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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
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BACKGROUND

XRCC6 expression levels show correlations with
survival of cancer patients
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AlM

To annotate the trans-eQTLs for XRCC6 and
check whether they may play a role in
HLA-linked cancer susceptibility
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METHODS

eQTL Browsers
Chicago Blood NCBI GTEX

SNP Functional Annotations
CADD RegulomeDB SNPnexus PheGenl SNiPA

Disease Associations
GWAS catalog dbGAP GRASP Kaplan-Meier plotter

Gene Expression Co-variance

Microarray Innovations in Leukemia (MILE) Study
CORD (Co-regulation databases)



RESULTS

XRCC6 has no cis-eQTLs
All trans-eQTLs map to the HLA region

Query eQTL Results

Or, you can query the cis- and frans-eQTLs below (examples: rs7807018 or VWCE):

Gene or SNP name: [XRCCE

Your query: XRCCE

Trans-eQTLs

P-value SNP SNP Chr. SNP Chr. positionfProbe Probe Chr.Probe Chr. position SNP Alleles Minor Allele Z-score Gene name FDR
4.993859233035421E-19 rs2524054) 6 31360375 380347 22 40389758 C/A A -8.91 XRCC6 0.00
3.203718409825412E-16 rs1063635) 6 31487910 380347 22 40389758 GIA A 8.17  XRCC6 0.00
7.58793280063431E-13  rs2844665) 6 31114834 380347 22 40389758 TiC T 717 XRCC6 000
1.0667196745260456E-11rs2227139) 6 32521437 380347 22 40389758 GIA G -6.80 XRCC6 0.00
5.3663632204727914E-11rs2523608) 6 31430538 380347 22 40389758 GIA G 656 XRCC6E 000
3.45612186194326E-10 rs6457327) 6 31182009 380347 22 40389758 AIC A 628 XRCC6 0.00
2.378359526821619E-8  rs1343708f 6 31462539 380347 22 40389758 TiC T 587 XRCC6 000
3.1727674114665877E-9 rs1521 6 31458683 380347 22 40389758 TiIC C -592  XRCC6 0.00
3.2508856428536355E-9 rs7743761) 6 31444079 380347 22 40389758 CIA A 582 XRCC6 000
9.478842759131973E-9  rs9264942) 6 31382359 380347 22 40389758 TiIC C 574  XRCC6 0.00
1.0654024278121931E-7 rs2269426) 6 32184477 380347 22 40389758 GIA A 532 XRCC6 001
1.2019434463360447E-7 rs3135388) 6 32521029 380347 22 40389758 AIG A -529 XRCC6 0.01
1.8924818645448748E-7 rs3117181) 6 32178965 380347 22 40389758 CIG C 521 XRCC6 002
2.0057919721729475E-7 rs9268853) 6 32537621 380347 22 40389758 TiIC C 520 XRCC6 0.02
2.4354319375644347E-7 rs2395185) 6 32541145 380347 22 40389758 GIT T 516  XRCC6 003
3.035974364549539E-7 rs9271366) 6 32694832 380347 22 40389758 GIA G -512  XRCC6 0.03
3.48373280795737E-7  rs185819 |6 32158045 380347 22 40389758 TiC T 510 XRCC6 004
8.05624393582649E-7  rs7756521) 6 30956232 380347 22 40389758 TiIC C 493 XRCC6 0.07
1.9340121245290004E-6 rs9275572) 6 32786477 380347 22 40389758 AIG A 476 XRCC6 015
3.2682296890855E-6 rs2076529] 6 32471933 380347 22 40389758 TiIC C 465 XRCC6 0.21
3.6320141057043426E-6 rs8275596) 6 32789609 380347 22 40389758 CT C 463 XRCC6 023
7.969560945092498E-6  rs2647012) 6 32772436 380347 22 40389758 TiIC T -447 XRCC6 0.36
1.056863231492124E-5 rs8469003) 6 31515807 380347 22 40389758 TiC C 441  XRCC6 041
1.0785250021248313E-5 rs9268645) 6 32516505 380347 22 40389758 CIG G 440  XRCC6 0.42

Systematic identification of trans eQTLs as putative
drivers of known disease associations

Cis-eQTLs

P-value SNP SNP Chr. SNP
No records found
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RESULTS

All trans-eQTLs for XRCC6 were within the classical
HLA complex

chr6:30 956 232-32. 789 609 1,833,378 bp.

Zcale 568 kb| | h=is
CHFE | 31,580, 0048 F2, 800, agal F2,500, aaa|
UCEC Genes ¢RefSedq, GehBank, CCODE, Rfam, tRMAS & Comparative Genomics:
MUCZ21 k] COSH || HLA-C | MICAH MCCDL| BAGE R YWAT | EHMTZ| C4A ] THEE | CceorFio {4 HLA-DREE m  HLA-DEAZ ||
MUC21 K} CCHCRL M HLA-E| HCFS1  LTA| LYEGEF | HEUL ] c2 | ATFEE b  CEorfia k—H4 HLA-DREE n HLA-DEEZ |
MUC21 |k ccHor1 | HLA-E|] FM3FI LTA| LYGEGEF | EHMTZ2 ] C4B_21 ATFEE Y cCeorfie fHHHd HLA-DREE v+ HLA-DGREZ |
MUC22| ] TCoF1a g HLA-E | HCG2E61 LTAI LYEGEE | SLC44A4 | THEE | FKEBFL | ceorfia [ AK2OZE2 | HLA-D0E
MUc22| ] ToF1a | HLA-E | MICE H AIF1| CLICL] EHMTZ [ =TK191 FKEPL | Ceorfie [JHHH4 HLA-DREL | TAFY
HCoG22 1 Hoe27 HLA-E | MICE H AIF1 | VHAT [ cZ e ATFEE | ceortia A HLA-DREL | HLA-DOE
HCoG22 ] HLA-C MICA H LTA| LYEGEE | =LC44A4 i C4F 1 FRRETL | HCG23 1 HLA-DREL |
CEQrfis | HLA-C MICA H LTA| LYEGEE| =SLC44R4 ] =TK121 FRRT1L| ETHLZ H HLA-CGAL §
FIORS1C1 H HLA-C MICAH LTAI LYSGEE | EHMTZ [ C4E_zHl FFTZH ETHLZ 1 HLA-DEAL m
FSORS1C1 F{  HLA-BE p] MICE H AIF1 | YHAT B C2 e ATFEE | ETHLZ 1 HLA-CaAL §
FESORSIC1 H  HLA-E ] MICE H AIF1 | VARS | cz b-H ATFEE | BTHLZ H HLA-D&AL 1
FEORZ1C2 |  HLA-C MICE [ eAcE vARz H czll THEE R FFT2 | HLA-DRA | HLA-DREL |
CCHoRL W HLA-E | DO#39E | BAGE YARS | cz i ATFEE § HLA-DOFA | HLA-DREL |
CcCcHoRL DOx39E | AFOM | LMz Y cz i FRET1 | HLA-DRES H
ccHCR1 H oox=oE B AFOM e HESFALL D cz M FFTZ H HLA-DRES b=

b
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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.

> A Catalog of HLA Region SNPs

Liverpool Hobé

University ... with Functional Annotations, Disease Associations
and Correlations with HLA Types
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RESULTS

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

LINC01149 long intergenic non-protein coding RNA 1149 [ Homo sapiens (human) ]
Gene ID: 101529111, updated on 17-Mar-2015

~| Summary

Official Symbol LINCO114% pr d by HGNC
Official Full Name long intergenic non-protein coding RNA 1149 provided by HGNC
Primary source HGNC:HGNC:39757
Gene type ncRNA
Organism Homo sapiens
Lineage Eukaryota; Metazca: Chordata; Craniata; Vertebrata: Eutelecstomi; Mammalia; Eutheria; Euarchentoglires; Primates; Haplorrhini;
Catarrhini: Hominidae: Homo

LINC00243 long intergenic non-protein coding RNA 243 [ Homo sapiens (human) ]
Gene |D: 401247, updated on 12-May-2015

-~ Summary

Official Symbol LINC00243 pre by HGNC
Official Full Name long intergenic nen-protein coding RNA 243 prov
Primary source HGNC:HGNC:30956
See related Ensembl:ENSGO00002143594
Gene type ncRNA
RefSeq status VALIDATED
Organism Home sapiens
Lineage Eukarycta; Metazea: Cherdata: Craniata; Vertebrata: Euteleostomi; Mammalia: Eutheria; Euarchenteglires: Primates: Haplerrhini
Catarrhini; Hominidae: Home
Also known as  CGorf214; NCRNAQD243

HCGY9 HLA complex group 9 (non-protein coding) [ Homo sapiens (human) ]

Gene ID: 10255, updated on 12-May-2015 Hbac EPE Eq'ELEq'I 11
e & X¥bac-BPG181B23.7

Official Symbol HCGS provided by HGNC

Official Full Name HLA complex group % (nen-protein coding) provided by HGHC RN U E_ 113 3 p

Primary source  HGNC HGNC 21243

Séz;zlf;:(: ::R:r’:h\'FN GO0000204625: HPRD:17092: MIM:-615797 RN U E_ 113 3 P.

RefSeq status VALIDATED

* Organism Homo sapiens H CP-S
Lineage Eukaryota: Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi; Mammalia: Eutheria; Euarchontoglires: Primates; Haplorrhini —_— =

Catarrhini; Hominidae; Homo

LiverpOOI Hope Also known as  HCGIX: HCGIX4 Hbac EPGE#-ELE#.].].

Universit Summary This gene lies within the MHC class | region on chromosome 6p21.3. This gene is believed to be non-coding, but its function has not been
y EST. 1844

determined. [provided by RefSeq, Jul 2009]
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RESULTS

Four of the trans-eQTLs are also cis-eQTLs for
the non-coding RNA gene HCG22

HCG22 HLA complex group 22 [ Homo sapiens (human) ]

Gene |D: 285834, updated on 19-Jul-2015

~| Summary
Official S]I'ITIbﬂl HCG22 provided by HGHC HEDMED_CEU
Official Full Name HLA complex group 22 provided by HGHG
Primary source HGNC:HGNC:27780 LGene Expression by Genotype
See related EnsemblENSGOO000228785%: MIM:E13918 2

Gene type ncRNA
RefSeq status “VALIDATED

Log Expr. for HCGZZChmm3l752-32

——

* : - - -
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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)

Analysis of HLA Region Polymorphisms
Associated with Cancer

Amy E. KENNEDY, Sandeep K. SINGH, Karina VILLALBA,
M. Tevfik DORAK

»* ASHI 2013
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RESULTS

Most trans-eQTLs have already shown cancer associations with

cancer susceptibility in GWAS.

SNP SNP ID - | Trait | Pubmed ::'_:: N

rs10484561 rs10484561  |Follicular lymphoma 20639881

rs130067 rs130067 Prostate cancer 21743467 ¢

rs2395185 rs2395185 Lung cancer 23143601 pheGenl

52395185  rs2395185 [[Hodgkin's lymphoma 20056212 Phenotype-Genotype

[s2517713  r1s25177113  [Nasopharyngeal carcinoma 19664746 Inkegpakon

rs2647012 rs2647012 Follicular lymphoma 21533074

52860580 rs2860580 Nasopharyngeal carcinoma 20512145

52894207 rs2894207 Nasopharyngeal carcinoma 20512145

rs29232 rs29232 Nasopharyngeal carcinoma 19664746

rs3117582 rs3117582 Lung adenocarcinoma 19836008

rs3129055 rs3129055 Nasopharyngeal carcinoma 19664746

rs6467327 rsbd 57327 Follicular lymphoma 20639881

rs674313 rs674313 Chronic lymphocytic leukemia 21131588

rs6903608 rs6903608 Nodular sclerosis Hodgkin lymphot 22086417

rs6903608 rs6903608 Hodgkin's lymphoma 21037568

rs9267673 rs9267673 Hepatocellular carcinoma 21105107 ¢ U.5. Department of Health & Human Services
| rs9268853 rs9268853 Lymphoma 23349640

59272535 rs9272535  |Chronic lymphocytic leukemia 21131588 National Heart, Lung,

159275572 rs9275572  |Hepatocellular carcinoma 21499248 m) and Blood Institute

*
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GRASP Search - v2.0.0.0

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.
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RESULTS

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 <1036, r=-0.27, n = 2022 in leukemia

VOLUME 28 - NUMBER 15 - MAY 20 2010
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DISCUSSION

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

SNP NcRNA genes XRCC6

*
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DISCUSSION

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

— N
nature
COMMUNICATIONS

ARTICLE
Received 21 Jul 2014 | Accepted 6 May 2015 | Published 9 Jun 2015 OPEN

Extreme multifunctional proteins identified
from a human protein interaction network

Charles E. Chapple1'2, Benoit Robisson'-z, Lionel Spinelli1-2'3-4-5, Céline Guien]-z-f, Emmanuelle Becker2?
& Christine Brun'2@

Moonlighting proteins are a subclass of multifunctional proteins whose functions are
unrelated. Although they may play important roles in cells, there has been no large-scale
method to identify them, nor any effort to characterize them as a group. Here, we propose the
first method for the identification of "extreme multifunctional’ proteins from an interactome
as a first step to characterize moonlighting proteins. By combining network topological
information with protein annotations, we identify 430 extreme multifunctional proteins
(3% of the human interactome). We show that the candidates form a distinct sub-group
of proteins, characterized by specific features, which form a signature of extreme multi-
functionality. Overall, extreme multifunctional proteins are enriched in linear motifs and less

intrinsically disordered than network hubs. We also provide MoonDB, a database containing
* information on all the candidates identified in the analysis and a set of manually curated

Liverpool Hope human moonlighting proteins.
University ..
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[Cell Cycle 4:3, 438-441; March 2005]; ©2005 Landes Bioscience

Perspective

DISCUSSION

The Double Life of the Ku Protein

Facing the DNA Breaks

and the Extracellular Environment

Catherine Muller*
Jenny Paupert
Sylvie Monferrant
Bernard Salles

Institut de Pharmatologie ef de Biologie Structurale, CNRS UMR 5089; Toulouse
Cedex, Fronce
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*

ABSTRACT
The Ku heterodimer (Ku70/Ku80) plays a central role in DNA double strand break

recognition and repair. It has been shown, more than ten years age, that Ku is also
expressed at the cell surface of different cells types along with its infracellular pool within
the nucleus and the cytoplasm but involvement of Ku in cellcell and cell-extracellular
matrix adhesion has been only recently demonstrated. In addition, we have shown that
Ku may have a second and unexpected activity in cell/microenvironment interaction.
Indeed, Ku appears to be involved in extracellular proteolytic processes through its
specific interaction, on the cell surface, with the matrix metalloprotease 9. Taken together,
these results suggest that Ku function at the cell surface is likely to be important in fumour
invasion. Various fundamental questions arise from these observations. How Ku is
expressed on the cell surface, why a protein with completely unrelated functions also
serve as an integrin-like molecule once expressed at the cell surface and is this functional
moonlighting of Ku related to cell transformation remain open issues that will be discussed
here.

Table 1

Human cell lines or primary normal and tumor cells that express Ku on their cell surface

Cell Type Origin
Normal human primary cells

Primary human tumor cells Freshly isolated multiple myeloma**3.18

Hematopoiefic tumor cell lines
Multiple myeloma (ARH-77,® HS-sultan, RPMIB22618)**
Solid tumor cell lines
Cervix epitheloid carcinoma (Hela)!-10.11

Monocytes-derived macrophages'®, Endothelial cells (HUVEC)'3

Acute monocytic leukemia(THP-1,'5 HL60,13.15 U937*1.13) Acute lymphoblastic leukemia Jurkat*,!.13 MOLT-413),

Rhabdomyosarcoma (RD)'3, Neuroblastoma (Kelly)*14, Mammary carcinoma (MCF-7)*14,

*Ku expression on the cell surface is upregulated under hypoxia; **Ku is expressed on the cell surface only upon (D40L stimulation.

Liverpool Hope
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DISCUSSION

Overexpression of Ku leads to excessive Gain of (Oncogenic) Function

DNA repair that can have detrimental HyperpIodisEatesl of Fumors
. . . . Resistance to Apoptosis

effects on the organism by increasing its Resistance to Anticancer Drugs

resistance to genotoxic agents, hence RadiorsesaRE et fumors

increasing the likelihood for the
development of aggressive neoplasia. Thus,
although most proteins contribute to the
development of carcinogenesis when they 4
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

DNA-PKcs

Ku70

(Flg- 2)- Loss of (Caretaker) Function

Genomic Instability
Increased Chromosomal Translocations
Tumorigenesis
Immune Deficiency

Fig. 2. Ku as an oncoprotein or a tumor suppressor protein. A schematic diagram
of the DNA-PK holoenzyme is shown. DNA-PK is composed of the Ku70/Ku86
heterodimer and DNA-PKcs. In cancer, gain of DNA-PK function [22] is

* associated with gain of oncogenic function; whereas loss of DNA-PK function
) an (red arrow) is associated with loss of caretaker or tumor suppressor function. The
LIV&FpOOl HDDE consequences of such changes are shown (blue boxes).
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CONCLUSIONS

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 XRCCS6.
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