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Why Is This Important?

HLA region harbours the highest number disease-associated SNPs

Cancer, infections and autoimmune diseases show gender effect 

Some disease associations may be sex-specific and missed 

If a marker shows sexually antagonistic associations, the overall 
analysis will show no association 

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


Why Is This Important?

Sexually antagonistic associations result in 
no overall effect!
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Effect Modification by Sex
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Sex-differential in trait associations

non-HLA SNPs

Effect Modification by Sex

Sexually 
antagonistic 
associations
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"Absence of evidence is NOT evidence of absence"

One of the reasons for getting no positive results in a genetic association study 
may be effect modification by sex

If there is any reason for a sex-specific effect (a priori hypothesis), 
sex stratification must be applied without worrying about multiple comparisons

(and a statistical interaction test)

Effect Modification by Sex
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…. despite already showing the highest number of disease associations, the true extent of the 
involvement of the MHC region in disease genetics may not have been uncovered.

including:
• Schizophrenia
• Alzheimer disease
• Parkinson disease
• Lung cancer
• Hodgkin lymphoma

HLA & Disease Associations

https://www.ncbi.nlm.nih.gov/pubmed/28877428
https://genomemedicine.biomedcentral.com/articles/10.1186/s13073-018-0513-x


HLA & Gender Effect

….
We found that HLA-associated shaping of TCRBV usage differed between the sexes.  
….
These findings are consistent with studies attributing autoimmunity to processes of 
epitope spreading and expansion of low-avidity T cell clones ….

Sex-differential in immune system
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https://www.pnas.org/doi/10.1073/pnas.1716146115


HLA & Gender Effect

Sex-differential in trait associations

But, following GWASs did not examine this sex effect !
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HLA & Gender Effect

Sex-differential in trait associations
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HLA & Gender Effect

Sex-differential in trait associations
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HLA & Gender Effect

Sex-differential in trait associations

non-HLA SNPs

Sexually 
antagonistic 
associations
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HLA & Gender Effect

Sex-differential in trait associations

The C4 gene is within the HLA class III region
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HLA & Gender Effect

• We obtained cell-specific functionality scores (range=0 to 1) of 

435,924 SNPs within xMHC from FUN-LDA, which provides 

separate composite scores based on genomic effects in 

ENCODE and Epigenomics Roadmap project cells. 

• We extracted the SNPs with scores substantially (>0.95) 

different between hematopoietic stem cells (HSC) from males 

and females {E050/E051}. 321 SNPs had substantial score 

differential in HSC between male and female cells. They were 

spread across xMHC. 

• These SNPs showed 80 cis- and 201 trans-eQTL effects. Among 

the cis targets were xMHC genes previously identified as sex-

associated in their expression such as HLA-DRB1, -DPB1, -F, 

IER3, MDC1 and various histone genes. 

• The UK BioBank GWAS data revealed associations with 

anthropometric traits and autoimmune disorders with sexual 

differential in their prevalence.

Sex-differential in SNP effects

Dorak et al, unpublished
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HLA & Gender Effect

Sex-differential eQTL effects
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HLA & Gender Effect

Sex-differential eQTL effects
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HLA & Gender Effect

Sex-differential pQTL effects

Figure 2: Forest plot of all identified sex-
differential protein quantitative trait loci 
(sd-pQTLs) from both aptamer- (phet1.01×10-11) 
and antibody-based (phet3.42×10-11) 
technologies.

Includes:
DDR1 rs6045331
NEU1 rs35759773
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HLA & Gender Effect

Sex-differential in microRNA gene regulation

(None of these microRNAs are encoded in chromosome 6)
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HLA & Gender Effect

Sex-differential in DNA methylation
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HLA & Gender Effect

Sex-differential in DNA methylation

We identified 266 significant sex-associated DMRs on the autosomes between males and females 
located at 231 unique sets of genes (Additional file 2)
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HLA & Gender Effect

Sex-differential in DNA methylation
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HLA & Gender Effect

Sex-differential in DNA methylation

http://www.kingston.ac.uk/
https://bsd.biomedcentral.com/counter/pdf/10.1186/s13293-015-0029-7.pdf
https://bsd.biomedcentral.com/articles/10.1186/s13293-015-0029-7


HLA & Gender Effect

Sex-differential in gene expression 
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HLA & Gender Effect

Sex-differential in gene expression 
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HLA & Gender Effect

Sex-differential in gene expression 
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HLA & Gender Effect

Sex-differential in gene expression 

• In a preliminary study, we (Cakir & Dorak, unpublished) 

screened sex-specific transcriptomics studies to identify 

MHC-linked genes with differential expression by sex. 

• In the Sex-Associated Gene Database (SAGD), only the 

histone gene HIST1H3G (H3C8) had a sex differential 

with log2 fold change >2.0 with more than 7-times 

difference in its expression between males and females in 

blood. 

• Various transcriptomics studies (incl Guo et al, 2018) 

showed additional genes within xMHC with sex-associated 

expression such as HLA-DRB1, -DPB1, -F, IER3, MDC1, 

GTF2H4 and AIF1, but most consistently with MHC-linked 

histone genes (including HIST1H3G). 

     
     HIST1H3G: AR / SRY /MAZ TF binding site (ENCODE Chip-seq)
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Conclusions

There are examples of sex-specific or sex-dimorphic trait 

associations, gene expressions, DNA methylations, eQTL/pQTL 

effects and SNP functional impact in the HLA region 

Despite this knowledge, there is persistence with traditional 

ways of analysing data which may obscure sex-specific results, 

especially sexually antagonistic ones

Histone genes within the extended MHC appear to be most 
consistent finding in sex-specific gene expression
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