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Abstract

Background and aims. Both genetic and microbial factors seem to play a pivotal role in the aetiopathogenesis of Crohn’s disease. The
CARD15frameshift mutation might link host genetic factors and the indigenous microbial flora, G&R®15expression is stimulated by
peptidoglycan, thereby activating N&B. It is hypothesised tha@ ARD15mutation carriers have defective anti-microbial reactions, resulting
in more penetrating lesions and antibody responses, which are now being used as highly specific markers for Crohn’s disease. The serological
marker antiSaccharomyces cerevisiaatibody directed against cell wall oligomannosidic epitopes has high specificity for Crohn’s disease.
Perinuclear anti-neutrophil cytoplasmic antibodies have been found in a subgroup of Crohn’s disease patients, mostly with colonic involvement.

M ethods. We investigated the incidence of M@ARD15mutations (3020insC and 2722G > C), aStieerevisiaantibody, and perinuclear
anti-neutrophil cytoplasmic antibody in 108 (73F/35M) patients with Crohn’s disease with a mean duration of disease since diagnosis of 16
(1-41) years in relation to their phenotype, according to the Vienna classification.

Results. The prevalence ad€ARD15frameshift mutation was 21%. Of all patients, 62% were &niterevisia@antibody positive, and 9%
had perinuclear anti-neutrophil cytoplasmic antibodies. The prevalence of both. atievisia@ntibodies and perinuclear anti-neutrophil
cytoplasmic antibodies was higher in the mutation carriers compared to non-carriers. Remarkably, all patien@sARifLl&mutation and
positive antiS. cerevisiaantibody had ileal disease. Carriership of the mutation was significantly associated with penetrating behaviour
of the disease and weakly associated with stricturing behaviour. Furthermor8, aetievisiaentibody was associated with ileal disease
involvement. Finally, most perinuclear anti-neutrophil cytoplasmic antibody positive patients showed ulcerative-like behaviour of disease (by
means of colonic localisation).

Conclusions. Genetic and serologic markers might be useful in defining patient subgroups. This may result in a more accurate prediction
of disease behaviour, prognosis and therapeutic approach.
© 2003 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights reserved.
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1. Introduction Linkage analyses identified a susceptibility locus for CD
(called IBD1) at the pericentromeric region of chromosome
The aetiology of Crohn’s disease (CD), a non-specific 16 [1]. Recently, an insertion mutation at nucleotide 3020
chronic transmural inflammatory disease of the gastroin- (3020insC) in exon 11 of th€ARD15gene, originally re-
testinal tract, is still unknown. It is suggested that a genetic ported as NOD2, was shown to be strongly associated with
predisposition leads to an unregulated intestinal immune re-CD [2-4]. The 3020insC frameshift mutation is found in
sponse to environmental factors. approximately 15% of the patients with CD in The Nether-
lands and in 2% of the general populatifs}. The muta-
« Corresponding author. Tel+31-204440613; fax:-31-204440554, 10N IS thought to result in an altered monocytic response
E-mail addressr.linskens@st-anna.nl (R.K. Linskens). to bacterial components by regulating apoptosis and/or
1 Both authors contributed equally. NF-kB activation[6]. NOD2 has been shown to mediate
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responsiveness to preparations of lipopolysaccharide (LPS)factor for CD and only very recently some information was
and peptidoglycan (PGN). Recent analysis identified mu- published in relation to clinical characteristifs,25-29]
ramyl dipeptide derived from PGN as the bacterial structure Very few data are available studying combined genetic, sero-
recognised by NOD2. However, the mutant NOD2 response logical and clinical characteristics in CD patieffi@].
to PGN from a variety of Gram positive and Gram nega- We studied the presence of tBdRD15mutation, ASCA
tive bacteria was significantly reduced compared with wild and pANCA in relation to the Vienna classification in a
type patients, which confirms a functional consequence of group of Dutch CD patients with a long follow up.
the polymorphism and also the other two common variants
(2104C > T in exon 4 (Ag702Trp) and 272@ > C in exon
8 (Gly908Arg) mutations)3,7-9] 2. Materials and methods
The role of bacteria in the pathogenesis of CD has been
the subject of remarkable speculation and debate since the2.1. Study population
characterisation of this disorder. Although early studies fo-
cusing on specific mycobacteria and viral agents yielded Participants of this study were recruited from the Outpa-
conflicting results, the search for pathogenic organisms hastient Clinic of the Department of Gastroenterology of the
more recently been supplanted by the hypothesis that abnoryvyU University Medical Center, Amsterdam, The Nether-
mal mucosal immune responses to normal intestinal flora lands. The study group comprised 108 Dutch subjects with
underlie the intestinal inflammation seen in both patients and CD. Patients’ characteristics are shownTiable 1 Diag-
animal models of colitig10]. The identification of NOD2  nosis of the disease was based on clinical, histopathologic
as a susceptibility gene for CD offers additional support for and endoscopic findings according to the classification of
this hypothesis by providing a demonstrable link between Lennard-Joneg31]. Patients were categorised using the
enteric bacteria and the innate immune system. Vienna classificatior}32], which subdivides patients with
Antibodies to baker's yeast and brewer’'s yeast (anti- CD according to age of onset (below 40 years or from 40
Saccharomyces cerevisiaantibodies, ASCA) have been years on), localisation of disease (terminal ileum, colon,
described in up to 65% of patients with J1-15] Re- ileocolonic, or upper gastrointestinal tract) and disease
cently, a higher occurence of ASCA in familial cases of behaviour (penetrating, stricturing, non-penetrating/non-
CD was found[16,17] Furthermore, ASCA was present stricturing) in the disease period from diagnosis to the first
in unaffected relatives as well, which supports the hypoth- surgical procedure. The local ethical committee approved
esis of a relationship with a genetic predisposition. It has the study; all the patients gave written informed consent.
been demonstrated that the specific antigen is a mannan
localised in the yeast cell wallL8]. It has been suggested . 1
that mannans are the major antigenic component of yeastpatients' characteristics and clinical data= 108)
cell walls and are also an important antigenic constituent

Sex, females 73 (68%)

of mycobacteria and other micro-organisifi®,19] Both Age (mean (range)) 41 (19-80)
the origin as well as the clinical significance of ASCA in  puration of disease (means(range)) 16 (1-41)
CD is uncertain. One hypothesis links the aetiology to in- Prior surgery 74 (69%)
creased intestinal permeability. Due to a presumed break ofagca 67 (62%)
the epithelial barrier, increased exposure of the epithelium pANCA 10 (9%)

to common food_antigens such as yeasts may res_ult in ancaRD15genotype

exaggerated antibody response, although an earlier study 3020incC and 2722 > C mutation

showed no association with ASCA and increased intestinal Non-carriers 85 (79%)

barrier [20]. The incidence of perinuclear anti-neutrophil Heterozygote 20 (18%)
; ; ; ; ; : Homozygote 3 (3%)

cytoplasmic antibodies (pANCAS) in CD patients is low

(10-15%)[21], but when present, it has been associated with Vienna classification of patients

ulcerative colitis-like behavioy22]. It is hypothesised that Age
T i . <40 93 (86%)

sz:;,,]\lCAs are due to cross-reactivity with bacterial antigens ~40 15 (14%)

It has been suggested that CD patients withG#RD15 Lol‘l’at'lon a5 (30%
mutation have an abnormal response to the indigenous bac- C?fl‘onic 23 ((21;;))
terial flora[24]. Therefore, we hypothesise that this defect lleocolonic 49 (46%)
may result in an increased exposure to yeasts and bacterial  Upper Gl 1 (1%)
antigens, eventually leading to the production of ASCA and  gehaviour
pPANCA. There are many variations in clinical presentation NSNP 38 (35%)
within the CD population and effort has been made to sub- Stricturing 48 (45%)
divide this heterogeneous group of patients in subgroups.  Penetrating 22 (20%)

TheCARD15mutation has been described as a susceptibility NSNP: non-stricturing non-penetrating.
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2.2. CARD15 gene polymorphism typing adjusted for the age and gender of the subjects. The models
that were fitted for the disease behaviour were also adjusted
Blood was collected in EDTA-tubes and stored at room for the location of involvement in the intestine. A two-tailed
temperature until the genomic DNA was extracted from pe- P value of less than 0.05 was considered statistically signifi-
ripheral blood leukocytes according to a conventional pro- cant. Statistical analysis was performed using Stata Version
teinase K digestion and phenol/chloroform procedure. The 7.0 for windows.

3020insC frameshift mutation in exon 11 and the 2722G > C

mutation in exon 8 of th€ ARD15gene were detected with

allele specific multiplex polymerase chain reaction (PCR) 3. Results
according to Ogura et a]3].

In our group of 108 patients, we found 14 patients with the
CARD15frameshift mutation, of whom 11 were heterozy-
gous (10.2%) and 3 were homozygous (2.8%). Furthermore,
nine other patients were carrier of the 2722 mutation (all het-
erozygous). Of these 108 patients, 53 were ASCA IgA pos-
San Diego, CA[33]. The antigen consisted of phospho- itive, 64 were ASCA IgG positive and 67 were ASCA IgA
peptidomannan (PPM) extracted frdsn cerevisiacASCA and/or IgG positive (62%), whereas 48 were both ASCA IgA
ELISAs were performed according to the manufacturer's and IgG positive. Absolute values for ASCA varied between
instructions. Results were expressed as arbitrary units with2 and >300. We found pANCA antibodies in 10 patients
a cut off for positivity of 25U/ml. Sera were considered (9%). The prevalence of ASCA and pANCA in patients with
positive if either IgA or 1gG or both were positive. Sera the mutation was significantly higher (16/23) as compared
were considered negative if both IgA and IgG ASCA were to the non-carriers (52/85). Of the 11 patients with heterozy-
negative. gousCARD15frameshift mutation, 8 had ASCA antibodies
(IgA and/or 1gG), whereas 2 out of 3 homozygous patients
had ASCA antibodies. pANCA antibodies were found in six
non-carrier patients and in four patients with BARD15

2.3. ASCA ELISA

ASCA IgA and IgG were evaluated in commercially avail-
able ELISA Kkits, kindly provided by Inova Diagnostics,

2.4. ANCA indirect immunofluorescence assay

The ANCA indirect immunofluorescence assay was
performed semi-quantitatively by a standard Indirect Im-

frameshift mutation (two homozygous, two heterozygous).
Seven out of 10 patients with pANCA antibodies had colonic

munofluorescence Technique on ethanol fixed human leuko-involvement of CD.

cytes according to the First International Workshop on

The relation betwee@ARD15mutations, ASCA and Vi-

ANCA [34]. In short, human peripheral blood neutrophils enna classification is shown fable 2 ASCA was signifi-
were smeared on 12-well Nutacon slides and fixed in 96% cantly associated with ileal disease involvement (RR: 7.12;
ethanol (10 min at—20°C). Slides were incubated with P < 0.001; 95% CI: 2.04—20.13). Moreover, carriership of
1:20 diluted patient’s serum (in phosphate buffered saline) the mutation seemed related with stricturing behaviour of
and stained with rabbit anti-human IgG-FITC conjugate the disease (RR: 3.88; 95% CI: 0.98-15.6) and ileal localisa-
(Dako A/S, Denmark). The slides were evaluated by fluo- tion of the disease (RR: 2.07; 95% CI: 0.47-9.08), although
rescence microscopy. All sera were tested in duplicate andnot statistically significant.
scored by two well-trained observers who were unaware The relation ofCARD15mutation and ASCA and the lo-
of the patient’s diagnosis. Depending on the brightness of cation of the disease are presentedlable 3 We found
immunofluorescence staining pattern, the reactions werethat nearly all patients with th€ ARD15frameshift mu-
graded into negative~), weak positive ), positive ¢+) tation (15/16) and positive ASCA had ileal disease. Also
and strong positive++). We only report positive versus  non-carriers of the mutation with ASCA antibodies (34%)
negative results since grading of the staining has provedhad ileal involvement (RR: 6.90; 95% CI: 1.73-27B<
to be of no extra value in clinical studies on IBD. ANA 0.001). These patients also had a significant higher risk of
positive sera were earlier excluded from the study. ileocolonic involvement (RR: 6.90; 95% CI: 1.92—-24m8«<
0.001). Only one out of the 16 patients wittC&ARD15mu-
tation and ASCA antibodies had colonic or upper gastroin-
testinal involvement.

¥ statistics and Fisher’s exact test were used to compare Furthermore, we did not find decreased ASCA titers
the test frequencies. Patients who had at least one copy otoward normal values in postoperative patients. Neither
the mutated allele were defined as carriers faZARD15 CARD15mutation nor ASCA could discriminate patients
mutation. Patients who did not have any mutation were de- who underwent surgery from those with a more favourable
fined as reference. Binary logistic and multinominal logis- clinical outcome (data not shown). To interpret these re-
tic regression analysis was applied to fit statistical models sults, we estimated the incidence of CD in The Netherlands
to estimate the relative risk (RR) and corresponding 95% at approximately 6.9 per 100.000, whereas the prevalence
confidence interval (95% CI). The statistical models were was estimated at 140 per 100,000 inhabit4B%.

2.5. Statistical analysis
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Table 2
Relation between ASCA, pANCA an@ARD15with the Vienna classification
Vienna ASCA pANCA CARD153020 and 2722 mutations
classification — - - - - -
Positive  Negative RR Positive  Negative RR Carriers  Non-carriers RR (95%Cl)
(n=67) (n=41) (95% Cl) (n=10) (=98) (95% ClI)
Age
<40 58 (87) 35 (85) Reference 7 (70) 86 (88) Reference 19 (83) 73 (87) Reference
>40 9 (13) 6 (15) 0.87 (0.28-2.68) 3 (30) 12 (12) 2.87 (0.64-12.7) 4 (17) 12 (13) 1.35 (0.38-4.77)
Location
lleal 24 (36) 11 (27) 7.12 (2.04-20%) 3 (30) 32 (33) 1.86 (0.15-23.2) 8 (35 27 (32) 2.07 (0.47-9.08)
Colonic 7 (11) 16 (39) Reference 1 (10) 22 (22) Reference 3(13) 20 (24) Reference
lleocolonic 35 (52) 14 (34) 6.40 (2.03-20%1) 6 (60) 43 (44) 2.14 (0.22-21.0) 12 (52) 37 (43) 2.11 (0.52-8.58)
Upper GI 1) 0 - 0 1) - 0 1) -
Behaviour
NSNP 21 (32) 17 (41) Reference 5 (50) 33 (34) Reference 4 (17) 35 (40) Reference
Stricturing 33 (49) 15 (37) 1.73 (0.66—4.56) 4 (40) 44 (45) 0.87 (0.16-4.65) 13 (57) 35 (42) 3.88 (0.98-15.6)
Penetrating 13 (19) 9 (22) 1.28 (0.41-4.04) 1 (10) 21 (21) 0.63 (0.05-6.79) 6 (26) 15 (18) 4.94 (1.05-23.3)
RR: relative risk adjusted for age at presentation and gender (for disease behaviour also adjusted for location of the disease); figures sgparenthesi
percentages.
ap<0.001.
bp<0.05.
4. Discussion behaviour of the disease. In a recent report, we failed to

demonstrate significant associations betweenGA®D15

In this study, the prevalence of tWOARD15mutations, frameshift mutation and the major subgroups of the Vienna
ASCA and pANCA were determined in a group of Dutch classification almost certainly due to the sample size, be-
patients with CD. The frequency of these mutations was cause the same trend was pregéhtRecently, Abreu et al.
21%, whereas the prevalence of ASCA and pANCA in our [36] described an association between the presence of NOD2
patient group were 62 and 9%, respectively, as has been demutations and small bowel stricturing CD. We could con-
scribed in the literature. We searched for a relation betweenfirm the association of ASCA and ileal localisation of the
both genetic and serological markers, and tried to link them diseasd437]. Furthermore, we found the incidence of ASCA
with clinical features of disease. to be higher in patients with stricturing and penetrating be-

We could confirm the relationship between BARD15 haviour of the disease, although not significant. Others re-
mutation and ileal localisation of the disease, consistent with ported that higher ASCA levels were associated with early
other studie§25-27,30] although not statistically signifi- age of disease onset as well as both fibrostenosing and inter-
cant. The association of theARD15mutation with ileal nal penetrating disease behavio[8]. In contrast with an
disease suggests that tBARD15genotype has an effect on earlier reporf38], we did not find decreased ASCA titers
the clinical presentation of CD. We found that carriers of toward normal values in postoperative patients. The relation
the CARD15mutation had a higher risk for stricturing be- of ASCA and ileal disease has been described frequently
haviour of disease, but this did not reach significance. How- in the literature[39], but to our knowledge except for the
ever, carriership was significantly related with penetrating very recent publication by Abreu et §86], no reports have

Table 3
Relation between ASCA an@ARD15polymorphism with Vienna classification
CARD153020 carriership ASCA IgG n Location
or IgA
Colonic lleal RR (95%Cl) lleocolonic RR (95% CI)
— — 37 15 (41%) 9 (24%) Reference 13 (35%) Reference
- + 57 7 (12%) 23 (40%) 7.45 (2.03-274) 27 (47%) 4.89 (1.50-15.9)
+ — 4 1 (25%) 2 (50%) 3.08 (0.22-4272) 1 (25%) 0.95 (0.05-17.2)
+ + 10 0 2 (20%) - 8 (80%) -
CARD153020 or 2722 carriership
- - 33 14 (43%) 9 (27%) Reference 10 (30%) Reference
- + 52 8 (16%) 18 (34%) 6.90 (1.73-27.8) 26 (50%) 6.90 (1.92-24.8)
+ - 7 2 (29%) 2 (29%) 1.48 (0.16-13.6) 3 (42%) 1.81 (0.24-13.4)
+ + 16 1 (6%) 6 (38%) 14.41 (1.34-154) 9 (56%) 13.90 (1.42-1386)

RR: relative risk adjusted for age at presentation and gender.
* P < 0.001.
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been published studying both genetic and serological mark-Conflict of interest statement
ers in association with clinical phenotypes. Interestingly, all
patients with the combination of carriership of the mutation
and presence of ASCA had ileal involvement of the dis-
ease. Moreover, in patients with the mutation, the incidence
of ASCA and pANCA were significantly higher compared
with non-carriers. This could support our hypothesis that
CARD15mutation carriers have defective anti-microbial re-
actions, resulting in antibody responses, such as ASCA and
pPANCA. NeitherCARD15mutations nor ASCA could dis-
criminate patients who underwent surgery from those with
a more favourable clinical outcome. Finally, pANCA pos-
itivity was associated with ulcerative-like behaviour in CD
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