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Abstract

AIM: To investigate possible differences in dendritic
cells (DC) within intestinal tissue of mice before and
after induction of colitis.

METHODS: Mucosal DC derived from intestinal tissue, as
well as from mesenteric lymph nodes and spleen, were
analyzed by fluorescence activated cell sorting (FACS)
analysis. Supernatants of these cells were analyzed for se-
cretion of different pro- and anti-inflammatory cytokines.
Immunohistochemistry and immunofluorescence were
performed on cryosections of mucosal tissue derived
from animals with colitis as well as from healthy mice.

RESULTS: It was shown that DC derived from healthy
intestinal lamina propria (LP) represented an immature
phenotype as characterized by low-level expression of
costimulatory cytokines. In contrast to DC from spleen
and mesenteric lymph nodes (MLN) that secreted proin-
flammatory cytokines, LP-DC produced high levels of the
anti-inflammatory cytokine IL-10. After induction of mu-
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rine colitis in @ CD4"CD62L" transfer model or in chronic
Dextran sulfate sodium-colitis, a marked increase of ac-
tivated CD80" DC could be observed within the inflamed
colonic tissue. Interestingly, in contrast to splenic DC, a
significant population of DC within MLN and colonic LP
expressed the mucosal integrin CD103 which was lost
during colitis.

CONCLUSION: The constitutive secretion of anti-
inflammatory cytokines by immature DC within the
intestinal LP might regulate the homeostatic balance
between mucosal immunity and tolerance. CD103" DC
could mediate this important function.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

The intestinal mucosa is continuously challenged by
innocuous antigens and potentially harmful pathogens.
Therefore, the local immune system has to mount an
efficient response towatrds pathogenic bactetia but must
keep the immunological balance during exposure to
commensal antigens. Dendritic cells (DC) are most likely
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involved within this dual functionality. However, so far only
limited data are available regarding intestinal DC (reviewed
in"™*). Mucosal DC are not only found within Peyer’s
patches (PP) and mesentetic lymph nodes (MLN) but are
also located within smaller isolated lymphoid follicles and
within the lamina propria, distributed throughout the wall
of the small and large intestine””, Unusual phenotypic
subsets of DC have been described within MLN and
PP that preferentially stimulate antigen-specific CD4" T
cells to produce IL-10 and/or TGF—[}ﬂg’lol. This cytokine
pattern is similar to that of TR1 or THs regulatory T cells
which have been identified in gut-associated lymphoid
tissue of mice fed tolerogenic doses of proteins, and are
thought to play an important role in oral tolerance'".
Considerably more is known about DC in PP and
MLN than about DC within the lamina propria of
the gut. However, these cells are ideally situated to
pick up any material that is transported between or
through epithelial cells and have been shown to sample
luminal antigens directly by sending dendrites outside
the epithelium"?. Tt is thought that DC as mobile cells
migrate to MLN after antigen-uptake and interact with
naive T' cells mainly within lymphatic organs, rather than
in the mucosa itself. This rapid and constitutive trafficking
of DC from lamina propria to MLN is increased by the
presence of inflammatory stimuli™, As shown recently,
interaction of mucosal DC with T cells generates gut-
tropic CD8" effector T cells that express CCR9 and
a4B7“4]. Additionally, DC expressing the mucosal integrin
CD103 promote the development of regulatory Foxp3+
T cells through a TGF- and retinoic acid-dependent
mechanism!”. Together, these findings indicate that
lamina propria DC (LP-DC) might be more important for
the surveillance of the intestinal milieu and the shaping of
intestinal immune responses than previously thought.
Animal model systems of colitis have been used
extensively in an effort to determine possible mechanisms
that contribute to the initiation and perpetuation of colitis
in humans"?. One model in particular which has been well
characterized involves the transfer of CD4 CD45RB"
T cells. Here, transfer of naive (CD4 'CD45RB" or
CD4'CDG62L"Y) T cells into immunodeficient SCID
mice induces chronic intestinal inflammation ™", Key
factors that drive the pathogenic THi-biased mucosal
T cell responses within this model are still unknown'"”.
However, as described for various other experimental
colitis models™ ™, antigen presentation of bacterial
antigens plays a role, as only mild colitis develops when
lymphocytes are transferred into animals with a restricted
enteric flora and no intestinal inflammation is observed
after transfer into germ-free mice”. Additionally, intestinal
bacterial antigens and their presentation were shown to
be crucial for the generation and expansion of regulatory
T cells in a healthy individual", and disruption of the
interaction of mucosal DC with activated T lymphocytes
by administration of a receptor-blocking antibody against
OX40L was shown to ameliorate colitis®”. Overall, the
data indicate that antigen presentation, presumably via
mucosal DC, plays a role in the pathogenesis of chronic
intestinal inflammation. However, the properties of these
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cells during intestinal inflammation are only beginning to
be explored.

The aim of our study was to investigate differences
between intestinal DC populations under healthy condi-
tions and after induction of colitis.

MATERIALS AND METHODS

Mice

Balb/c mice and s¢d mice (C.B.-17 SCID) (H2¢) were
obtained from Charles River (Germany). Animals were
housed under conventional animal facility conditions and
were generally used at 6-8 wk of age weighing 20-22 g
The animal studies were approved by the local institutional
Review Board.

Monoclonal antibodies

The following experimental monoclonal antibodies (mAbs)
were purchased from BD Pharmingen (Heidelberg,
Germany): anti-CD8, anti-MHC-1I, anti-B220, anti-
CD11b, anti-CD3, anti-CD11c, anti-CD80, anti-CD806,
anti-CD40, anti-CD103 (aw:p7), ant-CD16/CD32. Directly
PE- or FITC-conjugated mAbs wete used for FACS
analysis. For immunofluorescent staining directly FITC-
conjugated anti-CD103 mAb was used in addition to Alexa
546-conjugated tyramide (Invitrogen, Germany).

Isolation of primary dendritic cells

DC were isolated from spleen, MLN and intestinal
lamina propria by enzymatic digestion of tissue using
collagenase [ (Worthington, UK), hyaluronidase and
DNase [ (both from Sigma-Aldrich, Germany) followed
by immunomagnetic selection with anti-CD11c coated
microbeads (Miltenyi Biotech, Germany). For intestinal
DC, mononuclear lamina propria cells were isolated from
digested tissue as described previously™, followed by
enrichment of CD11c¢” DC using microbeads. Purity was
generally > 85%. Routinely, isolated cells were stained for
contaminating T cells and B cells, however virtually no cells
could be detected by FACS analysis in the DC preparations.

Colitis models
We adapted a previously described transfer model that
resembles the CD4"CD45RB™" model and uses the
expression of L-selectin (CD62L) to select for naive
splenic T lymphocytes“m. Briefly, CD4" T cells were
purified from spleen mononuclear cells of healthy
mice by negative depletion of other cell types using
anti-CD8, anti-MHC-1I, anti-B220 and anti-CD11b
mAbs and anti-rat-IgG immunomagnetic microbeads
(Miltenyi Biotech, Bergisch Gladbach, Germany). The
resulting CD4" lymphocytes were separated further into
CDG62L" and CD62L" T cells by CD621.-conjugated
microbeads (Miltenyi Biotech). Recipient SCID mice were
reconstituted with 0.25 X 10° CD4 CD62L." lymphocytes
in 200 pL of sterile PBS by intraperitoneal injection.
Colitis activity was monitored by changes in weight over
time and by histological analysis.

For chronic DSS-colitis, dextran sodium sulfate
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(DSS; MW 40000) was purchased from ICN (Eschwege,
Germany) and intestinal inflammation was induced by
feeding 3% DSS over 7 d followed by a period of 10 d
of water without DSS. Mice received 4 cycles of DSS
treatment and animals were sacrificed on day 8 after
completion of the 4th cycle™,

Cytokine ELISA

Dendritic cells from different organs were isolated as
described above and 2 x 10° cells/well were incubated
in 200 uL complete medium (RPMI-1640, 10% FCS,
100 U/mL penicillin, 100 pg/ml. streptomycin, all from
GIBCP-BRL, Eggenstein, Germany; and 3 X 10° mol/L
B-mercaptoethanol, Sigma) for 24 h. Cells were partly
stimulated with 5 pg/mL CpG-ODN (Metabion,
Martinsried, Germany) or with 1 pg/mL Salmonella
typhimurinm-derived lipopolysaccharide (LPS) (Sigma,
Deisenhofen, Germany). Cytokine levels were measured in
the supernatant by ELISA (all from Endogene, Woburn,
MA, USA), according to the manufacturer’s instructions.

FACS analysis

Samples were analyzed using two-color staining as
described previously". Briefly, isolated DC were prein-
cubated with 20 pg/mL of and-CD16/CD32 and 10%
FCS to block Fe-Receptors and stained with both FITC-
and PE-conjugated mAbs. The cells were washed and
analyzed by FACS using an EPICS-XL. MCL Coulter.

Immunohistochemistry and immunofluorescence

Tissue samples were snap-frozen in liquid nitrogen,
embedded in OCT resin and 5 to 10-pum cryostat-sections
cut. For immunohistochemistry, primary antibody
application was followed by biotinylated polyclonal anti-
rat IgG or anti-hamster IgG (both Dianova, Germany)
as secondary antibody. Tissue was stained using the ABC
(avidin/biotin complex)-immunoperoxidase kit according
to the manufacturer’s instructions (Vector Laboratories)
and developed with AEC. Sections were counterstained
with hematoxylin. For immunofluorescence, sections wete
incubated with APC-conjugated anti-CD11c and with
FITC-labeled anti-CD103 mAbs. The anti-CD11c mAb
was visualized by applying horseradish peroxidase-labeled
streptavidin followed by Alexa 546-conjugated tyramide,
according to the manufacturer’s recommendations (Invi-
trogen, Germany). Slides were counterstained with DAPL

Statistical analysis

Statistical analysis was performed using the two-tailed
Mann-Whitney U test. Differences were considered
statistically significant when P < 0.05.

RESULTS

DC within the healthy intestinal lamina propria show

an immature phenotype and produce constitutively the
anti-inflammatory cytokine IL-10

CD11c¢" DC are found within the lamina propria (LP) of
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the small and large intestine of healthy mice. Whereas a
dense network of cells underlining the epithelium can be
detected by immunohistochemistry within the mucosa
of the small intestine, only a few scattered cells are found
within the colonic LP. To compare the phenotype of DC
derived from colonic LP and mesenteric lymph nodes
(MLN), CD11c" DC were isolated from intestinal tissue
and MLN of healthy mice. As demonstrated in Figure 1A,
no significant levels of costimulatory molecules (CD40,
CD80 and CD86) could be detected on the cell surface of
freshly isolated DC from the intestinal LP or MLN. This
suggests that DC within mucosal tissues demonstrate a
rather immature phenotype as compared to splenic DC
which show low levels of costimulatory molecules (data not
shown). Additionally, isolated primary DC were incubated
either unstimulated or in the presence of CpG and secretion
of cytokines was detected by ELISA. As shown, MLN-
DC and splenic DC differed markedly from LP-DC with
regard to their cytokine profile. Unstimulated MLN-DC or
splenic DC did not secrete significant amounts of pro- or
anti-inflammatory cytokines, however, LP-DC dramatically
produced 30-fold higher levels of the anti-inflammatory
cytokine IL-10 (MLN-DC: 35.4 *+ 5.0; splenic-DC: 12.8 *
0.7, LP-DC: 1035 £ 270 pg/mL, P = 0.0235, Figure 1B). In
contrast, large amounts of IFN-y and IL-12 were secreted
by MLN-DC and splenic-DC after stimulation with CpG,
whereas LP-DC did not produce significant amounts of
proinflammatory cytokines (MLN-DC: 1398 £ 407, splenic-
DC: 1087 * 30, LP-DC: 24 * 11 pg/mlL, P = 0.0009). The
differences seen were independent from the stimulatory
agent used as similar results were detected by using LPS to
stimulate primary DC.

Diffuse infiltration of intestinal lamina propria with
CD11c¢’ DC during colitis

As shown in Figure 2A, CD11c¢” DC wete diffusely
distributed throughout the non-inflamed colonic LP
and were rarely detected in the submucosa. Chronic
colitis was either induced by adoptive transfer of
splenic CD4"CDG62L" T lymphocytes from donor
mice into immunodeficient SCID recipients or by
cyclic administration of DSS in the drinking water of
animals'"*”". As analyzed by immunohistochemistry
using an anti-CD11c antibody in both models of colitis,
a dramatic increase in numbers of CD11¢” DC could
be detected within the inflamed mucosa of the colon of
mice (Figure 2B). MLN of mice with colitis showed a
slight increase in the number of DC (Figure 2C and D),
whereas no changes in infiltrating DC were seen in Peyer’s
patches and the spleen (data not shown).

Infiltrating LP-DC in inflamed colonic tissue show

a mature phenotype with high expression of CD80

cells and secretion of the regulatory cytokine IFN-c. is
decreased

As shown above, mucosal DC in healthy tissue are
immature. To investigate whether infiltrating CD11c¢" DC
within the inflamed colon show an activated phenotype,
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Figure 1 Phenotypic and functional analysis of DC derived from MLN and LP of healthy mice. A: Primary DC were isolated from MLN (MLN-DC) and colonic
LP (LP-DC) of healthy mice. CD11¢” DC were stained with FITC-conjugated mAbs for expression of MHC-class Il and the costimulatory molecules CD40, CD80 and
CD86; B: Isolated DC from spleen, MLN and LP were incubated for 24 h in complete medium partly stimulated with 5 ug/mL CpG (5 wells per situation). Cytokine
levels were measured within the supernatant by ELISA. *P < 0.05. Data presented are representative of three independent experiments.

tissue sections were stained for the expression of costi-
mulatory molecules. As demonstrated in Figure 3A,
we were able to detect dramatically increased numbers
of CD80" DC within the colonic LP as compared to
healthy mucosa. On the other hand, no significant
numbers of CD40" and CD8G" cells were detected. We
confirmed the results by FACS analysis after isolation of
primary DC from inflamed tissue, demonstrating that
LP-DC indeed showed increased cell-surface levels of
CD80, whereas no difference in expression of CD40
and CD86 could be observed (Figure 3B).

To investigate whether the cytokine profile of isolated
DC from different tissues was changed in animals with
colitis we measured the cytokine secretion of primary
DC. Sectetion of IL-10 by LP-DC was reduced to only
27% of the amount secreted by LP-DC from healthy
intestine (colitic LP-DC: 277 * 27, healthy LP-DC:
1035 £ 270 pg/mlL) (data not shown). Additionally,
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wheteas LP-DC from normal colon did not secrete any
proinflammatory cytokines as demonstrated above, DC
from inflamed intestine were able to produce significant
amounts of IFN-y (397 * 163 pg/mlL) and TNF-q, (650
+ 91 pg/mL) (data not shown). Furthermore, IFN-q,, a
cytokine attributed to plasmocytoid DC with regulatory
function, was secreted to a greater extent by LP-DC from
healthy mice as compared to splenic or MLN-DC which
produced distinctly lower amounts of this cytokines (LP-
DC: 143 + 12, MLN-DC: 71 * 2, splenic-DC: 67 * 2
pg/mL, P = 0.0242). However, duting colitis, production
of IFN-o by LP-DC was significantly reduced to 19.6%
(Figure 3C, colitic LP-DC: 28 + 4 pg/mL, P = 0.0111).

Numbers of CD103+ intestinal DC are dramatically
reduced in colitic mice

The mucosal integrin oef7 (CD103) is expressed on the
cell surface of intraepithelial lymphocytes and mediates
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Figure 2 Inflammation induces infiltration of colonic LP and MLN with CD11¢" DC. Tissue was harvested from colonic LP (A/B) and MLN (C/D) of healthy
animals (A/C) and mice with colitis (B/D). Immunohistochemistry was performed using an anti-CD11c" antibody to stain for intestinal DC. Staining with isotype control
revealed no background staining (data not shown). Representative sections from 5 mice per group are shown (magnification 100 x). Staining was performed on tissue
derived from colitic animals with transfer colitis as well as chronic DSS colitis and revealed similar results. Sections shown within this figure are derived from animals
with transfer colitis.
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Figure 3 Intestinal DC are activated after induction of colitis. A: Tissue was harvested from LP of healthy animals and from mice with colitis. Immunohistochemistry
was performed with antibodies against the following costimulatory molecules: CD40 (a/d), CD80 (b/e), CD86 (c/f). Representative sections are shown (magnification 100
x). Experiments were performed from 5 animals each group. Sections shown within this figure are derived from animals with transfer colitis, however staining was also
performed on tissues derived from colitic animals with chronic DSS colitis and revealed similar results; B: LP-DC were isolated from inflamed intestinal tissue and FACS
analysis was performed. CD11¢” DC were stained with FITC-conjugated mAbs for expression of MHC-class Il and the costimulatory molecules CD40, CD80 and CD86.
Data presented are representative of three independent experiments performed with cells derived from animals with transfer colitis. Similar results were generated in the
DSS colitis model; C: Primary DC were isolated from different tissues (spleen, MLN, colonic LP) of healthy animals and mice with colitis. Isolated DC were incubated for
24 h in complete medium and levels of IFN-a, were measured within the supernatants by ELISA (5 wells per situation). °P < 0.05. Data presented are from one of three
independent experiments performed with cells derived from animals with transfer colitis. Similar results were generated in the DSS colitis model.
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Figure 4 CD103" DC are found in mucosal tissues of healthy mice and are lost during colitis. A: Primary DC were isolated from different tissues (spleen, MLN,
colonic LP) of healthy animals and mice with colitis. FACS analysis was performed after staining of CD11¢” DC with FITC-conjugated mAb against CD103, the integrin
aepr. Data presented are representative of three independent experiments that were carried out with cells derived from animals with transfer colitis. Similar results
were generated in the DSS colitis model; B: Tissue was harvested from spleen and LP of healthy animals and mice with colitis. Immunofluorescence was performed
using an anti-CD11¢” mAb to stain for intestinal DC and an anti-CD103 mAb to recognize the integrin az7. DAPI was used to visualize nuclei. Images show overlays
of CD103 (green), CD11c (red) and DAPI (blue). DC coexpressing CD103 appear yellow (indicated by arrows). Representative sections from 5 mice per group are
shown (magnification 100 x). Staining was performed on tissue derived from colitic animals with transfer colitis as well as chronic DSS colitis and revealed similar
results. Sections shown within this figure are derived from animals with transfer colitis.

adhesion to epithelial cells »/z binding to E-cadherin™.

Recently, it was shown that expression of CD103 chara-
cterizes an important subset of regulatory T cells”"!
Additionally, CD103" mucosal DC were suggested to
play an important role for the generation of Foxp3+
T lymphocytes within the gut“s]. As this integrin seems
to play a role in regulatory immunological functions,
especially in mucosal sites, we wanted to investigate
whether CD103" intestinal DC change during intestinal
inflammation. As demonstrated in Figure 4, freshly
isolated DC from healthy spleen did not contain a
significant population of CD103" DC. Howevet, this
was very different in mucosal sites of healthy animals.
Here, a large subpopulation of MLN-DC expressed the
integrin oeff7 and even more strikingly, almost all LP-
DC showed at least low levels of CD103 expression on
the cell surface, demonstrating that LP-DC from healthy
mucosa did not only differ dramatically in their cytokine
secretion potential but also in their phenotype from DC
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at peripheral sites. However, when we looked for CD103
expression on DC isolated from animals with colitis we
observed a dramatic loss of this population in mucosal
tissues. Within the chronically inflamed colonic LP,
no CD103" DC where seen as demonstrated by FACS
analysis, and numbers of integrin-positive DC in MLN
were dramatically reduced. In contrast, we detected a
significant subpopulation of CD103" DC within the
spleen of colitic animals (Figure 4).

DISCUSSION

Antigen-presenting cells are the key to maintaining the
immunological balance between active immune responses
and tolerance within the intestine and DC are most
likely to participate importantly in this immunological
homeostasis within the gut. However, data has recently
started to be available regarding intestinal DC in normal
and inflamed colon. Comparing DC populations from
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different tissues we were able to demonstrate that mucosal
DC represent an immature phenotype as characterized
by the absence of CD40, CD80 and CD86 expression.
Whereas CD80 was found in low levels on the cell surface
of MLN-DC, the molecule was absent on LP-DC,
indicating that LP-DC represent an even more immature
phenotype than MLN-DC. It is thought that DC can
be divided into tolerogenic immature and immunogenic
mature differentiation stages””, as tolerance is mediated
by partial- or semi-maturated DC, whereas only full
DC maturation is immunogenic“’z’”]. Therefore, our
observation of phenotypically immature (or semi-mature)
LP-DC within the healthy gut supports the hypothesis
that intestinal DC, which sample antigens without being
fully activated, induce tolerance against antigens of the
regular gut flora. Additionally, we were able to show that
DC from spleen and MLN secrete proinflammatory
cytokines such as IFN-y and IL.-12 in response to the
different strong inflammatory stimuli, CpG and LPS. In
contrast, intestinal-derived CD11¢” DC constitutively
produced high levels of the anti-inflammatory cytokine
IL-10 and did not release significant amounts of proin-
flammatory mediators after stimulation. As shown
previously, pulmonary DC - situated within a mucosa that
is similar to the intestine exposed to antigens - produce
IL-10 in response to inhalative antigens and induce the
development of regulatory T cells™. Therefore, it can
be speculated that constitutive production of the anti-
inflammatory cytokine IL-10 by LP-DC is also critical for
the generation of regulatory T cells and the maintenance
of tolerance towards luminal antigens within the normal
gut.

However, during intestinal inflammation the cellular
composition within the colonic lamina propria changes.
As shown, gut inflammation in different murine models
of colitis was accompanied by a marked infiltration of the
colonic mucosa by CD11c¢” DC. L.P-DC derived from the
inflamed mucosa expressed high levels of CD80, a cell
surface molecule thought to be involved with induction
of TH: responsesl%’m, and cells resembled a phenotype
of mature activated DC. Additionally, these cells produced
dramatically lower levels of 1L-10 and INF-q., cytokines
necessary for anti-inflammatory responsesmj. Our
observation is in concordance with a recent study that
also demonstrated expansion of colonic LP-DC during
murine colitis® and other data that showed up-regulated
expression of activation markers on DC in diseased
mucosal tissues from patients with inflammatory bowel
disease™. It is likely that the infiltration of the intestinal
mucosa with mature DC during intestinal inflammation
leads to a continuous activation of T lymphocytes and a
sustained overproduction of proinflammatory mediators
within the lamina propria, which perpetuates colitis.

Additionally, we were able to show that LP-DC
from normal colonic mucosa and MLN-DC contain a
significant subpopulation of CD103" (aef7) DC, whereas
splenic-DC were negative for the mucosal adhesion
molecule. This observation suggests the localization of
specific DC subpopulations within the intestinal lamina
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propria. So far, it is known that intraepithelial lymphocytes
express the integrin af7 which interacts with epithelial
E-cadherin and is thought to mediate localization of T
cells within the epithelial layerw. Additionally, it seems
to characterize a specific subgroup of lymphocytes with
regulatory function”" and a recent study was able to show
that CD103" DC promote expression of the gut-homing
receptor CCR9 on T cellslm’w, as well as generation of
Foxp3+ T lymphocytes with TGF-§ and retinoic-acid
as cofactors' . Because in our study almost all intestinal
LP-DC within the healthy mucosa express this integrin
and show a tolerogenic phenotype and function, we
hypothesize that CD103 mediates homing for tolerogenic
DC into the intestinal mucosa or enables as adhesion
molecule the crosstalk with other lamina propria cells,
thereby influencing the balance between effector and
regulatory T' cell activity in the intestine. As we were not
able to identify the CD103" LP-DC during colitis when
tolerance is lost, this subgroup of DC could help to
maintain the immunological balance within the normal
intestinal mucosa. Surprisingly, during inflammation,
CD103" DC were found within the spleen, suggesting
that intestinal CD103" DC might migrate to systemic
lymphatic tissues.

Overall, our results indicate that the specific locali-
zation of particular CD103" DC subpopulations within
the intestinal mucosa may be an important mechanism
of the immune system to determine between active
immune responses and tolerance towards luminal
antigens. Additionally, the constitutive secretion of anti-
inflammatory cytokines by intestinal DC might regulate
the homeostatic balance under healthy conditions. After
induction of colitis, loss of CD103" intestinal DC and
infiltration of mature DC that express the costimulatory
molecule CD80 within the colonic mucosa would lead
to a dysregulation of this balance. Antigen presentation
via activated DC could be involved in the onset or/and
chronification of colitis. Interrupting the activation of
intestinal DC 7 vivo and promoting the preservation
of presumably tolerogenic CD103" DC within the
colonic mucosa may be key approaches to control the
pathogenesis of inflammatory bowel disease.

COMMENTS

Background

Within the gut mucosa the immune system has the task of distinguishing be-
tween commensal bacteria and foreign antigens, to maintain tolerance or to
mount an inflammatory response. Dendritic cells are very important for this pro-
cess. However, even if in the last few years some important insights have been
made, much still is unknown about these cells, especially about the changes
they undergo during intestinal inflammation.

Research frontiers

Previous data indicate that antigen presentation, presumably via mucosal den-
dritic cells, plays a role in the pathogenesis of chronic intestinal inflammation.
However, the properties of these cells during intestinal inflammation are only
beginning to be explored.

Innovations and breakthroughs

Dendritic cells in normal intestinal lamina propria showed an immature pheno-
type and produced high levels of the anti-inflammatory cytokine IL-10 whereas
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dendritic cells in the spleen and local lymph nodes secreted the proinflamma-
tory cytokine IFN-y. Furthermore, the studies in mouse models of colitis showed
that the development of colitis was associated with a marked increase of acti-
vated dendritic cells within the inflamed colonic tissue and the loss of CD103"
dendritic cells in the colonic mucosa and local lymph nodes but not in spleen,
suggesting that CD103" dendritic cells could play important roles in the regula-
tion of homeostatic balance between mucosal immunity and tolerance in the
gastrointestinal tract.

Applications

Overall, these results indicate that the specific localization of particular CD103"
dendritic cell subpopulations within the intestinal mucosa may be an important
mechanism of the immune system in determining between active immune
response and tolerance towards luminal antigens. Additionally, the constitutive
secretion of anti-inflammatory cytokines by intestinal DC might regulate the
homeostatic balance under healthy conditions. Interrupting the activation of
intestinal dendritic cells in vivo and promoting the preservation of presumably
tolerogenic CD103" dendritic cells within the colonic mucosa may be key ap-
proaches to control the pathogenesis of inflammatory bowel disease.

Peer review

This is a well prepared manuscript and the experiments described were
well designed, controlled and executed. The loss of CD103" CD11¢’ DCs in
progression of colitis is a unique and novel finding which seems to coincide
with other groups’ findings relating to regulatory T cells. Overall the results
could contribute to our understanding of the immunopathogenesis of human
inflammatory bowel diseases.
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