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Background and aims: A number of antibodies against microbial epitopes or self-antigens have been
associated with Crohn’s disease. The development of antibodies reflects a loss of tolerance to intestinal
bacteria that underlies Crohn’s disease, resulting in an exaggerated adaptive immune response to these
bacteria. It was hypothesised that the development of antimicrobial antibodies is influenced by the presence of
genetic variants in pattern recognition receptor genes. The aim of this study was therefore to investigate the
influence of mutations in these innate immune receptor genes (nucleotide oligomerisation domain (NOD) 2/
caspase recruitment domain (CARD) 15, NOD1/CARD4, TUCAN/CARDINAL/CARD8, Toll-like receptor
(TLR) 4, TLR2, TLR1 and TLR6) on the development of antimicrobial and antiglycan antibodies in inflammatory
bowel disease (IBD).
Materials and methods: A cohort of 1163 unrelated patients with IBD (874 Crohn’s disease, 259 ulcerative
colitis, 30 indeterminate colitis) and 312 controls were analysed for anti-Saccharomyces cerevisiae
antibodies (gASCA) IgG, anti-laminaribioside antibodies (ALCA) IgG, anti-chitobioside antibodies (ACCA)
IgA, anti-mannobioside antibodies (AMCA) IgG and outer membrane porin (Omp) IgA and were genotyped
for variants in NOD2/CARD15, TUCAN/CARDINAL/CARD8, NOD1/CARD4, TLR4, TLR1, TLR2 and TLR6.
Results: When compared with Crohn’s disease patients without CARD15 mutations, the presence of at least
one CARD15 variant in Crohn’s disease patients more frequently led to gASCA positivity (66.1% versus
51.5%, p , 0.0001) and ALCA positivity (43.3% versus 34.9%, p = 0.018) and higher gASCA titers (85.7
versus 51.8 ELISA units, p , 0.0001), independent of ileal involvement. A gene dosage effect, with
increasing gASCA and ALCA positivity for patients carrying none, one and two CARD15 variants,
respectively, was seen for both markers. Similarly, Crohn’s disease patients carrying NOD1/CARD4 indel
had a higher prevalence of gASCA antibodies than wild-type patients (63.8% versus 55.2%, p = 0.014),
also with a gene dosage effect. An opposite effect was observed for the TLR4 D299G and TLR2 P631H
variants, with a lower prevalence of ACCA antibodies (23.4% versus 35%, p = 0.013) and Omp antibodies
(20.5% versus 34.6%, p = 0.009), respectively.
Conclusion: Variants in innate immune receptor genes were found to influence antibody formation against
microbial epitopes. In this respect, it is intriguing that an opposite effect of CARD15 and TLR4 variants was
observed. These findings may contribute to an understanding of the aetiology of the seroreactivity observed in IBD.

T
he inflammatory bowel diseases (IBD), Crohn’s disease and
ulcerative colitis are similar but distinct chronic diseases of
the gut, characterized by diarrhoea and abdominal pain.

The aetiology of IBD remains unknown, but a dysfunctional
innate immune response against microbial factors in a
genetically susceptible host seems important.

The caspase recruitment domain (CARD) 15 gene, coding for
the nucleotide oligomerisation domain (NOD) 2 receptor, has
been the first susceptibility gene identified for Crohn’s
disease.1 2 Three common variants this gene (R702W, G908R
and L1007fsinsC) are present in 35–45%3–9 of European Crohn’s
disease patients, but explain only 20% of the genetic predis-
position to Crohn’s disease. NOD2/CARD15 is an intracytoplas-
mic receptor that binds bacterial peptidoglycan-derived
muramyl dipeptide through its leucin-rich repeat (LRR)
region.10 11 The Crohn’s disease-associated CARD15 mutations
lead to defective recognition of muramyl dipeptide and a
reduced clearance of intestinal bacteria. The NOD2 protein
seems to be expressed in various cell types, including intestinal
epithelial cells12 and Paneth cells,13 where it plays a role in
regulation of the expression of bactericidal peptides,14 15 and
where it can act as a direct antibacterial factor.12 Since the

discovery of NOD2/CARD15, other genes coding for pattern
recognition receptors of the innate immune system have been
associated with IBD susceptibility or phenotypes: these include
NOD1/CARD4,16 TUCAN/CARDINAL/CARD8,17 Toll-like receptor
(TLR) 4,18 TLR1, TLR2, TLR619 and TLR9.20

For many years, antibodies against microbial epitopes or
against self-antigens have been reported in patients with IBD.21

Anti-Saccharomyces cerevisiae antibodies (ASCA) have been
studied most, and are found in 60–70% of patients with
Crohn’s disease.22–25 ASCA IgA or IgG antibodies are very
specific for Crohn’s disease and have mainly been associated
with small bowel stricturing disease.26–29 They have also been
reported in healthy relatives of Crohn’s disease patients22 23 30

and in Crohn’s disease patients before the onset of disease.31

Other antibodies identified in Crohn’s disease include anti-
bodies against the outer membrane porin (Omp) of bacteria,32

Abbreviations: ACCA, anti-chitobioside antibodies; ALCA, anti-
laminaribioside antibodies; AMCA, anti-mannobioside antibodies;
ASCA, anti-Saccharomyces cerevisiae antibodies; CARD, caspase
recruitment domain; EU, ELISA units; IBD, inflammatory bowel disease;
LRR, leucin-rich repeat; NOD, nucleotide oligomerisation domain; Omp,
outer membrane porin; TLR, Toll-like receptor
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anti-I2 (antibodies directed against Pseudomonas fluorescens),32

pancreatic auto-antibodies,33 and anti-CBir1 (anti-flagellin
antibodies34). Novel sugar antibodies directed against specific
glycans localised at the surface of cells have recently been
associated with Crohn’s disease: anti-chitobioside antibodies
(ACCA) and anti-laminaribioside antibodies (ALCA).35 The
development of antibodies reflects a loss of tolerance to
intestinal bacteria that underlies Crohn’s disease, resulting in
an elevated adaptive immune response to these bacteria. We
hypothesised that this seroreactivity is dependent on the
presence of genetic variants in genes of the innate immune
system, and that the presence of more genetic variants would
lead to increased seroreactivity. The aim of this study was
therefore to investigate the influence of mutations in innate
immune receptors of importance for the gut (NOD2/CARD15,
NOD1/CARD4, TUCAN/CARDINAL/CARD8, TLR4, TLR2, TLR1
and TLR6) on the development of antimicrobial and antiglycan
antibodies in IBD.

MATERIALS AND METHODS
Patients and controls
Serum and DNA were obtained from 1163 unrelated patients
with IBD (874 Crohn’s disease, 259 ulcerative colitis, 30
indeterminate colitis) followed at the University Hospital
Gasthuisberg, Leuven, a tertiary care referral centre. The control
population consisted of 312 individuals, of whom 199 were
unrelated healthy controls without familial history of IBD or
known immune-mediated disorders, and 113 were non-IBD
inflammatory controls including patients with diverticulitis,
infectious colitis or ischaemic colitis; 99% of patients and
controls were of western European/Caucasian origin. Ethical
approval was given by the ethics board of the University of
Leuven. Informed consent was obtained from all participants.
Samples and data were stored in a coded, anonymised
database. Phenotypical information in Crohn’s disease patients
was recorded according to the Vienna classification for disease
location and disease behaviour.36 All patients with upper
gastrointestinal or anal involvement were classified in a non-
exclusive category, to avoid loss of information on their other
involvement. Ulcerative colitis patients were classified using the
Montreal classification37 according to the extent of the disease,
as proctitis, left-sided colitis or extensive colitis.

The clinical characteristics of the IBD patients are summar-
ized in table 1. The control population (199 non-inflammatory/
113 inflammatory controls) consisted of 312 subjects (45%
men), with a median age of 39 years (interquartile range 30–
57).

Serological analyses
All serum samples were analysed for gASCA IgG, ALCA IgG,
ACCA IgA, AMCA IgG (Glycominds Ltd, Israel) and Omp IgA
(Inova Diagnostics, San Diego, California, USA), using com-
mercially available ELISA. Antibody levels and antibody
positivity were determined according to the manufacturer’s
guidelines, and are expressed in ELISA units (EU). Antibody
quartile sum scores were calculated for controls, Crohn’s
disease patients and ulcerative colitis patients, as previously
described.32 38

DNA extraction and genotyping
DNA was extracted from whole venous blood by a salting-out
procedure39 and stored at 280 C̊. All subjects were genotyped
for the main variants in CARD15 (R702W, G908R,
L1007fsinsC), the stop codon mutation in CARD8 (*10C),17

three previously described polymorphisms in CARD4 (+27606,
+32656, +45343),16 TLR4 D299G),18 and selected variants in
TLR1 (R80T, S602I), TLR2 (R753G, P631H) and TLR6 (S249P).19

All studied genes are known to play a role in the recognition of
bacterial products; polymorphisms were selected because of
their previously described implication in IBD and only when
they had a frequency of more than 1% for the rare allele in our
cohort.1 16–19 Characterization of genotypes was performed by
PCR restriction fragment length polymorphism.18 19 Genotyping
for the CARD4 +32656 was performed using a custom-made
Taqman assay, manufactured and optimised by Applied
Biosystems (Foster City, California, USA).

Statistics
Data were analysed using SPSS 12.0 (SPSS Inc., Chicago,
Illinois, USA) and Statview 5.0 (SAS Institute Inc., Cary, North
Carolina, USA) statistical software packages; linkage disequili-
brium was calculated using Haploview software.40 A p value of
less than 0.05 was considered to be statistically significant.
Normality for continuous variables was tested with the
Shapiro–Wilk test, and in case of not normally distributed
variables, a Mann–Whitney test was used to compare these
variables between groups. Hardy–Weinberg equilibrium was
verified for genotypes in all groups. Genotype and allele
frequencies were compared using x2 statistics. After univariate
analysis for the different genotypes, a multivariate logistic
regression analysis was performed to correct for those factors
that were found to be significant in univariate analysis.

We decided to focus our analyses on the comparison of
groups of patients according to the presence or absence and the
number of the genetic variants studied (not on the number of
positive antibodies), because the hypothesised causal relation-
ship between genetics and serological response, if present,
would find its origin in the genetics.

RESULTS
Distribution of genotypes and alleles in the studied
subgroups
Genotype frequencies for the studied genes and polymorphisms
are provided in supplementary table 1 (supplementary table 1
can be viewed on the Gut website at http://gut.bmj.com/
supplemental).
All single nucleotide polymorphisms except for NOD1 +45343
were in Hardy–Weinberg equilibrium in the control population.
CARD15 variants were significantly more frequent in the
Crohn’s disease population (46%) when compared with
ulcerative colitis patients (22%) and healthy controls (22%;
both p , 0.0001). The frequency of the TLR4 299G variant was
significantly higher in both Crohn’s disease patients (9%) and
ulcerative colitis patients (9%) when compared with healthy
controls (5%; p = 0.007 and p = 0.02, respectively). For the
other studied polymorphisms, the genotype and allele frequen-
cies were similar for IBD patients (Crohn’s disease or ulcerative
colitis) and healthy controls. The three studied NOD1 variants
were in strong linkage disequilibrium in our population (D9

0.89 for +27606 and +32656, 0.97 for +32656 and +45343 and
0.72 for +27606 and +45343).

Distribution of antibodies in the study subgroups
The distribution of the different antibodies in the study
population is summarized in table 2. Cut-off values for the
different serological markers were defined according to receiver
operating characteristic curves and according to manufacturer’s
recommendations.

NOD2/CARD15 and NOD1/CARD4 but not TUCAN/
CARD8 variants increase serological response in
Crohn’s disease patients
Crohn’s disease patients carrying at least one CARD15 variant
were more frequently gASCA positive (66.1% versus 51.5%,
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p , 0.0001) and ALCA positive (43.3% versus 34.9%,
p = 0.018) when compared with Crohn’s disease patients
without CARD15 mutations, and had a higher median gASCA
titer (85.7 versus 51.8 EU, p , 0.0001). A gene dosage effect,
with increasing gASCA and ALCA positivity for patients
carrying no, one and two CARD15 variants, respectively, was
seen for both markers (see fig 1A and B). No effect of CARD15
variants was observed on the prevalence of the other studied
antibodies (data not shown).

When adding up the number of positive antibodies (gASCA,
ALCA, ACCA, AMCA and Omp), the mean number of positive
antibodies increased from 1.84 ¡ 1.35 to 2.07 ¡ 1.36 and
2.36 ¡ 1.38 for Crohn’s disease patients carrying no, one and
two CARD15 variants, respectively (p = 0.001); the mean
quartile sum score (calculated as previously described32 38)
increased from 12.16 ¡ 3.44 to 12.85 ¡ 3.55 and
13.39 ¡ 3.48 for Crohn’s disease patients carrying no, one
and two CARD15 variants, respectively (p = 0.001).

Crohn’s disease patients carrying at least one GG-indel allele
in NOD1/CARD4 had a higher prevalence of gASCA antibodies
than patients carrying the wild-type allele (63.8% versus 55.2%,
p = 0.014). Here also, a gene dosage effect was observed for an
increasing number of indel alleles (fig 1C). There was a trend
towards higher gASCA titers in patients with at least one indel
allele (73.3 versus 65.0 EU), but this did not reach statistical
significance (p = 0.09). No effect was observed of the CARD4
indel variant on the prevalence of the other studied antibodies
(data not shown).

CARD8 *10C (A . T) variants were not associated with a
specific phenotype (data not shown) or with the presence of
circulating antibodies in Crohn’s disease patients (fig 1D).

TLR receptor variants modulate serological response in
Crohn’s disease patients
Crohn’s disease patients with at least one mutation of TLR4
D299G (A . G) had a lower prevalence of ACCA antibodies
when compared with wild-type patients (23.4% versus 35%,
p = 0.013), and a lower median ACCA titer (39 versus 49 EU,
p = 0.05). A gene dosage effect was observed: ACCA antibody
positivity in 34.9%, 24.8% and 9.1% of the patients for no, one
and two variants, respectively (p = 0.026; fig 2A).

When adding up the number of positive antibodies (gASCA,
ALCA, ACCA, AMCA and Omp), the mean number of positive
antibodies decreased from 2.03 ¡ 1.39 to 1.67 ¡ 1.23 for
Crohn’s disease patients carrying no versus at least one TLR4
variant, respectively (p = 0.005); the mean quartile sum score
decreased from 12.63 ¡ 3.58 to 11.90 ¡ 3.08 for Crohn’s
disease patients carrying no versus at least one TLR4 D299G
variant, respectively (p = 0.024).

For the TLR2 P631H (C . A) variant, a decreasing prevalence of
Omp antibodies was seen with an increasing number of variant
alleles (34.6%, 21.1% and 16.7% for no, one and two A-alleles
respectively, p = 0.035; fig 2B). Patients carrying the variant A-
allele were less frequently Omp positive than the patients not
carrying an A allele (20.5% versus 34.6%, p = 0.009), and had a
lower median Omp titer (14.5 versus 16.7 EU, p = 0.012).

Table 1 Clinical characteristics of the study population

Crohn’s disease patients
(n = 874)

Ulcerative colitis patients
(n = 259)

Male n (%) 362 (41%) 136 (52%)
Median age at diagnosis (IQR) 24 (18–31) 26 (21–36)
Median follow-up in years after diagnosis (IQR) 15 (9–22) 13 (9–19)
Disease location (n and %) (Vienna)

Ileal disease: L1 233/860 (27%) –
Colonic disease: L2 153/860 (17%) –
Ileocolonic disease: L3 471/860 (54%) –
Upper gastrointestinal involvement 95/860 (11%)
Anal involvement 314/855 (37%)

Disease behaviour (n and %) (Vienna)
Inflammatory (B1) 349/845 (41%) –
Stricturing (B2) 141/845 (16%) –
Penetrating (B3) 355/845 (40%) –

Disease extent
Proctitis – 49/250 (19%)
Left-sided colitis – 98/250 (38%)
Extensive colitis – 103/250 (40%)

Need for IBD surgery 477/855 (55%) 44/254 (17%)
History of smoking 309/733 (42%) 61/219 (23%)
Extraintestinal manifestations 117/435 (27%) 16/90 (6%)

IBD, inflammatory bowel disease; IQR, interquartile range.

Table 2 Distribution of the different serological markers in the studied subgroups

% gASCA + % ALCA + % AMCA + % ACCA + % Omp +

IBD patients 529/1163 (45%) 339/1163 (29%) 503/1163 (43%) 331/1163 (28%) 311/1163 (27%)
Crohn’s disease 499/874 (57%) 304/874 (35%) 403/874 (46%) 263/874 (30%) 251/874 (29%)
Ulcerative colitis 25/259 (10%) 31/259 (12%) 85/259 (33%) 63/259 (24%) 51/259 (20%)
Indeterminate colitis 5/30 (17%) 4/30 (13%) 15/30 (50%) 5/30 (17%) 9/30 (30%)

Controls 4/312 (1%) 10/312 (3%) 64/312 (20%) 82/312 (26%) 41/312 (13%)
Inflammatory controls 2/113 (2%) 1/113 (1%) 30/113 (27%) 39/113 (35%) 28/113 (25%)
Non-inflammatory controls 2/199 (1%) 9/199 (5%) 34/199 (17%) 43/199 (22%) 13/199 (7%)

ACCA, Anti-chitobioside antibodies; ALCA, anti-laminaribioside antibodies; AMCA, anti-mannobioside antibodies; gASCA, anti-S. cerevisiae antibodies; IBD,
inflammatory bowel disease; Omp, outer membrane porin.
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No effect was observed of the other TLR variants on the
prevalence of the studied antibodies (data not shown).

Multivariate genotype–phenotype–serotype
associations in Crohn’s disease patients
As ASCA antibodies have been associated mainly with
complicated small bowel disease,22 29 38 41 we tested whether
the genotype–serotype associations found were independent of
these phenotypes. In multivariate analysis, only gASCA
positivity, ileal involvement and the absence of perianal disease
were independently associated with CARD15 status (table 3).
Similarly, only gASCA positivity and colonic involvement were
independently associated with CARD4 indel variants.

The presence of at least one CARD15 variant (p = 0.0005,
OR 1.76, 95% CI 1.28–2.41), ileal involvement (p = 0.021, OR
1.61, 95% CI 1.07–2.41), uncomplicated disease behaviour
(p , 0.0001, OR 0.49, 95% CI 0.36–0.68) and smoking
(p = 0.006, OR 0.645, 95% CI 0.47–0.88) were all indepen-
dently associated with gASCA positivity.

For the TLR4 D299G variant, the only independent associa-
tions in multivariate analysis were the presence of anal disease,
and an inverse association with the presence of ACCA
antibodies and ileal involvement (table 4).

NOD1/CARD4 and TLR4 variants influence serological
response in ulcerative colit is patients
Ulcerative colitis patients carrying at least one CARD4 indel
mutation were less frequently Omp positive (11% versus 28.8%,
p = 0.004) when compared with patients wild type for the
CARD4 indel allele, with a clear gene dosage effect (28.8%, 13%
and 0% for no, one and two variant alleles respectively,
p = 0.009). Also the two other studied NOD1/CARD4 variants
were associated with a lower prevalence of Omp positivity
(13.7% versus 27.4% for at least one +27606 variant, p = 0.26
and 10.8% versus 26.3% for at least one +45343 variant,
p = 0.012). In multivariate analysis, both Omp positivity
(p = 0.04, OR 0.45, 95% CI 0.21–0.96) and extensive colitis

(p = 0.023, OR 0.5, 95% CI 0.27–0.90) were independently
associated with the CARD4 +27606 variant.

Similarly, the TLR4 D299G variant was associated with a
lower prevalence of Omp antibodies (5.3% versus 25.9%,
p = 0.005), also with a gene dosage effect (26%, 5.7% and
0% for no, one, and two variant alleles, respectively, p = 0.02).
Median Omp titers were lower in the group carrying at least one
TLR4 variant (12.8 versus 16.6 EU, p = 0.009).

No effect was observed of the other genetic variants on the
prevalence of the studied antibodies (data not shown) in
ulcerative colitis patients.

DISCUSSION
In this study, we found a significant association between
variants in pattern recognition receptor genes and the devel-
opment of antibodies against microbial epitopes, in a large and
well-characterized cohort of 874 Crohn’s disease patients and
259 ulcerative colitis patients. Various antibodies directed
against microbial epitopes or against endogenous antigens
have previously been associated with IBD.21 The development of
these antibodies reflects the loss of tolerance to intestinal
bacteria that underlies IBD, resulting in an adaptive immune
response to these bacteria. Antibodies against a mannan of S.
cerevisiae (ASCA) have been studied most, and have been
associated with the presence of Crohn’s-associated CARD15
mutations,41 42 although this could not be confirmed in all
studies.26 43 Other genes that have been investigated for their
association with antibody response include the tumour necrosis
factor alpha (TNFa) gene,44 in which an effect on ASCA
development was found in CARD15-negative patients, and the
mannan-binding lectin (MBL) gene,45 in which no association
with ASCA antibodies was found.

First, we confirm the previously described association
between NOD2/CARD15 variants and the presence of ASCA
antibodies,41 42 46 independent of the associations with ileal
involvement and complicated disease behaviour that have been
described for CARD15 variants and ASCA antibodies, respec-
tively. Moreover, patients carrying CARD15 variants had a
higher number of positive serological antibodies, and a higher
quartile sum score when compared with patients not carrying
CARD15 variants, indicating increased and rather non-specific
seroreactivity. The three variants in the CARD15 gene we
studied (R702W, G908R and L1007fsinsC) lead to defective
recognition of bacterial muramyl dipeptide,14 47 reduced activa-
tion of nuclear factor kappa B,48 abnormal intestinal perme-
ability49 and reduced expression of antimicrobial peptides such
as defensins.14 15 All these factors may contribute to increased

Figure 1 Antibody positivity in Crohn’s disease patients, according to
their CARD15, CARD4 and CARD8 status. (A) Anti-S. cerevisiae antibodies
(gASCA) and caspase recruitment domain (CARD) 15, overall p value less
than 0.0001. (B) anti-laminaribioside antibodies (ALCA) and CARD15,
overall p value 0.04. (C) gASCA and CARD4 indel, overall p value 0.03.
(D) gASCA and CARD8, overall p value 0.3.

Figure 2 Antibody positivity in Crohn’s disease patients, according to
their TLR4 and TLR2 status. (A) Anti-chitobioside antibodies (ACCA) and
Toll-like receptor (TLR) 4 D299G, overall p value less than 0.026. (B) Outer
membrane porin (Omp) and TLR2 P631H, overall p value 0.035.
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bacterial translocation and the subsequent development of
antibodies to bacterial components. So far, it remains unclear
whether the antibodies themselves play an additional role in
the pathophysiology of Crohn’s disease. The fact that we only
observed an effect of NOD2/CARD15 mutations in patients with
Crohn’s disease (and not in ulcerative colitis patients or healthy
controls) supports recent evidence that the presence of these
mutations only modulates the impaired immune system in
Crohn’s disease patients.50

The studied NOD1/CARD4 variants were not associated with
Crohn’s disease or ulcerative colitis in our population, but they
also mediated serological response, both in Crohn’s disease
patients and in ulcerative colitis patients, although in the
opposite way for both diseases. The cytosolic NOD1 receptor
shares its structure with NOD2, and it activates nuclear factor
kappa B after recognition of the diaminopimelic acid compo-
nent of peptidoglycan, present in Gram-negative bacilli and
particular Gram-positive bacteria.51 Similar to NOD2/CARD15
variants, variants in the NOD1/CARD4 gene were also
associated with more frequent gASCA positivity in Crohn’s
disease patients (but without the all over seroreactivity seen
with NOD2/CARD15 variants), and they were independently
associated with colonic involvement. In ulcerative colitis
patients, an inverse association between NOD1/CARD4 variants
and both Omp positivity and extensive colitis was seen. These
associations were independent of each other, so the antibody
response in Crohn’s disease and ulcerative colitis patients
according to NOD1/CARD4 status cannot be explained solely by
the extent of the disease in the colon, and other factors must
contribute.

In contrast, TUCAN/CARDINAL/CARD8 variants were not
associated with antibody response in IBD patients. This
suggests that the LRR domain might be important for the
modulation of seroreactivity as, unlike both CARD15 and
CARD4, CARD8 does not have a LRR region for the recognition
of microbial epitopes.52

Remarkably, for the TLRs, TLR4 and TLR2, an opposite effect
on the development of antibodies was observed. For the TLR4
D299G variant, a lower prevalence of ACCA antibodies, lower
total number of positive antibodies, and a lower mean quartile
sum score were seen in Crohn’s disease patients, and a lower
prevalence of Omp antibodies in ulcerative colitis. For the TLR2
P631H variant, a lower prevalence of Omp antibodies was seen
with an increasing number of variants. The TLR4 gene encodes

the TLR4 receptor, a transmembrane receptor binding the
lipopolysaccharide component of Gram-negative bacteria
through an extracellular domain consisting of an LRR region
similar to that of CARD15 and CARD4. The intracellular
domain of TLR4 resembles that of the IL-1 receptor, as in all
other TLRs. TLR4 is expressed in a variety of cell types,
including intestinal epithelial cells, macrophages and dendritic
cells of the gut.53 The D299G polymorphism within the LRR
domain of TLR4 has been associated with hyporesponsiveness
to lipopolysaccharide54 and several endogenous ligands,55 and
an association with both Crohn’s disease and ulcerative colitis
has been described;18 the molecular mechanisms of the reduced
response to lipopolysaccharide are unknown. Our findings
indicate that this polymorphism not only leads to lipopolysac-
charide hyporesponsiveness, but to all over hyporesponsiveness
to bacterial components and a subsequently reduced produc-
tion of serological antibodies in Crohn’s disease and ulcerative
colitis patients. It is noteworthy that both Omp, to which
serological response in ulcerative colitis patients with the TLR4
variant was decreased, and lipopolysaccharide, sensed by TLR4,
are components of the outer membrane of Gram-negative
bacteria, which might indicate that in ulcerative colitis patients,
a reduced response to Gram-negative bacteria is more
important than in Crohn’s disease patients. In a recent study,42

no association was found between the TLR4 D299G variant and
seroreactivity. It is possible that the antibody response to
glycans is not influenced by the same genetic variants as the
antibody response to I2 and CBir1 studied by Devlin et al.,42 and
this may contribute to the apparently conflicting results.

Why mutations in the LRR containing CARDs and TLRs have
an opposite effect on the development of antibody formation is
unclear. It is possible that the difference in cellular position (at
the cell surface for the TLRs and intracellular for the CARDs) is
important and partly responsible for this difference. Another
hypothesis is that interactions through the CARD or NOD
domain play a role, or finally, that different downstream
signalling pathways and feedback loops account for the
difference.56

In conclusion, our findings suggest a main role for the LRR
region in seroreactivity to microbial antibodies in Crohn’s
disease. We found significant associations between variants in
genes for LRR-containing innate immune receptors and
antibodies against certain microbial epitopes. Interestingly, an
opposite effect of CARD15 and TLR4 variants was observed

Table 3 Multivariate analysis for CARD15 and CARD4 variants (logistic regression)

gASCA positivity Ileal involvement Colonic involvement Anal involvement

CARD15 0.005 0.008 NS 0.029
. 1 variant OR 1.58 OR 1.77 OR 0.69

95% CI 1.15 to 2.18 95% CI 1.16 to 2.70 95% CI 0.50 to 0.96
CARD4 indel 0.009 NS 0.007 NS
. 1 variant OR 1.48 OR 1.57

95% CI 1.10 to 1.98 95% CI 1.13 to 2.18

CARD, Caspase recruitment domain; gASCA, anti-S. cerevisiae antibodies. P value, OR and 95% CI are indicated.

Table 4 Multivariate analysis for TLR4 variants (logistic regression)

Anal involvement Ileal involvement ACCA positivity

TLR4 D299G 0.033 0.012 0.02
. 1 variant OR 1.54 OR 0.56 OR 0.58

95% CI 1.04 to 2.29 95% CI 0.36 to 0.89 95% CI 0.37 to 0.91

ACCA, Anti-chitobioside antibodies; TLR, Toll-like receptor. P value, OR and 95% CI are indicated.
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with respect to the antibody response. This merits further
exploration, and may contribute to our understanding of the
seroreactivity in IBD patients and may help further to unravel
the function of the IBD-associated genetic polymorphisms and
their influence on disease susceptibility.
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Robin Spiller, editor
Obstructive jaundice with fever and eosinophilia

Clinical presentation
A 78-year-old man was admitted to our hospital with epigastric
pain, fever and nausea. Cough, generalised pruritus and
eosinophilia had persisted for 5 months before his admission.
His temperature was 37.9 C̊. On examination, there was
prominent right subcostal tenderness.

Laboratory tests showed that the packed cell volume was 0.43
and the white cell count was 5.96109/l, with 22% eosinophils.
Liver function tests showed that the aspartate aminotransferase
level was 410 U/l, while alanine aminotransferase was 179 U/l,
alkaline phosphatase was 360 U/l, c-glutamyltransferase was
578 U/l and total bilirubin was 56 mmol/l.

Abdominal computed tomography showed that the gallblad-
der was mildly distended and there was dilatation of the
common bile duct. Magnetic resonance cholangiopancreato-
graphy disclosed dilatation of the common bile duct and a 2 cm
filling defect in the distal part of the duct. Endoscopic
retrograde cholangiopancreatography showed dilatation of the
common bile duct and a 1.6 cm filling defect (fig 1).

Question
What is the likely diagnosis?

See page 1571 for answer
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Figure 1 Endoscopic retrograde cholangiopancreatography shows
dilatation of the common bile duct and a filling defect.
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