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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 GI 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;
forefront of genetic studies.
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NOD2/CARD15

Dan L. Nicolae IBD



Other loci

Dan L. Nicolae IBD



Genome-wide association scans
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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:

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

Illumina 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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Interim Results (Duerr et al, 2006, Science)

three SNPs genome-wide significant in the NJ scan
rs2066843 (p=2.86×10−9) in NOD2
rs2076756 (p=5.12×10−10) in NOD2
rs1120902 (p=5.05×10−9) in IL23R

IL23R
rs1120902 is a non-synonymous SNP (Arg381Gln)
multiple signals
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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ents and their IBD (CD, UC, or indeterminate
IBD)–affected offspring were available for
genotyping (Table 2 and table S2) (8). For
Arg381Gln and other IL23R markers, we ob-
served significant departure from random allele
transmission to CD-affected offspring in both
non-Jewish and Jewish families, providing further
evidence for association between CD and IL23R.
We also observed distortion of allele transmission
to non-Jewish, UC-affected offspring, providing
evidence for association of IL23R with non-
Jewish UC. There was no evidence for associa-
tion of Arg381Gln or other IL23R region markers
in the Jewish UC families. In a combined analysis
of the data from all 883 nuclear families and both
case-control cohorts (8), all 10 IL23R markers in
Table 2 showed highly significant association
with IBD, withP-values ranging from 3.55 × 10−9

to 6.62 × 10−19.
The IL23R gene is contained within two large

blocks of linkage disequilibrium, and markers in
the centromeric block containing exons 5 to 11

and part of the intergenic region between IL23R
and IL12RB2 have the strongest association
signals (Fig. 1). There is no significant associa-
tion within IL12RB2 (Fig. 1), and we did not
identify a IL12RB2 SNP in the International
HapMap CEU data that is correlated with an
IBD-associated, IL23R region variant (8).

The IL23R protein contains an extracellular
domain (composed of a signal sequence, an
N-terminal immunoglobulin-like domain, and
two cytokine receptor domains), a single transmem-
brane domain, and a 252–amino acid cytoplasmic
domain (9). Arg-381, in the cytoplasmic domain,
is the fifth amino acid internal to the transmem-
brane domain and is highly conserved between
species (fig. S1). In contrast, two other non-
synonymous IL23R SNPs, rs1884444 (His3Gln)
and rs7530511 (Pro310Leu), which are located
within the extracellular domain, show no evi-
dence for disease association (table S1, a and b).

The glutamine allele of Arg381Gln is much
less common than the arginine allele, with an

allelic frequency of 1.9% in the non-Jewish pa-
tients with ileal CD and 7.0% in non-Jewish
controls. The glutamine allele appears to protect
against development of CD in both non-Jewish
[odds ratio (OR) = 0.26, 95% confidence
interval (CI) (0.15 to 0.43)] and Jewish [OR =
0.45, 95% CI (0.27 to 0.73)] case-control
cohorts. The glutamine allele is also significant-
ly undertransmitted from heterozygous parents
to non-Jewish and Jewish CD-affected off-
spring, non-Jewish UC-affected offspring, and
all IBD-affected offspring (transmitted:non-
transmitted = 45:130, P = 1.32 × 10−10 for the
IBD phenotype in all 883 families) (Table 2 and
table S2). Our discovery of an uncommon pro-
tective allele, or conversely, a very common pre-
disposing allele, reflects a major theme in
complex genetics; namely, that functional genetic
variation exerts a continuum of susceptibility,
neutral, and protective effects. Furthermore, al-
leles conferring protection against one disease
may result in increased risk for another (10).

Table 1. Non-Jewish and Jewish ileal Crohn's disease (CD) case-control
association study results for IL23R region markers with P-values < 0.0001 in
the non-Jewish cohort. Minor allele frequencies (MAF), allelic test P-values, and

odds ratios (OR) with 95% confidence intervals (CI) are shown for each case-
control cohort (8). The ORs shown are for the minor allele. Combined Cochran-
Mantel-Haenszel P-values are also shown (8). UTR, untranslated region.

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

Marker Location CD
(n =
547)
MAF

Control
(n =
548)
MAF

P-value OR
[95% CI]

CD
(n =
401)
MAF

Control
(n =
433)
MAF

P-value OR
[95% CI]

Combined
P-value

rs1004819 Intron 0.374 0.280 3.79 × 10−6 1.53 [1.27,1.84] 0.426 0.334 1.00 × 10−4 1.48 [1.21,1.82] 1.54 × 10−9

rs7517847 Intron 0.331 0.443 1.09 × 10−7 0.62 [0.52,0.74] 0.240 0.352 5.84 × 10−7 0.58 [0.47,0.72] 3.36 × 10−13

rs10489629 Intron 0.378 0.475 4.27 × 10−6 0.67 [0.56,0.80] 0.355 0.465 5.79 × 10−6 0.63 [0.52,0.77] 1.14 × 10−10

rs2201841 Intron 0.385 0.291 4.57 × 10−6 1.52 [1.27,1.83] 0.414 0.315 2.92 × 10−5 1.53 [1.25,1.89] 5.46 × 10−10

rs11465804 Intron 0.020 0.063 7.52 × 10−7 0.30 [0.18,0.51] 0.048 0.096 1.39 × 10−4 0.47 [0.31,0.71] 5.97 × 10−10

rs11209026 Arg381Gln 0.019 0.070 5.05 × 10−9 0.26 [0.15,0.43] 0.033 0.070 7.95 × 10−4 0.45 [0.27,0.73] 3.55 × 10−11

rs1343151 Intron 0.275 0.370 2.26 × 10−6 0.65 [0.54,0.78] 0.229 0.336 1.69 × 10−6 0.59 [0.47,0.73] 1.64 × 10−11

rs10889677 Exon-3'UTR 0.385 0.288 1.82 × 10−6 1.55 [1.29,1.86] 0.419 0.316 1.51 × 10−5 1.56 [1.27,1.91] 9.58 × 10−11

rs11209032 Intergenic 0.393 0.293 1.03 × 10−6 1.56 [1.30,1.87] 0.382 0.298 3.49 × 10−4 1.45 [1.18,1.79] 1.60 × 10−9

rs1495965 Intergenic 0.498 0.412 2.93 × 10−5 1.44 [1.21,1.71] 0.469 0.412 2.04 × 10–2 1.26 [1.03,1.53] 2.55 × 10−6

Table 2. Family-based and combined (case-control and family-based)
association results. Family-based association P-values were computed
using the empirical variance estimator implemented in the FBAT

software package (8). Combined Fisher P-values for all case-control
(Table 1) and nuclear family cohorts are also shown (8). UTR, untrans-
lated region.

Non-Jewish CD Non-Jewish UC Jewish CD Jewish UC All IBD Combined
(family-based

and case-control)
P-value

(518 families,
651 affected
offspring)

(215 families,
251 affected
offspring)

(77 families,
99 affected
offspring)

(80 families,
91 affected
offspring)

(883 families,
1,119 affected

offspring)

Marker Location

P-value P-value P-value P-value P-value
rs1004819 Intron 3.60 × 10−5 1.20 × 10−3 1.24 × 10−2 5.47 × 10−1 6.06 × 10−8 1.78 × 10−14

rs7517847 Intron 2.30 × 10−5 2.71 × 10−1 3.50 × 10−2 5.00 × 10−1 1.80 × 10−5 9.99 × 10−16

rs10489629 Intron 1.87 × 10−3 2.70 × 10−1 4.33 × 10−1 8.21 × 10−1 1.27 × 10−3 1.62 × 10−11

rs2201841 Intron 5.80 × 10−4 3.21 × 10−4 3.50 × 10−2 5.69 × 10−1 1.04 × 10−7 1.10 × 10−14

rs11465804 Intron 1.32 × 10−4 2.70 × 10−3 8.90 × 10−5 3.71 × 10−1 3.46 × 10−9 3.33 × 10−16

rs11209026 Arg381Gln 8.00 × 10−6 2.97 × 10−4 9.41 × 10−4 4.91 × 10−1 1.32 × 10−10 6.62 × 10−19

rs1343151 Intron 9.63 × 10−2 8.51 × 10−2 3.30 × 10−2 1.89 × 10−1 1.24 × 10−3 2.74 × 10−12

rs10889677 Exon-3'UTR 2.60 × 10−3 3.35 × 10−4 5.88 × 10−2 7.32 × 10−1 1.65 × 10−6 3.40 × 10−14

rs11209032 Intergenic 2.68 × 10−3 3.57 × 10−4 3.48 × 10−2 7.50 × 10−1 2.41 × 10−6 5.50 × 10−13

rs1495965 Intergenic 4.07 × 10−4 1.74 × 10−2 3.93 × 10−2 9.21 × 10−1 1.72 × 10−5 3.55 × 10−9
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ents and their IBD (CD, UC, or indeterminate
IBD)–affected offspring were available for
genotyping (Table 2 and table S2) (8). For
Arg381Gln and other IL23R markers, we ob-
served significant departure from random allele
transmission to CD-affected offspring in both
non-Jewish and Jewish families, providing further
evidence for association between CD and IL23R.
We also observed distortion of allele transmission
to non-Jewish, UC-affected offspring, providing
evidence for association of IL23R with non-
Jewish UC. There was no evidence for associa-
tion of Arg381Gln or other IL23R region markers
in the Jewish UC families. In a combined analysis
of the data from all 883 nuclear families and both
case-control cohorts (8), all 10 IL23R markers in
Table 2 showed highly significant association
with IBD, withP-values ranging from 3.55 × 10−9

to 6.62 × 10−19.
The IL23R gene is contained within two large

blocks of linkage disequilibrium, and markers in
the centromeric block containing exons 5 to 11

and part of the intergenic region between IL23R
and IL12RB2 have the strongest association
signals (Fig. 1). There is no significant associa-
tion within IL12RB2 (Fig. 1), and we did not
identify a IL12RB2 SNP in the International
HapMap CEU data that is correlated with an
IBD-associated, IL23R region variant (8).

The IL23R protein contains an extracellular
domain (composed of a signal sequence, an
N-terminal immunoglobulin-like domain, and
two cytokine receptor domains), a single transmem-
brane domain, and a 252–amino acid cytoplasmic
domain (9). Arg-381, in the cytoplasmic domain,
is the fifth amino acid internal to the transmem-
brane domain and is highly conserved between
species (fig. S1). In contrast, two other non-
synonymous IL23R SNPs, rs1884444 (His3Gln)
and rs7530511 (Pro310Leu), which are located
within the extracellular domain, show no evi-
dence for disease association (table S1, a and b).

The glutamine allele of Arg381Gln is much
less common than the arginine allele, with an

allelic frequency of 1.9% in the non-Jewish pa-
tients with ileal CD and 7.0% in non-Jewish
controls. The glutamine allele appears to protect
against development of CD in both non-Jewish
[odds ratio (OR) = 0.26, 95% confidence
interval (CI) (0.15 to 0.43)] and Jewish [OR =
0.45, 95% CI (0.27 to 0.73)] case-control
cohorts. The glutamine allele is also significant-
ly undertransmitted from heterozygous parents
to non-Jewish and Jewish CD-affected off-
spring, non-Jewish UC-affected offspring, and
all IBD-affected offspring (transmitted:non-
transmitted = 45:130, P = 1.32 × 10−10 for the
IBD phenotype in all 883 families) (Table 2 and
table S2). Our discovery of an uncommon pro-
tective allele, or conversely, a very common pre-
disposing allele, reflects a major theme in
complex genetics; namely, that functional genetic
variation exerts a continuum of susceptibility,
neutral, and protective effects. Furthermore, al-
leles conferring protection against one disease
may result in increased risk for another (10).

Table 1. Non-Jewish and Jewish ileal Crohn's disease (CD) case-control
association study results for IL23R region markers with P-values < 0.0001 in
the non-Jewish cohort. Minor allele frequencies (MAF), allelic test P-values, and

odds ratios (OR) with 95% confidence intervals (CI) are shown for each case-
control cohort (8). The ORs shown are for the minor allele. Combined Cochran-
Mantel-Haenszel P-values are also shown (8). UTR, untranslated region.
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548)
MAF

P-value OR
[95% CI]
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(n =
401)
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Control
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433)
MAF
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P-value
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rs10489629 Intron 0.378 0.475 4.27 × 10−6 0.67 [0.56,0.80] 0.355 0.465 5.79 × 10−6 0.63 [0.52,0.77] 1.14 × 10−10

rs2201841 Intron 0.385 0.291 4.57 × 10−6 1.52 [1.27,1.83] 0.414 0.315 2.92 × 10−5 1.53 [1.25,1.89] 5.46 × 10−10

rs11465804 Intron 0.020 0.063 7.52 × 10−7 0.30 [0.18,0.51] 0.048 0.096 1.39 × 10−4 0.47 [0.31,0.71] 5.97 × 10−10

rs11209026 Arg381Gln 0.019 0.070 5.05 × 10−9 0.26 [0.15,0.43] 0.033 0.070 7.95 × 10−4 0.45 [0.27,0.73] 3.55 × 10−11

rs1343151 Intron 0.275 0.370 2.26 × 10−6 0.65 [0.54,0.78] 0.229 0.336 1.69 × 10−6 0.59 [0.47,0.73] 1.64 × 10−11

rs10889677 Exon-3'UTR 0.385 0.288 1.82 × 10−6 1.55 [1.29,1.86] 0.419 0.316 1.51 × 10−5 1.56 [1.27,1.91] 9.58 × 10−11

rs11209032 Intergenic 0.393 0.293 1.03 × 10−6 1.56 [1.30,1.87] 0.382 0.298 3.49 × 10−4 1.45 [1.18,1.79] 1.60 × 10−9

rs1495965 Intergenic 0.498 0.412 2.93 × 10−5 1.44 [1.21,1.71] 0.469 0.412 2.04 × 10–2 1.26 [1.03,1.53] 2.55 × 10−6
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using the empirical variance estimator implemented in the FBAT
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Entire Dataset (Rioux et al., 2007, NG)
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Where next?

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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