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Background: Crohn’s disease is one of the principal human chronic inflammatory bowel diseases.
Although its aetiology is still unknown, its complex pathogenesis has environmental, immunological,
and genetic determinants. CARD15 is the first susceptibility gene implicated in the predisposition to
Crohn’s disease and is known to be expressed only in monocytes. However, its expression in situ has
not yet been studied.
Aims: To analyse the tissue distribution of CARD15 and identify cells producing CARD15 in samples
of colon from patients with Crohn’s disease and control subjects.
Patients and methods: We analysed CARD15 gene expression in surgical specimens of colon from
eight children with Crohn’s disease and nine controls by immunohistochemistry, in situ hybridisation,
and reverse transcription- polymerase chain reaction (RT-PCR).
Results: We showed that CARD15 was present only in the cytoplasm of macrophages in the normal
colon. Increased CARD15 expression was detected in Crohn’s disease lesions. There were more
CARD15 positive cells in Crohn’s disease lesions than in uninvolved areas. Both intestinal epithelial
cells, macrophages, and their derivatives overproduced CARD15 in Crohn’s disease. To further assess
CARD15 expression by intestinal epithelial cells, we performed RT-PCR on freshly isolated intestinal
epithelial cells, and showed that these cells isolated from Crohn’s disease samples contained more
CARD15 mRNA than intestinal epithelial cells from controls.
Conclusions: We have demonstrated that colonic involvement in active Crohn’s disease is associated
with increased CARD15 gene expression in both macrophages and intestinal epithelial cells.
Therefore, this deregulation can affect the host-environment interaction and thus contribute to the
pathogenesis of this disease.

Crohn’s disease (CD) is a chronic inflammatory bowel
disease of complex origin with environmental compo-
nents and an inappropriate or exacerbated immune

response that could be driven by enteric bacteria in
genetically predisposed patients.1–4 Whereas mucosal cells
help maintain local appropriate responses to stimulation by
luminal antigens under normal conditions, the main
response in CD is the Th1-type response, with high levels of
interleukin 12, interleukin 18, and interferon γ.5–10 In contrast,
cytokines such as interleukin 10 and transforming growth
factor β have counter-regulatory effects and are implicated in
the prevention of disease.11 12 The role of environmental
factors such as tobacco and the intestinal microflora is also
established.7 Using a positional cloning strategy, a new gene
was identified, the NOD2 gene, recently renamed CARD15,2 as
the first CD susceptibility gene within a locus previously
mapped to chromosome 16.13 This gene is a member of the
CED4/APAF1 family of apoptosis regulators and encodes a
protein with at least three domains14: two amino terminal
caspase recruitment domains (CARDs) linked to a nucleotide
binding domain, and a C terminus part that contains leucin
rich repeats (LRR). This LRR domain can confer responsive-
ness to bacterial products. CARD15 was initially believed to
be involved in the lipopolysaccharide (LPS) response
pathway,15 but a recent study suggested that bacterial
peptidoglycan (PGN) is the main pathogen associated
molecular pattern (PAMP) inducing nuclear factor κB
(NFκB) activation through CARD15.16 Three main variants of
the LRR domain or the adjacent region are associated with
CD, suggesting that a defect in the PGN response may confer
CD susceptibility. The involvement of CARD15 in CD may pro-
vide a unifying explanation for several factors influencing the

development of this disease. Firstly, CARD15 responds to
bacterial cell wall components, linking intraluminal bacteria
to CD. Secondly, mutations of the LRR domain affect its sens-
ing function leading to aberrant activation of the NFκΒ/Rel
pathway, which is abnormally activated in CD.17 Thirdly,
recent studies indicate that mutations of the CARD15 gene are
associated with ileal involvement, a young age of onset, and
more frequent granuloma formation, and several indicate
that they are correlated with the fistulising and/or fibrosten-
otic phenotypes.18–22 Thus CARD15 seems to be important for
the pathogenesis of CD. Further understanding of the
mechanisms underlying the disease now require analysis of
CARD15 gene expression in healthy and diseased tissues. In
vitro studies indicate that the CARD15 gene is only expressed
in monocytes.2 14 However, little is known of the in situ
expression of the CARD15 gene in the tissues of healthy sub-
jects or CD patients, particularly in the colon, the main site
exposed to luminal bacteria. The present report describes the
tissue distribution of CARD15 and identifies the cells produc-
ing CARD15 in samples of colon from patients with CD and
from control subjects.
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MATERIALS AND METHODS
Surgical specimens
Surgical specimens from involved segments of the large intes-
tine were taken from eight paediatric patients with CD (four
females and four males, mean age 14 (3.25) years).
Indications for bowel resection were failure of medical
treatment (n=6), perforation (n=1), or intestinal stenosis
(n=1) (table 1). CD was diagnosed based on clinical,
endoscopic, and histological criteria. Epithelioid and giant cell
granulomas were present in six cases (table 1).The three main
CD associated CARD15 mutations were genotyped, as de-
scribed previously.18

Because normal colonic samples are difficult to obtain in
children, controls were nine surgical specimens taken from
uninvolved areas of patients with Hirschprung’s disease (four
females and five males, mean age 5 (4) months). Inflamma-
tory controls were two acute appendicitis cases. Frozen tissues
sections were used for immunohistochemistry and in situ
hybridisation.

Isolation of colon epithelial cells and peripheral blood
mononuclear cells
Epithelial cells were isolated and purified from colon
specimens, as described by Toy and colleagues.23 Colon was
taken from four patients with CD (two males, two females,
mean age 34 (6.5) years) and five controls (four males, one
female, mean age 59 (14) years) with diverticulitis (n=3) or
colon cancer (n=2) who underwent colon resection. Mucosal
layers were dissected away from the muscular and serosal lay-
ers and incubated in RPMI containing 0.5 mM DTT. Mucosal
fragments were rinsed in calcium and magnesium free Hank’s
balanced salt solution supplemented with heat inactivated
fetal calf serum (5%), L-glutamine, and 500 mM EDTA.
Epithelial cells were collected at the interface of a Percoll
gradient. The viability of epithelial cells evaluated by Trypan
blue staining was greater than 85%. After several washes, cells
were frozen at −20°C. Reverse transcription-polymerase chain
reaction (RT-PCR) was performed as described below. Levels of
CARD15 mRNA in intestinal epithelial cells (IEC) were com-
pared with CARD15 expression in peripheral blood mono-
nuclear cells (2×106/ ml) separated on Ficoll gradient and col-
lected from four of the five previous control patients.

Immunohistochemistry
Cryostat sections (7 µm) of frozen tissues were cut, fixed in
100% acetone, and stored at −20°C. We used two rabbit
polyclonal antibodies, one directed against the LRR region (a
gift from Professor G Thomas, for details see immunserum
below) and the other was against the CARD domain of
CARD15 (Cayman Chemical, Ann Arbor, USA). Sections were
washed twice in Tris HCl, pH 7.6, and briefly in buffer contain-
ing 1% polymerised bovine albumin. They were then
incubated with two blocking reagents (10% normal human
serum and 10% normal goat serum) for 30 minutes and with

the primary antibodies diluted in diluent reagent (Biogenex,
San Ramon, California, USA) to 1/1400 (anti-LRR) and 1/1000
(anti-CARD) for one hour at room temperature. CARD15 was
detected using the Stravigen Multilink Kit from Biogenex, in
which the multilink is biotinylated and the label is a
peroxidase conjugated streptavidin. Negative controls were
prepared by omitting the primary antibody and by incubation
with a recombinant CARD15-LRR protein. The CARD15-LRR
coding cDNA was amplified using PCR and cloned into pTrc
Ha-His (Invitrogen, Rockville, USA) with SfiI- NotI. The
recombinant protein (from codons 578 to 1039) containing a
histidine tag was expressed in Escherichia coli and was purified
using a NiNTA Superflow (Quiagen, Valencia, California, USA)
column (Bio-Rad, Marnes La Coquette, France). The size and
specificity of the produced recombinant protein was verified
using Coomassie blue staining and anti-His western blot
experiments (data not shown).

Immunserum, transfection, and immunofluorescence
CARD15 polyclonal antibody was raised in rabbits immunised
with an 11 mer peptide corresponding to residues 1030-
KLGCRDTRLLL-1040 of CARD15 (Spi-Bio; Cayman Chemi-
cal). The entire cDNAs (approximately 3.1 kb pairs) encoding
full length CARD15 (EMBL accession No CAC42117) was
cloned under the control of the CMV promoter (Stratagene, La
Jolla, California, USA). HeLa cells were plated at a density of
105 cells/chamber on a six well plate and grown using Dulbec-
co’s modified Eagle’s medium (Life Technologies, Invitrogen)
complemented with 10% fetal bovine serum, antibiotics, and
glutamine. HeLa cells for immunofluorescence experiments
were transfected by lipofection using DMRIE-C (Life Tech-
nologies, Invitrogen) with 500 ng of CARD15 encoding pBK-
CMV vector for 24 hours, accordingly to the manufacturer’s
instructions. Cells were fixed in 3% paraformaldehyde, rinsed
in phosphate buffered saline, permeabilised, and blocked in
buffer containing 0.2% Triton X100 and 0.1% bovine serum
albumin. HeLa cells were then sequentially incubated with
anti-CARD15 polyclonal antibody followed by goat antirabbit
secondary IgG antibodies coupled to FITC (Amersham-
Pharmacia Biotech, Piscataway, USA). Nuclei were stained
using DAPI. Slides were finally mounted onto glass coverslips
using vectashield (Vector Laboratories, Burlingam, California,
USA) and CARD15 located by a Zeiss Axioplan confocal fluor-
escence microscope.

In situ hybridisation
The digoxigenin labelled antisense riboprobe was obtained by
linearising the pBK-CMV plasmid (Stratagene) containing a
human CARD15 cDNA fragment (nucleotides 577–2847 of
CARD15 sequence accession number: NM_022162) with
EcoN1 and synthesising an RNA from the T3 promoter. The
digoxigenin labelled sense riboprobe was obtained by linearis-
ing the plasmid with Bam-H1 and using the T7 promoter. In
situ hybridisation (ISH) experiments were performed on fro-
zen tissue sections.24 For double labelling experiments, we

Table 1 Indications for surgical treatment, presence (+) or absence (−) of
granulomas, and genotype of the patient

Patient
No Indication for surgical treatment Granuloma Genotype

1 Failure of medical treatment − Wild-type
2 Failure of medical treatment − Wild-type
3 Failure of medical treatment + Mutated heterozygote R702W
4 Stenosis and fistule + Not done
5 Failure of medical treatment + Mutated heterozygote 1007fs
6 Failure of medical treatment + Wild-type
7 Failure of medical treatment + Mutated heterozygote G908R
8 Perforation + Compound heterozygote G908R/1007fs
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performed ISH with the CARD15 antisense probe and immu-
nohistochemistry with an anticytokeratin antibody directed
against epithelial cells (Dako, Glostrup, Denmark) in a three
stage immunoperoxidase method.

Semi quantitative RT-PCR for human CARD15
Surgical specimens of whole colon were immediately frozen in
cryotubes and stored at −80°C. All samples were checked
before RNA extraction. Expression of β-actin and CARD15
genes was determined by RT-PCR in frozen surgical specimens
and in purified IEC. Specimens were placed in RNA B (Q Bio-
gene, Illkirch, France) according to the manufacturer’s
instructions in 35 µl of RNA free water. DNAse enzymatic
digestion was performed for 30 minutes at 37°C using a DNA
free kit (Ambion, Austin, Texas, USA). Complementary DNA
was synthesised by reverse transcription of 2 µg of total RNA
using SuperScript version II (Gibco BRL, Grand Island, New
York, USA) and oligo(dT)12–18 primer (Gibco BRL). The negative
control was the above reaction without reverse transcriptase.
CARD15 was amplified using Taq polymerase (Gibco BRL) for
35 cycles under the following conditions: 95°C (40 seconds),
annealing at 58°C (45 seconds), and extension at 72°C (one
minute), with a final extension at 72°C for five minutes. PCR
amplification of β-actin was conducted over 30 cycles under
the following conditions: 94°C (one minute), 60°C (one
minute), and 72°C (one min 30 seconds). The primer pairs
used to amplify CARD15 were 5′-

AGCGAGACTGAGCAGACAC-3′ (upstream) and 5′-
CAGGTTGCCGATCTTCACAC-3′ (downstream) resulting in a
197 bp fragment; those for β-actin were 5′-
GGGTCAGAAGGATTCCTATG-3′ (upstream) and 5′-
GGTCTCAAACATGATCTGGG-3′ (downstream) resulting in a
237 bp amplified fragment. The amplified products were sub-
jected to gel electrophoresis and analysed by computed
assisted densitometry, with NIH Image 1.62 software.

PCR products were confirmed as CARD15 by nucleotide
sequencing. All sequencing was carried out using dideoxy ter-
minator chemistry (Perkin-Elmer, Foster City, California,
USA) and electrophoresed on an automated DNA sequencer.

RESULTS
Immunohistochemical distribution of CARD15 in
surgically resected specimens of colon
The two CARD15 antibodies tested gave the same results.
Control colon samples contained scattered positive mono-
nuclear cells in the superficial part of the lamina propria
beneath the surface epithelium (fig 1A). These positive cells
possessed abundant cytoplasm, vesicular nuclei, looked like
tissue macrophages, and CARD15 was detected in the
cytoplasm (fig 1A, insert). Control colon samples contained no
other cell types that produced CARD15. The CD colon
specimens contained many mononuclear cells producing
CARD15 throughout the lamina propria where they formed

Figure 1 Immunohistochemistry
using an anti-CARD15 polyclonal
antibody and frozen tissue sections
of normal colon (A) and inflamed
Crohn’s disease colon (B–E), and
subcellular distribution of CARD15
in human cells by confocal
fluorescence microscopy (F).
(A) Scattered mononuclear cells just
beneath the epithelium surface,
which look like macrophages
(insert), are present in the normal
mucosa. The Crohn’s disease colon
contains numerous positive cells in
the lamina propria whereas no
CARD15 expression was detected
within the lymphoid follicle (B, insert
(*)). Positive cells were also
detected in the deeper part of the
colon and around the blood vessels
(C, insert). Epithelioid and giant
cells in a granuloma (D) and
superficial and glandular epithelial
cells also produced CARD15 (B,
insert; C, E). (E, inserts) Negative
controls (using recombinant protein
and primary antibody omission)
showed no background staining. (F)
Nuclei were stained with DAPI
(blue). Original magnification ×160
in (B), ×250 in (A), ×400 in (A,
insert), (C), (D), and (E, insert), and
×1000 in (E).
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clusters (fig 1B, 1C). They were also found in the submucosa
and in the deeper part of the gut, often around blood vessels
(fig 1C, insert). The number of CARD15 positive cells was cor-
related with the intensity of the inflammatory infiltrate and
was higher in areas of ulceration. There were also granulomas
containing epithelioid and giant cells that immunostained for
CARD15 (fig 1D). IEC also contained CARD15 in their
cytoplasm, in addition to macrophages and related cells. These
CARD15 positive epithelial cells were found in both the
epithelial and glandular compartments in severely inflamed

CD samples (fig 1C, 1E). Epithelial cells in less inflamed CD
samples were less intensely immunostained, and CARD15 was
only observed in a few of the glands and in only some epithe-
lial cells within the gland. We detected no CARD15 in the
lymphoid follicles or in intraepithelial lymphocytes but
epithelium surrounding lymphoid follicles expressed CARD15
(fig 1B). There was no staining in any of the negative controls
whether CARD15 antibody was omitted (fig 1E, insert,
bottom) or after preincubation with recombinant CARD15 (fig
1E, insert, top).

Figure 2 In situ hybridisation
using a CARD15 antisense probe
(A–D) and frozen tissues sections of
normal colon (A) and inflamed
Crohn’s disease colon (B–D).
(A) Only mononuclear cells
contained CARD15 mRNA, and no
CARD15 mRNA was detected in
epithelial cells. Many cells
expressing CARD15 mRNA were
present in the CD mucosa (B).
Epithelial cells expressing CARD15
mRNA (C) were identified by
double labelling, detection of
CARD15 by in situ hybridisation,
and epithelial cells by
immunohistochemistry using an
anticytokeratin antibody (D). The
sense probe gave no signal (E).
Original magnification ×250 in (B),
×1000 in (A), (C), (D), and (E).

Figure 3 Immunohistochemistry
using an anti-CARD15 polyclonal
antibody (A) and in situ
hybridisation using a CARD15
antisense probe (B) and frozen
tissue sections from acute
appendicitis cases. The inflamed
appendix contains numerous
positive cells in the lamina propria
and in the submucosa whereas no
CARD15 expression was detected
within the lymphoid follicle (B).
Superficial and glandular epithelial
cells also produced CARD15.
Original magnification ×250 in (A),
and ×160 in (B).
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Subcellular distribution of CARD15 in human cells
By immunofluorescence and confocal microscopic examina-
tion, CARD15 was found throughout the cytoplasm, with
slight punctuation (fig 1F), as was previously shown for
CARD4/NOD1. There were no large aggregates or filaments,
unlike BCL-10. The profile of CARD15 distribution was
confirmed with a HA tagged CARD15 construct (data not
shown).

Expression of CARD15 mRNA in colonic specimens
In situ hybridisation (ISH) studies
ISH confirmed the immunohistochemical data. ISH using the
specific CARD15 digoxigenin labelled antisense riboprobe
showed that only scattered mononuclear cells in the lamina
propria of control samples contained CARD15 mRNA (fig 2A).
In contrast, cells expressing CARD15 mRNA were abundant
throughout the intestinal wall of CD samples (fig 2B), includ-
ing granulomas (data not shown).

IEC also expressed CARD15 mRNA in CD samples (fig 2B,
2C) but no CARD15 was detected in normal IEC (fig 2A). We
performed double labelling experiments to detect both
CARD15 by ISH and IEC by immunohistochemistry using an
anticytokeratin antibody to demonstrate that the staining
inside the glands was due to the epithelial cells and not to the
mononuclear cells infiltrating the epithelium. These experi-
ments confirmed that the IEC labelled by cytokeratin also
expressed CARD15 mRNA (fig 2D). Finally, a negative control
experiment was done using a CARD15 sense riboprobe; this
gave no signal (fig 2E).

Expression of CARD15 in acute appendicitis
Two acute appendicitis cases were studied. Immunohisto-
chemistry and ISH gave the same results. Numerous
mononuclear cells producing CARD15 were detected in the
lamina propria and in the submucosa, forming small to large
clusters around the glands or around the lymphoid follicles
(fig 3). In contrast, no staining was observed within the lym-
phoid follicles (fig 3B). IEC also expressed CARD15 both in the
surface and glandular compartments.

RT-PCR studies
Whole tissues samples
All samples were checked before mRNA extraction and the
intensity of the inflammatory infiltrate as well as the presence
of granulomas were noted. CARD15 mRNA was detected in all
CD samples. However, the amounts of CARD15 mRNA varied
from one sample to another. The amount of CARD15 mRNA
was correlated with the intensity of the inflammatory
infiltrate but not with the presence of granulomas. In contrast,
CARD15 was detected in only four of nine normal samples.
Furthermore, the odds ratio of CARD15 mRNA to control
β-actin (fig 4A) was significantly higher in colon samples from
CD patients than in controls (mean 207.77 in the control
group v 765 in the CD group; unpaired Student’s t test,
p=0.0056).

Freshly isolated colon epithelial cells
To further explore CARD15 expression by IEC, we isolated
colon epithelial cells from CD and control samples. By RT-PCR,
CARD15 mRNA was detected in all colon epithelial cells
extracted from the surgical specimens of the four patients
with CD and five controls enrolled in this study (fig 4B). Lev-
els of CARD15 mRNA were more than five times higher in
extracted epithelial cells from CD patients (632 (89), n=4)
compared with controls (121 (40), n=5). For equivalent
quantities of β-actin, similar levels of CARD15 mRNA were
found in extracted normal epithelial cells compared with per-
ipheral blood mononuclear cells (211 (22), n=4), the major
cellular source of CARD15 in healthy humans (fig 4C).14

DISCUSSION
We have investigated the intestinal expression of CARD15 in
normal and CD colon and its subcellular localisation. The
results of immunohistochemistry and ISH experiments were
in complete agreement, and indicated that CARD15 is present
in the normal colon at low levels. This observation is however
consistent with previous reports based on northern blotting
which failed to demonstrate reliable CARD15 expression in
gut tissues2 14 (personal data). Using in situ techniques, we
have shown that there is much more CARD15 in the inflamed
colon of CD patients than in the normal colon where only
scattered macrophages within superficial lamina propria
express CARD15. The CD colon is known to contain focal

Figure 4 Reverse transcription-polymerase chain reaction (RT-PCR)
analysis of CARD15 in whole colon tissues samples (A) and in colon
epithelial cells of controls (C) and Crohn’s disease (CD) patients (B,
C). (A) Ratio of CARD15 to β-actin mRNAs levels demonstrated a
significant increase in whole tissue samples from CD patients
compared with tissues samples from controls. Each bar represents the
mean (SEM). Amplified products were subjected to gel
electrophoresis and analysed by computed assisted densitometry
with NIH Image 1.62 software. (B) CARD15 was detected in all
intestinal epithelial cells extracted from surgical specimens of all
patients with CD and controls enrolled in this study. (C) The level of
CARD15 mRNA was more than five times higher in extracted
epithelial cells from CD patients compared with controls. For
equivalent quantities of β-actin, similar levels of CARD15 mRNA
were found in extracted normal epithelial cells compared with
peripheral blood mononuclear cells (PBMC). The number of patients
(n) is indicated. OD, optical density.

������

β���	
�

���	��� ��

����� 	
�����

��

� � �

�

� � �

���

��

� � �

�����

� � �

�

���

�

���

���

 ��

���

���

 ��

���

����

�

�

�

!
�
�
�
�
�
�
�
"
�
#
�
$
β�
�
�
	

�

!
�
�
�
�
�
�
�
"
�
#
�
$�
�
 
"
�
�
β�
�
�
	

�

844 Berrebi, Maudinas, Hugot, et al

www.gutjnl.com

 on M
ay 21, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.52.6.840 on 1 June 2003. D

ow
nloaded from

 

http://gut.bmj.com/


transparietal cell infiltrates of mononuclear cells, particularly
macrophages, epithelioid, and giant cells. The number of mac-
rophages containing CARD15 was strikingly elevated
throughout the CD colon wall, particularly near the blood ves-
sels, and was correlated with the intensity of the inflamma-
tory infiltrate. This distribution is consistent with the induced
recruitment and activation of CARD15 positive macrophages
by a stressful environment such as luminal bacteria in the
lumen. As monocytes differentiate into macrophages and
giant and epithelioid cells, leading to the formation of granu-
lomas, we analysed expression of CARD15 in the granulomas.
Epithelioid and giant cells of the granulomas both produce
efficiently CARD15. Through activation of NFκB, overexpres-
sion of CARD15 could account for the NFκB dependant
production of proinflammatory cytokines such as tumour
necrosis factor α (TNF-α) inside the granulomas.25 Interest-
ingly, mutations of CARD15 are found in Blau syndrome, a
rare autosomal dominant disorder in which there is also a
granulomatous inflammatory reaction.26 Moreover, despite a
borderline significance statistical test, genotype-phenotype
correlation studies in CD patients by Lesage et al primarily
showed that patients with double dose mutations were
associated with the presence of granulomas.18 CARD15 may
thus play a pivotal role during and/or following granuloma
formation in chronic inflammatory disorders.

Previous in vitro studies indicated that CARD15 gene
expression was restricted to monocytes.2 14 This study has
shown that other cell types may produce CARD15, markedly in
pathological conditions. We showed using in vitro studies that
levels of CARD15 mRNA were more than five times higher in
extracted epithelial cells from CD patients compared with
normal colon where only very small amounts of CARD15 were
detected. Both epithelial cells on the surface and in the glan-
dular compartment contribute to the production of CARD15
in CD. Then, IEC, the first barrier of defence against luminal
bacteria, largely participate in the enhanced overall CARD15
expression in CD. In common with several CARD containing
and related plant R (resistance) proteins, we showed that
CARD15 was located in the cytoplasm, without any trans-
membrane position. This suggests that it may be involved in
detecting ingested bacteria (that is, via PGN recognition) in
antigen presenting cells. This cytoplasmic localisation is
important as it has been suggested that CARD15 is an
intracytoplasmic sensor of bacterial products.15 The family of
transmembrane receptors designated Toll-like receptors (TLR)
are key receptors responsible for immune cell activation in
response to PAMP. TLR2 and TLR4, two majors TLRs, are con-
stitutively present at low concentrations at the apical pole of
IEC. Perhaps significantly, expression of TLR-4 is enhanced in
the CD colon but that of TLR-2 (the extracellular pathogen
recognition receptor of bacterial PGN) is not.27 Therefore,
while the phenotype of normal IEC is apical pole TLR2low/
CARD15low, CD IEC overproduce only intracellular recognition
receptors for PGN, leading to the particular phenotype apical
pole TLR-2low/cytoplasmic CARD15high. IEC are normally refrac-
tory to extracellular LPS, which when present inside the cell,
is capable of initiating an inflammatory response.28 Commen-
sal gut flora exist in harmony with the mucosa of the normal
intestine where the epithelial phenotype is the “low respon-
siveness type”. However, the CD intestine is no longer tolerant
towards the products of lumen bacteria29; the resulting “high
responsiveness type” phenotype could lead to increased PGN
recognition at the apical pole and within the cytoplasm of the
epithelial cells. CARD15, similar to other members of the NOD
family, interacts with RICK, a molecule that transduces signals
from receptors of both innate and adaptative immune
responses, allowing activation of NFκB. A recent study showed
that RICK deficient cells are hyporesponsive to signalling
through Nod proteins.30 Recently, Tadakazu et al demonstrated
in vitro that CARD15 was upregulated at the mRNA and pro-
tein levels by TNF-α (AGA abstract, 2002) in colonic epithelial

cells. A more recent study showed the link between
TNF-α/NFκB and CARD15. 31 These biochemical data and the
observation of CARD15 expression in acute appendicitis
favour the hypothesis that CARD15 may be upregulated in
different inflammatory processes. CARD15 producing cells
may help to protect the gut wall against aggression in normal
individuals. As CARD15 is involved in innate immunity and in
general inflammatory processes, its overexpression, triggered
by particular PAMPs in epithelial cells, could sensitise the
digestive tract and may be of major importance in the context
of genetic and environmental factors allowing the develop-
ment of CD. It has been reported that subjects with CARD15
gene mutations are at less risk of colon involvement and/or at
greater risk of ileal disease.18 21 However, the observed CARD15
overexpression in chronic inflamed colon would be explained
by either CARD15 mutations or a defect in the maintenance of
an adequate CARD15 expression. Despite the small number of
patients, the first hypothesis appears to be unlikely. In
contrast, modulation of CARD15 expression may thus be
explained by unidentified factors, such as at least one of the
identified genetic CD susceptibility loci.

This study demonstrates for the first time that CARD15 is
overproduced in the CD colon, and is found in both
macrophages and related cells and, abnormally, in mucosa
epithelial cells. This dysregulated expression of the CARD15
gene may be explained by an inappropriate relationship
between genetic and environmental factors. Further studies
are now needed to determine whether CARD15 gene
expression in CD and other inflammatory bowel diseases dif-
fers, and the role of luminal bacteria and/or CD susceptibility
loci in induction of pathological CARD15 overexpression.
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