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Abstract

Background: Inflammatory bowel diseases (IBD) –Crohn’s disease (CD) and ulcerative coli-
tis (UC) – and celiac disease are intestinal inflammatory disorders with a complex genetic 
background. Recently, two novel genes were found to be associated with IBD susceptibility. 
One, an uncommon coding variant (rs11209026) in the gene encoding for the interleukin-23 
receptor(IL23R) conferred strong protection against CD. The other, rs2241880 in the autoph-
agy-related 16-like 1 gene(ATG16L1) was associated with CD. We performed a case-control 
study for association of IBD with IL23R and ATG16L1 in a Dutch cohort. We also looked at the 
association of IL23R and ATG16L1 with celiac disease.

Methods: 518 Dutch Caucasian IBD patients (311 CD and 207 UC, including 176 trios of pa-
tients with both parents), 508 celiac disease patients, and 893 healthy controls were studied 
for association to the rs11209026 (IL23R) and rs2241880 (ATG16L1) SNPs. 

Results: The rs11209026 SNP in IL23R had a protective effect for IBD in case-control analy-
sis (OR=0.19; 95% CI: 0.10–0.37; p=6.6E-09). Both CD (OR=0.14; CI: 0.06-0.37; p=3.9E-07) 
and UC (OR=0.33; CI: 0.15-0.73; p=1.4E-03) were associated with IL23R. For ATG16L1 the 
rs2241880 SNP was associated with CD susceptibility (OR=1.36; CI: 1.12-1.66; p=0.0017). The 
population attributable risk for carrying allele G is 0.24 and 0.19 for homozygosity for allele G 
in CD. No association was found between IL23R or ATG16L1 and celiac disease.

Conclusions: We confirmed the association of IL23R and ATG16L1 with CD susceptibility and 
also the association of IL23R with UC. We found IL23R and ATG16L1 were not associated with 
celiac disease susceptibility.
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Introduction

Inflammatory bowel diseases (IBD) are a group of chronic inflammatory disorders of the 
gastrointestinal tract of unknown origin; there are two main types: Crohn’s disease (CD) and 
ulcerative colitis (UC).1  Celiac disease is another chronic inflammatory disorder of the gastro-
intestinal tract, although it is not usually included under IBD. The combined prevalence of 
CD and UC is estimated at 100–200/100,000 in developed countries.2 3 Concordance rates in 
twins and siblings suggest that a genetic predisposition contributes to the pathogenesis of 
IBD. 4 In addition to genetic factors, environmental factors and the enteric microbial flora are 
involved in the development of IBD. Nevertheless the aetiology remains largely unknown.
In 2001 the CARD15 gene on chromosome 16 was identified as the first susceptibility gene 
for CD.5 6 IBD shows a variation in the individual clinical presentation and outcome that is 
most likely due to differences in the genetic susceptibility, exposure to environmental fac-
tors, the commensal bacteria in the intestine, and the intestinal immune system. Apart from 
the CARD15 association, the organic cation transporters, encoded by the genes SLC22A4 and 
SLC22A5, have been reported to be associated with CD susceptibility.7 However, this associa-
tion is not independent from the IBD5 haplotype.8 Further associations have been found 
with polymorphisms in the genes encoding for Drosophila discs large homologue 5 (DLG5), 
multi-drug resistance gene (MDR1), Toll-like receptor 4 (TLR4), Caspase-activating recruit-
ment domain 4 (CARD4) and Tumour Necrosis Factor superfamily member 15 (TNFSF15). 
However, none of these associations has been as consistently replicated as the CARD15 as-
sociation. 9-13

Recently, two genome-wide association studies were performed in IBD and uncovered two 
novel genes involved in IBD susceptibility: the first study, by Duerr et al., identified the 
gene encoding a subunit for the interleukin 23 receptor (IL23R) on chromosome 1p31 as a 
susceptibility gene for CD in a population of patients with ileal CD of non-Jewish, European 
ancestry.14  An uncommon variant Arg381Gln was shown to have a strong protective effect 
for CD and other non-coding IL23R variants were independently associated. This association 
was confirmed in independent cohorts of non-Jewish CD and UC patients, not only for CD 
but also for UC. Since the proinflammatory cytokine IL23 is increasingly being recognized 
as involved in gut inflammation, this finding is of great importance.15 The second study, by 
Hampe et al., found a strong association between CD and the autophagy-related 16-like 1 
gene (ATG16L1) encoding a protein in the autophagosome pathway, which processes intra-
cellular bacteria.16 They performed a genome-wide association scan in 735 German patients 
with CD and 368 controls. Their analysis of the most informative SNPs in an independent 
cohort of CD patients and controls identified ATG16L1 as a CD susceptibility gene. Marker 
rs2241880, a coding SNP (Thr300Ala), was strongly associated with susceptibility for CD. The 
risk for CD was confined to individuals carrying susceptibility allele G at rs2241880. It was 
suggested that there might be an epistatic effect with one of the three risk alleles in CARD15 
associated with CD. 
Since it is of pivotal importance that genetic associations are confirmed in independent 
cohorts from different countries, we performed a replication study for the two most strongly 
associated SNPs in IL23R and ATG16L1 in a cohort of IBD patients from the northern part of 



ATG16L1, IL23R and IBD

88

the Netherlands. We were also interested in discovering whether these two genes are more 
generally involved in other common chronic disorders of the gastrointestinal tract and we 
therefore included a cohort of celiac disease patients from the Netherlands. 

Methods 

Subjects
IBD: A cohort of 518 IBD patients (311 CD and 207 UC) from the University Medical Center 
Groningen was used.17 The diagnosis of CD or UC was based on accepted clinical, radiologic, 
endoscopic and histopathologic criteria.1 For 176 (103 CD and 73 UC) patients genotyping of 
both parents was also available. The clinical characteristics of patients with CD are given in 
table 1 and with UC in table 2.
Celiac disease: A cohort of 508 independent celiac patients of Dutch origin was included in 
the study. The diagnosis of CD was made according to the revised ESPGHAN criteria.18 In ad-
dition, the intestinal biopsies on which the initial diagnoses were based were re-evaluated 
for all these patients by one experienced pathologist, and only patients with a demonstrable 
villous atrophy and Marsh III lesions were included in this study.
The controls consisted of 893 healthy volunteers recruited from the University Medical Center 
Utrecht. Celiac cases and controls have been previously described.19 All the participants were 
of European Caucasian descent.
All patients gave informed consent and the study was approved by the ethics review com-
mittees of the participating hospitals. All DNA samples and data in this study were handled 
anonymously.

Genotyping and SNP selection
Genotyping assays for the rs11209026 and rs2241880 SNPs were designed for the Seque-
nom MassArray iPLEX platform using the Sequenom Assay Design software, version 3.0. The 
case and control samples, as well as 90 Centre d’Etude du Polymorphisme Humain  samples 
included in the International HapMap project were genotyped by primer extension of mul-
tiplex PCR products, followed by a chip-based matrix-assisted laser desorption ionization 
time-of-flight (MALDI-TOF).20 21 All genotyping was performed according to the manufacturer’s 
protocol at the Laboratory of Genetics and Genomic Medicine (www.inflammgen.org). The 
DNA samples were processed in 384 well-plates and each 384-plate with patient and control 
DNA contained 16 genotyping controls (4 duplicates of 4 CEU DNA). Both SNPs were validated 
and we obtained >99.9% concordance between our genotype data and the CEU data avail-
able from HapMap. Laboratory staff was blinded for disease status of each sample.

Statistical analysis
After genotyping the markers, we tested for Hardy-Weinberg equilibrium by comparing the 
expected and observed genotypes in 2 x 3 χ² tables. Both markers showed no deviation from 
Hardy-Weinberg equilibrium in controls (p-value >0.05). Differences in allele and genotype 
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Table 1. Clinical characteristics of  patients with Crohn’s disease. 

Total number    311
Sex (m/f)     106 / 205
Age at diagnosis (years)
 Mean (range)   31.3  (6.7 – 73.9)
 Median 27.7
 Under 40 yrs   227 (73.0%)
Follow up (years) 
 Mean (range)   11.8 (0.4 – 49.4)
 Median    8.8
Disease localization 
 Ileal     78 (25.1%)
 Colon    67  (21.5%)
 Ileocolon    166 (53.4%)
Disease behaviour
 Non-stricturing, non penetrating 101  (32.8%)
 Stricturing    76 (24.4%)
 Penetrating   133  (42.8%)
Upper GI tract    24 (7.7%)
Peri-anal     88 (28.3%)
Extra-intestinal manifestations   42  (13.5%) 
Family history of  IBD   62 (19.9%)
History of  surgical intervention   187 (60.1%)

Table 2. Clinical characteristics of  patients with ulcerative colitis.

Total number    207
Sex (m/f)     109 / 98
Age at diagnosis (years)
 Mean (range)   32.9  (5.6 – 46.0)
 Median    31.4
 Under 40 yrs   146 (70.5%)
Follow up (years)
 Mean (range)   14.2  (2.5 – 48.9)
 Median    12.5
Disease localization ¶ *

 Proctitis    14 (6.8%)
 Left-sided    65  (31.4%)
 Pancolitis    99 (47.8%)
Extra-intestinal manifestations   34 (16.4%)
Family history of  IBD   31 (15.0%)
History of  surgical intervention   46 (22.2%)

¶ Defined as maximum disease extend found at endoscopy during follow up. 
* Data was unavailable for 29 (14.3%) patients.
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distribution in the cases and controls were tested for significance by the chi-squared (χ²) 
test. In the trios we looked for association with the transmission disequilibrium test , us-
ing the transmission disequilibrium test  phase program of the UNPHASED package.22 Odds 
ratios were calculated and confidence intervals were approximated using Woolf’s method 
with Haldane’s correction. 23 Binary logistic regression was also used to determine gene-gene 
interaction effects. A significant threshold for p-values was determined at p<0.05.

Results

The IL23R rs11209026 SNP and the ATG16L1 rs2241880 SNP were genotyped in a group of 
518 IBD patients (311 CD and 207 UC), 508 celiac disease patients and 893 controls, all of 
European Caucasian descent. 
For the rs11209026 SNP in IL23R we observed a significant decrease of the rs11209026*A 
allele in the IBD group compared to controls (OR=0.19; 95% CI: 0.10–0.37; p= 6.6E-09) 
(Table 3). The overall genotype distribution of the rs11209026 SNP was also significantly 
different from the control cohort (p=5.3E-08) (Table 3). We investigated whether the pro-
tective effect of the rs11209026*A allele was different in the CD and UC patient groups. 
Both the CD and UC patients showed a much lower frequency of rs11209026*A allele com-
pared to controls (OR=0.14; CI: 0.06-0.37; p=3.9E-07 for CD and OR=0.33; CI: 0.15-0.73; 
p=1.4E-03 for UC) and in both groups the genotype distribution differed significantly from 
the controls (Table  3). Although the association of the rs11209026*A allele with CD was 
stronger than with UC (OR(CD)=0.14 vs. OR(UC)=0.33), this difference was not significant 
(data not shown).
For 176 IBD patients we also had the genotypes of both parents, allowing us to perform a 
transmission disequilibrium test analysis. Due to the low frequency of the rs11209026*A 
allele, only 6 families were informative: two showed transmission (T) and four showed non-
transmission (NT) of allele rs11209026*A to affected offspring. Although this observation 
was in agreement with a protective effect of the rs11209026*A allele, it was not statistically 
significant due to the small number of cases (data not shown). In celiac disease patients 
both allele and genotype frequency of the rs11209026 SNP was similar to controls (Table 
3).
For the ATG16L1 rs2241880 SNP we saw an increased frequency of allele G in IBD cases 
(63%) vs. controls (56.7%) (OR=1.30; CI: 1.10–1.53; p=0.0016) (Table 4);. The association 
to rs2241880 was mainly due to the CD subgroup (OR=1.36; CI: 1.12–1.66; p=0.0017) and 
was also significant on the genotype level (p=0.0052) (Table 4). The population attributable 
risk for carrying allele G in CD is 0.24 and for homozygosity for allele G is 0.19. The associa-
tion with IBD was confirmed by transmission disequilibrium testing as the rs2241880*G 
allele was preferentially transmitted to affected individuals (54.7% transmission, OR=1.59; 
p=0.007) (table 5). We could not find any specific genotype-phenotype associations for 
ATG16L1 with respect to disease localization, disease behaviour, need for surgery, occur-
rence of extraintestinal manifestations and age of onset for both CD and UC.
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Table 3. Allele and genotype frequencies of  the rs11209026 SNP (IL23R) in inflammatory bowel dis-
eases (IBD n=518), Crohn’s disease (CD n=311), ulcerative colitis (UC n=207), celiac disease (n=508) 
and controls (n=893).

IBD (%) CD (%) UC (%) Celiac (%) Controls

allele A 10 (1.2) 4 (0.8) 6 (1.9) 76 (7.8) 112 (6.5)

allele G 812 (98.8) 504 (99.2) 308 (98.1) 894 (92.2)
1624 
(93.5)

Odds ratio 
(OR)

0.19 0.14 0.33 1.24 1

95% CI 0.10 - 0.37 0.06 - 0.37 0.15 - 0.73 0.91 - 1.67 –

p-value 6.60E-09 3.90E-07 0.0014 0.17 ref

AA 0 (0) 0 (0) 0 (0) 3 (0.6) 4 (0.5)

AG 10 (2.4) 4 (1.6) 6 (3.8) 70 (14.4) 104 (12.0)

GG 401 (97.6) 250 (98.4) 151 (96.2) 412 (84.9) 760 (87.6)

0 107 57 50 23 25

p-value 5.30E-08 2.40E-06 0.0064 0.4 ref

Table 4. Allele and genotype frequencies of  the rs2241880 SNP (ATG16L1) in inflammatory bowel 
diseases (IBD n=518), Crohn’s disease (CD n=311), ulcerative colitis (UC n=207), celiac disease 
(n=508) and controls (n=893).

IBD (%) CD (%) UC (%) Celiac (%) Controls

allele G 596 (63.0) 367 (64.2) 229 (61.2) 521 (53.7) 988 (56.7)

allele A 350 (37.0) 205 (35.8) 145 (38.8) 449 (46.3) 754 (43.3)
Odds ratio 
(OR)

1.30 1.36 1.20 0.89 1

95% CI 1.10 – 1.53 1.12 – 1.66 0.96 – 1.51 0.76 – 1.04 –

p-value 0.0016 0.0017 0.11 0.13 ref

GG 190 (40.2) 121 (42.3) 69 (36.9) 129 (26.6) 280 (32.1)

AG 216 (45.7) 125 (43.7) 91 (48.7) 263 (54.2) 428 (49.1)

AA 67 (14.2) 40 (14.0) 27 (14.4) 93 (19.2) 163 (18.7)

0 45 25 20 23 22

p-value 0.0063 0.0052 0.27 0.09 ref

Table 5. Transmission disequilibrium test results for rs2241880 in ATG16L1 in 230 IBD families 
(176 complete and 54 incomplete trios; CD=138 and UC=92).

allele T NT %T OR p-value

IBD (CD+UC) G 180 149 54.7 1.59 0.007

CD G 109 92 54.2 1.53 0.057

UC G 71 57 55.4 1.69 0.055

T transmitted allele, NT non-transmitted allele, %T percentage of  transmitted alleles. OR odds ratio. 
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In celiac patients we found no significant association with rs2241880*G,but we did observe 
a trend for a lower frequency of the rs2241880*G allele in the celiac disease group com-
pared to the controls (53.7% vs. 56.7%) (Table 4).

Discussion

In this study we have confirmed the association of both IL23R and ATG16L1 with CD suscep-
tibility in the Dutch population. We also replicated the association of IL23R with the UC phe-
notype. The two SNPs in IL23R and ATG16L1 did not show association to celiac disease. The 
rs11209026 SNP in IL23R is a non-synonymous SNP (1142G→A) resulting in an amino acid 
change, Arg381Gln, and the glutamine allele appears to protect against the development of 
CD. This protective effect has been replicated in an independent cohort very recently and 
was also confirmed in two independents studies in childhood onset inflammatory bowel 
diseases. 24-26 The rare A-allele was present in approximately 3% of IBD patients in contrast to 
6.0 % of the controls in these studies. In our study we found an even lower frequency of 1.2% 
in patients compared to 6.5% in controls IL23R resides on chromosome 1p31 and encodes a 
subunit of the proinflammatory cytokine IL23 receptor. IL23 is a heterodimeric cytokine con-
sisting of a p19 and a p40 unit.27 The finding of IL23R as an IBD susceptibility gene is intrigu-
ing, since several studies have highlighted the central role of IL23 in gut inflammation. It has 
been suggested that IL23 initiates and perpetuates both innate- and T-cell-mediated intesti-
nal inflammation.28 Interestingly, a double-blind controlled study with a human monoclonal 
antibody against interleukin-12 (IL12) showed a positive effect on induction of remission in 
patients with active CD. This antibody was directed against the p40 subunit of IL12, which 
is shared with IL23. Hence, it is tempting to speculate that the observed anti-inflammatory 
effect was (partly) caused by suppression of IL23 rather then IL12.29 However, it remains to be 
elucidated how genetic variants of IL23R are involved in IBD susceptibility. 
Hampe et al. described the association of ATG16L1 as a susceptibility gene for CD.16 In our 
study population we were able to confirm the association of ATG16L1 with CD. We found a 
population attributable risk for carrying allele G of 0.24 for IBD and 0.24 for CD, which are 
similar to the values observed in the original paper.16 We could not define specific genotype-
phenotype associations in our study population for both CD and UC, possibly due to the lack 
of power. In recent reports the association of ATG16L1 with CD has been consistently repli-
cated. A large genome wide association study identified the association with the rs2241880 
SNP and confirmed this in two independent replication studies.30 Furthermore, two other 
studies found similar results.31 32 In one of these studies a modest association was also found 
for ulcerative colitis. Although we did not observe a significant association with UC, the trend 
was the same as for CD, both in the case-control analysis and in the transmission disequilib-
rium test. Since our UC study group was relatively small (n=207) the association did not reach 
significant values.
Preliminary data provided by Hampe et al. showed expression of the ATG16L1 protein in 
the intestinal epithelium, but there was no difference in pattern or degree of expression 



6

93

in tissue from CD patients compared to controls. There was also no difference in protein or 
cDNA expression in patients carrying different genotypes for rs2241880. ATG16L1 is part of 
the autophagosome pathway. Autophagocytosis mediates the bulk degradation of cytoplas-
mic components to the lysosome/vacuole. The process is involved in protein turnover, the 
starvation response, cellular differentiation and cell death, but also in the processing of in-
tracellular bacteria.33 34 How this process is implicated in susceptibility for CD remains elusive, 
although it would support the concept of CD being an inflammatory barrier disorder.35 
Celiac disease and IBD might share some genetic components, since they share at least two 
linkage peaks that have been well established for both diseases – on chromosomes 5q31 
(CELIAC2, IBD5) and 19p13.1 (CELIAC4, IBD6).36 37 The discovery that the MYOB9B gene is as-
sociated with both celiac disease and IBD further suggests that these diseases share part of 
their genetic susceptibility. We investigated whether IL23R and ATG16L1 variants are common 
genetic risk factors for both IBD and celiac disease, but found no association of celiac disease 
with either IL23R or ATG16L1.
In conclusion, we confirm the genetic association of IL23R with both Crohn’s disease and 
ulcerative colitis, and for ATG16L1 with Crohn’s disease, in a Dutch cohort of Caucasian IBD 
patients. Larger studies are needed to define specific genotype-phenotype associations.
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