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BACKGROUND 

The HLA complex is the most gene dense and polymorphic part 

of the genome which also contains the strongest trans-eQTLs  

http://www.nature.com/ng/journal/v44/n5/full/ng.2205.html
http://journals.plos.org/plosgenetics/article?id=10.1371/journal.pgen.1002197
http://www.nature.com/ng/journal/v45/n10/full/ng.2756.html
http://www.hope.ac.uk/
http://www.nature.com/ng/journal/v45/n10/full/ng.2756.html
http://www.nature.com/ng/journal/v45/n10/full/ng.2756.html


BACKGROUND 

http://www.hope.ac.uk/
https://www.rug.nl/research/portal/publications/pub(ec095966-b99e-415c-88af-4cba672c504a).html
https://www.rug.nl/research/portal/publications/pub(ec095966-b99e-415c-88af-4cba672c504a).html


XRCC6 expression levels show correlations with  

survival of cancer patients 

BACKGROUND 

http://www.hope.ac.uk/


 

To annotate the trans-eQTLs for XRCC6 and  

check whether they may play a role in  

HLA-linked cancer susceptibility 
 

AIM 

http://www.hope.ac.uk/
https://www.rug.nl/research/portal/publications/pub(ec095966-b99e-415c-88af-4cba672c504a).html


 

eQTL Browsers 
Chicago       Blood        NCBI       GTEx 

 

SNP Functional Annotations 
CADD     RegulomeDB     SNPnexus     PheGenI    SNiPA 

 

Disease Associations 
GWAS catalog       dbGAP       GRASP         Kaplan-Meier plotter 

 

Gene Expression Co-variance  
Microarray Innovations in Leukemia (MILE) Study 

CORD (Co-regulation databases)  
 

METHODS 



RESULTS 

XRCC6 has no cis-eQTLs 

All trans-eQTLs map to the HLA region 

http://www.genenetwork.nl/bloodeqtlbrowser
http://www.nature.com/ng/journal/v45/n10/full/ng.2756.html


All trans-eQTLs for XRCC6 were within the classical  

HLA complex 

RESULTS 

http://genome.cse.ucsc.edu/cgi-bin/hgTracks?db=hg19&position=chr6:30956232-32789609&hgsid=446714129_N19GLMEYM3MAQihGNroCbrEYKiwk


RESULTS 

Trans-eQTLs for XRCC6 are not related to one another 

(not on the same haplotype or lineage), however,  

some show correlations with HLA types or lineages.  

P-121 

http://www.hope.ac.uk/


RESULTS 

Some of the trans-eQTLs map to non-coding RNA genes  

http://www.hope.ac.uk/
http://www.ncbi.nlm.nih.gov/gene/?term=LINC00243
http://www.ncbi.nlm.nih.gov/gene/?term=LINC01149
http://www.ncbi.nlm.nih.gov/gene/10255


RESULTS 

Four of the trans-eQTLs are also cis-eQTLs for  

the non-coding RNA gene HCG22 

http://www.ncbi.nlm.nih.gov/gene/?term=hcg22
http://www.hope.ac.uk/


RESULTS 

Among HLA region SNPs that show an associations with cancer:  
> None alter transcription factor binding sites for TP53, c-Myb, c-Myc,  
c-Jun, or c-Fos 
> None is in a CpG island 
> None is in a miRNA sequence or miRNA binding site  
BUT: 
Most HLA region cancer associations were with SNPs that have trans-
eQTL effects on a cancer-related gene (XRCC6, ERG, and others) 

ASHI 2013 

http://www.hope.ac.uk/


Screening of GRASP database for associations of the 42 trans-eQTLs with cancer risk 
revealed an additional association with breast cancer (rs3130544), and another SNP 
(rs2596503) has a reported association with glioblastoma.  

RESULTS 

Most trans-eQTLs have already shown cancer associations with 

cancer susceptibility in GWAS.  

http://www.hope.ac.uk/


The examination of the Microarray Innovations in Leukemia (MILE) 
data revealed highly significant inverse correlations between 

HCG22 and XRCC6 expression levels:  
 

  P = 0.0001, r = -0.43, n = 74 in normal bone marrow 
 P < 10-36, r = -0.27, n = 2022 in leukemia 

RESULTS 

http://www.hope.ac.uk/


The data presented suggest that HLA region SNPs act as cis-
eQTLs for ncRNA genes and as trans-eQTLs for XRCC6, ERG 

and other cancer-related genes 

DISCUSSION 

SNP ncRNA genes XRCC6 

http://www.hope.ac.uk/


XRCC6 (aka Ku70) is one of 430 extremely 
multifunctional proteins in humans 

DISCUSSION 

http://www.nature.com/ncomms/2015/150609/ncomms8412/full/ncomms8412.html
http://www.hope.ac.uk/


DISCUSSION 

http://www.tandfonline.com/doi/pdf/10.4161/cc.4.3.1565
http://www.tandfonline.com/doi/pdf/10.4161/cc.4.3.1565
http://www.hope.ac.uk/


Overexpression of Ku leads to excessive 
DNA repair that can have detrimental 
effects on the organism by increasing its 
resistance to genotoxic agents, hence 
increasing the likelihood for the 
development of aggressive neoplasia. Thus, 
although most proteins contribute to the 
development of carcinogenesis when they 
are overexpressed (i.e., oncoproteins, e.g., 
c-myc), or underexpressed (i.e., tumor 
suppressor proteins, e.g., TP53), Ku may 
contribute to cancer in either condition 
(Fig. 2). 

DISCUSSION 

C:/PDF/GENES/The biology of Ku and its potential oncogenic role in cancer_BBA 2007.pdf
C:/PDF/GENES/The biology of Ku and its potential oncogenic role in cancer_BBA 2007.pdf
http://www.hope.ac.uk/


 

The HLA region sequence variation shows associations with 

cancer risk, and the present study provides an insight into the 

potential mechanism of these associations. 

 

The overall observations suggest a non-immunological 

mechanism for the involvement of HLA region genetic variation 

in inherited cancer susceptibility, and implicate an ncRNA-

mediated mechanism for trans-eQTL effect on XRCC6.  
 

CONCLUSIONS 
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