ANNOTATION of HLA REGION SNPs 

Lead SNP and proxy SNPs (statistically similar SNP set) with functional annotation 

http://www.tbgk2015.org/eng/


FUNCTIONAL ANNOTATION of HLA REGION SNPs 

Detailed HaploReg results can be saved as a text file and viewed on Excel 

Results suggest a cumulative effect on POU2F2  
binding site alteration by the statistically similar SNP set  

(gender-specific type 1 diabetes risk market) 

http://www.tbgk2015.org/eng/


Candidate Gene: POU2F2 

http://www.tbgk2015.org/eng/
http://www.ncbi.nlm.nih.gov/gene/5452


Candidate Gene: POU2F2 

http://www.tbgk2015.org/eng/
http://immunet.princeton.edu/predictions/gene/?network=immune_global&gene=14142


RESOURCES 

http://www.tbgk2015.org/eng/
http://igdawg.org/


RESOURCES 
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RESOURCES 
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RESOURCES 
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RESOURCES 
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RESOURCES 

http://www.tbgk2015.org/eng/
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http://www.nature.com/nature/journal/v518/n7539/pdf/nature13835.pdf


 

> GWAS have revealed plenty of risk markers for 

autoimmune diseases  
 

> As in other complex diseases, molecular 

mechanisms of these associations and biological 

insights into disease pathogenesis are yet to be 

elucidated 
 

> Availability of big data and user friendly 

bioresources should acccelerate this process 
 

CONCLUSIONS 

http://www.tbgk2015.org/eng/
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