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Recurrent Crohn’s disease originates with small ero-
sions in the follicle-associated epithelium overlying
the Peyer’s patches. Animal studies have illustrated
mucosal immune regulation by dendritic cells located
in the subepithelial dome. The aim of this study was
to characterize the dendritic cells at this specific site
in patients with Crohn’s disease. Ileal tissues were
obtained after surgery performed on Crohn’s pa-
tients; ileal samples from noninflammatory bowel
disease and ulcerative colitis served as standard and
inflammatory controls, respectively. Flow cytometry
of isolated intestinal mononuclear cells showed a
larger subset of dendritic cells in Crohn’s samples
compared with controls. This finding was corrobo-
rated by confocal microscopy, showing enhanced in-
filtrates of cells positive for the dendritic cell mark-
ers, DC-SIGN� and CD83�, in the subepithelial dome.
Moreover, the CD83� cells in Crohn’s tissues showed
reduced expression of the lymph node migratory re-
ceptor, CCR7, possibly contributing to the high num-
bers of dendritic cells. After exposure to nonpatho-
genic Escherichia coli in Ussing chambers, dendritic
cells in the subepithelial dome of Crohn’s disease
demonstrated increased co-localization with translo-
cated bacteria. Immunohistochemical results revealed
that DC-SIGN� cells in Crohn’s tissues were found to

express toll-like receptor 4 and produce tumor necro-
sis factor-�. In conclusion, nonmigrating dendritic
cells that accumulate in the subepithelial dome and
internalize nonpathogenic bacteria may be important
for the onset and perpetuation of mucosal inflamma-
tion in Crohn’s disease. (Am J Pathol 2009, 174:82–90;
DOI: 10.2353/ajpath.2009.080273)

Crohn’s disease (CD) is a multifactorial condition char-
acterized by inappropriate and exaggerated mucosal im-
mune responses.1–5 Evidence suggests that the disease
originates from abnormal interplay between the intestinal
microflora and the mucosal immune system in genetically
susceptible individuals.6–8 This is likely to occur at the
follicle-associated epithelium (FAE), which lines key mu-
cosal inductive sites of the intestine.9–11

Unlike regular villous epithelium, the FAE is more ex-
posed to luminal contents12 while simultaneously having
closer contact with the mucosal immune system.13–15 M-
cells that are part of the FAE are specialized to sample and
transport luminal contents to underlying immune cells.16

However, the lack of an accepted human histochemical
M-cell marker hampers studies in identifying M-cells in tis-
sues.17 We have previously shown that FAE of human ileum
is more effective at delivering antigens and bacteria to the
subepithelial dome (SED) compared with villous epitheli-
um.18 This controlled uptake of luminal contents along with
the presence of the mucosal immune system is believed to be
crucial for the induction of protective mucosal immunity. In CD,
protective immunity is, however, disrupted and small ero-
sions develop at the FAE, resulting in the initiation of recurrent
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ileal inflammation.19–22 Recently, we found increased transep-
ithelial uptake of nonpathogenic bacteria in the FAE of ileal
CD.23 Little is know, however, about the fate of bacteria after
crossing the epithelial layer in intestinal inflammation.

Dendritic cells (DCs) are one of the cells that orchestrate
the mucosal immune system. Serving as sentinels, resident
and recruited mucosal DCs either play an important immu-
noregulatory or priming role. In mice, DCs expressing the
chemokine receptor CCR6 migrate toward the ligand
CCL20, which is predominantly expressed by FAE.24 Once
in the SED, DCs, which expressing the chemokine recep-
tor CCR7, internalize translocated commensal bacteria,
mature, and migrate to the mesenteric lymph nodes.25

Under physiologically normal conditions, it is believed
that DCs loaded with commensal bacteria do not pene-
trate beyond the mesenteric lymph nodes. Hence, im-
mune induction is confined to the mucosa rather than
leading to systemic activation.26 Indeed, although Pey-
er’s patches were susceptible to bacterial penetration,25

DCs isolated from these lymphoid follicles produced
higher amounts of anti-inflammatory cytokine interleu-
kin-10 than the ones isolated from other organs.27 This
suggests that DCs in Peyer’s patches normally induce
peripheral tolerance toward the intestinal microflora. De-
spite this information regarding intestinal DCs in rodents,
limited information exists about human mucosal DCs in
inflammatory bowel diseases (IBD).

Recent studies in human intestine have demonstrated
that adult and pediatric patients with IBD have an imbal-
ance in the numbers of DCs in the colonic mucosa.28–31

Using a unique antibody, M-DC8, it was shown that DCs
are present in the SED of individuals with CD.32 More-
over, other studies have shown that intestinal epithelial
cells in IBD tissues have increased expression of
CCL20.33,34 CCL20 is a known chemoattractant for imma-
ture DCs.35,36 This abnormal expression of CCL20 could
explain, in part, the imbalance of mucosal DCs observed in
CD. However, no information is available regarding a po-
tential association between CCL20, DCs, and bacterial up-
take in Peyer’s patches of patients with CD.

The aim of this study was to characterize and investigate
the functional properties of DCs found in the SED in ileal
Peyer’s patches from individuals with CD. We found an
abnormal accumulation of DCs that had greater propensity
to internalize live bacteria. We also discuss the potential
implication of these results in the immunopathogenesis of CD.

Materials and Methods

Patients and Tissue Specimens

Distal ileal tissues, adjacent to the ileocecal valve or from
the neoterminal ileum, were freshly obtained from 29 pa-
tients with CD who underwent bowel resection at the Uni-
versity Hospital of Linköping. The mean age of the group
was 41 years (range, 22 to 70 years) with 14 females and 15
males. Fourteen patients underwent re-resections and fif-
teen cases were primary resections. Nine of the patients
were on mesalasine, four were given steroids, and four
patients received azathioprine, whereas the rest had no

anti-inflammatory medication. According to disease activ-
ity, assessed by Crohn’s disease activity index (CDAI),
10 patients were in the inactive stage (CDAI � 150),
whereas 19 patients had active disease. Standard histological
examination showed signs of low to mild inflammation in all
patients. Control samples were obtained from macro- and
microscopically normal ileal specimens of 18 patients with no
IBD. There were 12 females and 6 males, average age 55
years (range, 29 to 91 years), who underwent surgery for colon
cancer. The ileal specimens had no signs of generalized dis-
ease and none had received preoperative chemo- and radio-
therapy. In addition, 15 patients with ulcerative colitis (UC), 9
females and 6 males, mean age of 42 years (range, 33 to 76
years), were used as inflammatory controls. Ileal samples were
obtained during colectomy (n � 9) for chronic continuous
disease or dysplasia or at routine follow-up colonoscopy (n �
6). All 15 patients were on maintenance treatment with me-
salasine, 1 patient also received steroids, and 3 were on
azathioprine. Histological assessment of the colonic biop-
sies showed chronic inflammation (lymphocyte infiltration)
in all cases, whereas the ileal samples showed normal to
low-grade inflammation, except for one patient with moder-
ate backwash ileitis. Because of the range of experimental
approaches, it was not technically feasible to conduct all of
the different experiments on each of the patients’ tissues.
Thus the number in each analysis is lower than the total
number of patients. The study was approved by the Re-
gional Human Ethics Committee in Linköping, Sweden, and
all participants in the study had given their informed
consent.

Antibodies

The antibodies and their working concentrations are
specified in Table 1. We used DC-specific ICAM-3 grab-
bing nonintegrin (DC-SIGN), a 44-kDa type II lectin mem-
brane protein, as a specific DC marker that is highly
expressed by immature DCs.37,38 DC-SIGN is involved in
antigen recognition and uptake and is primarily ex-
pressed in the intestine by myeloid DCs.30,39 However a
small subset of macrophages in other organs have been
shown to express DC-SIGN.38,40 To identify mature DCs,
we stained for CD83, which plays a role in antigen pre-
sentation and CD4� T-cell development.41 These mark-
ers have been previously used to stain for DCs in colonic
tissue sections from patients with CD and non-IBD.30,31

Isolation of Intestinal Mononuclear Cells
and Flow Cytometry Analysis

Intestinal mononuclear cells were isolated from five non-
IBD control patients, six patients with CD, and six patients
with UC. The muscles and myenteric plexus were
stripped-off the ileal surgical tissue. The mucosa was cut
into small pieces (�0.5 to 1 cm in diameter) and di-
gested with collagenase D (Roche Diagnostics, Mannheim,
Germany) (1 mg/ml collagenase D and 20 mmol/L
HEPES; Sigma-Aldrich, Steinheim, Germany), 10% fetal
calf serum, 200 mmol/L L-glutamine, 2% penicillin-strep-
tomycin in RPMI-1640 (all from Invitrogen, Paisley, Scot-
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land), pH 7.4, for 2 hours at 37°C under constant agita-
tion. The supernatant was collected and filtered through a
cell strainer (pore size, 70 �m). The cells were then spun
down, the media decanted, and the pellet was resus-
pended with RPMI 1640 containing 10% fetal calf serum.
For in vitro isolation of mononuclear cells, Ficoll-Paque Plus
(Amersham Bioscience, Uppsala, Sweden) was used ac-
cording to the manufacturer’s instructions. Briefly, the sus-
pended cells were gently placed over Ficoll-Paque Plus in
centrifuge tubes and spun at 400 � g, for 25 minutes at
21°C without breaks. The interface between the Ficoll-
Paque Plus and sample layer was collected and washed
once. The cells were spun down, the buffer was decanted,
and the pellet was resuspended in phosphate-buffered sa-
line (PBS) buffer containing 1 mmol/L ethylenediaminetet-
raacetic acid and 0.02% sodium azide.

Flow cytometry data were acquired using a FACS (flu-
orescence-activated cell sorter) Calibur flow cytometer
(Becton Dickinson, San Jose, CA). All of the antibodies
used for the FACS analysis were purchased from BD
Biosciences (Temese, Belgium). Using Lineage cocktail
1, DCs were identified as an HLA-DR� Lineage (Lin) 1�

(CD3�, CD14�, CD16�, CD19�, CD34�, CD56�), and
within this gate the CD83� CD11c� or CD83� CD11�

populations were assessed. Analysis was performed us-
ing Becton Dickinson FACSDiva Software (version 5.0.1).
The data are presented as the percentage population.

Identification and Immunofluorescence Staining
of Ileal Peyer’s Patches

Peyer’s patches were identified as previously done in our
laboratory.18 Briefly, once the muscularis layers were
stripped-off, the remaining tissue was then placed on a
dish, trans-illuminated from below, and the Peyer’s
patches identified under a dissection microscope. Re-
gions containing the Peyer’s patches were either
mounted on modified Ussing chambers (Harvard Appa-
ratus Inc., Holliston, MA) or frozen for immunofluores-
cence staining.

During the entire staining protocol, the cryosectioned
specimens were placed at room temperature in a dark
humidified box. Sections were initially pre-incubated with
PBS containing 5% (w/v) bovine serum albumin (BSA)

(Sigma-Aldrich) (BSA/PBS) for 30 minutes, followed by
incubation with mouse anti-DC-SIGN or CD83 antibodies
(Table 1) for 60 minutes. The slides were washed three
times with PBS, blocked with of 5% BSA for 30 minutes,
and subsequently incubated with goat anti-CCR6,
-CCR7, or -CCL20 antibodies for 60 minutes. Sections
were washed and blocked again with 5% BSA in PBS for
30 minutes. For neutrophil staining, sections were incu-
bated with goat anti-neutrophil elastase (Table 1) and
either mouse anti-DC-SIGN or CD83 antibodies for 60
minutes. Secondary fluorescein-conjugated donkey anti-
goat antibody was added for 60 minutes followed by
Alexa Fluor 633-conjugated goat anti-mouse antibody for
60 minutes. Then sections were incubated for 10 minutes
with Alexa Fluor 581-conjugated phalloidin, followed by
washing five times with PBS. A drop of mounting media
(Dako Cytomation, Carpinteria, CA) was added and
stored at 4°C until visualization. Control staining was
performed by either omitting the primary antibodies or
using their isotype-matched control antibodies at similar
dilution (Table 1). Tissue sections were examined under a
Nikon Eclipse E600W laser-scanning confocal micro-
scope (Nikon, Melville, NY) and image analysis per-
formed using Nikon EZ-C1 software (Nikon, Lijnden The
Netherlands).

Internalization of Live Escherichia coli HB101

To study internalization of live bacteria into DCs, Peyer’s
patches isolated from five non-IBD controls and four CD
and three UC patients were mounted on modified Ussing
chambers42 following the procedure previously de-
scribed.18 Briefly, Peyer’s patches were placed in the
chamber system ensuring that the patches covered the
entire exposed tissue area of 4.9 mm2, with the mucosal
and serosal compartments filled with 1.5 ml of 10 mmol/L
mannitol or 10 mmol/L glucose in Krebs buffer, respec-
tively. The tissue segments were kept at 37°C and con-
tinuously oxygenated at 5% CO2/95% O2. Subsequently,
previously transformed E. coli HB101 with green fluores-
cent protein (GFP)18 was added to the mucosal compart-
ment at 1 � 108 CFU/ml. After 15 or 30 minutes of
incubation, the tissue samples were washed with Krebs
buffer, dismounted, placed in OCT, and frozen to �80°C.

Table 1. The Antibodies and Working Concentrations Used for Immunofluorescence Staining

Antibody Dilution Manufacturer

Goat CCL20 1:100 R&D Systems, Oxon, UK
Goat CCR6 1:250 Abcam Ltd., Cambridgeshire, UK
Goat CCR7 1:250 Abcam Ltd.
Mouse CD83 1:40 Santa Cruz Biotechnology Inc., Heidelberg, Germany
Mouse DC-SIGN 1:40 R&D Systems
Goat DC-SIGN 1:30 Santa Cruz Biotechnology Inc.
Goat TLR4 1:100 Santa Cruz Biotechnology Inc.
Mouse TNF-� 1:200 R&D Systems
Goat neutrophil elastase 1:100 Santa Cruz Biotechnology Inc.
Fluorescein-conjugated donkey anti-goat antibody 1:500 Abcam Ltd.
Alexa Fluor 633-conjugated goat anti-mouse 1:500 Molecular Probes, Leiden, The Netherlands
Phalloidin-conjugated Alexa Fluor 581 1:500 Molecular Probes
Normal mouse IgG1 1:40 DAKO, Glostrup, Denmark
Normal goat IgG1 1:30 DAKO
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These tissue samples were cryosectioned and pro-
cessed for immunofluorescence.

Quantification of DCs

Histological quantification was done by counting the
number of positively stained cells in SED of scanned
confocal images. Using the Nikon EZ-C1 software, a box
with a defined area that covered the SED (not including
the germinal center) was drawn on each image and the
numbers of positively double-stained DCs within this area
were counted. The sections were randomly selected and
an average of 10 sections from each patient was exam-
ined. Data are presented as the number of DCs per mm2.

Immunohistochemistry Double Staining for
Cytokines and DCs

Immunohistochemical staining was performed on sec-
tions obtained from paraffin-embedded blocks of 12 non-
IBD controls and 17 CD, following previously described
protocols.30 Briefly, endogenous peroxidase activity of
the sections was blocked with 10% H2O2 and subse-
quently treated with 0.05% trypsin solution in 0.05% of
CaCl2 (pH 7.8) at 37°C for 30 minutes to unmask antige-
nicity. After a wash step with PBS, sections were blocked
with 10% normal human serum protein for 30 minutes.
Incubations were performed overnight at 4°C with mouse
anti-DC-SIGN and goat anti-TLR4 or goat anti-DC-SIGN
and mouse anti-tumor necrosis factor (TNF)-� (Table 1).
The slides were washed in PBS and incubated with
biotinylated rabbit anti-goat (1:200; DAKO, Glostrup,
Denmark) for 90 minutes. Washed slides were incubated
with streptavidin-AP (1:100, DAKO) for 30 minutes, and
then with the Fast Red substrate system (DAKO). A red
color precipitate was obtained. After an extensive wash,
the slides were incubated with biotinylated goat anti-
mouse (1:25, DAKO) for 90 minutes. Subsequent to the
washing, the slides were incubated with streptavidin-
peroxidase for 30 minutes. The color reaction was per-
formed using the DAB substrate kit (Pierce Biotechnology
Inc., Rockford, IL) following the manufacturer’s instruc-
tions, yielding a brown precipitate. Slides were washed
with PBS and counterstained with Mayer hematoxylin.
Negative control staining was performed using isotype-
matched antibodies (Table 1).

Statistical Analysis

Data were analyzed using the nonparametric Mann-Whit-
ney U-test for comparisons between two groups, and with
Kruskal-Wallis one-way analysis of variance for three
groups. The data are presented with median values and
the 25th and 75th interquartile range. A difference of P �
0.05 was considered significant.

Results

Increased HLA-DR�Lin1� and CD83�CD11c�

DCs in CD Ileum

DCs isolated from whole ileal intestinal wall were identi-
fied as HLA-DR� Lineage1� (Figure 1A for gate selec-
tion). A significant percentage of cells isolated from CD
tissue were HLA-DR� Lineage1� compared with the con-
trol and UC groups [CD, 1.6% (1.3 to 1.8%); non-IBD
controls, 0.3% (0.2 to 1.1%); UC, 0.6% (0.4 to 0.8%; P �
0.05, comparison done using Kruskal-Wallis one-way
analysis of variance, Figure 1B]. Of the HLA-DR�

Lineage1� cells, no difference in the proportion of
CD83�CD11c� DCs was found between the groups
[non-IBD controls, 20.9% (19.0 to 27.1%); CD, 39.5%
(22.9 to 59.0%); UC, 29.8% (23.0 to 49.5%); Figure 1C].
However, the percentage of CD83� CD11c� DCs was
higher in CD when compared with non-IBD controls
[1.6% (0.3 to 2.0%), 0.0% (0.0 to 0.2%), respectively; P �
0.04, using Mann-Whitney U-test], but not with UC [1.4%
(0.0 to 2.3%); Figure 1D]. The isolation of the mononu-
clear cells does not give insight into which ileal compart-
ment the DCs are located. Therefore, we conducted im-
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Figure 1. Identification and characterization of DCs from isolated mononu-
clear cells. Mononuclear cells were isolated from five non-IBD control pa-
tients, six CD patients, and six UC patients and were analyzed using multi-
color flow cytometry. A: DCs were identified as HLA-DR� and Lineage 1�

(CD3�, CD14�, CD16�, CD19�, CD20�, and CD56�). Within this gate,
CD83�CD11c� and CD83�CD11c� subsets were quantified. B: The percent-
age of HLA-DR� Lineage1� cells was significantly greater in CD versus the
non-IBD control and UC groups (*P � 0.05). C: No difference in the pro-
portion of immature myeloid (CD83�CD11c�) DCs was found between the
groups. D: The percentage of mature myeloid (CD83�CD11c�) DCs found in
the HLA-DR� Lineage1� was higher in CD when compared with non-IBD
controls (#P � 0.05) but not to UC.
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munofluorescence staining focusing on the Peyer’s
patches because we found very few DCs present in the
lamina propria of regular villous epithelium.

DCs Infiltrate the SED in CD

To characterize DCs, ileal Peyer’s patches from non-IBD
controls, CD, and UC were stained with DC-SIGN and
CD83 (Figure 2). DCs were primarily found in the SED,
whereas very few were present in the germinal centers of
Peyer’s patches. Compared with controls (Figure 2, A
and B), there were more DC-SIGN� and CD83� cells in
the SED of patients with CD (Figure 2, C and D, respec-
tively). Meanwhile, UC tissues showed very scant staining
of both DC-SIGN� and CD83� DCs in ileal Peyer’s patches
(Figure 2, E and F). Quantification of the DC-SIGN� and
CD83� DCs revealed significant number of DCs present

in CD when compared with the non-IBD controls (Figure
2, G and H). The number of CD83� DCs correlated
significantly to disease assessed by CDAI (� � 0.71, P �
0.045), whereas DC-SIGN� cell numbers did not corre-
lated with CDAI (� � 0.36, P � 0.31).

Magnification of the Peyer’s patches in the CD tissues
illustrated DCs to be in close proximity to the FAE (Figure
2I, arrowheads). In addition, DCs were also found be-
tween the epithelial cells of the FAE (Figure 2J, arrows).
Conversely in control tissues, DCs were rarely found to
be associated with the epithelial cells of the FAE. In
none of the tissue slides from controls, nor in UC, were
there any intraepithelial DCs in the FAE. Staining of
lamina propria in villous epithelium of CD sections
illustrated very scant distribution of DC-SIGN� DCs.
This was similar to our previous observations.43 These
DCs were mainly found in the crypt areas of villous
epithelium (Supplementary Figure S1, see http://ajp.
amjpathol.org).

Enhanced Internalization of E. coli HB101 by
DCs in the SED in CD Tissues

In the noninflammatory control tissues (non-IBD), few live
GFP E. coli were found to co-localize with DC-SIGN� DCs
after Ussing chamber experiments (Figure 3A, arrows). In
contrast, CD tissues exposed to live E. coli HB101 in
Ussing chambers revealed frequent co-localization (Fig-
ure 3C, arrows). In the UC tissues, no co-localization
between GFP E. coli and DC-SIGN� DCs was found in
stained sections (from three patients). Future experi-
ments on UC tissues were excluded from the study be-
cause of the very limited number of DCs with internalized
E. coli. Quantification of the number of DC-SIGN� DCs
that had taken up fluorescent E. coli was higher in tissue
sections from patients with CD than in controls [13 (6 to
23) versus 0 (0 to 1) cells per mm2, respectively (P �
0.01), Figure 3E]. Furthermore, the DC-SIGN� DCs in CD
tissues were more prone to internalize E. coli, as the
percentage of DC-SIGN� DCs that co-localized with E.
coli was 44 � 5% versus 24 � 5% in non-IBD controls
(P � 0.05). Magnification of the SED illustrated that in CD,
DC-SIGN� DCs were able to sample more than one
bacterium (Figure 3G), which was not the case for DCs in
the non-IBD control tissue sections (Figure 3H).

DCs that have internalized bacteria are expected to
mature and migrate out of the SED and into the interfol-
licular region (IFR) and lymph nodes. However our immu-
nofluorescence staining of CD tissue revealed a large
number of CD83� DCs with internalized E. coli were still
localized within the SED (Figure 3D), compared with the
DCs in non-IBD controls (Figure 3B). There was an in-
crease in the number of CD83� DCs with E. coli HB101 in
CD versus controls [8 (3 to 17) versus 2 (0 to 5) cells per
mm2, respectively (P � 0.05), Figure 3F]. Meanwhile the
percentage of CD83� DCs that co-localized with bacteria
was 35 � 5% in CD and 27 � 6% in controls (P � 0.1).
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CD83� DCs (F) were observed. Quantification revealed significantly greater
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Fewer CD83� DCs in the SED of CD Express
CCR7

Finding high numbers of mature CD83� DCs in the SED of
CD tissue sections led us to examine the expression of their
migratory receptors, CCR6 and CCR7. In CD, we found
DC-SIGN� CCR6� DCs (white) and also DC-SIGN�

CCR6� DCs (blue) (Figure 4A). Meanwhile, staining for
CD83 and CCR7 illustrated that there were lower
amounts of CD83� CCR7� DCs located in the SED in CD
tissue sections (Figure 4B) than in controls (Figure 4, C
and D). The percentage of CD83� DCs that expressed

either CCR6� or CCR7� in CD tissue sections and con-
trols are given in Table 2. We found that in CD, only 28%
of the mature DCs were set to migrate out of the SED
(CD83� CCR7�) whereas 92% of the CD83� DCs in the
non-IBD controls expressed the CCR7 emigrating recep-
tor (P � 0.01). Past studies have shown neutrophils to
express CD83 and CCR6.44,45 In this study, we found no
co-localization of CD83� cells with neutrophil elastase
(Supplementary Figure S2, see http://ajp.amjpathol.org).

CCL20 Is Expressed by the FAE of CD

Because the DCs present in the SED of the CD tissue
sections were predominantly CCR6�, the presence of the
recruiting chemokine CCL20 was examined. Indeed, the
FAE of CD tissue sections did produce and release
CCL20 into the SED and into the lumen (Figure 5A).
Furthermore, DCs were found to be concentrated in ar-
eas where CCL20 was produced and released (Figure
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Sections of distal ileum containing Peyer’s patches from five non-IBD control,
and four CD patients were mounted in Ussing chambers. Live GFP E. coli HB101
was added to the mucosal compartment and after 30 minutes of exposure, the
tissues were processed for confocal microscopy. Staining of non-IBD control
sections illustrated that there were few co-localizations of DC-SIGN� DCs (A;
purple,§ arrows) and CD83� DCs (B) with E. coli. In CD tissue sections, a
higher frequency of both DC-SIGN� (C) and CD83� (D) DCs were found to
internalize bacteria (white, arrows) in the SED. E. coli was also found either
in the extracellular matrix between cells or in cells other than DCs (green,
arrowheads). E: Quantification of the co-localized DC-SIGN� DCs and E.
coli HB101 showed significant increase in CD (n � 4) versus non-IBD tissue
sections (n � 5). F: Quantification showed that CD83� DCs co-localization
with E. coli were more frequent in CD (n � 4) than in non-IBD (n � 4)
tissues. Magnification of the Peyer’s patches showed that in CD (G), the DCs
were not only closely associated with the FAE, but were also able to inter-
nalize more than one bacterium, in contrast to observations in non-IBD
controls (H). From each patient tissue, 10 to 12 sections were examined.
Red � F-actin; green � fluorescently-labeled E. coli HB101; §purple �
DC-SIGN or CD83 (blue) co-localized with F-actin (red); white � co-local-
ization of DCs with E. coli. *P � 0.01, #P � 0.05.
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Figure 4. Tissue sections stained for migratory receptors CCR6 and CCR7.
Surgical specimens from CD and non-IBD patients were double-stained for
DC-SIGN (blue) and CCR6 (green, top), or CD83 (blue) and CCR7 (green,
bottom). Co-localization of the maturity markers (DC-SIGN or CD83) with
migratory receptors (CCR6 or CCR7) results in a white color. In CD, there
were DC-SIGN� DCs that were CCR6� (white) or CCR6� (blue) (A), whereas
there were mainly DC-SIGN� CCR6� DCs (white) in the non-IBD tissue
sections (C). However, co-staining for CCR7 revealed fewer CD83� DCs that
were CCR7� in CD (B) compared with the non-IBD tissue sections, where
CD83� CCR7� DCs were seen (D). Red � F-actin; blue � DC-SIGN or CD83;
white � co-localization of DC-SIGN or CD83 with CCR6 or CCR7.

Table 2. Quantification of the Percent of CD83� DCs that
Were Either CCR6� or CCR7� in the SED of CD
and Non-IBD Control Tissues

DC phenotype Crohn’s disease (%) Controls (%)

CD83� CCR6� 71 (66 to 92)* 8 (0 to 26)
CD83� CCR7� 28 (27 to 42) 92 (68 to 99)†

In SED of CD tissues, a significantly greater percent of CD83�

CCR6� DCs than CD83� CCR7� DCs (*P � 0.01, comparison done
using Mann-Whitney U-test, n � 4) were found. In contrast, greater
numbers of CD83� CCR7� DCs than CD83� CCR6� DCs were found
in non-IBD controls (†P � 0.01, n � 5). Numbers presented as percent
median (25th to 75th percentile).
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5A, inset). Conversely, in none of the control sections
stained did we find FAE producing CCL20 (Figure 5B).

DCs in CD Tissue Sections are TLR4�

and TNF-��

To identify whether DCs in the SED expressed TLR4 and
released TNF-�, immunohistochemical staining of paraf-
fin-embedded tissues was performed. Staining of CD
tissue sections illustrated that DC-SIGN� DCs in the SED
expressed TLR4 (Figure 6C). Few DC-SIGN� TLR4� DCs
could be seen in the control sections (Figure 6A). The
double-stained DC-SIGN� TLR4� DCs (burgundy) were
primarily found beneath the FAE. Staining the tissue sec-

tions for TNF-� revealed that DC-SIGN� DCs were
present in the SED of patients with CD (Figure 6D) and in
control sections (Figure 6B).

Discussion

Because the earliest endoscopic signs of relapsing CD
are the minute mucosal erosions of the FAE, our group
has focused attention on the potential initiating factors of
recurrent local inflammation at these sites.17,18,23 We
have recently found a defective epithelial barrier in the
FAE of CD, leading to bacterial internalization into sub-
epithelial DC.23 In the present study we expand on
these findings by focusing on and characterizing the
subepithelial DC population of the FAE in Peyer’s patch
areas. Increased numbers of DCs were found in the
ileal mucosa and SED of FAE in CD patients, by FACS
analysis and immunofluorescence microscopy, re-
spectively. Moreover, the DC phenotypes in the SED
were characterized by their level of maturation as well as
expression of migratory markers, leading to the identifi-
cation of an unusual accumulation of mature CD83�

CCR7� DCs. These cells were in close interaction with
bacteria and epithelial cells in the SED of CD; thus lead-
ing to increased internalization of translocated nonpatho-
genic E. coli HB101 compared with non-IBD control and
UC tissues. In addition, DCs in the SED of CD expressed
TLR4 and TNF-�.

The maturation and immunostimulatory properties of
DCs are important in determining their dual role; toler-
ance versus immunity. The increased recruitment and
accumulation of immature DCs seen in SED of CD may
be as a consequence of a high amount of transported
bacteria, as we have noted recently,23 and can be further
explained by the expression and release of CCL20 by the
ileal FAE. This is corroborated by a study that found the
expression of CCL20 to be predominantly expressed by
the FAE of human colonic tissues.33 Furthermore, CCL20
expression was found be to several folds higher in IBD
than in non-IBD tissues,33 hence providing a possible
explanation for the enriched DC population seen in SED.
On the other hand, previous studies have demonstrated
that maturated DCs expressing CCR7 migrate toward its
ligand CCL21, which is normally expressed in T-cell-rich
areas such as the lymph nodes.36,46 Therefore, the ac-
cumulation of CD83� DCs found in the present study (by
FACS analysis and confocal imaging) was unexpected
and intriguing, and could be an indicator of altered func-
tionality of mature DCs in CD. A similar observation, with
accumulation of mature CD83� DCs, was previously
found in the colonic mucosa of CD patients.29 However,
they found that the majority of the CD83� DCs were
CCR7�, maybe as a result of examining the entire intes-
tinal wall. In addition, the expression of CCL21 by retic-
ular cells and lymphatic vessels facilitated the entrap-
ment of the DCs in the IFR and lymph nodes of CD
tissues.29 In our present study, however, most of the
accumulated CD83� DCs were located in the SED area.
Furthermore, we found in CD tissues that the majority of
the CD83� DCs were CCR7�. Simultaneously, more than
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Figure 6. Immunohistochemical staining of DCs in CD tissues. Sections from
archival tissues were co-stained for DC-SIGN (red) and TLR4 (brown), or
DC-SIGN (red) and TNF-� (brown). A: Few DC-SIGN� TLR4� DCs (bur-
gundy color; see inset) were found in the SED of non-IBD control sections
but were more abundant in CD tissues (C, inset showing double-positive
DC-SIGN� TLR4� cells). When tissue sections were stained for TNF-� (B, see
inset) a similar observation with lower frequency of DC-SIGN� TNF-�� DCs
were seen in controls (B) compared with CD tissue sections (D). Original
magnifications, �400. Inset magnification, �600.
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Figure 5. The FAE cells express and release CCL20. A: Staining for CCL20
(cyan) illustrated that it was expressed and released by the FAE into the SED
and lumen of CD tissue sections. Magnification of the SED revealed the
recruitment and clustering of DCs in areas where CCL20 release was more
prominent (inset). B: In none of the non-IBD controls (stained) did we find
FAE expressing CCL20 (representative of three slides from three different
patients). Red � F-actin; blue � DC-SIGN; cyan � CCL20. Inset magnifica-
tion, �500.
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70% of the CD83� DCs were still CCR6�. This, along with
the release of CCL20 from the FAE, could result in further
accumulation of DCs as seen in the SED of CD tissues.
The number of CD83� cells correlated to disease activity,
which could be interpreted as the accumulation of
CD83� cells being secondary to inflammation because
no correlation was found between DC-SIGN� DCs and
CDAI. Further studies looking at changes in DC popula-
tions after various types of anti-inflammatory therapy are
needed to elucidate the implications of this finding.

The majority of DCs in CD were found to express TLR4
and produce TNF-�. Myeloid DCs are known to prefer-
entially express TLR4 and respond to lipopolysaccha-
ride.47 Our findings are consistent with a previous study
in which myeloid DCs isolated from colonic sections of
IBD patients had increased surface expression of
TLR4.28 It is possible that the expression of TLR4 by DCs
could facilitate and enhance the ability to internalize bac-
teria. As illustrated by de Baey and colleagues,32 a new
class of DCs (M-DC8�) in the SED could contribute to the
high levels of TNF-� production seen in individuals with
CD. In addition, we recently found a significant release of
TNF-� from FAE tissues of CD exposed to nonpathogenic
E. coli compared with control tissues.23 In the present
study, we show high amounts of TNF-� being produced
by DCs, hence perturbing the cytokine balance in CD
tissues.

In conclusion, the increased internalization of bacteria,
TLR4 expression, and production of TNF-�, all implicate
the trapped DCs in the SED to play a role in the relapse
of ileal inflammation. One may speculate that a dysfunc-
tional FAE barrier,23 and expression CEACAM 6 (carci-
noembryonic antigen-related cell adhesion molecule 6)
on epithelial cells48 in CD, increase the amount of bac-
teria entering the SED where they encounter accumu-
lated DCs. As demonstrated by the present findings,
these nonmigratory DCs are prone to interact with epi-
thelial cells and to internalize bacteria. Future studies will
aim at elucidating the molecular mechanisms involved in
internalization of commensal and pathogenic bacterial
strains and immune activation in these inflammatory DCs
of the Peyer’s patches.
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