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HLA: Human leukocyte antigens
MHC: Major histocompatibility complex

First discovered in mice

The human version discovered in the 1950s 

The first disease association was with leukemia in 
mice

Human studies also confirmed associations with 
leukemia, other cancers and many other diseases

Human MHC

HLA
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(www)

https://www.nature.com/nrg/journal/v5/n12/poster/MHCmap/poster.pdf


HLA

Most gene-dense region in the genome

Genes & SNPs
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Genes & SNPs
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A systematic analysis of the gene and variation content of 

the extended HLA region
Ertan KANBUR, Mustafa DOGAN, Mehmet Tevfik DORAK

Presented at EFI 2017

xHLA makes up 0.24% of the genome, but contains 0.40% of all 

SNPs in the human genome

HLA
Genes & SNPs
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including:
• Schizophrenia
• Alzheimer disease
• Parkinson disease
• Lung cancer
• Hodgkin lymphoma

HLA Region and Disease Associations

HLA
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Fig. 3A. Germline determinants of recurrent non-missense somatic 
mutations  (RNMSM) burden. Manhattan plot from GWAS of RNMSM 
burden, computed using SAIGE. Germline variants included had a minor 
allele count ≥ 600 and were distinct from the set of RNMSMs.

A Recent HLA Association with Somatic Mutation Frequency

HLA
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Heritability of DNA methylation meQTL density trans-eQTL density

Unique Features of HLA
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trans-meQTLs Sex-differential in trait associations

Unique Features of HLA
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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

Unique Features of HLA
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Unique Features of HLA
Heritability of Gene Expression
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Unique Features of HLA
Heritability of Gene Expression
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Unique Features of HLA
Heritability of Gene Expression
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How Can HLA be Involved in So Many Phenotypes?
trans-eQTLs in xMHC

HLA-DR53 family members have strong genome-wide trans-eQTL effects in monocytes 

Unique Features of HLA
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How Can HLA be Involved in So Many Phenotypes?
trans-eQTLs in xMHC

Unique Features of HLA
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How Can HLA be Involved in So Many Phenotypes?
trans-meQTLs in xMHC

Unique Features of HLA
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How Can HLA be Involved in So Many Phenotypes?
Gene Networks

Unique Features of HLA
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Preliminary evidence of an association between HLA-

DPB1*0201 and childhood common ALL supports an 

infectious aetiology

   Leukemia 1995;9(3):440-3

Evidence that an HLA-DQA1-DQB1 haplotype influences 

susceptibility to childhood common ALL in boys provides 

further support for an infection-related aetiology

   Br J Cancer 1998;78(5):561-5

Why not LD? 

How Can HLA be Involved in So Many Phenotypes?
Linkage Disequilibrium

Unique Features of HLA

http://www.tbgder.org/


Linkage disequilibrium 'confounding by locus' has to 
be ruled out before attributing a direct causal role to 

any genetic association

Rajsbaum, 2002 (www)

How Can HLA be Involved in So Many Phenotypes?
Linkage Disequilibrium

Unique Features of HLA
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HLA-B47 association with congenital adrenal 
hyperplasia is due to deletion of CYP21A2 on 

HLA-B47DR7 haplotype

HLA-B14 association with late-onset adrenal 
hyperplasia is due to an exon 7 missense 

mutation (V281L) in CYP21A2 on HLA-B14DR1 
haplotype

How Can HLA be Involved in So Many Phenotypes?
Linkage Disequilibrium

Unique Features of HLA

An HLA association was found in congenital adrenal 
hyperplasia, but it was not thought to be an 

immune disease

http://www.tbgder.org/


Cancer Susceptibility
HLA Associations with Cancer Susceptibility

Associations for most cancers with infectious etiology 

or of hematopoietic origin were driven by multiple HLA 

regions, suggesting that both cytotoxic and helper T-cell 

responses are important.

We confirmed two previously reported loci on the 

6p21.33 (HLA-B) and 6p21.32 (HLA-DQ gene cluster) loci, 

highlighting the importance of the human leukocyte 

antigen and, hence, the immunologic mechanisms in oral 

carcinogenesis.
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     555 889 associations in the whole catalog
     13 555 xMHC associations

    612 cancer-associations with xMHC SNPs
    473 unique cancer-associated xMHC SNPs
    After LD pruning with SNPclip [r2 = 0.60; all populations]: 284 left

HLA Polymorphisms and Disease
Descriptive Statistics
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HLA Polymorphisms and Disease
Descriptive Statistics

Minority of these disease-associated SNPs are in coding 
regions; therefore, not directly determining the HLA type
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HLA Polymorphisms and Disease
Descriptive Statistics

Polyphen

Majority of these coding region disease-associated SNPs do 
not have a deleterious effect on protein function
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HLA Polymorphisms and Disease
Descriptive Statistics

Directly cancer-related non-HLA gens genes are implicated by 
these cancer-associated SNPs
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HLA Polymorphisms and Disease
Reactome (Pathway) Analysis

Pathway analysis based on nearest gene algorithm implicate 
immune system pathways including adaptive immune 

response, but not exclusively
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HLA Polymorphisms and Disease
Reactome (Pathway) Analysis
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Meaning of HLA Region Associations

Associations with HLA antigens

Associations with HLA lineages 

Associations with non-HLA genes

Different Scenarios
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Meaning of HLA Region Associations
Associations with HLA Antigens
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Meaning of HLA Region Associations
Associations with HLA Lineages/Haplotypes

Most SNPs were not exclusive to HLA alleles/haplotypes/lineages, but the 

SNPs associated with lymphoid malignancies, nasopharyngeal cancer, 

lung cancer, and prostate cancer showed some correlations. 

HLA-DRA rs2395185 ~ HLA-DRB4 lineage 

(Hodgkin lymphoma, lung cancer)

BAG6 rs3117582 ~ HLA-A1-B8-DR3 (lung cancer) 

BTNL2 rs28362675 ~ HLA-B52-DR15 (prostate cancer)

* * *  

HLA-DPB1 rs2281389 ~ HLA-DPB1*0301 (Hodgkin lymphoma)

Correlations of Complex Disease-associated HLA Region SNPs 
with HLA Alleles

Amy E. Kennedy, Sandeep K. Singh, Malaroviyam Samikkannu, M. Tevfik Dorak
Department of Environmental and Occupational Health, Robert Stempel College of Public Health and Social Work, 

Florida International University, Miami 33199, USA
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HLA-DRB4 (DR53) Lineage
An Ancestral HLA Lineage
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HLA-DRB4 (DR53) Lineage
An Ancestral HLA Lineage
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HLA-DRB4 (DR53) Lineage
An Ancestral HLA Lineage

Dorak et al, Blood 1999 (www)
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HLA-DRB4 (DR53) Lineage
An Ancestral HLA Lineage

Despite the obvious effect modification by sex, and 

recessive nature of most MHC associations in 

childhood leukemia, old habits are maintained, and 

most studies only compare all cases with all 

controls, and using only one genetic model. 

And, find nothing!

http://www.kingston.ac.uk/
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HLA-DRB4 (DR53) Lineage
An Ancestral HLA Lineage

Kennedy, Singh & Dorak, JNCI 1999 (www)

Comment on: 
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HLA-DRB4 (DR53) Lineage
An Ancestral HLA Lineage

HLA-DRB4 family of haplotypes are functionally suboptimal in 
their antigen presentation role 
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HLA-DRB4 (DR53) Lineage
An Ancestral HLA Lineage
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rs9271735 represents the HLA-
DR53 lineage, which is the 
protective marker for Alzheimer 
disease

rs9271735

HLA-DRB4 (DR53) Lineage
An Ancestral HLA Lineage
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trans-meQTLs

The strongest trans-meQTLs in the genome are in xMHC

HLA-DR53 family members have strong genome-wide trans-meQTL effects in monocytes 

HLA-DRB4 (DR53) Lineage
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The strongest trans-eQTLs in the genome are in xMHC

HLA-DRB4 (DR53) Lineage

http://www.kingston.ac.uk/
https://abstracts.ncri.org.uk/abstract/erg-and-xrcc6-expression-levels-are-influenced-by-trans-eqtls-exclusively-located-in-the-hla-region/
https://abstracts.ncri.org.uk/abstract/erg-and-xrcc6-expression-levels-are-influenced-by-trans-eqtls-exclusively-located-in-the-hla-region/
https://abstracts.ncri.org.uk/abstract/erg-and-xrcc6-expression-levels-are-influenced-by-trans-eqtls-exclusively-located-in-the-hla-region/


HLA-DR Molecules and Signal Transduction

An Unexpected Function of HLA Class II
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HLA-DR Molecules and Signal Transduction

An Unexpected Function of HLA Class II
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HLA-DR Molecules and Signal Transduction

An Unexpected Function of HLA Class II
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Alzheimer/Parkinson Disease
HLA Associations with AD/PD Susceptibility
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rs601945  is the SNP that shows a protective 
association with both AD and PD.

Alzheimer/Parkinson Disease
HLA Associations with AD/PD Susceptibility
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HLA-DR4 (the main allele within the DR53 family) is associated with 
decreased risk (represented by rs601945)

vs
HLA-DR15 (the main allele within the DR51 family) is associated with 

increased risk

Most HLA-cancer associations, including the first HLA and childhood 
leukemia and lung cancer risk, concern the HLA-DR53 lineage (presumably 

due to low level of expression of the alleles of this lineage) 
and 

almost none of the representatives of HLA-DR51 lineage (which shows the 
highest level of HLA-DR expression levels)

HLA Associations with AD/PD Susceptibility

Alzheimer/Parkinson Disease
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HLA-DR Molecules and Signal Transduction

An Unexpected Function of HLA Class II
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The HLA region is biomedically one of the 
most important parts of the human genome  

Its analysis requires special attention 

Difficulties with analysis of HLA region data does not 
justify its exclusion from whole genome data analysis

HLA region associations means much more than immune 
response modifications

HLA region polymorphisms have genome-wide effects

Conclusions
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