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ABSTRACT
Objective The NOX2 NADPH oxidase complex produces
reactive oxygen species and plays a critical role in the
killing of microbes by phagocytes. Genetic mutations in
genes encoding components of the complex result in
both X-linked and autosomal recessive forms of chronic
granulomatous disease (CGD). Patients with CGD often
develop intestinal inflammation that is histologically
similar to Crohn’s colitis, suggesting a common aetiology
for both diseases. The aim of this study is to determine if
polymorphisms in NOX2 NADPH oxidase complex genes
that do not cause CGD are associated with the
development of inflammatory bowel disease (IBD).
Methods Direct sequencing and candidate gene
approaches were used to identify susceptibility loci in
NADPH oxidase complex genes. Functional studies were
carried out on identified variants. Novel findings were
replicated in independent cohorts.
Results Sequence analysis identified a novel missense
variant in the neutrophil cytosolic factor 2 (NCF2) gene
that is associated with very early onset IBD (VEO-IBD)
and subsequently found in 4% of patients with VEO-IBD
compared with 0.2% of controls (p¼1.3310�5, OR 23.8
(95% CI 3.9 to 142.5); Fisher exact test). This variant
reduced binding of the NCF2 gene product p67phox to
RAC2. This study found a novel genetic association of
RAC2 with Crohn’s disease (CD) and replicated the
previously reported association of NCF4 with ileal CD.
Conclusion These studies suggest that the rare novel
p67phox variant results in partial inhibition of oxidase
function and are associated with CD in a subgroup of
patients with VEO-IBD; and suggest that components of
the NADPH oxidase complex are associated with CD.

INTRODUCTION
Inflammatory bowel diseases (IBD) are hypoth-
esised to occur in genetically susceptible individuals
as a result of dysregulated immune responses to
gut flora after exposure to an as yet unidentified
environmental stimulus.1 2 Investigation of diseases
that present with intestinal inflammation that
are similar to IBD may provide an important
insight into the pathogenesis of IBD. For example,
chronic granulomatous disease (CGD) is a rare

genetic disorder with a prevalence of 1/200 000 to
1/250 000 caused by X-linked and autosomal
recessive mutations in genes encoding components
of the nicotinamide adenine dinucleotide phos-
phate (NADPH) oxidase complex (also referred to
as NOX2 NADPH oxidase or phagocyte oxidase).3

Patients with CGD have severe and recurrent
infections as a result of the inability of phagocytes
to mount sufficient respiratory burst to kill
invading pathogens.4 Interestingly, up to 40% of
patients with CGD develop a form of colitis that is
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Significance of this study

What is already known about this subject?
< Defects in the NADPH oxidase complex genes

cause X-linked and autosomal recessive chronic
granulomatous disease (CGD).

< Patients with CGD are more susceptible to
developing Crohn’s-like colitis and perianal disease.

< Polymorphisms in the NADPH oxidase gene
NCF4 were found to be associated with ileal
Crohn’s disease (CD).

What are the new findings?
< Identification of a novel variant in NCF2 that is

associated with very early onset inflammatory
bowel disease (IBD) and results in reduced
protein binding.

< Genetic studies suggest the NADPH oxidase
complex gene RAC2 as a CD susceptibility gene.

< Replication of the NCF4 gene association with
ileal CD.

How might it impact on clinical practice in the
foreseeable future?
< These results implicate the NADPH oxidase

complex in the pathogenesis of IBD.
< Identification of novel variants in these genes

may lead to alternative therapies for a subgroup
of patients with defective reactive oxygen
species production.
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endoscopically and pathologically very similar to the colitis
observed in Crohn’s disease (CD).5e7

Defective neutrophil respiratory burst has been observed in
patients with IBD,8e10 and a genome-wide association study
(GWAS) identified the NCF4 (encoding the p40phox subunit of
the NOX2 NADPH oxidase) region as an ileal CD-specific
susceptibility gene. This association did not meet genome-wide
significance in the original published GWAS11 12 and was not
replicated in a recent GWAS meta-analysis, perhaps due to the
fact that the GWAS analysis focused on CD independent of
disease location.13 We have therefore undertaken studies to
determine if components of the NADPH oxidase complex play
a role in the development of IBD. Here we report a novel
missense variant in NCF2 in patients with very early onset IBD
(VEO-IBD) that results in neutrophil dysfunction and suscepti-
bility to CD. We also describe novel associations of the NADPH
oxidase complex gene RAC2 with CD and replicate the previ-
ously described association of NCF4 with ileal CD. Together,
these results demonstrate that the NADPH oxidase complex
genes play a role in the pathogenesis of CD.

MATERIALS AND METHODS
RT-PCR
RNA was isolated from the whole blood by PAX gene blood
RNA kit (Qiagen, USA) according to the manufacturer ’s
instructions. cDNA was synthesised using SuperScript III
Reverse Transcriptase (Life Technologies, Carlsbad, California,
USA). Primers for full length NCF2, NCF4 and RAC2 were
designed and synthesised at CDI (see table 1 in online supple-
ment). PCR was performed according to a standard protocol and
the purified PCR product was cloned into pJET cloning vector
(Fermentas, Hanover, Maryland, USA) and sequenced by ABI
3730 DNA analyser (Applied Biosystems, Melbourne, Australia).

NCF2 genotyping
In order to determine if the NCF2 variant c.113 G/A R38Q
was found in other patients with IBD, we designed a custom
Taqman probe (tcagtgccgtccaggacccccactccc(g/a) gatttgcttcaa-
cattggctgc). Four hundred and eighty patients and 480 controls
and a second cohort of 119 patients with VEO-IBD (Toronto
samples described below) were genotyped using Taqman at the
Centre for Applied Genomics (TCAG), Hospital for Sick Chil-
dren, Toronto (see online supplement for binding studies).

Single nucleotide polymorphism analysis and genotyping
International HapMap project14 (http://www.hapmap.org)
Caucasian (CEU) phase II data Release 23a were used to select tag
single nucleotide polymorphisms (SNPs) (minor allelic frequency
(MAF) >1%) that span the NADPH oxidase complex genes and
flanking regions through the ‘Tagger ’ software program (r2

>0.8).15 Twenty-one tag SNPs covering the NCF4 region (chro-
mosome 22, 35 581544 to 35 598 557), 15 tag SNPs covering the
NCF2 region (chromosome 1, 180 256354 to 180291 372), 19 tag
SNPs covering the RAC2 region (chromosome 22, 35 945 811 to
35 964 804), five tag SNPs covering the CYBA region (chromo-
some 16, 87 237 198 to 87 244 957) and six tag SNPs covering the
NOX2/CYBB (X-chromosome, 37 395 536 to 37 428 930) were
used to capture all SNPs with r2>0.8 to the tag SNPs (see table 1
for list of NADPH oxidase SNPs). As NCF1 is located in tandem
with two nearly identical pseudogenes, analysis of this region
was not carried out. Genotyping of samples was performed using
the Illumina Goldengate Custom Chip genotyping system
(Toronto discovery) and Taqman (North America and Scotland

Replication) at the Centre for Applied Genomics, Hospital for
Sick Children, Toronto and the University of Edinburgh. Sixty-
two SNPs in the NADPH oxidase complex (RAC2, CYBA, CYBB,
NCF2 and NCF4) passed quality control.

Subjects, quality control and population stratification
All subjects in this study were of European descent by self-
reporting of ethnic heritage. All probands had a confirmed
diagnosis of IBD and fulfilled standard diagnostic criteria.
Phenotypic characterisation was based on the Montreal Classi-
fication.16 Perianal disease (Montreal Classification ‘p’) included
only those patients with perianal abscess and/or fistulae.
Phenotypic information and DNA samples were obtained from
study subjects with approval of the institutional review ethics
board for IBD genetic studies at the Hospital for Sick Children
and Mount Sinai Hospital in Toronto. Replication cohorts had
review ethics board approval for genetic and phenotypic studies
at the individual institutions. Written informed consent was
obtained from all participants.
The discovery cohort included patients recruited from the

Hospital for Sick Children (22%) and Mount Sinai Hospital (78%)
in Toronto and local and National Institute of Diabetes and
Digestive and Kidney Diseases (NIDDK) control individuals. A
total of 2049 subjects (656 with CD, 544 with ulcerative colitis
(UC) and 849 controls; see table 2A in online supplement for
demographic and phenotypic description) in the discovery anal-
ysis were used in the final analysis. The first replication cohort
consisted of 1836 Caucasian individuals from North America
including 443 patients with CD, 477 with UC and 916 controls
(see table 2B in online supplement for demographic and pheno-
typic description); NIDDK patients recruited from Chicago and
Pittsburgh with North America Caucasians of European origin
control individuals obtained from the Centre for Applied Geno-
mics (Ontario Population Genomics Platform (plates used: 1e4, 6,
9e12, 14); a complete description of this control population can
be found at http://www.tcag.ca/cyto_population_control_DNA.
html). The second cohort consisted of 2449 individuals exclu-
sively recruited from Scotland including 691 patients with CD,
615 with UC and 1143 controls (see table 2C in online supple-
ment for demographic and phenotypic description). All patients
and control individuals were Caucasian and all related individuals
were excluded by checking the estimated identity by descent for
each pair of samples. Part of these cohorts has been used in
previous GWAS including all the NIDDK patients in the North
American replication cohort11 17 and 374 individuals from Scot-
land in the Paediatric IBD GWAS.18 None of the replication cohort
control individuals were genotyped in IBD GWAS.

Preliminary analysis
HAPLOVIEW19 was used to obtain LD patterns, obtaining
descriptive statistics for the SNPs. PLINK version 1.0620 was used
to test for Hardy-Weinberg equilibrium (HWE) for each marker
based on the Pearson c2 test. Descriptive statistics of demographic
variables were generated using SAS V.9.2 (SAS Institute). The
Wilcoxon rank sum test and c2 test were used to identify
differences in demographic variables between subgroups.

Association analysis
The analysis was applied in stages. In stage 1, association
analyses were applied to detect the associations with the 62
SNPs in five genes involved in the NADPH oxidase complex
(RAC2, CYBA, CYBB (NOX2), NCF2 and NCF4) and IBD, CD
and UC versus healthy controls. Logistic regression models were
applied to an additive genetic model and Pearson c2 tests
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were applied for dominant and recessive genetic models. We
used an additive genetic model for primary analysis.21 For the
CYBB analysis we used the chromosome-counting approach22

employed by the Wellcome Trust Case-Control Consortium.23

Throughout the report the p values are the additive model p
value. ORs and 95% CIs were estimated for the disease group
compared with the control group. The association, adjusting for
selected principal component vectors from the Eigenstrat anal-
ysis, was tested using conditional logistic regression (SAS V.9.2).

In stage 2 the four RAC2 SNPs identified from the discovery
cohort were genotyped in a replication cohort (North America)
and an independent validation cohort (Scotland). Independent
analysis was applied to the replication and validation cohorts.
Combined effect estimates from all three IBD cohorts were
estimated using a logistic regression model including cohorts as
adjusted covariates. All p values are two-sided.

Subphenotype analysis
In addition to comparing patients with IBD, CD and UC with
healthy controls, we applied subphenotype analysis to evaluate
the genetic effect on the disease risk of the IBD subpopulation
according to the Montreal Classification system. The subpopu-

lation comparisons were applied for each of the genetic markers
on ileal only (L1), colonic only (L2), ileocolonic (L3), ileal any
(L1/L3), colon only (L2 plus UC), colon any (L2/L3 plus UC),
perianal (p) and early diagnosis patients (diagnosis age
<16 years) versus healthy controls. The allelic model was used
to test single marker associations between each of the
subgroups. The analyses were applied to the discovery cohort,
the North American replication cohort, the Scottish replication
cohort and the pooled samples separately. Since the subpheno-
type analysis is exploratory and hypothesis-generating, p<0.05
was used to define nominal signals.

RESULTS
Novel NCF2 variant associated with very early onset IBD
Many patients with VEO-IBD (defined as onset of disease before
10 years of age based on the Paris IBD Classification24) present
with clinical intestinal features, including perianal disease and
pancolitis, similar to those observed in CGD. We therefore
sequenced coding regions of NADPH oxidase complex genes
(including NCF2, NCF4 and RAC2) in 10 patients with VEO-
IBD with pancolitis and perianal disease without evidence of
immunodeficiency, as determined by commercial genetic testing

Table 1 Association of NADPH oxidase genes NCF4 and RAC2 with CD in the discovery cohort

Chromosome SNP Gene Position A1 A2 MAF FA FU p Value OR L95 U95

22 rs6000448 NCF4 35 580 717 1 3 0.108045 0.1176 0.1007 0.1839 1.184 0.9228 1.52

22 rs10854693 NCF4 35 581 956 3 1 0.405648 0.378 0.427 0.003823 0.7925 0.6769 0.9278

22 rs1883113 NCF4 35 582 630 3 2 0.0677741 0.07546 0.06184 0.01325 1.472 1.084 2

22 rs4821542 NCF4 35 582 864 1 3 0.165449 0.1776 0.1561 0.1857 1.149 0.9354 1.411

22 rs7287350 NCF4 35 583 185 1 3 0.0548537 0.06031 0.05065 0.02581 1.47 1.048 2.063

22 rs1883112 NCF4 35 586 792 1 3 0.422821 0.3941 0.4451 0.001388 0.7732 0.6605 0.9053

22 rs4821544 NCF4 35 588 449 3 1 0.344518 0.3735 0.3221 0.005118 1.257 1.071 1.475

22 rs741997 NCF4 35 588 759 3 1 0.0843854 0.09299 0.07774 0.121 1.243 0.9442 1.636

22 rs746713 NCF4 35 589 305 3 1 0.306977 0.3011 0.3115 0.7173 0.9696 0.8202 1.146

22 rs909484 NCF4 35 590 547 1 3 0.171761 0.17 0.1731 0.8553 0.9808 0.7968 1.207

22 rs729749 NCF4 35 593 792 1 3 0.217158 0.2184 0.2162 0.7703 1.028 0.853 1.239

22 rs2075938 NCF4 35 596 268 1 3 0.279255 0.2679 0.288 0.3198 0.915 0.7682 1.09

22 rs8137456 NCF4 35 604 389 2 3 0.0687708 0.07774 0.06184 0.1693 1.24 0.9125 1.685

22 rs8137602 NCF4 35 604 595 3 2 0.0916944 0.08155 0.09953 0.07419 0.7759 0.5872 1.025

22 rs3959633 NCF4 35 605 501 1 3 0.0249169 0.03125 0.02002 0.07318 1.56 0.9591 2.537

22 rs5756379 NCF4 35 605 850 3 1 0.334551 0.3285 0.3392 0.5302 0.9483 0.8033 1.119

22 rs4821554 NCF4 35 606 030 1 3 0.257475 0.2424 0.2691 0.1157 0.8646 0.7213 1.036

22 rs5750326 NCF4 35 606 231 1 2 0.496678 0.5023 0.4923 0.9018 1.01 0.8663 1.177

22 rs5756564 RAC2 35 942 049 3 1 0.397674 0.3598 0.427 0.0006546 0.7562 0.6439 0.888

22 rs4820272 RAC2 35 945 560 1 3 0.162791 0.189 0.1425 0.001566 1.401 1.137 1.727

22 rs933222 RAC2 35 948 583 1 3 0.281395 0.295 0.2709 0.2225 1.117 0.9348 1.336

22 rs12166968 RAC2 35 951 304 2 3 0.0671096 0.0686 0.06596 0.9971 1.001 0.7332 1.365

22 rs6572 RAC2 35 951 391 3 2 0.453488 0.4947 0.4217 0.00038 1.337 1.139 1.57

22 rs739041 RAC2 35 954 945 3 1 0.434492 0.4331 0.4356 0.8488 1.015 0.8678 1.188

22 rs9607431 RAC2 35 959 884 2 1 0.135548 0.1677 0.1107 0.00008594 1.577 1.256 1.98

22 rs1476002 RAC2 35 960 734 1 3 0.12766 0.1321 0.1243 0.6058 1.065 0.8383 1.353

22 rs13058338 RAC2 35 962 716 4 1 0.256981 0.2294 0.2783 0.006391 0.7773 0.6486 0.9316

22 rs5756573 RAC2 35 963 721 1 3 0.145376 0.1437 0.1466 0.7453 1.037 0.8329 1.291

22 rs2284038 RAC2 35 965 001 3 1 0.398007 0.404 0.3934 0.6625 1.037 0.8821 1.218

22 rs2239774 RAC2 35 967 599 2 3 0.164452 0.1974 0.139 0.0001514 1.495 1.214 1.84

22 rs2239775 RAC2 35 967 787 1 2 0.134884 0.1319 0.1372 0.4163 0.9086 0.7212 1.145

22 rs2239773 RAC2 35 968 235 1 3 0.277002 0.247 0.2996 0.004515 0.7696 0.6424 0.9221

22 rs2213430 RAC2 35 968 906 1 3 0.434219 0.436 0.4329 0.6503 1.038 0.8845 1.217

22 rs6000632 RAC2 35 974 061 1 3 0.245183 0.237 0.2515 0.4481 0.9314 0.7751 1.119

22 rs4821615 RAC2 35 976 077 2 3 0.447841 0.4512 0.4452 0.8961 1.01 0.8644 1.181

22 rs12484031 RAC2 35 979 216 3 1 0.100664 0.09299 0.1066 0.2213 0.8521 0.6593 1.101

22 rs7288979 RAC2 35 979 440 3 1 0.176412 0.1608 0.1885 0.06473 0.8266 0.6754 1.012

The discovery cohort consisted of 2049 subjects (656 with Crohn’s disease, 544 with ulcerative colitis and 849 controls).
p Values are presented as uncorrected. Bonferroni correction threshold for 62 SNPs and IBD/UC/CD, a¼2.0310�4.
A1/A2, allele 1/2; CD, Crohn’s disease; MAF, minor allelic frequency; FA, frequency affected; FU, frequency unaffected; IBD, inflammatory bowel disease; L95 and U95, lower and upper 95th
confidence interval; SNP, single nucleotide polymorphism.; UC, ulcerative colitis.
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for known CGD mutations, and a negative comprehensive
immunological investigation including normal T, B and NK
cell populations, response to immunisations, normal serum
immunoglobulins and sequencing of the IL10RA/B genes. An
outline of the experimental approach is shown in figure 1.

All exons and flanking intron sequences in NCF2, NCF4 and
RAC2 were successfully sequenced in the 10 patients (data not
shown). We found a novel NCF2 (encoding p67phox) heterozy-
gote variant c.113 G/A (p67phox R38Q) in one patient. This
male patient was diagnosed with IBD at 1 year of age with
pancolitis (colonoscopy at age 1 and 3 years) and had developed
perianal abscesses and small bowel disease by 2 years of age. He
had low to normal reactive oxygen species (ROS) production as
assessed by the nitroblue tetrazolium (NBT) test on two sepa-
rate occasions (40 and 53; normal range 32e300). The patient
had no history of chronic or significant infections. The identified
NCF2 missense variant (c.113 G/A) has not previously been
reported and is not known to cause CGD (NCF2base; Mutation
Registry for Autosomal Recessive Chronic Granulomatous
Disease, http://bioinf.uta.fi/NCF2base/). The c.113 G-A variant
in NCF2 has been subsequently assigned the rs#-rs147415774
(http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs¼147415774).

To determine if this novel variant plays a role in VEO-IBD,
we examined an additional 139 patients with VEO-IBD, 341
patients with IBD and 480 healthy controls. Four of the 139
patients with VEO-IBD were found to be heterozygous for
the c.113 G/A variant compared with one of the 341 patients
with IBD and one of the 480 controls. We next carried
out genotyping of this novel variant in a second independent
VEO-IBD cohort consisting of 119 patients. Four of these patients
were found to be heterozygous and two homozygous for the c.113
G/A variant. Overall, 4% (11/268) of patients with VEO-IBD
carried the c.113 G/ANCF2 variant compared with 0.2% (1/480)
of healthy controls studied (p¼1.3310�5, OR 23.8 (95% CI 3.9 to
142.5); Fisher exact test). All patients with VEO-IBD carrying the
NCF2 c.113 G/A variant had extensive colonic disease, five had
perianal disease and one had significant arthritis (table 2).

To determine the functional significance of the c.113 G/A
NCF2 variant, we examined the protein product R38Q p67phox.
The arginine at position 38 of p67phox has been shown to be
important in RAC binding in a yeast two-hybrid assay,25 and
binding of these proteins is known to be an essential step in the
assembly and activation of the NOX2 NADPH oxidase.3 Co-
immunoprecipitation studies (figure 2A) showed that the
p67phox R38Q variant has decreased binding to RAC2 in
comparison with wild-type p67phox. Computational analysis

showed that the reduced binding of the p67phox R38Q variant to
RAC occurs as a result of a shorter side chain and loss of charge
at amino acid 38 in p67phox; both are required to stabilise the
interaction between p67phox and RAC (figure 2B).

NADPH oxidase complex SNP analysis
We also examined the association of 62 genotyped SNPs in the
NADPH oxidase complex, RAC2, CYBA, CYBB, NCF2 and NCF4
with IBD, CD and UC in the 2049 subjects in the discovery
cohort (656 with CD, 544 with UC and 849 controls, table 1; see
also table 3AeC in online supplement for full detailed analysis).
The experimental approach is shown in figure 1. We found
a novel association with RAC2 and CD after Bonferroni correc-
tion threshold for 62 SNPs examined in IBD/UC/CD
(a¼2.0310�4; table 1). RAC2 is located on chromosome 22
(35 951 258 to 35 970 251; figure 1 in the online supplement
shows the LD plot of RAC2 tag SNPs). To further examine this
association, we genotyped four RAC2 SNPs with modest asso-
ciation in the discovery cohort (p<0.005; rs5756564, rs6572,
rs9607431 and rs2239774) in two independent cohorts (figure 1).
The replication cohort comprised 1836 Caucasian subjects
including 443 patients with CD, 477 with UC and 916 controls
recruited from North America (table 4A in online supplement)
and a second validation cohort from Scotland comprised 2449
Caucasian subjects including 691 patients with CD, 615 with
UC and 1143 controls (table 4B in online supplement). No RAC2
SNP association was replicated in both independent cohort
(table 3). However, in a combined analysis of the discovery,
replication and validation cohorts (1790 patients with CD, 1636
with UC and 2908 controls), the RAC2 association signal for
rs6572 was significantly associated with CD and not UC (table
3; see also table 5 in online supplement). It is important to note

Figure 1 Flow diagram of NADPH oxidase genetic experiments. VEO-
IBD, very early onset inflammatory bowel disease.

Table 2 Phenotype of patients with inflammatory bowel disease with R38Q p67phox

VEO-IBD
R38Q p67phox

Genotype of
risk allele Gender

Age at diagnosis
(years)

Disease type
at diagnosis

Disease
location

Perianal
disease Other

1 (index patient) Heterozygote M <1 CD Ileocolonic (L3) Yes

2 Heterozygote M 2 IBDU Colonic (L2) Yes

3 Heterozygote F 4.2 CD Colonic (L2) Yes

4 Heterozygote F 4.6 CD Ileocolonic (L3) No Severe arthritis

5 Heterozygote F <1 CD Ileocolonic (L3) Yes

6 Heterozygote M 9 CD Ileocolonic (L3) No Extensive small
bowel disease

7 Heterozygote F 9.7 IBDU Colonic (L2) No

8 Heterozygote M 8.8 IBDU Ileocolonic (L3) No

9 Heterozygote M 7.2 IBDU Colonic (L2) No

10 Homozygote F 5.5 IBDU Colonic (L2) No

11 Homozygote F 7.7 CD Ileocolonic (L3) Yes

L3, ileocolonic CD; L2, colonic only CD.
CD, Crohn’s disease; IBDU, inflammatory bowel disease unclassified; VEO-IBD, very early onset inflammatory bowel disease.
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that no RAC2 SNP achieved genome-wide association signifi-
cance in this study nor was significantly associated in all three
populations studied. One SNP (rs6572; pcombined¼4.8310�5, OR
1.2 (95% CI 1.09 to 1.29)) remained significantly associated with
CD after the Bonferroni correction threshold for the number of
SNPs genotyped in this study and the phenotypes examined (62
SNPs examined in IBD/UC/CD, a¼2.0310�4). Functional
analysis showed that rs6572 did not affect RAC2 splicing or gene
expression based on genotype, and imputation analysis did not
provide further information regarding the possible casual vari-
ants (data not shown).

In a secondary analysis we further examined the association
of RAC2 with CD by disease phenotype using the IBD Montreal
Classification criteria.16 In the combined analysis of the
discovery, replication and validation cohorts (1790 patients with

CD, 1636 with UC and 2908 controls) we found further asso-
ciations with the RAC2 SNPs, with the strongest signal in
ileocolonic CD (Montreal Classification L3) with two SNPs:
rs6572 (pcombined¼6.0310�6, OR 1.3 (95% CI 1.16 to 1.46)) and
rs5756564 (pcombined¼3.0310�5, OR 0.77 (95% CI 0.68 to 0.87);
see tables 5 and 6 in online supplement for summary). The
association with RAC2 SNPs and phenotypes was not replicated
in all three cohorts examined.

Replication of NCF4
We also replicated the association between the NCF4 rs4821544
and CD (p¼5.1310�3, OR 1.25 (95% CI 1.07 to 1.1.47); table 1).
Figure 1 in the online supplement shows the LD plot ofNCF4 tag
SNPs used in this study. As the association with NCF4 rs4821544
was originally reported in an ileal CD GWAS and replication

Figure 2 Functional studies of the
p67phox R38Q polymorphism. (A)
p67phox R38Q variant reduces binding to
RAC. Interaction between RAC and
wild-type p67phox and p67phox R38Q.
GFP-tagged RAC2 and MYC-tagged
p67phoxand p67phox R38Q were co-
transfected into T293 cells. After 20 h
p67phox was immunoprecipitated using
anti-MYC antibody and blotted for MYC
and GFP. RAC2 showed a 51%
reduction of binding to p67phox R38Q in
comparison with RAC2 binding to wild-
type p67phox. Representative blot of
three independent experiments. IP,
immunoprecipitation; WB, western blot.
(B) p67phox R38Q variant results in
a conformational change. The model
shows a close-up view of the RAC
binding cavity of the wild-type p67phox

and p67phox R38Q as adapted from the
RAC/p67phox complex crystal structure
(PDB 1E96). The proteins are shown in
ribbon representation, coloured
according to secondary structure, with
RAC residues labelled in blue and
p67phox residues labelled in red.
Residues within 7310-8 cm of p67phox

R38 are represented by stick models
with nitrogen and oxygen atoms
indicated in blue and red, respectively.
Water molecules found within the
crystal structure are denoted by red
spheres. Dashed lines denote putative
hydrogen bond interactions between
p67phox wild-type and p67phox L112 as
well as water molecule 2013. In the
p67phox R38Q variant, bond distances
between p67phox R38Q and p67phox

L112 are reduced, the interaction with
water molecule 2013 is lost, and a new
putative interaction between p67phox

R38Q and water molecule 2025 forms.
In addition, owing to the reduced carbon
chain length between the arginine and
glutamine side chains, a hydrophilic
cavity is present perpendicular to the
RAC/p67phox R38Q interface that is
visible through electron density
mapping (not shown). All distances
labelled are 310-8 cm. Images were
generated with PyMOL (PyMOL Molecular
Graphics System, Version 1.3, Schrödinger, LLC.)
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study,11 12 we examined ileal CD and also showed an association
(Montreal Classification L1, p¼3.5310�3, OR 1.46 (95% CI 1.13
to 1.89); see tables 5 and 7 in online supplement for subpheno-
type analysis). The patients used in this study did not contribute
to the original ileal CD NIDDK GWAS cohort that initially
described the NCF4 association signal.11 The rs4821544 SNP did
not alter gene expression or splicing of NCF4 based on genotype,
and imputation analysis did not provide further information
regarding the possible casual variants (data not shown).

DISCUSSION
Phagocytic leucocytes (especially neutrophils) are critical for
innate immunity and clear debris and prevent local damage in
the bowel. The importance of phagocyte function in the devel-
opment of non-infectious colitis is seen in a number of
congenital disorders,26 particularly the impaired respiratory
burst demonstrated in glycogen storage disease Ib and
CGD.27e29 Patients with CGD often develop severe perianal
disease, stricturing small bowel disease and discontinuous colitis
that is endoscopically and histologically very similar to CD5 and
even misdiagnosed as CD.30 A defective neutrophil respiratory
burst has long been recognised as playing an important role in
the pathogenesis of CD,8e10 but only recently have NADPH
oxidase complex genes been implicated. We observed an associ-
ation between both NCF2 and RAC2 SNPs with clinical
phenotypes that resemble that seen in CGD. We chose to
examine the VEO-IBD age group closely as patients diagnosed
before the age of 10 years have a distinct phenotype with a high
familial aggregation and greater tendency to present with severe
colonic disease.31e33 This age group is most likely influenced by
genetic alterations such as those seen in IL10RA/B and in other
phenocopies of IBD such as CGD.34 We hypothesised that
polymorphisms in NADPH oxidase complex genes that reduce
NADPH oxidase function but do not cause CGD are associated
with an increased risk of developing IBD. We identified a novel
variant in NCF2 (encoding p67phox). Rare homozygous muta-
tions in NCF2 are known to cause autosomal recessive CGD
mostly through complete loss of p67phox expression and an
inability to produce ROS, and these patients with CGD often
present with a milder phenotype.29 35 36 The identified variant
arginine at position 38 of p67phox has been shown to be
important in RAC2 binding25; variation at this position reduces
RAC binding. As p67phox binding to RAC2 is an essential step in
the assembly and activation of NOX2 NADPH oxidase,3 we
would expect that ROS production would be reduced but not
absent as observed in our index patient. The patients with VEO-
IBD with the p67phox R38Q variant all had extensive colonic
involvement and five patients developed perianal disease. This
phenotype resembles the colitis seen in CGD and in many
patients with VEO-IBD. However, these patients had no
evidence of immunodeficiency (as assessed by a comprehensive
immunological investigation), indicating that the p67phox R38Q
variant plays a role in the development of colitis only. Certainly,

patients with CGD can present with CD-like colitis as the only
manifestation of disease,37 38 and patients with CGD are at
much greater risk of developing CD-like colitis.5e7 Interestingly,
two patients were homozygotes for the p67phox R38Q variant.
Neither patient had chronic infections or evidence to suggest
CGD, and neither had worse disease at presentation. Long-term
follow-up will be required to determine if there is a dosage effect,
with more severe outcomes for individuals carrying two copies
of this variant.
In this study we also identified the p67phox binding partner

RAC2 as a CD susceptibility gene through a candidate gene
approach. Although RAC2 mutations are not known to cause
CGD, a rare dominant negative mutation in RAC2 has been
shown to cause an immunodeficiency similar to CGD through
inhibiting RAC2 from binding GTP.39 40 The binding of RAC2 to
p67phox is a critical step required for the activation of the NADPH
oxidase complex and the production of ROS.41 We also replicated
the association signal for NCF4 (encoding p40phox) and CD. The
p40phox protein serves to enhance delivery of p47phox and p67phox

to the membrane.3 Recently, a paediatric patient was found to
have novel compound heterozygote NCF4 mutations which
reduced the gene product p40phox binding to PtdIns(3)P, essential
for NADPH oxidase phagocytosis-induced oxidant production in
human neutrophils.38 Interestingly, this patient presented with
granulomatous colitis and perianal disease without evidence of
immune deficiency.38 These studies demonstrate the importance
of p40phox in the development of colitis.
Current estimates suggest that CD GWAS have explained

23% of the inherited contribution to the risk of CD.13 Thus,
there remains substantial ‘missing heritability ’ and it is broadly
anticipated that this will not be fully explained by simply
expanding the GWAS approach with larger numbers of
patients.13 Our candidate gene approach suggests an association
between RAC2 and CD, although these results need to be
interpreted with caution as no RAC2 SNP replicated in all three
cohorts examined and the association signal did not meet
genome-wide significance. We observed both risk and protective
signals for RAC2 suggesting that, similar to the IL23R signal,
these SNPs are involved in alternate splicing or altered expres-
sion of RAC2 that may play opposing roles.42 However, this
association was not reported in the International IBD Genetics
Consortium (IIBDGC) meta-analysis as the gene is poorly
tagged in that genome-wide array.13 The SNPs used in that
study did not provide adequate coverage for our lead SNP
(GWAS SNPs rs132515, rs2413552 and rs5757362 r2<0.25 to
rs6572); further large-scale analysis will therefore be required to
validate these results. Our lead NCF4 SNP (rs4821544) was
associated with CD in the NIDDK GWAS
(pdiscovery¼2.89310�5; preplication¼0.009; OR 1.19) which only
included patients with ileal disease and was independently
replicated in ileal CD.11 12 This association was not observed in
a large European study.43 In the first IIBDGC meta-analysis
(including all disease locations of CD) the pmeta-analysis was

Table 3 Combined analysis for discovery, NIDDK replication and Scottish validation cohorts showing association between RAC2 SNPs and Crohn’s
disease

RAC2 gene Chr 22 Discovery Toronto cohort NIDDK cohort Scottish cohort Combined analysis

SNP Position p Value OR (95% CI) p Value OR (95% CI) p Value OR (95% CI) p Value OR (95% CI)

rs5756564 35 942 049 6.5310�4 0.75 (0.64 to 0.88) 5.0310�2 0.84 (0.74 to 0.1.0) 5.4310�2 0.95 (0.83 to 1.10) 4.0310�4 0.85 (0.78 to 0.93)

rs6572 35 951 391 3.8310�4 1.33 (1.13 to 1.57) 5.0310�1 1.04 (0.96 to 1.22) 1.0310�2 1.18 (1.03 to 1.36) 5.0310�5 1.19 (1.09 to 1.29)

rs9607431 35 959 884 8.5310�5 1.57 (1.25 to 1.98) 2.7310�2 0.75 (0.58 to 0.96) 5.4310�1 1.06 (0.87 to 1.30) 4.2310�2 1.36 (1.01 to 1.25)

rs2239774 35 967 599 1.5310�4 1.49 (1.21 to 1.84) 4.4310�2 0.78 (0.62 to 0.99) 6.9310�2 1.03 (0.86 to 1.25) 5.0310�2 1.12 (0.96 to 1.21)

p Values are presented as uncorrected.
Combined analysis of the discovery, replication and validation cohorts (1790 patients with Crohn’s disease and 2908 controls).

6 of 8 Muise AM, Xu W, Guo C-H, et al. Gut (2011). doi:10.1136/gutjnl-2011-300078

Inflammatory bowel disease

 group.bmj.com on September 7, 2011 - Published by gut.bmj.comDownloaded from 

http://gut.bmj.com/
http://group.bmj.com/


0.0078 for rs48215442; hence, this SNP was not taken forward
for independent replication. In the expanded second IIBDGC
meta-analysis, pmeta-analysis for rs4821544 was 1.80310�5.13 It is
therefore possible that NCF4 SNP is associated with CD and
that disease location may be important for further large-scale
replication, although previous European studies suggest that
geographical factors may also be important.

Recent studies have provided insight into the role of the NOX2
NADPH oxidase complex in the development of colitis. Animal
models have shown that defects in NADPH oxidase complex
genes can impair bacterial killing44 and cause susceptibility to
autoimmunity through defects in ROS production.45 Further-
more, studies have shown that bacterial pathogens can cause
excessive ROS production leading to disease through tissue
destruction and inflammation and, on the other hand, other
bacteria can modulate ROS-dependent neutrophil apoptosis
thereby surviving and causing disease.46 In human studies the
non-infectious inflammation (especially colitis) that occurs in
patients with CGD has been linked to the NADPH oxidase
regulation of the inflammosome47 and autophagy48 pathways
involved in the pathogenesis of CD. It is therefore plausible that
polymorphisms that increase or decrease ROS production may be
associated with the development of human colitis.

The NADPH oxidase complex has been implicated in the
pathogenesis of human disease from arthritis to cancer.46

Overall, our studies of the NADPH oxidase complex provide
further evidence supporting defective neutrophil ROS produc-
tion in the pathogenesis of CD. The p67phox R38Q variant
suggests that reduced ROS is important in the development of
early onset disease, while the candidate gene approach shows
the importance of the NADPH oxidase complex in the devel-
opment of CD. Our study demonstrates that SNPs in the core
NADPH oxidase complex genes are not associated with IBD.
This is an interesting finding as variations in genes that are
responsible for localisation of the NADPH oxidase complex
(including p47phox and p67phox and RAC2) appear to be associ-
ated with IBD, and this mislocalisation or delay in localisation of
the NADPH oxidase complex to the membrane may be impor-
tant in the pathogenesis of IBD.

We propose that partial impairment of NADPH oxidase
function coupled with other genetic variations, especially those
in innate immunity genes, contribute to the pathogenesis of CD
without development of the severe innate immune deficiency
observed in CGD.
Author affiliations
1Division of Gastroenterology, Hepatology, and Nutrition, Department of Paediatrics,
Hospital for Sick Children, Toronto, Ontario, Canada
2Program in Cell Biology, Hospital for Sick Children, University of Toronto, Toronto,
Ontario, Canada
3Institute of Medical Science, University of Toronto, Toronto, Ontario, Canada
4Princess Margaret Hospital, Toronto, Ontario, Canada
5Dalla Lana School of Public Health, University of Toronto, Toronto, Ontario, Canada
6The Centre for Applied Genomics and Program in Genetics and Genome Biology, The
Hospital for Sick Children, Toronto, Ontario, Canada
7Division of Pediatrics; Gastroenterology, Hepatology and Nutrition Unit, Pontificia
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Muise et al Supplemental Material: Methods, Tables, and Figures 
 
Methods 

Binding Studies  

 Human HEK293 cells maintained in Dulbecco's modified Eagle's medium (Invitrogen) 

containing 10% heat-inactivated fetal bovine serum (Invitrogen),  antibiotics (100 units/ml penicillin and 

100 μg/ml streptomycin) at 37 °C in 5% CO2. Monoclonal anti-Myc antibody was purchased from 

Upstate. Monoclonal anti-GFP antibody was from Covance. ECL reagents were from Pierce, and Protein 

G- beads were from Sigma. Plasmid Construction. Myc-tagged human P67 cDNA was cloned into the 

pCDNA3 vector (Invitrogen). Mutation in R38Q (c:113G>A) in the RAC binding domain was generated 

by site-directed mutagenesis using PCR. All constructs were verified by sequencing. Empty GFP vector 

was used as negative control.  Transient Transfections—HEK293 cells were plated at 1.5× 106 cells/well 

in 10-cm dish and grown overnight in Dulbecco's modified Eagle's medium with 10% fetal bovine 

serum, 100 units/ml penicillin, and 100 μg/ml streptomycin to reach to 60-70% confluence. Cells were 

co-transfected with constructs harboring the inserted gene using calcium phosphate according to the 

manufacturer's instructions. Six hours after transfection the media was changed and cells were collected 

at the indicated time.  

 Cells grown in 10 cm dishes washed twice with cold 1× phosphate-buffered saline, and extracted 

in ice-cold lysis buffer (50 mM Hepes, pH 7.5, 150 mM NaCl, 1.5 mM MgCl2, 1 mM EGTA, 10% 

glycerol (v/v), 1% Triton X-100 (v/v),  supplemented with 1 mm phenylmethylsulfonyl fluoride, 1 μg/ml 

aprotinin, 1 μg/ml leupeptin, 1 μg/ml pepstatin, and 1 mM vanadate). Equal amounts (50 μg) of total 

protein were analyzed by western blotting. For protein immunoprecipitation experiments, supernatants 

(1mg) were incubated using both anti-myc and GFP antibody (1 μl, 1mg/ml). 

 

Genetic Quality Control 

To conduct systematic quality control on the raw genotyping data, we examined 303 SNPs genotyped for the 

discovery cohort only. Most of SNPs were not part of this candidate study (either known IBD SNPs or from other 

independent studies) but were genotyped using the same platform and therefore allowed detailed QC to be carried out. To 



reduce population stratification, we limited the analysis to Caucasian subjects. We excluded 4 of 303 SNPs with a genotype 

call rate of less than 95% and 74 individuals where removed due to an overall genotype completion rate less than 95%. No 

individual was excluded due to sex discrepancies based on the heterozygosity rate from SNPs on chromosome. A total of 19 

SNPs were removed as a result of a genotype distribution that deviated from expected by Hardy-Weinberg Equilibrium 

(HWE) among controls (P  < 0.001). A total of 27 SNPs with a minor allele frequency < 1% in cases and controls were 

excluded from the analysis. After QC filtering, 253 SNPs were analyzed and the median sample call rate was 98.3%, and the 

median marker call rate was 99.7%.  

   

   



 
 
Supplemental Table 1: Primers for NCF2, RAC2 and NCF4. 
 
 

 
 



 
Supplemental Table 2: Demographic data for discovery, North American and Scottish replication 
cohorts 
 
Supplemental Table 2A. The summary statistics for discovery cohort 
 
 
Characteristics CD (n=754) UC (n=603) HC (n=924) 
Gender 
Male 
Female 

 
395 
359 

 
279 
324 

 
332 
592 

Age at diagnosis 
(median, range) 

 
16 (2-62) 

 
23 (1-73) 

 
n/a 

Early Onset 
(<16) 

 
441 

 
207 

n/a 

Jewish Heritage 
No 
Yes 

 
590 
156 

 
498 
104 

 
856 
68 

Perianal (p) 
No 
Yes 

 
527 
227 

 
n/a 

 
n/a 

Location 
0 
1 
2 
3 

 
57 
181 
191 
321 

 
n/a 

 
 
n/a 

Ileal Only CD 
(L1) 

 
181 

n/a n/a 

Any Ileal CD 
(L1/L3) 

 
502 

n/a n/a 

L2 CD + UC 191 603 n/a 
L2/L3 CD + UC 512 603 n/a 
Behavior 
1 
2 
3 

 
366 
186 
195 

 
n/a 

 
n/a 

 
The discovery cohort prior to QC includes 2281 Caucasian subjects (754 CD, 603 UC, and 924 
controls). Location and Behavior based on Montreal Classification. ileal only (L1), colonic only (L2), 
ileo‐colonic (L3), ileal any (L1/L3), colon only (L2 plus UC), colon any (L2/L3 plus UC), perianal 
(p), and early diagnosis patients (diagnosis age < 16) Nonstricturing/nonpenetration (B1), 
Stricturing (B2), and Penetration (B3). n/a – not applicable. 
 
 
 
 
 
 
 
 
 
 



 
 
Supplemental Table 2B. The summary statistics for North America replication cohort  
 
Characteristics CD (n=443) UC (n=477) HC (n=916) 
Gender 
Male 
Female 

 
191 
252 

 
275 
202 

 
559 
357 

Age at diagnosis 
(median, range) 

 
24 (7-71) 

 
30 (2-82) 

n/a 

Early Onset 
(<16) 

 
70 

 
46 

n/a 

Perianal (p) 
No 
Yes 

 
293 
143 

 
n/a 

 
n/a 

Ileal Only CD 
(L1) 

 
136 

n/a n/a 

Any Ileal CD 
(L1/L3) 

 
345 

n/a n/a 

L2 CD + UC 84 477 n/a 
L2/L3 CD + UC 293 477 n/a 
Behavior 
1 
2 
3 

 
187 
110 
136 

 
n/a 

 
n/a 

 
The replicate cohort includes 1836 Caucasian subjects (443 CD, 477 UC, and 916 controls). Location 
and Behavior based on Montreal Classification. Ileal only (L1), colonic only (L2), ileo‐colonic (L3), 
ileal any (L1/L3), colon only (L2 plus UC), colon any (L2/L3 plus UC), perianal (p), and early 
diagnosis patients (diagnosis age < 16) Nonstricturing/nonpenetration (B1), Stricturing (B2), and 
Penetration (B3). n/a – not applicable. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
Supplemental Table 2C. The summary statistics for Scottish validation cohort  
Characteristics CD (n=691) UC (n=615) HC (n=1143) 
Gender 
Male 
Female 

 
317 
374 

 
302 
313 

 
n/a 

Age at diagnosis 
(median, range) 

 
20 (2-83) 

 
30 (2-83) 

 
n/a 

Early onset (<16)  
322 

 
46 

n/a 

Perianal (p) 
No 
Yes 

 
615 
76 

n/a n/a 

Ileal Only CD 
(L1) 

159 n/a n/a 

Any Ileal CD 
(L1/L3) 

 
413 

n/a n/a 

L2 CD + UC 241 615 n/a 
L2/L3 CD + UC 495 615 n/a 
Behavior 
1 
2 
3 

 
556 
45 
40 

 
n/a 

 
n/a 

 
 
The Scotland cohort includes 2449 Caucasian subjects (691 CD, 615 UC, and 1143 controls). Location 
and Behavior based on Montreal Classification. ileal only (L1), colonic only (L2), ileo‐colonic (L3), 
ileal any (L1/L3), colon only (L2 plus UC), colon any (L2/L3 plus UC), perianal (p), and early 
diagnosis patients (diagnosis age < 16) Nonstricturing/nonpenetration (B1), Stricturing (B2), and 
Penetration (B3). n/a – not applicable. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
CH
R 

SNP Gene position A
1 

A
2 

MAF F_A F_U P OR (ci=0.95) L95 U95 

1 rs1044879 NCF2 181789375 3 2 0.351173 0.348 0.3557 0.4905 0.9518 0.8272 1.095 

1 rs789180 NCF2 181792243 4 1 0.105957 0.1075 0.1038 0.5588 1.068 0.8565 1.332 

1 rs789181 NCF2 181792961 3 1 0.14202 0.1388 0.1466 0.6481 0.9579 0.7964 1.152 

1 rs3845461 NCF2 181798823 1 3 0.0163494 0.0175 0.01472 0.5244 1.191 0.695 2.042 

1 rs11811630 NCF2 181800533 1 3 0.449488 0.4492 0.4499 0.95 0.9957 0.8698 1.14 

1 rs10797887 NCF2 181811317 1 3 0.0539287 0.055 0.05241 0.547 1.097 0.8116 1.483 

1 rs12753665 NCF2 181812684 1 3 0.3204 0.3187 0.3227 0.9117 0.9918 0.8578 1.147 

1 rs12094228 NCF2 181814495 2 1 0.0580771 0.05792 0.0583 0.8347 1.032 0.7707 1.381 

1 rs3845466 NCF2 181818383 1 3 0.0807711 0.08292 0.07774 0.4482 1.101 0.8581 1.414 

1 rs10911364 NCF2 181819149 3 1 0.0502684 0.04917 0.05183 0.6873 0.9378 0.6858 1.282 

1 rs789185 NCF2 181820904 3 1 0.38409 0.3917 0.3734 0.1775 1.099 0.9581 1.261 

1 rs11578964 NCF2 181822402 1 3 0.417277 0.4229 0.4093 0.2174 1.089 0.951 1.247 

1 rs789191 NCF2 181822502 1 3 0.0248902 0.02542 0.02415 0.6334 1.109 0.7243 1.699 

1 rs11588654 NCF2 181823018 3 1 0.341142 0.345 0.3357 0.4664 1.054 0.915 1.214 

1 rs10911365 NCF2 181825728 1 3 0.079795 0.08375 0.0742 0.08033 1.247 0.9737 1.596 

16 rs3180279 CYBA 87238334 2 3 0.4978 0.4996 0.4953 0.8726 1.011 0.8831 1.158 

16 rs9940427 CYBA 87239320 1 2 0.0332031 0.03211 0.03475 0.3995 0.8536 0.5906 1.234 

16 rs4673 CYBA 87240737 1 3 0.36164 0.3754 0.3422 0.01146 1.195 1.041 1.372 

16 rs3794624 CYBA 87244575 1 3 0.322423 0.3109 0.3386 0.05254 0.8705 0.7566 1.002 

22 rs6000448 NCF4 35580717 1 3 0.106445 0.1105 0.1007 0.2867 1.127 0.9044 1.405 

22 rs10854693 NCF4 35581956 3 1 0.404588 0.3887 0.427 0.006411 0.8285 0.7237 0.9485 

22 rs1883113 NCF4 35582630 3 2 0.0705222 0.07667 0.06184 0.006806 1.454 1.109 1.906 

22 rs4821542 NCF4 35582864 1 3 0.157882 0.1592 0.1561 0.7042 1.036 0.8636 1.242 

22 rs7287350 NCF4 35583185 1 3 0.0578613 0.06297 0.05065 0.007115 1.508 1.118 2.035 

22 rs1883112 NCF4 35586792 1 3 0.424976 0.4108 0.4451 0.008813 0.8358 0.7309 0.9559 

22 rs4821544 NCF4 35588449 3 1 0.336426 0.3465 0.3221 0.09234 1.129 0.9803 1.299 

22 rs741997 NCF4 35588759 3 1 0.0810151 0.08333 0.07774 0.2644 1.15 0.8999 1.469 

22 rs746713 NCF4 35589305 3 1 0.291402 0.2771 0.3115 0.04415 0.8607 0.7437 0.9961 

22 rs909484 NCF4 35590547 1 3 0.177648 0.1808 0.1731 0.5071 1.062 0.8899 1.266 

22 rs729749 NCF4 35593792 1 3 0.225283 0.2317 0.2162 0.1866 1.113 0.9494 1.305 

22 rs2075938 NCF4 35596268 1 3 0.285645 0.284 0.288 0.9643 1.003 0.8651 1.164 

22 rs8137456 NCF4 35604389 2 3 0.0697901 0.07542 0.06184 0.1701 1.203 0.9237 1.567 

22 rs8137602 NCF4 35604595 3 2 0.0895559 0.0825 0.09953 0.1094 0.8276 0.6566 1.043 

22 rs3959633 NCF4 35605501 1 3 0.0236701 0.02625 0.02002 0.2975 1.268 0.8111 1.983 

22 rs5756379 NCF4 35605850 3 1 0.343262 0.3461 0.3392 0.5153 1.049 0.909 1.21 

22 rs4821554 NCF4 35606030 1 3 0.263787 0.26 0.2691 0.689 0.9691 0.8312 1.13 

22 rs5750326 NCF4 35606231 1 2 0.494143 0.4954 0.4923 0.7617 0.9795 0.8567 1.12 

22 rs5756564 RAC2 35942049 3 1 0.38897 0.3621 0.427 0.0001631 0.7685 0.6701 0.8812 

22 rs4820272 RAC2 35945560 1 3 0.16203 0.1758 0.1425 0.01319 1.266 1.051 1.525 

22 rs933222 RAC2 35948583 1 3 0.287945 0.3 0.2709 0.04235 1.17 1.005 1.361 

22 rs12166968 RAC2 35951304 2 3 0.0651537 0.06458 0.06596 0.727 0.9532 0.7284 1.247 

22 rs6572 RAC2 35951391 3 2 0.45998 0.4871 0.4217 0.0001309 1.309 1.14 1.503 

22 rs739041 RAC2 35954945 3 1 0.431127 0.428 0.4356 0.7734 0.9804 0.8567 1.122 

22 rs9607431 RAC2 35959884 2 1 0.138116 0.1575 0.1107 0.0002877 1.456 1.188 1.783 

22 rs1476002 RAC2 35960734 1 3 0.134521 0.1418 0.1243 0.1935 1.144 0.934 1.401 

22 rs13058338 RAC2 35962716 4 1 0.253906 0.2367 0.2783 0.009238 0.8156 0.6995 0.9509 

22 rs5756573 RAC2 35963721 1 3 0.149243 0.1511 0.1466 0.4227 1.08 0.8944 1.305 

22 rs2284038 RAC2 35965001 3 1 0.396535 0.3987 0.3934 0.8148 1.017 0.8854 1.167 



22 rs2239774 RAC2 35967599 2 3 0.164226 0.1821 0.139 0.00224 1.332 1.108 1.601 

22 rs2239775 RAC2 35967787 1 2 0.138116 0.1388 0.1372 0.7624 0.9702 0.7971 1.181 

22 rs2239773 RAC2 35968235 1 3 0.271598 0.2514 0.2996 0.00207 0.7858 0.6741 0.9161 

22 rs2213430 RAC2 35968906 1 3 0.43509 0.4367 0.4329 0.5075 1.048 0.913 1.202 

22 rs6000632 RAC2 35974061 1 3 0.243289 0.2375 0.2515 0.4456 0.9406 0.8035 1.101 

22 rs4821615 RAC2 35976077 2 3 0.446559 0.4475 0.4452 0.8912 0.9906 0.8658 1.133 

22 rs12484031 RAC2 35979216 3 1 0.101807 0.09842 0.1066 0.4141 0.9144 0.7378 1.133 

22 rs7288979 RAC2 35979440 3 1 0.172035 0.1604 0.1885 0.02659 0.8219 0.6911 0.9775 

X rs7059081 CYBB 37526428 2 3 0.08321 0.0875 0.07715 0.3336 1.096 0.9097 1.322 

X rs6651773 CYBB 37528612 3 1 0.1652 0.165 0.1655 0.972 0.9975 0.8658 1.149 

X rs17312212 CYBB 37529550 3 1 0.05686 0.05542 0.05889 0.6978 0.9575 0.7691 1.192 

X rs4827298 CYBB 37536603 3 1 0.2469 0.2458 0.2485 0.8703 0.9901 0.8787 1.116 

X rs5917471 CYBB 37537458 1 3 0.4143 0.4175 0.4099 0.6871 1.022 0.9204 1.134 

X rs12848910 CYBB 37551189 3 1 0.1142 0.1121 0.1172 0.6664 0.9642 0.817 1.138 

 
 
Supplemental Table 3A. Association of NADPH oxidase gene SNPs and IBD in the Discovery 
cohort. MAF: minor allelic frequency. F_A: frequency in affected patients. F_U: frequency in 
unaffected controls. L95 and U95: lower and upper confidence interval. 



 
CH
R 

SNP  Gene  position  A
1 

A
2 

MAF  F_A  F_U  P  OR   L95  U95 

1  rs1044879  NCF2  18178937
5 

3  2  0.349169  0.3407  0.3557  0.2322  0.9048  0.767
8 

1.066 

1  rs789180  NCF2  18179224
3 

4  1  0.105053  0.1067  0.1038  0.6349  1.063  0.826
1 

1.368 

1  rs789181  NCF2  18179296
1 

3  1  0.143189  0.1387  0.1466  0.7249  0.9625  0.777
8 

1.191 

1  rs3845461  NCF2  18179882
3 

1  3  0.015614
6 

0.0167
7 

0.0147
2 

0.5326  1.217  0.657
3 

2.252 

1  rs1181163
0 

NCF2  18180053
3 

1  3  0.448173  0.4459  0.4499  0.7474  0.9747  0.834
2 

1.139 

1  rs1079788
7 

NCF2  18181131
7 

1  3  0.055149
5 

0.0586
9 

0.0524
1 

0.3318  1.186  0.840
1 

1.675 

1  rs1275366
5 

NCF2  18181268
4 

1  3  0.323588  0.3247  0.3227  0.9595  1.004  0.848
4 

1.189 

1  rs1209422
8 

NCF2  18181449
5 

2  1  0.058804  0.0594
5 

0.0583  0.7232  1.063  0.757
9 

1.491 

1  rs3845466  NCF2  18181838
3 

1  3  0.079734
2 

0.0823
2 

0.0777
4 

0.5068  1.104  0.824
4 

1.478 

1  rs1091136
4 

NCF2  18181914
9 

3  1  0.052159
5 

0.0525
9 

0.0518
3 

0.9873  0.9971  0.696
2 

1.428 

1  rs789185  NCF2  18182090
4 

3  1  0.382724  0.3948  0.3734  0.1795  1.115  0.950
9 

1.308 

1  rs1157896
4 

NCF2  18182240
2 

1  3  0.418605  0.4306  0.4093  0.137  1.127  0.962
8 

1.318 

1  rs789191  NCF2  18182250
2 

1  3  0.023588  0.0228
7 

0.0241
5 

0.8909  1.036  0.624
4 

1.719 

1  rs1158865
4 

NCF2  18182301
8 

3  1  0.344518  0.3559  0.3357  0.2062  1.111  0.943
5 

1.309 

1  rs1091136
5 

NCF2  18182572
8 

1  3  0.077408
6 

0.0815
5 

0.0742  0.1909  1.208  0.910
1 

1.603 

16  rs3180279  CYBA  87238334  2  3  0.491672  0.487  0.4953  0.4364  0.9394  0.802
6 

1.1 

16  rs9940427  CYBA  87239320  1  2  0.033909
6 

0.0328
2 

0.0347
5 

0.4885  0.8589  0.558
6 

1.321 

16  rs4673  CYBA  87240737  1  3  0.351163  0.3628  0.3422  0.112  1.139  0.970
1 

1.337 

16  rs3794624  CYBA  87244575  1  3  0.330452  0.3198  0.3386  0.1634  0.8906  0.756
6 

1.048 

22  rs6000448  NCF4  35580717  1  3  0.108045  0.1176  0.1007  0.1839  1.184  0.922
8 

1.52 

22  rs1085469
3 

NCF4  35581956  3  1  0.405648  0.378  0.427  0.003823  0.7925  0.676
9 

0.927
8 

22  rs1883113  NCF4  35582630  3  2  0.067774
1 

0.0754
6 

0.0618
4 

0.01325  1.472  1.084  2 

22  rs4821542  NCF4  35582864  1  3  0.165449  0.1776  0.1561  0.1857  1.149  0.935
4 

1.411 

22  rs7287350  NCF4  35583185  1  3  0.054853
7 

0.0603
1 

0.0506
5 

0.02581  1.47  1.048  2.063 

22  rs1883112  NCF4  35586792  1  3  0.422821  0.3941  0.4451  0.001388  0.7732  0.660
5 

0.905
3 

22  rs4821544  NCF4  35588449  3  1  0.344518  0.3735  0.3221  0.005118  1.257  1.071  1.475 

22  rs741997  NCF4  35588759  3  1  0.084385
4 

0.0929
9 

0.0777
4 

0.121  1.243  0.944
2 

1.636 

22  rs746713  NCF4  35589305  3  1  0.306977  0.3011  0.3115  0.7173  0.9696  0.820
2 

1.146 

22  rs909484  NCF4  35590547  1  3  0.171761  0.17  0.1731  0.8553  0.9808  0.796
8 

1.207 

22  rs729749  NCF4  35593792  1  3  0.217158  0.2184  0.2162  0.7703  1.028  0.853  1.239 

22  rs2075938  NCF4  35596268  1  3  0.279255  0.2679  0.288  0.3198  0.915  0.768
2 

1.09 

22  rs8137456  NCF4  35604389  2  3  0.068770
8 

0.0777
4 

0.0618
4 

0.1693  1.24  0.912
5 

1.685 

22  rs8137602  NCF4  35604595  3  2  0.091694
4 

0.0815
5 

0.0995
3 

0.07419  0.7759  0.587
2 

1.025 

22  rs3959633  NCF4  35605501  1  3  0.024916
9 

0.0312
5 

0.0200
2 

0.07318  1.56  0.959
1 

2.537 

22  rs5756379  NCF4  35605850  3  1  0.334551  0.3285  0.3392  0.5302  0.9483  0.803
3 

1.119 

22  rs4821554  NCF4  35606030  1  3  0.257475  0.2424  0.2691  0.1157  0.8646  0.721
3 

1.036 

22  rs5750326  NCF4  35606231  1  2  0.496678  0.5023  0.4923  0.9018  1.01  0.866
3 

1.177 

22  rs5756564  RAC2  35942049  3  1  0.397674  0.3598  0.427  0.0006546  0.7562  0.643
9 

0.888 

22  rs4820272  RAC2  35945560  1  3  0.162791  0.189  0.1425  0.001566  1.401  1.137  1.727 

22  rs933222  RAC2  35948583  1  3  0.281395  0.295  0.2709  0.2225  1.117  0.934
8 

1.336 

22  rs1216696
8 

RAC2  35951304  2  3  0.067109
6 

0.0686  0.0659
6 

0.9971  1.001  0.733
2 

1.365 

22  rs6572  RAC2  35951391  3  2  0.453488  0.4947  0.4217  0.00038  1.337  1.139  1.57 



22  rs739041  RAC2  35954945  3  1  0.434492  0.4331  0.4356  0.8488  1.015  0.867
8 

1.188 

22  rs9607431  RAC2  35959884  2  1  0.135548  0.1677  0.1107  0.00008594  1.577  1.256  1.98 

22  rs1476002  RAC2  35960734  1  3  0.12766  0.1321  0.1243  0.6058  1.065  0.838
3 

1.353 

22  rs1305833
8 

RAC2  35962716  4  1  0.256981  0.2294  0.2783  0.006391  0.7773  0.648
6 

0.931
6 

22  rs5756573  RAC2  35963721  1  3  0.145376  0.1437  0.1466  0.7453  1.037  0.832
9 

1.291 

22  rs2284038  RAC2  35965001  3  1  0.398007  0.404  0.3934  0.6625  1.037  0.882
1 

1.218 

22  rs2239774  RAC2  35967599  2  3  0.164452  0.1974  0.139  0.0001514  1.495  1.214  1.84 

22  rs2239775  RAC2  35967787  1  2  0.134884  0.1319  0.1372  0.4163  0.9086  0.721
2 

1.145 

22  rs2239773  RAC2  35968235  1  3  0.277002  0.247  0.2996  0.004515  0.7696  0.642
4 

0.922
1 

22  rs2213430  RAC2  35968906  1  3  0.434219  0.436  0.4329  0.6503  1.038  0.884
5 

1.217 

22  rs6000632  RAC2  35974061  1  3  0.245183  0.237  0.2515  0.4481  0.9314  0.775
1 

1.119 

22  rs4821615  RAC2  35976077  2  3  0.447841  0.4512  0.4452  0.8961  1.01  0.864
4 

1.181 

22  rs1248403
1 

RAC2  35979216  3  1  0.100664  0.0929
9 

0.1066  0.2213  0.8521  0.659
3 

1.101 

22  rs7288979  RAC2  35979440  3  1  0.176412  0.1608  0.1885  0.06473  0.8266  0.675
4 

1.012 

X  rs7059081  CYBB  37526428  2  3  0.08272  0.0899
4 

0.0771
5 

0.3038  1.118  0.904
2 

1.381 

X  rs6651773  CYBB  37528612  3  1  0.1621  0.1578  0.1655  0.6278  0.9595  0.812  1.134 

X  rs1731221
2 

CYBB  37529550  3  1  0.06047  0.0625  0.0588
9 

0.7375  1.043  0.816  1.333 

X  rs4827298  CYBB  37536603  3  1  0.2402  0.2294  0.2485  0.3079  0.9288  0.805
7 

1.071 

X  rs5917471  CYBB  37537458  1  3  0.406  0.4009  0.4099  0.6786  0.9745  0.862
3 

1.101 

X  rs1284891
0 

CYBB  37551189  3  1  0.1169  0.1166  0.1172  0.9664  0.9959  0.821
8 

1.207 

 
Supplemental Table 3B. Association of NADPH oxidase gene SNPs and CD in the Discovery 
cohort. MAF: minor allelic frequency. F_A: frequency in affected patients. F_U: frequency in 
unaffected controls. L95 and U95: lower and upper confidence interval. 



 
CH
R 

SNP Gene position A
1 

A
2 

MAF F_A F_U P OR (ci=0.95) L95 U95 

1 rs1044879 NCF2 181789375 3 2 0.356115 0.3567 0.3557 0.9082 1.01 0.8518 1.198 

1 rs789180 NCF2 181792243 4 1 0.105603 0.1085 0.1038 0.6136 1.072 0.8192 1.402 

1 rs789181 NCF2 181792961 3 1 0.143575 0.1388 0.1466 0.6748 0.9517 0.7554 1.199 

1 rs3845461 NCF2 181798823 1 3 0.0161522 0.01838 0.01472 0.6547 1.161 0.6034 2.234 

1 rs11811630 NCF2 181800533 1 3 0.451184 0.4531 0.4499 0.7968 1.022 0.8655 1.207 

1 rs10797887 NCF2 181811317 1 3 0.051687 0.05055 0.05241 0.9811 0.9955 0.6825 1.452 

1 rs12753665 NCF2 181812684 1 3 0.318378 0.3116 0.3227 0.8003 0.9776 0.8199 1.166 

1 rs12094228 NCF2 181814495 2 1 0.05743 0.05607 0.0583 0.979 0.9952 0.6952 1.425 

1 rs3845466 NCF2 181818383 1 3 0.0800431 0.08364 0.07774 0.5311 1.102 0.8128 1.495 

1 rs10911364 NCF2 181819149 3 1 0.0491744 0.04504 0.05183 0.4769 0.8662 0.5831 1.287 

1 rs789185 NCF2 181820904 3 1 0.379038 0.3879 0.3734 0.3703 1.079 0.9132 1.276 

1 rs11578964 NCF2 181822402 1 3 0.410983 0.4136 0.4093 0.601 1.046 0.8848 1.236 

1 rs789191 NCF2 181822502 1 3 0.0258435 0.02849 0.02415 0.4865 1.196 0.7223 1.981 

1 rs11588654 NCF2 181823018 3 1 0.334171 0.3318 0.3357 0.895 0.9883 0.8296 1.177 

1 rs10911365 NCF2 181825728 1 3 0.0789663 0.0864 0.0742 0.0904 1.291 0.9606 1.736 

16 rs3180279 CYBA 87238334 3 2 0.497128 0.4853 0.5047 0.2459 0.907 0.7691 1.07 

16 rs9940427 CYBA 87239320 1 2 0.0333812 0.03125 0.03475 0.4866 0.8506 0.5393 1.342 

16 rs4673 CYBA 87240737 1 3 0.361091 0.3906 0.3422 0.006009 1.265 1.07 1.497 

16 rs3794624 CYBA 87244575 1 3 0.323635 0.3002 0.3386 0.06181 0.8484 0.7139 1.008 

22 rs6000448 NCF4 35580717 1 3 0.10122 0.102 0.1007 0.6934 1.056 0.8043 1.387 

22 rs10854693 NCF4 35581956 3 1 0.417085 0.4017 0.427 0.1105 0.8723 0.7376 1.032 

22 rs1883113 NCF4 35582630 3 2 0.0681981 0.07812 0.06184 0.03028 1.429 1.035 1.973 

22 rs4821542 NCF4 35582864 1 3 0.1486 0.1369 0.1561 0.3859 0.904 0.7197 1.136 

22 rs7287350 NCF4 35583185 1 3 0.0567121 0.06618 0.05065 0.01461 1.552 1.091 2.208 

22 rs1883112 NCF4 35586792 1 3 0.439568 0.4309 0.4451 0.2815 0.9129 0.7735 1.078 

22 rs4821544 NCF4 35588449 3 1 0.318966 0.314 0.3221 0.816 0.9793 0.8213 1.168 

22 rs741997 NCF4 35588759 3 1 0.0753769 0.07169 0.07774 0.8289 1.034 0.7623 1.403 

22 rs746713 NCF4 35589305 3 1 0.286844 0.2482 0.3115 0.001418 0.7404 0.6156 0.8905 

22 rs909484 NCF4 35590547 1 3 0.181263 0.1939 0.1731 0.1684 1.16 0.939 1.434 

22 rs729749 NCF4 35593792 1 3 0.22852 0.2477 0.2162 0.04018 1.225 1.009 1.487 

22 rs2075938 NCF4 35596268 1 3 0.29397 0.3033 0.288 0.2362 1.115 0.9315 1.334 

22 rs8137456 NCF4 35604389 2 3 0.0660445 0.07261 0.06184 0.3465 1.165 0.8473 1.603 

22 rs8137602 NCF4 35604595 3 2 0.0933238 0.08364 0.09953 0.4091 0.8884 0.6708 1.177 

22 rs3959633 NCF4 35605501 1 3 0.0201005 0.02022 0.02002 0.7815 0.9196 0.5084 1.663 

22 rs5756379 NCF4 35605850 3 1 0.350216 0.3674 0.3392 0.05921 1.184 0.9935 1.411 

22 rs4821554 NCF4 35606030 1 3 0.273869 0.2812 0.2691 0.2966 1.104 0.9169 1.329 

22 rs5750326 NCF4 35606231 1 2 0.490309 0.4871 0.4923 0.4902 0.9434 0.7997 1.113 

22 rs5756564 RAC2 35942049 3 1 0.402728 0.3649 0.427 0.004023 0.7811 0.6601 0.9243 

22 rs4820272 RAC2 35945560 1 3 0.149318 0.1599 0.1425 0.4011 1.106 0.8745 1.398 

22 rs933222 RAC2 35948583 1 3 0.284637 0.3061 0.2709 0.02311 1.236 1.029 1.483 

22 rs12166968 RAC2 35951304 2 3 0.0635319 0.05974 0.06596 0.5271 0.8973 0.6413 1.255 

22 rs6572 RAC2 35951391 3 2 0.443647 0.4779 0.4217 0.004258 1.281 1.081 1.517 

22 rs739041 RAC2 35954945 3 1 0.430216 0.4219 0.4356 0.4664 0.9406 0.7977 1.109 

22 rs9607431 RAC2 35959884 2 1 0.124192 0.1452 0.1107 0.03367 1.307 1.021 1.673 

22 rs1476002 RAC2 35960734 1 3 0.135678 0.1535 0.1243 0.07964 1.242 0.9747 1.584 

22 rs13058338 RAC2 35962716 4 1 0.265445 0.2454 0.2783 0.1251 0.8641 0.7169 1.041 

22 rs5756573 RAC2 35963721 1 3 0.151831 0.1599 0.1466 0.2873 1.131 0.9013 1.42 

22 rs2284038 RAC2 35965001 3 1 0.393037 0.3925 0.3934 0.9423 0.9938 0.8401 1.176 



22 rs2239774 RAC2 35967599 2 3 0.1486 0.1636 0.139 0.2295 1.149 0.9163 1.44 

22 rs2239775 RAC2 35967787 1 2 0.141062 0.1471 0.1372 0.7057 1.048 0.8231 1.333 

22 rs2239773 RAC2 35968235 1 3 0.282952 0.2566 0.2996 0.02475 0.8069 0.6691 0.9731 

22 rs2213430 RAC2 35968906 1 3 0.434673 0.4375 0.4329 0.5006 1.06 0.8954 1.254 

22 rs6000632 RAC2 35974061 1 3 0.246231 0.2381 0.2515 0.6145 0.9515 0.784 1.155 

22 rs4821615 RAC2 35976077 2 3 0.444365 0.443 0.4452 0.6948 0.9676 0.8206 1.141 

22 rs12484031 RAC2 35979216 3 1 0.105963 0.105 0.1066 0.9289 0.9882 0.7623 1.281 

22 rs7288979 RAC2 35979440 3 1 0.177315 0.1599 0.1885 0.06777 0.8183 0.6598 1.015 

X rs7059081 CYBB 37526428 2 3 0.08004 0.08456 0.07715 0.5594 1.071 0.8503 1.349 

X rs6651773 CYBB 37528612 3 1 0.1687 0.1737 0.1655 0.6291 1.044 0.8779 1.24 

X rs17312212 CYBB 37529550 3 1 0.0542 0.04688 0.05889 0.2549 0.8446 0.6315 1.13 

X rs4827298 CYBB 37536603 3 1 0.2552 0.2656 0.2485 0.3988 1.065 0.9206 1.231 

X rs5917471 CYBB 37537458 1 3 0.4207 0.4375 0.4099 0.2275 1.083 0.9516 1.232 

X rs12848910 CYBB 37551189 3 1 0.1131 0.1066 0.1172 0.4655 0.926 0.7533 1.138 

 
 
Table 3C. Association of NADPH oxidase gene SNPs with UC in Discovery Cohort: MAF: minor 
allelic frequency. F_A: frequency in affected patients. F_U: frequency in unaffected controls. L95 and 
U95: lower and upper confidence interval. 



 
 
Supplemental Table 4 Association of NADPH oxidase gene SNPs and IBD, CD, and UC in North 
American and Scottish cohorts and combined analysis  
 
4A. North America 
 

 
 
MAF: minor allelic frequency. F_A: frequency in affected patients. F_U: frequency in unaffected 
controls. L95 and U95: lower and upper confidence interval. 



 
4B. Scotland 
 

 
 
 
 
MAF: minor allelic frequency. F_A: frequency in affected patients. F_U: frequency in unaffected 
controls. L95 and U95: lower and upper confidence interval. 



 
 
 
Supplemental Table 5. Association of NADPH oxidase gene SNPs and IBD, CD, and UC in North 
American and Scottish cohorts and combined subphenotype analysis  
 

 
 
 
 
Combined analysis of the discovery, replication and validation cohorts (1790 CD and 1636 UC patients, 
and 2908 controls). MAF: minor allelic frequency. F_A: frequency in affected patients. F_U: frequency 
in unaffected controls. L95 and U95: lower and upper confidence interval. 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
Supplemental Table 6. Sub-phenotype analysis RAC2 SNPs in combined analysis 
 
 Ileal 

“only” 
CD (L1) 

Ileal 
“any” 
(L1/L3) 

Colonic 
“only” CD 
(L2)  

Ileo-
colonic 
CD  (L3)  

Colon 
“Only” 
IBD  
(UC/L2 
CD) 

Colon 
“Any” 
IBD 
(UC/L2/L3 
CD) 

EO- IBD CD with 
perianal 
disease (p)

rs5756564 P = 4.0 x 10-2, 
OR = 0.85 (0.73-
0.99)  

P = 2.5 x 10-4, 
OR = 0.83 (0.70-
0.94) 

ns P = 3.0 x 10-5, 
OR = 0.77 (0.68-
0.87) 

P = 3.1 x 10-2, 
OR = 0.91 (0.84-
0.99) 

P = 8.1 x 10-4, 
OR = 0.87 (0.81-
0.94) 

P = 2.9 x 10-3, 
OR = 0.85 (0.77-
0.94) 

ns 

rs6572 ns P = 4.9 x 10-5, 
OR = 1.14 (1.04-
1.26) 

P = 3.0 x 10-2, 
OR = 1.15 (1.00-
1.32) 

P = 6.0 x 10-6, 
OR = 1.30 (1.16-
1.46) 

ns P = 9.0 x 10-4, 
OR = 1.13 (1.05-
1.22) 

P = 4.9 x 10-3, 
OR = 1.14 (1.04-
1.26) 

ns 

rs9607431 ns P = 2.5 x 10-2, 
OR = 1.17 (1.01-
1.35) 

ns P = 9.9 x 10-3, 
OR = 1.24 (1.05-
1.46) 

ns ns P = 6.0 x 10-3, 
OR = 1.21 (1.05-
1.39) 

ns 

rs2239774 ns P = 1.6 x 10-2, 
OR = 1.16 (1.02-
1.33) 

ns P = 1.0 x 10-3, 
OR = 1.28 (1.10-
1.49) 

ns P = 2.8 x 10-2, 
OR = 1.19 (1.02-
1.23) 

P = 3.4 x 10-2, 
OR = 1.17 (1.01-
1.35) 

P = 4.0 x 10-2, 
OR = 1.12 (1.02-
1.27) 

 
Combined analysis of the discovery, replication and validation cohorts (1790 CD and 1636 UC patients, 
and 2908 controls).. ns – not significant – p > 0.05. EO-IBD – early onset IBD (diagnosis prior to age 
16). Bonferroni correction threshold: for 62 SNP and 8 IBD sub-phenotypes examined; a = 1.0 x 10-4 
 



 
 
Supplemental Table 7. Sub-phenotype analysis NCF4 SNPs in discovery analysis  
 
 
 IBD CD Colonic 

“only” CD 
(L2)  

Colon 
“any” CD  
(L2/L3 
CD) 

IBD Dx < 
19 years 
of age 

CD with 
perianal 
disease (p) 

rs10854693 P = 6.4 x 10-3, 
OR 0.82 (0.72-
0.94) 

P = 3.8 x 10-3, 
OR 0.79 (0.67-
0.92) 

ns P = 2.9 x 10-2, 
OR 0.86 (0.75-
0.98) 

P = 1.0 x 10-2, 
OR 0.82 (0.71-
0.96) 

P = 1.5 x 10-3, 
OR 0.69 (0.55-
0.86) 

rs1883113 P = 6.4 x 10-3, 
OR 1.45 (1.10-
1.90) 

P = 1.3 x 10-2, 
OR 1.47 (1.08-
2.00) 

ns ns P = 4.8 x 10-3, 
OR 1.49 (1.13-
1.97) 

P = 2.0 x 10-2, 
OR 1.57 (1.07-
2.32) 

rs7287350 P = 7.1 x 10-3, 
OR 1.50 (1.11-
2.03) 

ns ns ns P = 2.7 x 10-2, 
OR 1.42 (1.04-
1.93) 

ns 

rs1883112 P = 8.8 x 10-3, 
OR 0.83 (0.73-
0.95) 

P = 1.3 x 10-2, 
OR 0.77 (0.66-
0.90) 

ns P = 3.9 x 10-2, 
OR 0.87 (0.76-
0.99) 

P = 4.8 x 10-3, 
OR 0.85 (0.73-
0.95 

P = 1.1 x 10-3, 
OR 0.68 (0.54-
0.86)) 

rs746713 P = 4.4 x 10-2, 
OR 0.86 (0.74-
0.99) 

ns P = 1.6 x 10-3, 
OR 0.77 (0.66-
0.90) 

P = 6.1 x 10-3, 
OR 0.81 (0.70-
0.94) 

ns ns 

rs4821544 ns P = 5.1 x 10-3, 
OR 1.25 (1.07-
1.47) 

ns ns ns ns 

 
ns – not significant – p > 0.05. EO-IBD – early onset IBD (diagnosis prior to age 16). Bonferroni 
correction threshold: for 62 SNP and 8 IBD sub-phenotypes examined; a = 1.0 x 10-4 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
Supplemental Figure 1: LD plot (LD statistic in D’) of NCF4 (35,586,991 to 35,604,004 ) and RAC2 
(35,951,258 to 35,970,251)  


