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ABSTRACT
Objectives: Inflammatory bowel diseases (IBD) represent an
aberrant immune response by the mucosal immune system to
luminal bacteria. Because the oral mucosa harbors the first
epithelial cells that interact with microorganisms, we assessed
the immunologic activity of buccal epithelium in children with
IBD and adults with Crohn disease.
Methods: Buccal epithelial cells were obtained from 17
children and 14 adults with Crohn disease, 18 children with
ulcerative colitis, and 40 controls. Cells were cultured with and
without microbial stimulation. Chemokine levels were de-
termined in culture supernatants by cytometric bead array
and enzyme-linked immunoabsorbent assay. CXCL-8 production
was studied by immunohistochemical analysis of these cells.
CXCL-8 production by lipopolysaccharide stimulated mono-
cyte-derived dendritic cells from these patients was determined.
Results: Compared with controls, pediatric ulcerative colitis
patients, and adult Crohn disease patients, only in children with

Crohn disease did buccal epithelial cells exhibit enhanced
production of CXCL-8, CXCL-9, and CXCL-10. In vitro stim-
ulation with lipopolysaccharide or zymosan resulted in a further
increase of chemokine levels only in cells from pediatric Crohn
disease patients. CXCL-8 production by stimulated monocyte-
derived dendritic cells from children with Crohn disease was
equal to that of children with ulcerative colitis.
Conclusions: Buccal epithelium of children with Crohn disease
is immunologically active, even in the absence of oral lesions.
The enhanced chemokine production is associated with
pediatric Crohn disease and appears restricted to cells derived
from the epithelial barrier. Assessment of chemokine pro-
duction by buccal epithelial cells may become a new, rapid,
noninvasive test for screening and classification of IBD in
children. JPGN 42:142–149, 2006. Key Words: Chemo-
kines—
Buccal epithelium—Dendritic cells—Pediatric Crohn disease—
Pediatric ulcerative colitis. � 2006 Lippincott Williams & Wilkins

INTRODUCTION

Crohn disease (CD), ulcerative colitis (UC), and
indeterminate colitis represent diseases of chronic in-
testinal inflammation, also called inflammatory bowel
diseases (IBD). Genetic susceptibility, environmental
triggers, and immune dysregulation have been described
as the main factors involved in the establishment and
development of IBD (1). The aberrant response of the
mucosal immune system associated with IBD is thought
to be directed toward microorganisms that are present
within the intestinal lumen (2,3). This hypothesis is
supported by the evidence of a mutation of the bacterial

sensing gene NOD2 being strongly associated with
susceptibility to CD (4,5).

Intestinal epithelial cells (IECs) can play a role in
initiating and regulating mucosal innate and acquired
immune responses through the secretion of cytokines
and chemokines. In IBD patients, epithelial cells derived
from colonic specimens are able to produce significant
amounts of chemokines including CXCL-1 (Groa),
-2 (Grob), -5 (ENA-78), -8 (interleukin [IL]-8), and
CCL-2 (monocyte chemoattractant protein-1 [MCP]-1),
-3 (MIP-1-a), -4 (MIP-1-b), -7 (MCP-3), -8 (MCP-2)
(6–15). These studies indicate that IECs are an important
source of chemokines that play a role in the recruitment of
neutrophils and T lymphocytes to the epithelial layer, which
may initiate or promote intestinal inflammation in IBD.

CD can be localized throughout the entire digestive
tract. In up to 40% of children with CD, biopsies from the
upper gastrointestinal tract may reveal granulomas, even
in mucosa that appears normal on endoscopy (16,17).
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Accordingly, we speculate that even in the absence of
oral lesions buccal epithelial cells from children with CD
may display pro-inflammatory immune responses.

We studied the chemokine production by buccal
epithelial cells in pediatric IBD patients, in adult CD,
as well as in healthy controls. CXCL-8 (i.e., IL-8)
production was assessed because it represents the most
commonly produced chemokine by the epithelial cells.
The production of related chemokines, such as CXCL-9
(i.e., monokine induced by interferon-gamma) and
CXCL-10 (interferon-inducible protein-10) was also
determined. In addition CCL-2 (MCP-1) and CCL-5
(regulated upon activation, normal T-cell expressed, and
secreted [RANTES]) were determined because several
studies have indicated enhanced production of these
molecules in colonic biopsies from IBD patients. In
addition to the evaluation of spontaneous production of
these chemokines, we also established an in vitro assay to
determine whether these molecules could be induced by
microbial stimuli. Finally, we determined the response of
monocyte-derived dendritic cells (moDCs) to lipopoly-
saccharide (LPS). MoDCs were included because they
represent a nonepithelial cell type that is involved in
mucosal microbial-host interactions (3,18,19).

MATERIALS AND METHODS

Patient Characteristics

All children with (suspected) IBD that were admitted to
the clinic or outpatient clinic of the department of Pediatric
Gastroenterology at the Sophia Childrens Hospital from
September 2003 to September 2004 were included. The
included adult CD patients visited the clinic or outpatient clinic
of the department of Gastroenterology at the Erasmus MC
in September 2003. The study was approved by the Medical
Ethical Committee of the Erasmus MC and the Central
Committee on Research Involving Human Subjects.

In children with UC, disease activity was assessed by the
modified Truelove and Witts score (20). This score is based
on clinical symptoms (number of stools a day and amount of
bloodloss in the stools), laboratory parameters (hemoglobin
levels and erythrocyte sedimentation rate [ESR]), and physical
examination (axillary temperature and pulse rate). On a scale
of 6 to 18 points, a score of 6 indicates inactive disease, 7 to
10 mild disease, 11 to 14 moderate disease, and 15 to 18 severe
disease. In children with CD, disease activity was expressed
by means of the Paediatric Crohn Disease Activity Index
(PCDAI) (21). The PCDAI is a disease activity index based
on symptoms, laboratory parameters (hematocrit, ESR, and
albumin), and physical examination, including changes in
linear growth. On a scale of 0 to 100 points, a score less than 15
indicates inactive disease, 15 to 30 mild disease, and greater
than 30 moderate to severe disease.

Buccal Epithelium

Buccal epithelial cells were collected by gently rubbing
a Cytobrush Plus (Medscand Medical AB, Malmö, Sweden)
over the inside of the cheeks. Cells were washed twice in RPMI

1640 (Invitrogen, Merelbeke, Belgium). In a 96-well flat
bottom plate 3.5 3 104 cells per well were incubated in 200
mL medium RPMI 1640 supplemented with 10% fetal calf
serum (FCS; Integro, Leuvenheim, the Netherlands), HEPES 15
mmol/L, L-glutamine 2 mmol/L, penicillin 100 U/mL,
streptomycin 100 mg/mL, amphotericin B 500 mg/mL, and
mercaptopurine 50 mmol/L. When more than 10.5 3 104 cells
were obtained, LPS (from E. coli serotype 005:B5, Sigma-
Aldrich, Zwijndrecht, the Netherlands) or zymosan A (from
Saccharomyces cerevisiae, Sigma-Aldrich) were added at
different concentrations (as indicated), starting from February
2004. Buccal epithelial cells do not proliferate in vitro and have
limited viability. In a pilot experiment, CXCL-8 was produced
already within the first hours of incubation and reached
a plateau at 8 to 12 hours. This is in agreement with another
publication concerning the production of CXCL-8 by buccal
epithelial cells upon microbial stimulation (10). Therefore, we
decided to collect (and store at 280�C) the supernatants of the
cell cultures at 24 hours of incubation. The remaining cells were
washed three times with phosphate-buffered saline (PBS) and
suspended in 50 mL PBS and 50 mL 10% human serum
albumin. Cytospins were prepared by centrifugation (50 g, 7
min) of the cell suspension. Cytospins were air-dried on silica
gel overnight and either used directly or stored at 220�C.

Monocyte-Derived Dendritic Cells

Peripheral blood mononuclear cells were isolated by density
gradient centrifugation of anticoagulated human blood from
IBD patients using Lymphoprep (Nycomed, Oslo, Norway).
CD141 cells were isolated by applying MACS CD14 Micro-
Beads and the Magnetic cell separator MidiMACS (Miltenyi
Biotec, Bergisch Gladbach, Germany). Purified cells were
typically greater than 95% CD141 as determined by flow
cytometry. To obtain MoDCs (22), CD141 cells (5 3 105

cells/well) were cultured in RPMI 1640 with L-glutamine
(Invitrogen), 10% FCS (Integro), gentamycin 56 mg/mL,
recombinant human granulocyte macrophage colony stimulat-
ing factor (molgramostim) at 500 U/mL (Novartis, Arnhem,
the Netherlands), and recombinant human IL-4 at 250 U/mL
(PeproTech, Rocky Hill, NJ). At day 6, LPS was added to
a subset of wells at indicated concentrations. Supernatants were
collected at day 7.

Measurement of Chemokines in Cell
Culture Supernatants

CXCL-8 levels in the cell culture supernatants were deter-
mined by enzyme-linked immunoabsorbent assay according
the manufacturers protocol (BD Biosciences, San Diego, CA).
CXCL-9 and -10 and CCL-2 and -5 were detected by appli-
cation of the standard protocol of the Cytometric Bead Array
using the human chemokine-I kit specific for these chemokines
(BD Biosciences).

Immunohistochemical Staining of Buccal
Epithelial Cells for CXCL-8

For immunohistochemical detection of CXCL-8, the perox-
idase-labeled avidin-biotin method was used. Buccal epithelial
cells of the cytospins were fixed by immersion into fresh
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acetone containing 0.02% (vol/vol) H2O2. Slides were then air-
dried for 10 minutes. Histochemical revelation of endogenous
peroxidase activity was performed with 4-chloride-1-naphtol
(4-Cl-1-napthol). A solution of 80 mg 4-Cl-1-napthol in 1 mL
of ethanol 100% was added to 200 mLTris-HCL buffer together
with 6.2 mL 30% H2O2. This solution was filtered. Slides were
immersed into this solution for 15 minutes at room temperature.
Slides were washed with PBS 1 3 1 min and with PBS/Tween
20 0.05% 1 3 10 minutes. Subsequently, cells were incubated
with the primary mouse antihuman CXCL-8 antibody (BD
Biosciences) overnight at 4�C in a humidified atmosphere or
with the irrelevant isotype-match antibody (IgG2b; Dako,
Glostrup, Denmark). The next morning, cells were incubated
with the secondary biotinylated rabbit anti-mouse antibody
(Dako) for 30 minutes at room temperature. Between in-
cubation steps, slides were washed twice with PBS/Tween20
0.05%. Subsequently, cells were incubated with avidin-biotin
complex labeled horseradish peroxidase-conjugated (Dako)
for 1 hour at room temperature. Slides were washed twice in
PBS. The peroxidase activity was revealed by incubation with
3-amino-9-ethyl-carbazole (Sigma-Aldrich) for 10 minutes at
room temperature, leading to a bright red precipitate. Again
slides were washed twice with PBS. Finally, cells were
counterstained using Mayer’s hematoxylin (Merck) and em-
bedded in glycerol gelatin. The same method was used for
detection of CD45 (using a primary mouse anti-human CD45
antibody; BD Biosciences).

Statistical Analysis

To obtain approximate normal distributions, patient groups
were compared using the t-test after logarithmic transforma-
tion. Outcomes less than the lower limit of detection were set
at this limit, and the resulting value was analyzed as a left-
censored observation using STATA software (proc CNREG).
Paired data (LPS 0,01 vs. LPS 0.1 mg/mL) were compared
using the Wilcoxon signed-rank test. Correlation coefficients
given are Spearman’s (rs). P = 0.05 (two-sided) was considered
the limit of significance.

RESULTS

Patient Characteristics and Yield of Buccal
Epithelial Cells

In September 2004, 35 children with IBD were
included, as well as 14 adult CD patients and 40 controls

(children and adults). Patient demographics and disease
characteristics are shown in Table 1. In IBD patients as
well as in adult CD patients, disease activity ranged from
mild to severe. Six children with CD and six children
with UC were newly diagnosed with IBD and had not
received anti-inflammatory medication yet. None of the
adult CD patients was newly diagnosed (they were all
tertiary admitted). Treatment strategies of the IBD
patients, children, as well as adults were very different.
Five adolescents stopped their medication without con-
sulting the pediatric gastroenterologist. Other patients
used 5-ASA, prednisone, azathioprine, methotrexate, anti-
tumor necrosis factor, or a combination of these. Most of
the controls (children and adults) were healthy. Others
were admitted under the suspicion of IBD but turned out
not to have IBD.

The median yield of buccal epithelial cells for the
pediatric CD patient was 30 3 104 cells per patient
(ranging from 3.5 to 81 3 104 cells per patient). The
median yield of buccal epithelial cells for the pediatric
UC patient was comparable (24 3 104 cells per patient,
ranging from 3.5 to 85.6 3 104 cells per patient). The
yield of buccal epithelial cells for the adult CD patients
and the controls was also within the same range.

CXCL-8 Production by Buccal Epithelial Cells
Exclusively Enhanced in Children

with Crohn Disease

Figure 1 shows the levels of CXCL-8 in the culture
supernatants of buccal epithelial cells. In children with
CD, CXCL-8 production was significantly higher than in
children with UC (P = 0.001) or controls (P , 0.001).
Four of six children with CD were newly diagnosed, had
a moderate to severe disease activity, and were not
receiving medication yet. These four patients presented
with a high CXCL-8 production (of more than 300 pg/mL).
CXCL-8 production by buccal epithelial cells derived
from adult CD patients was comparable with that of
controls. In children with CD, the CXCL-8 production by
buccal epithelial cells was correlated with ESR (rs = 0.61;
P = 0.016), as is shown in Figure 2. In these children,
CXCL-8 production did not correlate with the C-reactive

TABLE 1. Patient characteristics and patient demographics

Pediatric UC Pediatric CD Adult CD Controls

Number 18 17 14 40
Male/female 10/8 10/7 4/10 18/22
Age at diagnosis (yr) 1.5–15 (median 11) 1.2–16 (median 10) .18 n.a.
Age at study entry (yr) 4–17 (median 13) 1.7–17 (median 12) 29–63 (median 42) 1–50 (median 17)
Newly diagnosed at study entry 6/18 6/17 0/14 n.a.
PCDAI for children n.a. 7.5–55 (median 24) n.a. n.a.
CDAI for adults n.a. n.a. 47–325 (median 164) n.a.
Modified Truelove-Witts score 7–16 (median 10) n.a. n.a. n.a.

UC, ulcerative colitis; CD, Crohn disease; n.a., not applicable; PCDAI, Pediatric Crohn Disease Activity Index; CDAI, Crohn Disease Activity
Index.
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protein (rs = 20.13; ns), the hemoglobin (rs = 20.37; ns),
the thrombocytes (rs = 20.06; ns), the leukocytes (rs =
20.10; ns), or the albumin (rs = 20.42; ns) in the blood
(data not shown). Finally, the CXCL-8 production was
not related to clinical disease activity expressed as
PCDAI (rs = 0.33; ns) (data not shown).

To conclusively identify the epithelial cell as the source
for the CXCL-8, we performed immunohistochemical

analysis of these cells. Figure 3 shows representative
examples of CXCL-8 production by buccal epithelial
cells. CXCL-8 was particularly detected at the periphery
of the cells and was located in granules. As shown,
buccal epithelial cells were not contaminated with cells
positive for the hematopoietic marker CD45 (i.e., mono-
cytic cells or macrophages).

Enhanced Production of Other Chemokines by
Buccal Epithelial Cells from Pediatric CD Patients

In addition to CXCL-8, the levels of CXCL-9, CXCL-
10, CCL-2, and CCL-5 were determined in the culture
supernatant of the buccal epithelial cells at 24 hours of
incubation by using a cytometric bead array. Figure 4
shows that in children with CD, CXCL-9 production was
significantly higher compared with children with UC
(P = 0.008). In children with CD, CXCL-10 production
was also higher compared with children with UC (P =
0.024). The production of CCL-2 and CCL-5 were
equally low in both patient groups.

Stimulation of Buccal Epithelial Cells
with LPS or Zymosan

To determine whether the buccal epithelium of
pediatric CD patients produced more CXCL-8 as a result
of a lower threshold for microbial stimulation, we next
performed an in vitro stimulation assay. In this assay,
buccal epithelial cells were cultured in the presence of
LPS or zymosan at different concentrations. In 4 of 10
children with CD, the production of CXCL-8, CXCL-9,
or CXCL-10 increased more than 50 pg/mL. Figure 5
shows a representative example of enhanced chemokine
production upon microbial stimulation. No induction
(either by LPS or zymosan) of chemokine production
(CXCL-8, CXCL-9, CXCL-10, CCL-2, or CCL-5) was
found in any of the buccal epithelial cells that were
derived either from children with UC (n = 10) or in cells
from healthy controls (n = 20).

Response of Monocyte-Derived Dendritic
Cells to Lipopolysaccharide

Next, we determined whether the enhanced chemokine
production by buccal epithelium demonstrated in pedi-
atric CD could be extended to other immunocompetent
nonepithelial cells. As such, CXCL-8 production by
moDCs in response to LPS was measured in pediatric
IBD patients. MoDCs were derived from children with
CD and UC and stimulated with different concentrations
of LPS, as described. As is illustrated in Figure 6, CXCL-
8 production in response to LPS 0.1 mg/mL generally
was higher than in response to LPS 0.01 mg/mL (P =
0.004 for CD; P = 0.04 for UC). In response to LPS

FIG. 1. CXCL-8 is exclusively enhanced in pediatric Crohn
disease (CD) patients. CXCL-8 levels in the culture-supernatants
of buccal epithelial cells of controls (adults and children), children
with ulcerative colitis (ped UC), children with CD (ped CD), and
adults with CD (adult CD). Samples were taken at 24 hours of
incubation. In children with CD, CXCL-8 production was
significantly enhanced compared with children with UC (P ,
0.001) and controls (P , 0.001). Adults with CD did not show
enhanced CXCL-8 production.

FIG. 2. In children with Crohn disease (CD), CXCL-8 production
by buccal epithelium correlates with erythrocyte sedimentation
rate (ESR). CXCL-8 levels in the culture supernatant of buccal
epithelial cells derived from children with CD correlate with ESR in
blood of these patients (rs = 0.61; P = 0.016). Line represents
least-squares regression line after logarithmic transformation of
both axes.
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0.01 mg/mL, moDCs of children with CD produced the
same amounts of CXCL-8 as those of children with UC
(P = 0.64; ns). In response to LPS 0.1 mg/mL, moDCs of
children with CD also produced comparable amounts of
CXCL-8 compared with that of children with UC (P =
0.89; ns). In conclusion, in response to LPS, moDCs of
children with CD did produce comparable amounts of
CXCL-8 as did moDCs of children with UC.

DISCUSSION

One hypothesis on the etiology of IBD is that these
diseases represent an aberrant immune response by the
mucosal immune system to either pathogenic or resident
luminal bacteria. According to this hypothesis, resident
bacteria can persistently stimulate the mucosal and
systemic immune system, thereby perpetuating the
inflammatory response. IECs and DCs are among the

FIG. 3. Representative examples of CXCL-8
production by buccal epithelial cells. Immuno-
histochemical analysis for CXCL-8 performed
on cytospins of buccal epithelial cells. (A and
B) buccal epithelial cells of a child with CD
identified as source for CXCL-8. Orange-red
pigment indicates positive CXCL-8 staining. In
contrast with bone marrow cells, positive for
CD45 (red staining, D), buccal epithelial cells
were all negative for the hematopoietic marker
CD45 (C), which excludes contamination with
monocytic cells or macrophages.

FIG. 4. Levels of CXCL-9, CXCL-10, CCL-2,
and CCL-5 in the culture supernatants of
buccal epithelial cells of children with Crohn
disease (ped CD) and ulcerative colitis (ped
UC). Samples were taken at 24 hours of
incubation. CXCL-9 and CXCL-10 produc-
tion was significantly enhanced in CD
patients compared with UC patients (P ,
0.01 and P , 0.05, respectively). CCL-2 and
CCL-5 levels were very low in both CD and
UC patients.
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first cells that are capable of sensing microbial signals
through the expression of pattern recognition molecules
such as the Toll-like receptors (TLR). Through the
presentation of antigens and the production of chemo-
kines and cytokines, IECs and DCs are involved in the
initiation and regulation of the acquired immune response.

Several studies have identified the IECs as a major source
of chemokines that play an important role in chemotaxis,
adhesion, activation, and degranulation of migratory
immune cells. In response to microorganisms or pro-
inflammatory cytokines, IECs are capable of producing
CXCL-1, -3 (GROg), -5, -8, -9, -10, and -11 (I-TAC) as
well as CCL2, -3, -4, and -5 (10,23–28). In freshly
obtained specimens from IBD patients, epithelial cells of
the lower gastrointestinal tract showed an increased
expression of CXCL-1, -5, and -8, as well as CCL-2, -3, -
4, -7, and -8 (6–15). These studies used in situ hybridi-
zation with radio-labeled probes of the chemokine-genes,
immunohistochemical analyses, or specific protocols for
the isolation of IECs. Importantly, other studies that
made use of the same techniques failed to demonstrate
such chemokine production by colonic epithelial cells
in vivo (29–32). Although buccal epithelial cells appear
to be an obvious subject for experimentation because
these cells are so readily available without the need for
endoscopy or biopsies, to our knowledge this is the first
functional study on these cells in IBD patients. In fact,
chemokine production or expression by buccal epithelial
cells in these patients has never been studied before.

Here, we demonstrate that in children with CD, buccal
epithelial cells produce significantly higher levels of
CXCL-8, CXCL-9, and CXCL-10, in comparison with
children with UC, with controls, or with adults with CD.
Interestingly, not all newly diagnosed children with CD
presented with an enhanced chemokine production by
buccal epithelial cells. Also, no relation was found
between the disease activity (PCDAI) or a specific drug
that was used and chemokine production. These findings
may suggest that the enhanced chemokine production
is specifically associated with a subset of patients with
a specific (genetic) ethiopathogenesis.

FIG. 5. Representative example of inducible chemokine production by buccal epithelial cells from pediatric Crohn disease patients. Cells
stimulated with lipopolysaccharide (LPS) at 0.1 mg/mL or zymosan at 100 mg/mL. At 24 hours of incubation, chemokine production was
determined in culture supernatants.

FIG. 6. CXCL-8 production by stimulated monocyte-derived
dendritic cells (moDCs) in children with Crohn disease (CD) is
comparable with that of children with ulcerative colitis (UC).
Levels of CXCL-8 in culture supernatant of moDCs of children
with CD (n = 10) and UC (n = 13) compared. CXCL-8 production
in response to lipopolysaccharide (LPS) 0.1 mg/mL generally was
higher than in response to LPS 0.01 mg/mL (P = 0.004 for CD; P =
0.04 for UC). In response to LPS 0.01 mg/mL, moDCs of children
with CD produced the same amounts of CXCL-8 as those of
children with UC (P = 0.64; ns). In response to LPS 0.1 mg/mL,
moDCs of children with CD also produced comparable amounts
of CXCL-8 compared with that of children with UC (P = 0.89; ns).
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In children with CD, the production of CXCL-8 by
buccal epithelial cells was correlated with the ESR in the
blood. No such correlation was found in children with
UC, despite the fact that the range of ESR in these
children was comparable with that of the children with
CD. The correlation between ESR and CXCL-8 pro-
duction in CD patients may represent a phenomenon that
is associated only with pediatric CD and not with pedi-
atric UC. Because an enhanced ESR is found in active
pediatric CD as well as in active pediatric UC, CXCL-8
production by buccal epithelial cells appears the better
test to discriminate between the two diseases.

Upon stimulation with LPS or zymosan, only buccal
epithelial cells derived from pediatric CD patients show
an inducible production of chemokines. On the basis of
our preliminary data (11 of 17 children with CD had an
enhanced release of CXCL-8, CXCL-9, or CXCL-10
spontaneously, and 4 of 10 children with CD had an
increased release upon microbial stimulation), we
estimate that over 72% of all children with CD will
exhibit an enhanced chemokine production, spontane-
ously or upon microbial stimulation. These striking dif-
ferences in response patterns by buccal epithelial cells
can be explained by various mechanisms. Alterations in
the local (oral) flora of pediatric CD patients may be
associated with an enhanced chemokine production. The
fact that chemokine production by microbial stimuli
could only be induced in pediatric CD patients points to
an enhanced ability of these cells to become stimulated.
Because we could not show the same differences in
moDCs, this mechanism appears to be limited to
epithelial cells of pediatric CD patients. The enhanced
chemokine production by buccal epithelial cells from
pediatric CD patients may be associated with mutations
in the NOD2 molecule, such as described (33). A recent
paper by Watanabe et al. (34) elucidated how signaling
through mutated NOD2/CARD15 molecules may lead
to disease by causing an excessive TH1 response. The
authors present a model whereby NOD2 senses muramyl
dipeptide (a breakdown product of peptidoglycan) within
the cell, which leads to a blockade of TLR2 signaling
upon activation by peptidoglycan at the cell surface. This
may in fact represent a physiologic mechanism through
which the inflammatory response to gut flora is limited.
Mutant NOD2 (in CD) will not sense MDP and will be
associated with unopposed TLR2 signaling, which leads
to enhanced IL-12 production, one of the essential me-
diators of intestinal inflammation in IBD. Another ap-
proach may be that the expression of molecules such as
TLR2 and 4 is specifically enhanced in the epithelial
cells of pediatric CD patients, as is suggested by various
authors (35–37). Finally, the results may also be explained
by alterations in the expression of molecules such as
TOLLIP. Recently, it was reported that these types
of molecules might contribute to a state of hypores-
ponsiveness of epithelial cells to microbial stimuli
(38–40).

Finally, we found a striking difference in epithelial
chemokine-response patterns by comparing pediatric
with adult IBD patients. None of the adult CD patients
in this study were diagnosed in childhood. The question
whether pediatric CD patients will also exhibit this
enhanced chemokine production into adulthood remains
to be elucidated. Interestingly, recent reports suggest
that, in comparison with adults, pediatric CD may rep-
resent a distinct disease that may be associated with
an enhanced incidence of NOD2/CARD 15 mutations
(41,42).

A high production of CXCL-8 or CXCL-9 by the
buccal epithelium, either spontaneously or upon micro-
bial stimulation, increases the suspicion of CD in
nondiagnosed children. In children with indeterminate
colitis, an enhanced production of these chemokines
may contribute to further discrimination. Determining
the chemokine production by these cells can be of great
value in making the correct diagnosis and in deciding
on a specific treatment modality. Enhanced chemokine
production by buccal epithelial cells may well provide us
with the first soluble marker that is exclusively linked
to pediatric CD and may therefore become a new, rapid,
and noninvasive test in children with suspected IBD.

REFERENCES

1. Podolsky DK. Inflammatory bowel disease. N Engl J Med 2002;
347:417–29.

2. Sartor RB. Innate immunity in the pathogenesis and therapy of
IBD. J Gastroenterol 2003;38(Suppl 15):43–7.

3. Nieuwenhuis EE, Blumberg RS. The role of the epithelial barrier in
inflammatory bowel disease. In: Blumberg RS, Neurath M, eds.
Immune mechanisms in inflammatory bowel disease. Washington,
DC: Landes 2004.

4. Hugot J-P, Chamaillard M, Zouali H, et al. Association of NOD2
leucine-rich repeat variants with susceptibility to Crohn’s disease.
Nature 2001;411:599–603.

5. Ogura Y, Bonen DK, Inohara N, et al. A frameshift mutation in
NOD2 associated with susceptibility to Crohn’s disease. Nature
2001;411:603–6.

6. Mazzucchelli L, Hauser C, Zgraggen K, et al. Expression of
interleukin-8 gene in inflammatory bowel disease is related to the
histological grade of active inflammation. Am J Pathol 1994;144:
997–1007.

7. Izutani R, Loh EY, Reinecker HC, et al. Increased expression of
interleukin 8 mRNA in ulcerative colitis and Crohn’s disease
mucosa and epithelial cells. Inflamm Bowel Dis 1995;1:37–4.

8. Reinecker HC, Loh EY, Ringler DJ, Mehta A, Rombeau JL,
MacDermott RP. Monocyte-chemoattractant protein 1 gene expres-
sion in intestinal epithelial cells and inflammatory bowel disease
mucosa. Gastroenterology 1995;108:40–5.

9. Z’Graggen K, Walz A, Mazzucchelli L, Strieter RM, Mueller C.
The C-X-C chemokine ENA-78 is preferentially expressed in
intestinal epithelium in inflammatory bowel disease. Gastroenter-
ology 1997;113:808–16.

10. Keates S, Keates AC, Mizoguchi E, Bhan A, Kelly CP. Enterocytes
are the primary source of the chemokine ENA-78 in normal colon
and ulcerative colitis. Am J Physiol 1997;273:G75–82.

11. Wedemeyer J, Lorentz A, Goke M, et al. Enhanced production of
monocyte chemotactic protein 3 in inflammatory bowel disease
mucosa. Gut 1999;44:629–35.

148 DAMEN ET AL.

J Pediatr Gastroenterol Nutr, Vol. 42, No. 2, February 2006

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited. 



12. MacDermott RP. Chemokines in the inflammatory bowel diseases.
J Clin Immunol 1999;19:266–72.

13. Imada A, Ina K, Shimada M, et al. Coordinate upregulation of
interleukin-8 and growth-related gene product-alpha is present in
the colonic mucosa of inflammatory bowel. Scand J Gastroenterol
2001;36:854–64.

14. Autschbach F, Giese T, Gassler N, et al. Cytokine/chemokine
messenger-RNA expression profiles in ulcerative colitis and
Crohn’s disease. Virchows Arch 2002;441:500–13.

15. Banks C, Bateman A, Payne R, Johnson P, Sheron N. Chemokine
expression in IBD. Mucosal chemokine expression is unselectively
increased in both ulcerative colitis and Crohn’s disease. J Pathol
2003;199:28–35.

16. Abdullah BA, Gupta SK, Croffie JM, et al. The role of
esophagogastroduodenoscopy in the initial evaluation of childhood
inflammatory bowel disease: a 7-year study. J Pediatr Gastroenterol
Nutr 2002;35:636–40.

17. Tobin JM, Sinha B, Ramani P, Saleh AR, Murphy MS. Upper
gastrointestinal mucosal disease in pediatric Crohn disease and
ulcerative colitis: a blinded, controlled study. J Ped Gastroenterol
Nutr 2001;32:443–8.

18. Rescigno M, Urbano M, Valzasina B, et al. Dendritic cells express
tight junction proteins and penetrate gut epithelial monolayers to
sample bacteria. Nat Immunol 2001;2:361–7.

19. Blumberg RS, Strober W. Prospects for research in inflammatory
bowel disease. JAMA 2001;285:643–7.

20. Truelove SC, Witts LJ. Cortisone in ulcerative colitis. Final report
on a therapeutic trial. BMJ 1955;2:1041–8.

21. Hyams JS, Ferry GD, Mandel FS, et al. Development and validation
of a pediatric Crohn’s disease activity index. J Ped Gastroenterol
Nutr 1991;12:439–47.

22. Sallusto F, Lanzavecchia A. Efficient presentation of soluble
antigen by cultured human dendritic cells is maintained
by granulocyte/macrophage colony-stimulating factor plus inter-
leukin 4 and downregulated by tumor necrosis factor alpha. J Exp
Med 1994;179:1109–18.
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