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The HLA region harbours the strongest risk markers for susceptibility to 
autoimmune disorders (AIDs). Most GWAS top hits, including those for 

AIDs, are expression quantitative trait loci (eQTL). 

It is generally accepted that one of the triggers of autoimmunity is 
increased HLA class II gene expression. 

Background
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Aim

We aimed to test the hypothesis that “increased levels of HLA-DR/DQ genes 
are associated with autoimmune disorders (AID)” by taking advantage of the 

known genetic associations and eQTL data.

To systematically examine the direction of the eQTL effects in relation to the 
direction of AID risk, we screened eQTLs for HLA-DR and -DQ expression in 

blood mononuclear cells, and GWAS catalogs for AID associations. 

As a rare source of eQTL correlations with directions in peripheral blood 
mononuclear cells in an unbiased study of the whole genome, we primarily 
used the publicly accessible data from Kirsten et al (Hum Mol Genet 2015). 

http://www.kingston.ac.uk/


Material & Methods

Peripheral blood mononuclear cells of 2112 individuals
(Supplementary Table 1)

As a rare source of eQTL correlations with directions in peripheral blood mononuclear 
cells in an unbiased study of the whole genome, we primarily used the publicly 

accessible data from Kirsten et al (Hum Mol Genet 2015).

http://www.kingston.ac.uk/
https://academic.oup.com/hmg/article/24/16/4746/745916


Material & Methods

ImmunPop eQTL Browser

Replication was sought in: 

Cumulative results obtained from PhenoScanner (GRASP) and SNiPA
Geuvadis Browser, FHS results via PheGenI, and published papers for 

RNA-seq-based results

… and the dedicated eQTL Btrowser for immunoregulatory SNPs: 

http://www.kingston.ac.uk/
http://132.219.138.157/kim/eQTL/


Results

As in most other traits, most GWAS hits for AIDs were eQTLs. 

The direction of the correlation did not show consistency. 
Some AID risk markers correlated with increased, and some with 

decreased expression of HLA-DR/DQ mRNA. 
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Results

When we focused on correlations with DRA and DRB1 expression levels jointly in 
the same direction, we noted that the two strongest multiple sclerosis (MS) risk-
associated SNPs were eQTLs with negative (rs3135388) or positive (rs3129889) 
correlations with both genes. Thus, changes in the DR antigen levels could not 

be the mechanism of these associations. 

However, both SNPs also correlated with HLA-DQA1 levels in the opposite 
direction: positive (rs3135388) and negative (rs3129889), which suggested that it 

is the effects at opposing directions on DR and DQ loci that may be the 
mechanism of the associations with MS risk. 

Our Immunochip data on IHWG cell lines showed that both SNPs were 
exclusively on the same DRB1*15:01 - DQA1*01:02 haplotypes. 

These two alleles form a mixed isotype heterodimer in the pathogenesis of MS 
in an animal model (Kaushansky et al, 2015). 
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Results

A genetic effect for changes in opposite directions in HLA-DRA/B1 and HLA-DQA1 expression 
levels might facilitate mixed isotype heterodimer between DRB1*15:01 and DQA1*01:02.

http://www.kingston.ac.uk/
http://www.pnas.org/content/106/18/7542.long
http://www.jbc.org/content/290/24/15260.long


Results

HLA-DRA & DRB1HLA-DQA1

Too good to be true? These two SNPs are supposed to show the same effects 
(they are in absolute LD)

In any case, they seem to have opposite effects on DRA/DRB1 and DQA1.
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Results

Multiple sclerosis risk associations with the minor alleles of rs3135388 (A) and rs3129889 (G)

http://www.kingston.ac.uk/
https://www.ebi.ac.uk/gwas/search?query=rs3135388
https://www.ebi.ac.uk/gwas/search?query=rs3129889


Results

Absolute LD:

HLA-DRA, DRB1 and DQA1 results passed quality control (but not DQB1).
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Results

Detailed results confirm there is no mixup with strand assignment, and for each SNP two 
different probes give the same result.
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Results

When the top GWAS hits for all AIDs were examined, we found a strong 
trend for opposing effects on DRA and DRB1, especially for type 1 diabetes 

(T1D)-associated SNPs. 

Notably, rs2187668, a risk marker for ten AIDs including T1D and Celiac 
disease (CD) in the risk direction, correlated with expression of DRA 

(negatively) and DRB1 (positively) in opposite directions. 

HLA-DQB1 results did not pass quality control steps in the original study
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Results

We located the variant allele of this SNP to the ancestral haplotypes 8.1, 18.2 and 58.1 
(all carrying DRB1*03; DQA1*05:01; DQB1*02:01) as well as 
DRB1*14:02; DQA1*05:03; DQB1*03:01-bearing haplotypes, 

implicated in mixed isotype heterodimer formation in the pathogenesis of T1D and CD. 
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https://www.nature.com/articles/6364106
https://www.nature.com/articles/6364106
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http://www.jimmunol.org/content/187/10/5123.long


The AID-associated GWAS hits are indeed eQTLs for HLA class II genes, but some may 
act in different directions for their isotypes suggesting that they may contribute to 
AID development by facilitating mixed isotype heterodimer formation rather than 

ectopic or increased expression on antigen-presenting cells. 

These preliminary results need confirmation and validation preferably by RNA-
sequencing and at the protein level (bearing in mind the false-positive result 

possibility with probe-based methods in highly polymorphic regions of the genome). 

Conclusion
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