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Crohn’s disease

@ type of inflammatory bowel disease (IBD); the other main
form is ulcerative colitis (UC);

@ causes inflammation of the digestive tract;

@ can affect any area of the Gl tract, from the mouth to the
anus; most common - ileum.

@ prevalence: 100-150 per 100,000 (European ancestry);
@ Ashkenazi Jews - increased risk of developing Crohn’s;
@ African Americans, Hispanics and Asians - lower rates;
o forefront of genetic studies.
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Genome-wide association scans

A Genome-Wide Association Study
Identifies IL23R as an Inflammatory
Bowel Disease Gene

Richard H. Duerr,™ Kent D. Taylor,>" Steven R. Brant,™ John D. Rioux,® Mark . Silverberg,’
Mark J. Daly,*** A. Hillary Steinhart,” Clara Abraham,™* Miguel Regueiro,” Anne Griffiths,*
Themistocles Dassopoulos,” Alain Bitton,** Huiying Yang,** Stephan Targan,***

Lisa Wu Datta,® Emily O. Kistner,® L. Philip Schumm,® Annette T. Lee,™® Peter K. Gregersen,™
M. Michael Barmada,” Jerome 1. Rotter,*" Dan L. Nicolae,"” Judy H. Cho***

A genome-wide association scan of nonsynonymous
SNPs identifies a susceptibility variant for Crohn disease
in ATGI6LI1

Jochen Hampe®*'°, Andre Franke''°, Philip Rosenstiel"’, Andreas Till', Markus Teuber!, Klaus Huse®,
Mario Albrecht?, Gabriele Mayr?, Francisco M De La Vega®, Jason Briggs®, Simone Giinther?,

Natalie ] Prescott®, M Onnie®, Robert Hisler!, Bence Sipos’, Ulrich R Félsch?, Thomas Lengauer®,
Matthias Platzer’, Christopher G Mathew®, Michael Krawczak® & Stefan Schreiber!?

pe/iwww. nature.com/naturegenetics

OPEN B ACCESS Freely available online PLoS
Novel Crohn Disease Locus Identified

by Genome-Wide Association Maps

to a Gene Desert on 5p13.1 and Modulates
Expression of PTGER4

Cédile Libioulle", Edouard Louis?, Sarah Hansoul", Cynthia Sandor, Frédéric Farnir', Denis Franchimont’,
Séverine Vermeire®, Olivier Dewit’, Martine de Vos®, Anna Dixon”, Bruno Demarche®, Ivo Gut®, Simon Heath®, %
AL

Mario Foglio®, Liming Liang'®, Debby Laukens®, Myriam Mni', Diana Zelenika®, André Van Gossum®, Paul Rutgeerts®,
Jacques Belaiche?, Mark Lathrop®, Michel Georges'™

icolae



Genome-wide association scans (more...)
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NIDDK IBD Genetics Consortium GWAS

@ centers: University of Chicago (Yale), Cedars-Sinai, Johns
Hopkins, University of Montreal, University of Pittsburgh,
University of Toronto

@ study design:

e ileal Crohn’s
e non-Jewish: 547 cases and 548 controls
e Jewish: 401 cases and 433 controls

@ lllumina HumanHap300 BeadChip: 317,503 SNPs

(308,332 autosomal)

@ family-based cohort for replication (883 nuclear families);
both CD and UC
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QC checks

Sample quality filtering
@ relatedness check using genome-wide data (eight
duplicate samples, ten related pairs);
@ call rate threshold 93% (determined from heterozygosity)

SNP quality filtering (304,413 SNPs left; average call rate
99.35%)

@ call rate threshold 95% (determined from HWE tests,
genomic control)

@ Hardy-Weinberg equilibrium test
@ genomic control correction of 1.16
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SNP Success
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Sample Heterozygote Calls(%)
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Q-Q Plot Adjusted CMH
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Interim Results (Duerr et al, 2006, Science)

@ three SNPs genome-wide significant in the NJ scan
@ rs2066843 (p=2.86x107°) in NOD2
e rs2076756 (p=5.12x10-19) in NOD2
e rs1120902 (p=5.05x10"9) in IL23R

@ IL23R

e rs1120902 is a non-synonymous SNP (Arg381Gin)

e multiple signals

e IL23R protein - extracellular domain, a single
transmembrane domain, and acytoplasmic domain

mouse models involve IL-23 in murine colitis, experimental
autoimmune encephalitis, collagen-induced arthritis
blockade of the IL-23 signaling pathway - possible
therapeutic strategy for IBD
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Table 1. Non-Jewish and Jewish ileal Crohn's disease (CD) case-control  odds ratios (OR) with 95% confidence intervals (CI) are shown for each case-
association study results for IL23R region markers with P-values < 0.0001 in  control cohort (8). The ORs shown are for the minor allele. Combined Cochran-
the non-Jewish cohort. Minor allele frequencies (MAF), allelic test P-values,and  Mantel-Haenszel P-values are also shown (8). UTR, untranslated region.

Non-Jewish case-control cohort Jewish case-control cohort

Marker Location (@) Control (@] Control Combined

(n= n= Pvalue OR (n= = Povalue OR P-value

547) 548) [95% cI] 401) 433) [95% c1]

MAF MAF MAF MAF
rs1004819 Intron 0.374 0.280 379 x 10°  1.53 [1.27,1.84] 0.426 0.334 1.00 x 10*  1.48[1.21,1.82] 1.54 x 107°
157517847 Intron 0331 0443 1.09x 107 0.62[0.520.74] 0240 0352 5.84x107 0.58[0.47,0.72] 3.36x 107"
510489629 Intron 0.378 0.475 4.27 x 10 0.67 [0.56,0.80]  0.355 0.465 579 x 107 0.63 [0.52,0.77]  1.14 x 107*°
2201841 Intron 0.385 0.291 457 x 10° 152 [1.27,1.83] 0.414 0.315 292 x107°  1.53[1.25,1.89] 5.46 x 107%°
rs11465804 Intron 0.020 0.063 7.52x 107 0.30 [0.18,0.51]  0.048 0.096 139 x 107 0.47 [0.31,0.71]  5.97 x 107
111209026  Arg381Gln  0.019 0.070 5.05x 10  0.26 [0.15,0.43]  0.033 0.070 7.95 x 107*  0.45 [0.27,0.73]  3.55 x 107**
rs1343151 Intron 0.275 0.370 226 x 107°  0.65 [0.54,0.78]  0.229 0.336 1.69 x 10°°  0.59 [0.47,0.73]  1.64 x 107

1510889677 Exon-3'UTR  0.385  0.288  1.82x 10° 1.55[1.29,1.86] 0.419 0316 1.51x10™° 1.56 [1.27,1.91] 9.58 x 107**
rs11209032  Intergenic  0.393  0.293 103 x 107 1.56 [1.30,1.87] 0382  0.298  3.49 x 10  1.45[1.18,1.79] 1.60 x 107’
151495965 Intergenic ~ 0.498  0.412 293 x 107° 144 [1.21,1.71] 0.469 0412 2.04x 102 1.26 [1.03,1.53] 2.55x 10°°
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Table 2. Family-based and combined (case-control and family-based) software package (8). Combined Fisher P-values for all case-control
association results. Family-based association P-values were computed (Table 1) and nuclear family cohorts are also shown (8). UTR, untrans-
using the empirical variance estimator implemented in the FBAT lated region.

Non-Jewish CD Non-Jewish UC Jewish CD Jewish UC All IBD Combined
Marker Location (518 families, (215 families, (77 families, (80 families, (883 families, (family-based
651 affected 251 affected 99 affected 91 affected 1,119 affected and case-control)
offspring) offspring) offspring) offspring) offspring) P-value
P-value P-value P-value P-value P-value
rs1004819 Intron 3.60 x 107 1.20 x 107 1.24 x 1072 5.47 x 107" 6.06 x 10°° 1.78 x 107
157517847 Intron 230 x 107° 2.71x 107" 3.50 x 1072 5.00 x 107" 1.80 x 107° 9.99 x 107
1510489629 Intron 1.87 x 107 270 x 107* 433 x 107" 8.21x 107" 1.27 x 107 1.62 x 107
rs2201841 Intron 5.80 x 107 3.21x 107 3.50 x 1072 5.69 x 107" 1.04 x 1077 1.10 x 107
rs11465804 Intron 132x 107 2.70 x 107 8.90 x 107° 3.71x 107" 3.46 x 1077 333 x 107
1511209026 Arg381Gln 8.00 x 10°¢ 2.97 x 107* 9.41 x 107 491 x 107" 132 x 107 6.62 x 107
rs1343151 Intron 9.63 x 1072 8.51 x 107° 3.30 x 1072 1.89 x 107" 1.24 x 1072 2.74 x 107%?
1510889677 Exon-3'UTR 2.60 x 107 3.35 x 107 5.88 x 1072 732 x 107" 1.65 x 10°° 3.40 x 107
rs11209032 Intergenic 2.68 x 1073 3.57 x 107* 3.48 x 1072 7.50 x 107" 241 x 107 5.50 x 107

151495965 Intergenic 4.07 x 107 1.74 x 1072 3.93 x 1072 9.21 x 107" 1.72 x 107° 3.55 x 1077




Entire Dataset (Rioux et al., 2007, NG)

s Chr 1 s Chr 2 s Che3 ~ Che4 s Chr 5 s Cht § = Chr 7 s Chr 8 s Chr O = Chr 10 s Chr 11 s Chr 12 s Ch 13 s Chr 14 s Chr 15 s Chr 16

s Chir 17 s Chr 18 - Chr 10 s Chr 20 s Chr 21 = Chr 22 mem Chr X %
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Table 1 Summary of the GWA study and replication studies

GWA Replication cohort 1 Replication cahort 2 Combined replication
MAF  MAF MAF MAF

Rank Number of SNPs Chr RS number  iCD CTL Palue T U icD cTL OR Palue Gene
1 8 16 152076756 0.358 0.244 701 = 1074 PT. RT. RT. PIT. RT. PT. CARD1S
2 13 1 157517847 0.295 0.403 306« 1072 PT PT. PT. PT PT. PT 1L23R
3 3 2 rs2241880 0364 0.453 638 x 108 220 306 0353 0478 068 41x10% ATGI6LI

] 4 1 4 1516853571 0.038 0.077 768 » 107 39 75 0057  0.047  0.69 0.0084  PHOXZB

is 1 12 15826808 0,156 0.102 193 x 10% 121 136 N.D. ND, N.D. N.D.

i 6 2 1 152343331 0.279 0.212 249 % 10%°  Failed Failed N.D ND N.D N.D

b7 1 18 15937815  0.054 0.094 3.25x 10 96 99 N.D. ND, N.D. N.D.

; 8 1 3 56439924 0.218 0.160 6.00 x 10° 166 140 N.D. ND, N.D. N.D.

HC) 1 10 15224136 0134 0191 7.90 x 10% 94 149 0140 0230 060 29x 107 Intergenic

310 1 9 510821061 0.399 0.332 144« 10° 274 252 N.D. ND, N.D. N.D.

in 1 14 51188157 0487 0417 158 x 105 254 240 N.D ND. N.D N.D

iz 1 1 152819130 0.177 0.126 2.10 x 105 130 144 N.D ND, N.D. N.D.

ESE] 1 11 152712800 0.373 0.441 238 x 105 242 222 N.D. ND, N.D. N.D.

i 1 22 14821544 0397 0333 289« 105 267 221 0374 0339 119 0.0090 NCF4

] 1 2 rs6733000 0081 0.124 303 x 105 a1 77 N.D ND. N.D N.D

FH T 1 2 s7603516 0,064 0.102 3.10 x 108 73 62 N.D. ND, N.D. N.D.

ESY] 1 16 158050910 0.388 0458 328 10% 221 271 0400  0.430 084 0.0085  FAMSZB

, 18 2 | rs2490271  0.206 0.152 3.44 x 105 175 166 N.D ND. N.D N.D

719 1 20 rs4810663 0.236 0.180 3.45x 10° 182 178 N.D. ND, N.D. N.D.

;20 1 8 1310505007 0.400 0.332 378 x 105 221 248 N.D. ND, N.D. N.D.

» 2 1 8 52044999 0330 0.395 384 x 105 NT NT N.D ND N.D N.D

: 22 1 9 54878061 0418 0.485 464 x 105 NT NT N.D ND. N.D N.D

-] 1 13 1511617463 0.044 0.077 485 x 10°% 59 80 Failed Falled  M.D. N.D.
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@ several replicated genes/regions;

@ more studies planned; e.g. joint analysis of the NIDDK,
WTCCC, Belgium/France Consortia datasets (Mark Daly
presentation at ASHG);

@ better understanding of risk variation in identified genes;
e.g. for IL23R, genotype additional variation for complete
coverage; sequencing projects;

@ better understanding of phenotype-genotype association
(age of onset, disease location, GXE);

@ interactions (e.g. no obvious interaction between NOD2
and IL23R)
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