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The first gene associated with Crohn disease (CD) has been identified as CARD15 (16q12). Three variants,
R702W, G908R and 1007fsinsC are strongly and independently associated with the disease. A second gene,
conveying a smaller risk for inflammatory bowel disease (IBD), has been identified as DLG5 (10q23). We
assess the frequency of the CARD15 SNPs and of the R30Q mutation in DLG5 and their contribution to the
development of CD in a cohort of unrelated IBD patients (151 CD, 325 ulcerative colitis (UC)) and healthy
controls (236) from South-east Norway (IBSEN cohort). Genotype-based tests of population differentiation
using 23 SNPs across CARD15, together with estimates of FST, indicated that the German and Norwegian
background populations could be differentiated at the CARD15 locus. The Norwegian and German CD
samples exhibited particularly strong differentiation at the three predisposing loci and those marking their
background haplotype. There were significantly lower frequencies of the CARD15 SNPs and no significant
association with CD in the Norwegian samples. Only a marginal association was observed for the
subphenotypes ileitis and ileocolitis vs colitis (P¼0.048). The population attributable risk percentage
(PAR%) for CARD15 variants in the Norwegian cohort is the lowest reported for a European population
(1.88%), except Iceland. Similarly, the DLG5 variant showed no association with CD or IBD, however, there
was a negative correlation with stricture (P¼0.035). The present results are consistent with an emerging
pattern of a low frequency of the CARD15 variants in Northern countries where the prevalence of IBD is
greatest.
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Introduction
Crohn disease (CD (MIM 266600)) and ulcerative colitis

(UC (MIM 191390)) are the two major forms of idiopathic

inflammatory bowel diseases (IBD). The current estimated

prevalence in North Western countries is 40–250/100 000

individuals, with the highest reported incidence in Scan-

dinavia1 – 4 and mid-western Canada. The etiology of IBD is
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still largely unknown but is believed to reflect the

interaction of a multifactorial genetic component, con-

firmed by consistent evidence of familial clustering,5 an

increased concordance of the IBD phenotype in mono-

zygotic twins6,7 and consistently positive results from

genetic linkage studies, and environmental factors.8

The first gene underlying susceptibility to CD has been

identified as CARD15 (Protein: NOD2) (16q12, IBD1).9 – 11

The NOD2 protein is involved in the interaction between

monocytes and bacterial peptidoglycans.12,13 Three SNPs

located the sequence of CARD15 encoding the C-terminal

leucine-rich region, two missense mutations C14772T

(R702W), G25386C (G908R) and a frame-shift mutation

32629insC (L1007fs) creating a truncated protein, are

strongly and independently associated with CD suscept-

ibility in central European white populations. These three

SNPs never occur in cis, that is on the same haplotype but

share a common background haplotype that is partially

marked by the P268S variant.14

The overall frequencies of the three mutant alleles

in Caucasian CD populations (European and North

American)9 – 11,15 – 19 range from 19.1 to 29%; while lower

frequencies have been found in African-Americans.20 None

of these mutations have been found in Asian IBD popu-

lations (Japanese,21 Korean,14 Chinese22). Recently, studies

on CD patients from Finland,23 Ireland,24,25 Scotland25 and

Iceland26 have indicated a low frequency of the three

mutations in these populations. Considerable variation in

frequencies at loci associated with complex disorders

among European populations, in particular when these

differences are observed in patient samples, may have

important implications for the replication of association

studies and the clinical impact of the loci in question.

A second IBD susceptibility gene has been recently

identified as DLG5 (10q23).27 This gene encodes a

scaffolding protein that is believed to be involved in the

maintenance of epithelial cell integrity.28 It has been

suggested that DLG5, which is a binding partner of

vinexin, may play a role in cell–cell contact29 and that

mutations in this gene may therefore be involved in defects

of the intestinal epithelial barrier function. Such defects are

known to be a feature of IBD. In contrast to CARD15, DLG5

conveys a much smaller risk with odds ratios (OR) around

1.5 in two independent studies (in comparison with about

40 for CARD15).27 – 30 While the positional information

cannot be clearly resolved on the level of coding SNPs, the

variant G113A, resulting in the amino-acid substitution

R30Q, has been suggested as potentially causative for both

CD and IBD (CD plus UC).27

Until now little is known about the genetic background

of IBD in the high incidence population of Norway. Given

the heterogeneity in allele frequencies reported for

CARD15 variants in different European populations, we

decided to examine the frequencies of 23 well-studied

SNPs in the CARD15 gene in a thoroughly characterized

Norwegian, population-based incidence cohort and to

contrast these with a long-established German CD co-

hort.11,14,31 We tested the ability of these SNPs to act as

markers of population differentiation between the German

and Norwegian disease and control (background) popula-

tions and assessed the impact and risk conferred by the

disease associated SNPs C14772T (R702W), G25386C

(G908R) and 32629insC (1007fsinsC) in the Norwegian

population. For comparison, the frequency of DLG5 R30Q

is also examined and tested for association with IBD, CD

and UC. The contribution of CARD15 and DLG5 variants to

the localization and behavior of CD in the Norwegian

cohort of 476 unrelated IBD patients (the IBSEN cohort)

and 236 healthy controls1 is briefly examined.

Patients and methods
Study population

A cohort of 476 unrelated, consecutive, newly diagnosed

IBD patients (CD: n¼151, 31.7%; UC: n¼325, 68.3%)

from South-east Norway was studied. The patients were

registered prospectively from a well-defined geographical

area between January 1, 1990 and December 31, 1994 and

therefore a follow-up of at least 10 years was available for

all patients.1,32 All patients were seen by IBD specialists and

the diagnosis was based on standard clinical, radiological,

endoscopic and histological criteria.33 Unrelated healthy,

age- and sex-matched controls (n¼236) were recruited

from the blood donor system of the same geographic

region as the disease cohort. A small subgroup of CD

patients (n¼55) from the Norwegian cohort presented in

this study has been included in a previous analysis.31

The following demographic and clinical characteristics

were recorded for all the patients (Table 1): gender, age at

inclusion and history of familial IBD (first-degree relative

affected). For the CD patients the following characteristics

were recorded, according to the Vienna Classification34:

disease localization at its maximal extent (terminal ileum,

ileo colon, colon, upper GI) and disease behavior (inflam-

matory, stricturing, penetrating). For the UC patients,

disease extent was recorded (extensive colitis (disease

extending beyond splenic flexure), left side colitis, proc-

to-sigmoiditis and proctitis). All patients gave informed

consent to participate in the genetic study.

The German comparison cohort consisted of 462

unrelated IBD patients (CD: n¼309, 66%; UC: n¼153,

33%), recruited through the German Crohn’s and Colitis

Foundation and the Competence Network ‘Inflammatory

Bowel Disease’ (coordinated at Christian-Albrechts Uni-

versity, Kiel, Germany), plus 540 German unrelated,

matched healthy controls, recruited through the Depart-

ment of Transfusion Medicine at Kiel University. The

German samples used in the present paper form a subset

of those previously published in association with DLG5

and CARD15.11,14,27,31
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Sequencing and genotyping

DNA was extracted using standard techniques (guanidine-

detergent lysis) from EDTA blood and dispensed into

96-well plates (20 ng/well). The coding exons (2–12) of

the CARD15 gene were screened for novel mutations

by direct genomic sequencing in 90 Norwegian CD

patients as previously described.14 All CARD15 SNPs

(Table 2) and DLG5 R30Q (rs1248696) were genotyped

using TaqMan technology on an ABI 7700 Sequence

Detector (Applied Biosystems, Foster City, CA, USA) as

previously described.14,27

Statistical analyses

Each marker was tested to ensure Hardy–Weinberg equili-

brium in the control populations using a w2-test. Each of

the 23 markers were then tested for their ability to

distinguish between the German and Norwegian controls

and between the German and Norwegian cases using

10 000 genotype permutations as implemented by FSTAT.35

Values of FST were also calculated using FSTAT. Summary,

tests of population differentiation and FST were also carried

out, similarly, using all 23 markers as complete multilocus

genotypes. This approach does not account for the

appreciable level of linkage disequilibrium (LD) between

these markers. For comparison, we therefore also explicitly

accounted for LD by using HaploRec36 to infer the multi-

locus haplotypes for all 23 markers in each individual (ie an

individuals diplotype) and then repeated the calculation of

population differentiation and FST treating the multilocus

haplotypes as a single multiallelic locus.

A case–control analysis for the four nonsynonymous

mutations (P268S, R702W, G908R and 1007insC) was

performed against unrelated healthy controls. Association

was tested for genotypes at the appropriate number of

Table 1 Clinical and demographic characteristics of the
Norwegian IBD population

Characteristics Class No. of patients (%)

Gender Male 245 (51.5)
Female 231 (48.5)

Age at diagnosisa o40 177 (54.5)
440 148 (45.5)

Familial IBD CD 29 (6.1)
UC 47 (9.9)

Localization (CD) Ileitis 38 (25.2)
Ileocolitis 52 (34.4)
Colitis 57 (37.8)
Upper GI 4 (2.7)

Extension (UC) Extensive colitis 125 (38.5)
Left colitis 50 (15.4)
Proctosigmoiditis 83 (25.5)
Proctitis 67 (20.6)

Behavior (CD) Inflammatory 96 (63.6)
Penetrating 23 (15.2)
Stricturing 32 (21.2)

aAll patients were included in the prospective IBSEN study shortly
following diagnosis. All patients are ethnically Scandinavian and
diagnoses are after 10 years (minumum) follow-up.

Table 2 List of the genotyped CARD15 SNPs

Markera rs number Bp exchange Amino acid exchange Location Hugot et al9

G-84336C rs933566 G/C
T-39739C rs2066849 C/T SNP1
G-21889A rs6569 G/A SNP2
G-16426A rs2066848 G/A SNP3
G-936A rs2066850 A/G SNP4
T2220G rs2076753 T/G Intron 1
C2705G rs2067085 G/C L184L Exon 2
C13470T rs2066842 C/T P268S Exon 4 SNP5
C14045T rs2066843 C/T R459R Exon 4 SNP6
T14429G rs1861759 T/G R587R Exon 4 SNP7
C14772T rs2066844 C/T R702W Exon 4 SNP8
G25386C rs2066845 G/C G908R Exon 8 SNP12
A25727G rs2076756 A/G Intron 8
CT28113A rs2066846 A/CT Intron 9 SNP9
32629insC rs2066847 C-ins L1007fs Exon 11 SNP13
A34974C rs3135499 G/A Exon 12 30UTR
G35733A rs3135500 A/C Exon 12 30UTR
G59545A rs3135501 T/C
A59851C rs3135502 T/G
T60096G rs3135503 A/C
A112332G rs3135504 T/C
G162674A rs3135505 C/T
C206363T rs1395605 C/T

aMarker position is counted from the A of the ATG initiator codon. The four nonsynonymous variants are bold underlined.
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degrees of freedom using either a w2-test or Fisher’s exact

test as appropriate. OR were calculated by pooling carriers

of the rare (predisposing) allele into a single genotype class

and confidence intervals (CI) calculated using SISA.37 The

population attributable risk percentage (PAR%) was calcu-

lated as the attributable risk percentage (AR%) multiplied

by the proportion of exposed cases, where AR% was

estimated from the OR, assuming that the exposure of

the control population to the disease-associated variant

reflects the true prevalence of the variant in the general

population.38

Results
Mutation detection in CARD15

The coding exons (2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12) and

intron–exon boundaries were sequenced in 90 Norwegian

CD patients. We confirmed the presence of the following

SNPs: SNP5, SNP6, SNP7, SNP8, SNP9, SNP12 and SNP13

(all named according to Hugot et al9); rs2067085 (intron 8),

Aþ3520C and Gþ4279A (exon 12, 30UTR)14; Cþ1833T

(A611A) and Cþ 2264T (A755V) (exon 4) and Gþ2863A

(V955I) (exon 9).17 The other rare mutations identified by

Lesage et al17 were not detected. SNP numbering is from to

the ATG.

Frequencies of the CARD15 SNPs in the two
populations

The 23 SNPs in the CARD15 gene that were genotyped are

detailed in Table 2. For population comparisons these SNPs

were genotyped in 79 CD patients and the 236 healthy

controls from Norway. Only the four nonsynonymous

markers C13470T (P268S), C14772T (R702W), G25386C

(G908R), 32629insC (L1007fs) plus G-21889A were then

genotyped in the remainder of the Norwegian IBD cohort

(n¼476). All German samples had been previously geno-

typed for these 23 markers. Table 3 shows the population

comparison between the Norwegian and German samples.

When comparing the two control populations, which are

taken to be representative of the general population, most

markers exhibit low values of FST (FSTo0.01) such as would

be expected when comparing two similar European

populations. Three markers, G-21889A, G162674A and

notably 32629insC (1007fsinsC) have FST values greater

than 0.01 and correspondingly significant P-values in the

Table 3 Population differentiation between Norwegian and German controls and between CD cases at 23 CARD15 SNPs

Controls Cases

Frequency Frequency

Marker DE (n¼540) NO (n¼236) FST P-value DE (n¼309) NO (n¼79a) FST P-value

G-84336C 0.461 0.525 0.0067 0.023 0.462 0.541 0.0079 0.109
T-39739C 0.244 0.269 0.0000 0.334 0.326 0.253 0.0075 0.116
G-21889A 0.194 0.128 0.0134 0.005 0.323 0.190 0.0404 o0.001
G-16426A 0.461 0.416 0.0024 0.114 0.342 0.382 0.0005 0.388
G-936A 0.302 0.236 0.0093 0.013 0.448 0.312 0.0326 0.006
T2220G 0.280 0.234 0.0037 0.079 0.426 0.285 0.0362 0.004
C2705G 0.405 0.347 0.0055 0.034 0.310 0.331 0.0031 0.673
C13470T 0.284 0.245 0.0023 0.117 0.443 0.260 0.0658 o0.001
C14045T 0.284 0.235 0.0045 0.053 0.456 0.276 0.0590 o0.001
T14429G 0.406 0.349 0.0053 0.035 0.314 0.357 0.0003 0.335
C14772T 0.045 0.024 0.0048 0.043 0.095 0.024 0.0337 o0.001
G25386C 0.006 0.009 0.0009 0.793 0.049 0.010 0.0184 0.001
A25727G 0.274 0.228 0.0039 0.065 0.441 0.260 0.0605 o0.001
CT28113A 0.417 0.364 0.0044 0.049 0.330 0.386 0.0033 0.181
32629insC 0.043 0.015 0.0103 0.003 0.162 0.030 0.0742 o0.001
A34974C 0.426 0.365 0.0062 0.023 0.325 0.361 0.0011 0.410
G35733A 0.406 0.356 0.0037 0.067 0.323 0.364 0.0003 0.394
G59545A 0.481 0.515 0.0009 0.217 0.548 0.526 0.0029 0.640
A59851C 0.022 0.009 0.0033 0.087 0.013 0.032 0.0070 0.148
T60096G 0.420 0.385 0.0009 0.215 0.342 0.410 0.0065 0.122
A112332G 0.044 0.056 0.0000 0.359 0.072 0.045 0.0023 0.206
G162674A 0.246 0.177 0.0121 0.002 0.227 0.204 0.0023 0.580
C206363T 0.445 0.471 0.0001 0.346 0.416 0.370 0.0000 0.325

All(multi-locus)
b 0.0044 0.001 0.0196 0.002

All(haploytpe)
b 0.0032 o0.001 0.0277 o0.001

aFor the markers G-21889A, C13470T (P268S), C14772T (R702W), G25386C (G908R) and 32629insC (L1007fs) n¼151 Norwegian CD cases.
bTests of population differentiation and FST at all markers used only complete multilocus genotypes (controls: DE, n¼292, NO, n¼132; cases: DE,
n¼217, NO, n¼38). Two tests were performed: (a) ‘multilocus genotype,’ in which all loci were treated as independent; (b) ‘single-locus haploytpe,’
in which each individual was assigned its pair of multilocus haplotypes which were then treated as alleles in a single-locus test. The four
nonsynonymous variants are bold underlined.
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genotype-based test of population differentiation. Many

other markers show borderline significance in their

ability to distinguish the two populations (although only

G162674A remains significant after correction for multiple

testing (Dunn–Šidák Pcritical¼0.002, 23 tests)). With

respect to the three markers known to be associated with

CD, the C14772T (R702W) T allele occurs with about half

the frequency in the Norwegian control population

compared with the German population (0.024 vs 0.045,

Pallele¼0.059), the G25386C (G908R) C allele is slightly

more common in the Norwegian sample but not signifi-

cantly so (0.009 vs 0.006, Pallele¼0.504), and the

32629insC (L1007fs) C insertion occurs at about one-

third as frequently in the Norwegians (0.015 vs 0.043,

Pallele¼0.006). When all 23 markers are considered then

these CARD15 SNPs are clearly able to distinguish between

the Norwegian and German control samples (P‘multi-locus

genotype’¼0.001, P‘single-locus haplotype’o0.001; Table 3).

When the Norwegian CD sample and the German CD

sample are compared (Table 3) a number of markers exhibit

a dramatic increase in FST and highly significant tests of

population differentiation at the genotype level. All of

these markers have FST values well in excess of 0.01 and

either correspond to the known CD predisposing muta-

tions or broadly tag the background haplotype as defined

in Croucher et al.14 Close inspection of the allele

frequencies in Table 3 indicates that these differences

result from the dramatic increase in the rare allele

frequencies of these SNPs (ie of the disease-associated

haplotypes) in the German cases, whereas only minor

differences in allele frequencies are observed between the

Norwegian cases and controls. Indeed, the C14772T

(R702W) and G25386C (G908R) polymorphisms have

essentially identical allele frequencies in the Norwegian

controls and cases. Consequently, the CD-associated

markers all occur at substantially lower frequencies in the

Norwegian CD cases compared with the German CD cases

(C14772T (R702W) T allele: 0.024 vs 0.095, Pallele o0.001;

G25386C (G908R) C allele: 0.010 vs 0.049, Pallele¼ 0.005;

32629insC (L1007fs) C insertion: 0.030 vs 0.162,

Pallele50.001). When all 23 markers are considered they

are clearly able to distinguish between the Norwegian and

German CD samples (P‘multi-locus genotype’¼0.002, P‘single-

locus haplotype’o0.001; Table 3). For the majority of the

CARD15 SNPs only 79 individuals were genotyped, if the

sample size had been larger then it is likely that an even

greater differentiation would be detected between the

Norwegian and German CD populations.

CARD15 and disease susceptibility

The four nonsynonymous CARD15 SNPs were examined

for association with susceptibility to CD in the Norwegian

cohort using a case–control approach. Table 4 shows the

P-values for the genotype frequency comparisons and gives

the OR and CI for carriership of the rare (predisposing)

allele at each of these markers, for both the Norwegian

Table 4 Association statistics for the CARD15 variants P268S, R702W, G908R and L1007fs in the Norwegian and German
populations

Genotype frequency

Marker Affection na aab Aa AA P-valuec ORd 95% CI

Norway
P268S CD 148 0.081 0.358 0.561 0.192 0.97 0.62–1.52

Controls 166 0.036 0.410 0.554 F F F
R702W CD 147 0.000 0.048 0.952 0.772 0.86 0.31–2.37

Controls 164 0.000 0.055 0.945 F F F
G908R CD 148 0.000 0.020 0.980 0.819 0.84 0.18–3.81

Controls 166 0.000 0.024 0.976 F F F
1007fs CD 150 0.007 0.047 0.947 0.321 2.25 0.66–7.64

Controls 164 0.000 0.024 0.976 F F F

Germany
P268S CD 290 0.238 0.410 0.352 o0.001 1.98 1.47–2.66

Controls 537 0.086 0.397 0.518 F F F
R702W CD 298 0.010 0.164 0.826 o0.001 2.17 1.42–3.32

Controls 530 0.002 0.087 0.911 F F F
G908R CD 297 0.000 0.091 0.909 o0.001 8.77 3.58–21.49

Controls 532 0.000 0.011 0.989 F F F
1007fs CD 304 0.063 0.184 0.753 o0.001 3.55 2.38–5.31

Controls 533 0.002 0.083 0.916 F F F

an¼ actual number of individuals used in the comparison.
b‘a’ allele is the rare (minor) allele.
cP-value corresponds to a genotype-based test of association.
dOdds-ratios (OR) and 95% confidence intervals are for carriership of the rare (disease associated) allele.
Results achieving statistical significance for a distinction between cases and controls are shown in bold.
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cohort and the German comparison cohort. While all four

of these SNPs show significant association with CD in the

German sample (as previously reported eg, Hampe

et al,11,31 and Croucher et al14 none were found to be

significantly associated with susceptibility to CD in the

Norwegian sample (furthermore, there was no apparent

association with UC or the combined category IBD – data

not shown)). Simple heterozygotes of the three CD

implicated variants C14772T (R702W), G25386C (G908R)

and 32629insC (L1007fs) were not observed more com-

monly in the Norwegian CD sample compared with the

control group (7.69 vs 8.33%, P¼0.887, OR¼ 0.94 (CI

0.43–2.04)). Compound heterozygotes/homozygotes were

more frequent in the CD sample, however, the counts were

small and did not quite reach significance levels (2.80% (4)

vs 0.44% (1), P¼0.076, OR¼6.50 (CI 0.72–58.80). Overall,

carriership of any of the three variants was not significantly

different in the CD cases compared to the controls

(P¼0.582, OR¼ 1.22 (CI 0.60–2.47)) and the PAR% was

only 1.88%. Resequencing of the coding exons of the

CARD15 gene in 90 Norwegian CD patients did not

identify any novel coding mutations in this population.

Disease behavior and localization Given the rarity of

the R702W, G908R and 1007fs variants and the relatively

small sample size of the Norwegian cohort a systematic

examination of disease behavior and localization was not

feasible. However, a cursory examination of the genotype–

phenotype associations that have been previously docu-

mented in European Caucasian populations15 – 17,31 is

informative as to the role of these rare variants in the

Norwegian CD population. Disease localization was exam-

ined by comparing patients with ileal involvement (ileitis

and ileocolitis) against those with colitis (and no ileal

involvement). Patients with ileal disease carried a higher

proportion of these CARD15 variants than did patients

with colonic disease (14.94% (nine single heterozygotes,

four compound heterozygotes/homozygotes) vs 3.70%

(two single heterozygotes), P¼0.048, OR¼4.57 (CI 0.99–

21.10)). Disease behavior was classified as stricturing

(stenosing), penetrating (fistulizing) or inflammatory

(nonstricturing or penetrating). Compared to the simple

inflammatory category, patients with penetrating and

those with stricturing disease carried a higher proportion

of CARD15 variants (13.04 and 20.69 vs 6.59%). However,

only stricturing disease achieved nominal significance

(stricturing: P¼0.028, OR¼3.70 (CI 1.09–12.54); pene-

trating: P¼0.383, OR¼2.13 (CI 0.49–9.23)).

DLG5 R30Q frequency and disease susceptibility

The IBD-associated DLG5 G113A (R30Q) A-allele occurred

with similar frequency in the Norwegian control popula-

tion to that reported for the German control population by

Stoll et al27 (0.109 vs 0.090, Pallele¼0.264). The allele

frequency in the Norwegian IBD cases did not differ

significantly from that observed in the Norwegian controls

(0.092 vs 0.109, Pallele¼0.338). Consequently, the A-allele

was under-represented in the Norwegian IBD cases when

compared to the German IBD cases (0.092 vs 0.132,

Pallele¼ 0.008).27 Table 5 shows the case–control associa-

tion statistics for the Norwegian and German samples at

the DLG5 G113A (R30Q) locus and includes gender-

stratified analyses. The German cohort, which is a subset

of that presented by Stoll et al,27 exhibits the expected

weak association with IBD (OR¼1.48 (1.08–2.04), CD

(OR¼1.46 (1.03–2.09)) and UC (OR¼ 1.60 (1.03–2.49)).

The gender-stratified data suggests that at least the CD

component of this association may be male specific (CD,

OR¼ 2.28 (1.20–4.35)). The Norwegian data showed no

noteworthy evidence of association with IBD, CD or UC at

this SNP. However, it must be noted that this cohort is

underpowered to demonstrate such a weak to moderate

disease association. Further, the 95% CI of, for example,

CD (0.60–1.67) overlap with the OR estimate for CD in the

German population (OR¼1.46), therefore an association

with DLG5 R30Q cannot be ruled out in the Norwegian

population.

DLG5 R30Q and disease behavior and localization

Despite the low frequency and the apparent lack of

association of this variant, the potential influence of

DLG5 R30Q on disease behavior and localization in CD

patients was examined in the same manner as was carried

out for the CARD15 variants. CD patients with a colonic

disease localization included a higher frequency of hetero-

zygous carriers of the A-allele compared to those with an

ileal presentation, but this difference was not significant

(26.00 vs 17.65%, P¼0.248, OR¼1.64 (CI 0.71–3.81)).

Compared to the simple inflammatory category, patients

with stricturing disease exhibited a slightly higher carrier-

ship of the DLG5 R30Q A-allele but this difference was

not significant (30.00 vs 25.29%, P¼0.665, OR¼1.27 (CI

0.43–3.70)). However, compared to the inflammatory

category, stricturing disease showed a negative correlation

with carriership of the A-allele (6.45 vs 25.29%, P¼ 0.035,

OR¼ 0.20 (CI 0.04–0.92)).

The original publication describing the association of

DLG5 with IBD27 suggested a potential interaction between

the two genes because a significantly greater transmission

of the DLG5 R30Q A-allele was observed in CD trios

carrying the CARD15 risk variants compared with those

not carrying the CARD15 risk variants. Among the

Norwegian CD patients carrying a CARD15 mutation,

20% (three out of 15) also carried the DLG5 R30Q A-allele,

compared with 15.79% (three out of 19) of controls

carrying a CARD15 mutation. Similar values were observed

in individuals not carrying a CARD15 mutation with the

carriership of the DLG5 R30Q A-allele being 22.61% in CD

patients and 21.50% in controls. Sample sizes are too small
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to establish whether the differences observed in patients

carrying a CARD15 mutation is meaningful (P40.05).

Discussion
Following the identification of CARD15 as the first gene

conferring susceptibility to CD in 20019 – 11 many studies

have confirmed the association of the C14772T (R702W),

G25386C (G908R) and 32629insC (1007fsinsC) variants

with the development of CD and their contribution to ileal

localization of the disease in populations from Europe and

North America (Caucasian origin) (eg Hugot et al,9 Ogura

et al,10 Vermeire et al,15 Cuthbert et al,16 Lesage et al,17

Abreu et al,18 Ahmad et al19 and Hampe et al31). Differences

in the frequencies of these variants between Ashkenazi

Jewish20,39 and non-Jewish populations and their absence

in Japanese,21 Korean14 and Chinese22 IBD patients points

to a high degree of heterogeneity between ethnically

divergent populations. This pattern is consistent with the

rarity and therefore probably recent ancestry of these

mutations.14,40

However, significant heterogeneity in the frequencies of

these variants has also been observed within Europe. A

North-South gradient in allele frequencies is observed in

CD patients, with northern European populations exhibit-

ing the lowest frequencies (eg for the 1007fs variant:

Finnish 4.8%,23 Icelandic 0%,26 Scottish 4.6% and Irish

3.0%25) and Southern European populations exhibiting the

highest frequencies (eg for the 1007fs variant: Italian 9%41

and Spanish 14.2%42). Two aspects are striking about this

observation. First, the opposite gradient has been well

documented for the prevalence of IBD, with the Scandina-

vian countries having the highest incidence of IBD.4

Second, although there is some variation in the frequencies

of these variants in the respective control populations

these differences are largely confined to the CD samples

and would therefore appear to represent real differences in

the population attributable risk of the CARD15 variants.

Table 5 Association statistics for the DLG5 R30Q variant in the Norwegian and German populations, by gender, for IBD, CD
and UC

Genotype frequency

Gender Affection n aa Aa AA P-value OR 95% CI

Norway
All IBD 386 0.000 0.184 0.816 0.280 0.81 0.54–1.22

CD 138 0.000 0.217 0.783 0.734 1.00 0.60–1.67
UC 248 0.000 0.165 0.835 0.229 0.71 0.45–1.13
Controls 226 0.004 0.213 0.782 F F F

Males IBD 193 0.000 0.197 0.803 0.969 1.01 0.57–1.79
CD 68 0.000 0.206 0.794 0.858 1.07 0.51–2.24
UC 125 0.000 0.192 0.808 0.950 0.98 0.52–1.84
Controls 123 0.000 0.195 0.805 F F F

Females IBD 193 0.000 0.171 0.829 0.151 0.64 0.35–1.14
CD 70 0.000 0.229 0.771 0.701 0.91 0.45–1.87
UC 123 0.000 0.138 0.862 0.088 0.49 0.25–0.98
Controls 102 0.010 0.235 0.755 F F F

Germany
All IBDa 435 0.002 0.232 0.766 0.010 1.48 1.08–2.04

CD 293 0.000 0.232 0.768 0.013 1.46 1.03–2.09
UC 145 0.007 0.241 0.752 0.084 1.60 1.03–2.49
Controls 514 0.010 0.162 0.829 F F F

Males IBD 138 0.000 0.210 0.790 0.032 1.98 1.13–3.48
CD 81 0.000 0.235 0.765 0.025 2.28 1.20–4.35
UC 57 0.000 0.175 0.825 0.411 1.54 0.72–3.47
Controls 245 0.004 0.114 0.882 F F F

Females IBD 297 0.003 0.242 0.754 0.202 1.16 0.78–1.72
CD 212 0.000 0.231 0.769 0.164 1.07 0.69–1.65
UC 88 0.011 0.284 0.705 0.297 1.49 0.87–2.56
Controls 264 0.015 0.205 0.780 F F F

aData extracted from Table 2 of Stoll et al27, which used a larger sample (n¼525), gives: P¼0.0063; OR¼1.63 (95% CI: 1.20–2.21). For other details
refer to Table 4.
Results achieving statistical significance for a distinction between cases and controls are shown in bold.
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For a concise summary of the frequencies of these variants

in the literature see Arnott et al25 and Economou et al.43

The results presented here add to this pattern. The

frequencies of the three CD-associated CARD15 variants

were examined in a Norwegian cohort, consisting of 236

healthy controls and 476 sporadic IBD patients (151

patients with CD). The Norwegian cohort was contrasted

with a well-studied German cohort consisting of 540

healthy controls and 309 sporadic CD cases. An additional

20 SNPs in the CARD15 gene were also examined. Some

differences in allele frequencies were evident when com-

paring the German and Norwegian control populations

and taken together these 23 markers were able to

differentiate the German and Norwegian populations in

genotype-based tests of population differentiation (P‘multi-

locus genotype’¼0.0013, P‘single-locus haplotype’o0.001; Table 3).

However, major differences were then observed between

the Norwegian and German patients with CD. Compared

with the controls, the German cases exhibited significantly

higher frequencies of the rare alleles at the three CD-

associated CARD15 variants and also in those marking the

background haplotype that carries these variants – in

agreement with the known CD association in this cohort.

With the exception of 32629insC (L1007fs) (which

doubled in frequency from 1.5% in the controls to 3.0%

in the cases) there was little change in the allele frequencies

between the Norwegian controls and cases (Table 3) and no

association with CD was evident (Table 4). The PAR% for

carriership of the CARD15-CD predisposing alleles was

only 1.88%. This value is the lowest so far reported for a

European population (with the exception of the Icelandic

population which has none of these variants26) and

indicates a very minor contribution of CARD15 mutations

to CD in the Norwegian population. The lowest PAR%

previously reported was 11.0% for the Scottish popula-

tion.25 The studies of Hugot et al reflected a PAR% of

33.2%.9,25

The increased frequency of the G25386C (G908R)

variant in UC patients compared with healthy controls,

observed in the Scottish population described by Arnott

et al,25 was not seen in the present cohort.

An examination of an SNP in another gene that has been

associated with IBD, DLG5 G113A (R30Q), surprisingly

exhibited exactly the same pattern as CARD15 with no

association evident in the Norwegian cohort and essen-

tially no associated risk. This SNP tags a haplotype that was

found to be significantly overtransmitted in TDT analyses

performed on German multiplex families and trios. This

association was corroborated in an independent case–

control analysis of 525 German CD cases and 515 healthy

controls.27 Therefore, the lack of contribution of CARD15

to the genetic risk for CD in Norway is unlikely to make up

by this other variant. Interestingly, the Scottish population

also shows no association with this variant44 yet exhibits

similar allele frequencies to the Norwegian cases and

control and the German controls (11.4% in IBD and

13.2% in healthy controls). However, it appears that age

and sex distribution could be major confounders obscuring

a disease-specific effect.46 – 49 In addition, a stronger

association with pediatric IBD has been suggested with

association signals for DLG5 R30Q being detected in the

Scottish population too.49 Therefore, use of tightly age-

and sex-matched samples appears of importance in addi-

tion to a putative heterogeneity between populations.50

It will be interesting to see if a similar gradient in allele

frequencies in Europe is seen for DLG5 as is seen for

CARD15.

It may be argued that the Norwegian cohort analyzed

here was relatively small and therefore underpowered to

detect an association at the CARD15 and DLG5 loci. This is

indeed true, the power to detect an association between

the CARD15 32629insC (L1007fs) variant and CD in this

sample (at a relative risk of 1.8 (carriership) and a risk factor

frequency of 22%) is only about 70% and far less for the

other variants. Also, it should be noted that the 95% CI of

the OR calculated for the Norwegian CARD15 variants are

broad and that those for R702W and 1007fs overlap the OR

estimates for the German population. CARD15 may play a

significant role in Norwegian CD susceptibility, however,

in the present study sample both the CARD15 and the

DLG5 variants appear to be of relatively minor impact.

Furthermore, the Norwegian CD population did not differ

substantially from the German CD population in terms

of its clinical composition in the most relevant traits;

although a strict comparison is difficult. Both cohorts

exhibited similar proportions of patients with stricturing

or fistulating complications (Norway: 78.8%; Germany:

80.6%) and ilieal involvement (Norway: 59.6%; Germany:

74.4%). It seems unlikely that any such differences would

be sufficient to generate that dramatic differences observed

here.

Consequently, although there can be little doubt that the

CARD15 variants C14772T (R702W), G25386C (G908R)

and 32629insC (1007fsinsC), and also variants in the DLG5

gene, represent major risk factors for the development of

IBD (in particular CD), this risk appears to be highly

population specific. That the risk associated with particular

genetic loci varies dramatically between ethnically distinct

groups (eg the fact that CARD15 is a risk factor in

Caucasians but not Asians) is perhaps not surprising given

the complex genetic etiology of a common disease such as

IBD. That the risk varies so dramatically between ethnically

similar populations (ie within Europeans) is of major

importance. First, much of the confidence that is assigned

to studies of genetic association in complex disorders is

determined by the gold standard of replication in inde-

pendent populations. Our study, albeit of modest sample

size, fails to replicate the association between IBD (CD) and

either CARD15 or DLG5. However, a rudimentary analysis

of disease localization and behavior does indicate the
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expected associations with the variants in these genes (ileal

disease and stricture43 for CARD15 and general inflamma-

tion/lack of stricture for DLG5). Although the PAR% for the

CARD15 variants is high (around 30%) in many popula-

tions studied, the low PAR% for CD in northern popula-

tions, where the prevalence of the disease is highest, brings

into question the direct clinical relevance of these muta-

tions. Marsh and McLeod45 have suggested that the

frequencies of the CARD15 variants that they observed in

healthy populations of Caucasian, African and Asian

descent, with the variants being rarer in Africans than

Caucasians and absent in Asians, might to some extent

contribute to the different incidences of CD in these

populations. The European picture suggests that this may

not be the case since CARD15-associated risk in Europe is

broadly negatively correlated with the incidence of CD.

Other loci and environmental factors might have a greater

influence on northern European populations. Therefore,

until the demographics and biology of CARD15 and other

predisposing loci and their interactions in the etiology of

IBD are better understood we should approach the clinical

interpretation of these variants cautiously.
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