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Abstract

Background: The migration of dendritic cells (DCs) from the
lungs to the regional lymph nodes is necessary for the devel-
opment of allergic airway disease. Following activation, mast
cells release a variety of stored or de novo-produced inflam-
matory mediators, several of them being capable of activat-
ing DCs. In this study, the role of mast cells on DC migration
from the lungs to the thoracic lymph nodes was investigated
in sensitized mice. Methods: Mast cell-deficient mice (KitV-
sh/W-sh) and their wild-type counterparts were sensitized in-
traperitoneally with ovalbumine (OVA) in saline and chal-
lenged by a single intranasal administration of OVA labeled
with a fluorescent dye (OVA-Alexa). Results: Following chal-
lenge, the relative and absolute amount of OVA-
Alexa-positive DCs was clearly increased in sensitized wild-
type mice compared to nonsensitized mice. In contrast,
sensitized Kit"V-s"/W-sh showed no increase in OVA-Alexa-pos-
itive DCs compared to nonsensitized mast cell-deficient ani-
mals. In sensitized Kit"WsMW-sh mice reconstituted with bone
marrow-derived mast cells (BMMCs), the number of OVA-
Alexa-positive DCs was comparable to that in sensitized wild-

type animals. However, transfer of allergen-exposed BMMCs
to sensitized mice prior to airway challenge augmented air-
way inflammation similarly in wild-type and mast cell-defi-
cientmice. In line with this, sensitization with allergen-pulsed
DCs induced allergic airway disease independently of mast
cells. Conclusions: This study shows an interaction between
mast cells and DCs following allergen challenge in sensitized
hosts. However, the function of mast cells can be bypassed in
models utilizing activated allergen-exposed DCs to initiate
the development of allergic airway disease.

Copyright © 2009 S. Karger AG, Basel

Introduction

Asthma is a complex airway disease characterized by
chronic inflammatory changes of the airway walls. Dur-
ing the development of the disease, manifold interactions
between resident and invading inflammatory cells occur.
Animal models have helped to reveal important path-
ways involved in allergic airway disease [1]. One of the
identified pathogenetic mechanisms involves mast cells,
which are found in increased numbers in the airways of
patients with asthma [2]. In murine models, mast cells
have been linked to the induction of airway inflamma-
tion and hyperresponsiveness (AHR) [3, 4]. Following
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cross-linking of the high-affinity IgE receptor, mast cells
release a wide variety of mediators, including lipid me-
diators, cytokines and chemokines [5]. In sensitized
hosts, mast cell activation and mast cell-derived media-
tors like histamine and tumor necrosis factor (TNF) are
critical for inflammation and AHR [6-8]. Increased mi-
gration of T cells into the lung and their local activation
have been proposed as potential mechanisms [7], but me-
diators produced by mast cells might also directly affect
dendritic cell (DC) activation and their migration to lym-
phoid tissue [5].

DCs are the most potent primary antigen-presenting
cells in the lung, where they form a sentinel network be-
neath the epithelial surface [9]. They are able to detect
and take up exogenous materials, process these antigens
and present them to T cells in the draining lymph nodes.
Depending on surface receptor expression and matura-
tion status, DCs can be divided into different subtypes in
the lung. Myeloid (mDCs) and plasmocytoid DCs (pDCs)
[10] have been investigated most often. DC activation and
migration to the regional lymph nodes are critical steps
for the development of allergic airway disease in sensi-
tized hosts. In the absence of mDCs, all features of aller-
gic airway disease are abrogated [11], whereas pDCs have
been shown to be negative regulators for the development
of allergic disease [12].

Mast cells and their activation have been linked to ac-
tivation and migration of antigen-presenting cells from
the skin [13]. Moreover, mediators produced by mast cells
may be involved in the regulation of DC migration from
the lung to the regional lymphoid tissue [14, 15]. Therefore,
we studied the migration of DCs from the lung to the re-
gional lymph nodes in already sensitized mast cell-defi-
cient animals following airway challenge. We conclude
that following allergen exposure of a sensitized host, acti-
vated mast cells can alter the pulmonary micro-milieu and
induce antigen uptake, activation and migration of DCs.

Materials and Methods

Mice

WB/ReJ-W/* and C57BL/6]J-WY* mice were received from
Jackson Laboratory (Sulzfeld, Germany) and the mast cell-defi-
cient c-kit mutant F; generation mice WBB6F,-Kit"V'""¥ and the
congenic WBB6F,-Kit"* were bred in the Zentrale Tierzuchtan-
stalt of Johannes Gutenberg University Medical Center. Addi-
tionally, mast cell-deficient C57BL/6-KitV'"W-sh mice and their
congenic C57BL/6-Kit""* wild-type littermates were obtained by
intercrossing C57BL/6-Kit"*"* mice kindly provided by Marcus
Maurer (Department of Dermatology, Charité, Berlin, Germany).
C57BL/6 mice were obtained from the Zentrale Tierzuchtanstalt
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of Johannes Gutenberg University Medical Center. All mice were
used at the age of 8-12 weeks. Animal experiments were conduct-
ed in accordance with current federal, state and institutional
guidelines.

Experimental Protocols

Mice were sensitized by intraperitoneal injections of 100 ul
solution containing 20 pg of ovalbumin (OVA, Sigma-Aldrich,
St. Louis, Mo., USA) in phosphate-buffered saline (PBS) on days
0 and 14. On day 28, mice were anesthetized (ketamine-ratio-
pharm®Rompun 2%) (Ratiopharm, Ulm, Germany/Bayer, Lever-
kusen, Germany) and challenged intranasally with 80 wg fluo-
rescent-labeled OVA (Alexa Fluor 647, MoBiTec, Goettingen,
Germany). At4, 24 and 48 h following the challenge, tracheal and
inguinal lymph nodes were collected and single cell suspensions
were stained for FACS analysis.

Preparation of Lymph Node Single Cell Suspensions and FACS

Staining

Lymph nodes were mechanically disrupted and then digest-
ed with collagenase II (1 mg/ml, Worthington, Lakewood, N.J.,
USA). Cells were then washed and counted. To quantify mDC
populations, the cells were stained with FITC-labeled anti-
MHCII (eBioscience, San Diego, Calif., USA) and PE-labeled anti-
CDl1lc (BD Bioscience, Rembodegen, Belgium). To distinguish
between mDCs, pDCs and B cells, the cells were additionally
stained with PercP-Cy5-labeled anti-B220 (BD Bioscience).
Among B220-negative cells, the number of Alexa 647-positive
cells was determined. The absolute numbers of each cell type were
calculated using total cell count and percentages.

Mast Cell Reconstitution

To obtain bone marrow-derived mast cells (BMMCs), bone
marrow from C57BL/6 mice was cultured for 4-5 weeks in mod-
ified Iscove’s Modified Dulbecco’s Medium (IMDM, 10% FCS, 50
wM B-mercaptoethanol, 2 mM glutamine, 100 wg/ml streptomy-
cin, 100 U/ml penicillin, kit ligand, IL-3) as previously described
[8, 13]. After 4 weeks of culture, >95% of nonadherent cells con-
tained granules that stained positive with toluidine blue, and
>95% expressed c-Kit on their surface as determined by FACS
analysis using an anti-c-Kit monoclonal antibody (BD Biosci-
ence). To reconstitute the mast cell-deficient mice (6-week-old
C57BL/6-KitV-sh/W-sh) 5 % 109 BMMCs were injected into the tail
vein of each mouse. The mice were used for the experiments 8
weeks after the injection.

Adoptive Transfer of Antigen-Pulsed Bone Marrow-Derived

DCs

Bone marrow-derived DCs (BMDCs) were generated accord-
ing to a previously published protocol [16]. Bone marrow cells
were grown in culture medium (IMDM, 10% FCS, 50 wM -mer-
captoethanol, 2 mM glutamine, 100 pg/ml streptomycin, 100
U/ml penicillin supplemented with 5% of granulocyte-monocyte
colony-stimulating factor (GM-CSF)-containing cell culture su-
pernatant derived from X63.Ag8-653 myeloma cells stably trans-
fected with a murine GM-CSF expression construct, a kind gift
from Dr. B. Stockinger, National Institute for Medical Research,
London, UK). On day 8, the cells were pulsed with 100 pg/ml
OVA (Grade V, Sigma/Aldrich, Deisenhofen, Germany). Untreat-
ed BMDCs were used as a control. Before administration, cells
were washed and suspended in PBS to a concentration of 12.5 X
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106 cells/ml. Purity and activation status of the DCs were deter-
mined by FACS. In the first model, mice were sensitized by in-
traperitoneal injections of 20 g OVA on days 0 and 14. On day
28, the mice were anesthetized by intraperitoneal injections of
ketamine hydrochloride (ketamine, Ratiopharm) and xylazine
hydrochloride (Rompun, Bayer), and 1 X 10° antigen-pulsed
BMDCs were administered intranasally in a volume of 80 .1 PBS.
All animals received a single intranasal OVA challenge (20 ul,
5 mg/ml in saline) on day 29. Two days following the challenge,
bronchoalveolar lavage (BAL) was performed. In the second mod-
el, 1 x 10° BMDCs were administered intranasally to nonsensi-
tized mice according to a previously described protocol [17]. On
days 10-12, mice were challenged by inhalation with an OVA so-
lution (1% in PBS) for 20 min. One day following the last chal-
lenge, airway reactivity was measured and BAL was performed.

Measurement of Airway Reactivity

Measurement of airway resistance (RL) and dynamic compli-
ance (Cgyn) was performed on anesthetized, intubated and me-
chanically ventilated mice (Flexivent, Scireq, Montreal, Que.,
Canada) as previously described [8]. The respiratory tract was
stimulated with rising doses (6.25, 12.5, 25, 50 and 100 mg/ml
PBS) of methacholine. Measurements of the RL and Cgy, were
performed every 15 s following nebulization with each single dose
until a plateau phase was reached.

Bronchoalveolar Lavage

After assessment of airway function, lungs were lavaged via
the tracheal tube with PBS (1 X 1 ml). Numbers of BAL cells were
counted by trypan blue exclusion. Differential cell counts were
made from cytocentrifuged preparations fixed and stained with
the Microscopy Hemacolor® Set (Merck, Darmstadt, Germany).
Percentages of each cell type were assessed. The absolute numbers
of each cell type were calculated using total cell count and per-
centages.

Histology

Lungs were fixed by inflation (1 ml) and immersion in 10%
formalin and embedded in paraffin. Tissue sections were stained
with hematoxylin and eosin (HE), periodic acid-Schiff (PAS) and
toluidine blue. To assess reconstitution efficiencies, sections were
used for fluorescence staining of tissue specific for mast cells with
avidin-Alexa 488 (Molecular Probes, Eugen, Oreg., USA) [8, 13,
18, 19]. Slides were examined in blinded fashion by 2 experienced
observers with a microscope (BX40, Olympus, Hamburg, Germa-
ny); peribronchial inflammation was graded with a semiquantita-
tive score (no inflammation = 0-4) [20]. For each slide, 5 random-
ly chosen areas were scored. The number of goblet cells on PAS-
stained slides was analyzed using imaging software (Soft Imaging
Systems, Stuttgart, Germany). The number of mucus-containing
cells per millimeter basement membrane was determined [20].

Statistical Analysis

To determine the levels of differences between all groups, non-
parametric ANOVA (Kruskal-Wallis test) was used to assess over-
all differences. In case of a significant result, the Mann-Whitney
U test was used to elucidate which specific differences were sta-
tistically significant. Differences in responsiveness to methacho-
line were assessed by repeated-measures ANOVA. p < 0.05 was
considered statistically significant. Values for all measurements
are expressed as the means + SEM.
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Results

Mast Cells Regulate the Migration of DCs from the
Lung to the Regional Lymph Nodes following Allergen
Exposure in Sensitized Mice

Administration of fluorescent-labeled antigen OVA-
Alexa Fluor 647 led to detectable numbers of mDCs
(MHC II+ CDl11c+ B220-) in the bronchial lymph nodes
24 h later (fig. 1a). In sensitized and challenged wild-type
animals, the relative and absolute number of fluorescent-
labeled mDCs was significantly higher at 24 h following
OVA administration compared to nonsensitized wild-
type animals (fig. 1a, b). The numbers of fluorescent-la-
beled mDCs were significantly (p < 0.05) lower in sensi-
tized mast cell-deficient C57BL/6-KitWs"W-sh mice than
in sensitized wild-type mice and comparable to nonsen-
sitized animals.

Similar results were obtained in a different strain of
mast cell-deficient mice (WBB6F,-Kit"/""). Again, in sen-
sitized wild-type controls, increased numbers of fluores-
cent-labeled mDCs were detectable at 24 h following al-
lergen exposure, whereas in sensitized WBB6F,-Kit"/W"
mice, the numbers of fluorescent-labeled mDCs were
similar to those in nonsensitized control animals (data
not shown).

In Mast Cell-Deficient Mice, Migration of mDCs Is

Restored following Transfer of Mast Cells

Previous studies have demonstrated that mast cell-de-
ficient mice can develop allergic airway disease following
transfer of BMMC:s [7, 8]. Taking advantage of this tech-
nique, we examined the effect of mast cell transfer on the
migration of DCs from the lung to the regional lymph
nodes. Similar to previous results [8], transfer of BMMCs
derived from wild-type animals to C57BL/6-Kit"-sh/W-sh
mice restored mast cell numbers in genetically mast cell-
deficient animals (table 1). Following sensitization and
challenge, C57BL/6-Kit"-"W-sh mice reconstituted with
wild-type mast cells showed significantly higher num-
bers of fluorescent mDCs compared with sensitized but
not reconstituted C57BL/6-Kit"*"/W-h animalsand chal-
lenged, only reconstituted C57BL/6-KitW-s"W-sh animals,
but comparable numbers to those in sensitized wild-type
animals (fig. 2).

Transfer of Allergen-Exposed DCs to Sensitized

Mice Prior to Airway Challenge Augments Airway

Inflammation in Mast Cell-Deficient Mice

As a measure of the inflammatory response in the
lungs following sensitization and challenge, we deter-

Reuter et al.



Kitt/+
sens/chall

Kitt/+
chall

KitW-sh/W-sh
chall

KitW-sh/W-sh
sens/chall

2.02

1
1

4.69

2.10

i
N
w
w

v
o
v
e
MHC I
, 72.82 T / 25.11 T 19.91
/ / b b
\/ ) ¥ ¥
{. A
N \ ) T
iy n k B I
|-
L
a Alexa
70 - 16 - *
s *
& 60 141
K%)
8 50+ = 1?7
o
4 % 10
S 40 =
* S 8-
O 304 3
é = 6
{7}
| )
s 2 4
O T T T 0 T T T
4 24 48 4 24 48
b Hours Hours

Fig. 1. Alexa staining of CD11c+ MHC II+ B220- cells in tracheal
lymph nodes. a Staining of mDCs (CD11c+ MHC II+ B220-) in
the tracheal lymph nodes following administration of fluores-
cent-labeled OVA into the lung. Representative examples of chal-
lenged-only wild-type animals (Kit*'* chall), sensitized and chal-
lenged wild-type animals (Kit”* sens/chall), challenged-only
mast cell-deficient mice (Kit"Ws"W-h chall) and sensitized and
challenged mast cell-deficient mice (KitW-sh/W-sh sens/chall). Top
panels show gating of CD11c+ and MHC II+ (and B220-negative)
populations. Percentages of CD11c+ MHC II+ B220- cells. The
bottom panel shows the intensity of Alexa staining among gated
cells (light grey curve). The shaded curves show cells from tra-
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cheal lymph nodes of mice which did not receive OVA-Alexa. Per-
centages of Alexa-positive cells. b Relative and absolute numbers
of Alexa-positive mDCs (CD11c+ MHC II+ B220-) in the trache-
al lymph nodes at different time points following OVA-Alexa ad-
ministration in challenged-only wild-type (Kit"/* chall, closed
circle) or mast cell-deficient (KitW-sh/W-sh chall, closed triangle)
and sensitized and challenged wild-type (Kit"'* sens/chall, open
circle) or mast cell-deficient animals (Kit"Wsh/W-sh sens/chall, open
triangle). Means = SEM. Results are from 2 independent experi-
ments (n = 4 per group for each time point). * p < 0.05 compared
with all other groups.
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Fig. 2. Mast cell reconstitution increases the numbers of DCs in
the tracheal lymph nodes. Numbers of Alexa-positive mDCs in
the regional lymph nodes at 24 h following administration of
fluorescent-labeled OVA to challenged (c) as well as sensitized
and challenged (s/c) wild-type (WT) animals (Kit*"*), mast cell-
deficient (Kit"Wsh/W=h) or mast cell-deficient animals reconsti-
tuted with BMMCs from wild-type donors (Kit"-sh/W-sh yild-
type BMMCs). Means * SEM. * p < 0.05 compared to Kit"* c,
KitV-sh/W-sh ¢ and KitV-sP/W-sh g/c. Results are from 2 independent
experiments (n = 8 per group).

Fig. 3. Transfer of OVA-exposed BMDCs leads to aggravation of
allergic airway inflammation in sensitized animals. Numbers
of eosinophils in BAL fluid 48 h following allergen challenge.
a Number of eosinophils following single intranasal allergen
exposure of sensitized wild-type (Kit"/*) or mast cell-deficient
(Kit"V-s2/W-shy mice. b Number of eosinophils following single in-
tranasal allergen exposure of sensitized wild-type (Kit"/*) or mast
cell-deficient (Kit"-"W-sh) mice previously treated with allergen-
pulsed BMDCs. Mean = SEM. * p < 0.05. Results are from 2 in-
dependent experiments (n = 8 per group).

Table 1. Number of mast cells in lung

C57BL/6-KitW-sh/W-sh
BMMCs, n = 8

CHTBILAG-I -
n=38

C57BL/6-Kit'*
n=38

Mast cells per cm?

235 ND 28*+11

Mast cells were stained in lung tissue as described in Materials and Methods in
wild type animals (C57BL/6-Kit"*), mast cell deficient mice (C57BL/6-Kit"-M/W-sh) and
mast cell deficient mice reconstituted with bone marrow derived mast cells (C57BL/
6-KitW-sh/W-sh BMMCs). Means + SEM are given. ND = Not detectable.

mined the influx of eosinophils into the airways. In pre-
vious studies, the numbers of eosinophils in BAL fluid
were lower in mast cell-deficient animals compared with
wild-type animals [8]. To assess the effect of allergen-ex-
posed DCs in this setting, BMDCs were cultured from
bone marrow of wild-type and mast cell-deficient ani-
mals. BMDCs were incubated in vitro with OVA, which
leads to cell maturation, detectable by increased expres-
sion of MHC II, CD40, CD80, and CD86 on the cell sur-
face. These cells were then administered intranasally to
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sensitized C57BL/6-KitV-*"/W-sh mice or their wild-type
counterparts 1 day prior to airway challenge. In accor-
dance with previous studies, airway inflammation as a
result of intranasal OVA exposure of sensitized animals
was only elicited in wild-type mice but not in mast cell-
deficient C57BL/6-KitV-sh/W-=sh mice (fig. 3a). Sensitiz-
ed and challenged animals which received unpulsed
BMDOC:s prior to the challenge showed eosinophil num-
bers comparable to sensitized and challenged wild-type
animals which received no BMDCs. However, sensitized

Reuter et al.
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Fig. 4. Transfer of OVA-exposed DCs to nonsensitized mice and
consecutive airway challenge lead to allergic airway disease in
wild-type and mast cell-deficient animals. Wild-type animals
(Kit**) and mast cell-deficient mice (KitVsMW-sh) received un-
pulsed BMDCs (PBS-DC) or OVA-pulsed BMDCs (OVA-DC) and
were subsequently challenged as described in Materials and
Methods. Airway reactivity as change in airway resistance (RL)
(@) was assessed in Kit"* PBS-DC (closed circle), Kit**
OVA-DC (open circle), Kit"V-s"W-sh pBS_DC (closed triangle) and
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KitV-sh/W-sh OVA-DC (open triangle) animals as well as the num-
ber of eosinophils in BAL fluid (b). Baseline values were not sta-
tistically different between groups. Tissue inflammation was
evaluated 48 h following the last challenge using HE and PAS
staining for goblet cells (c). Tissue inflammation (d) and number
of goblet cells (e) were scored as described in Materials and Meth-
ods. Means = SEM. * p < 0.01. Results are from 2 independent
experiments (n = 8 per group).
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Fig. 5. Transfer of OVA-exposed DCs derived from wild-type
or mast cell-deficient animals are equally effective in inducing
allergic airway disease in wild-type animals. Wild-type ani-
mals received unpulsed BMDCs (PBS) or OVA-pulsed BMDCs
(OVA) from either wild-type (Kit""*-DC) or mast cell-deficient
(KitV-s"W-h_DC) donors and were subsequently challenged as de-

and challenged wild-type mice which received OVA-
pulsed BMDCs showed a strong increase in eosinophil
numbers in BAL fluid (fig. 3b), especially when compared
to sensitized and challenged mice which did not receive
BMDCs (fig. 3a). Most important, mast cell-deficient
mice also showed a strong increase in the numbers of
BAL eosinophils following administration of OVA-pulsed
DCs prior to challenge, comparable with wild-type ani-
mals under these conditions (fig. 3b).

Sensitization with Allergen-Pulsed DCs Induces

Allergic Airway Disease Independently of Mast Cells

The results described above imply that the function of
mast cells for the generation of an inflammatory response
in allergen-experienced animals can be bypassed by
transfer of mature BMDCsloaded with the allergen. Con-
sequently, we next investigated the effect of allergen-lad-
en BMDCs following their transfer in nonsensitized re-
cipients. To this end, BMDCs were incubated with OVA
in vitro and then applied intranasally in mast cell-defi-
cient mice and their congenic mast cell-competent lit-
termates on day 0. Then, mice were challenged on days
10-12 via allergen inhalation. As expected, wild-type
animals showed AHR (fig. 4a), increased numbers of eo-
sinophils in the BAL fluid (fig. 4b) and also increased tis-
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scribed in Materials and Methods. Numbers of eosinophils in
BAL fluid (a), tissue inflammation score using HE staining (b)
and goblet cell numbers using PAS staining (c) were evaluated
48 h following the last challenge. Means £ SEM. * p <0.05 com-
pared to Kit** PBS and KitV-sh/W-sh pPBS, Results are from 2 inde-
pendent experiments (n = 6 per group).

sue inflammation and goblet cell metaplasia (fig. 4c—e) as
compared with animals receiving unpulsed BMDCs.
However, the administration of allergen-pulsed BMDCs
prior to allergen challenge led to the development of full-
blown airway inflammation and AHR in mast cell-defi-
cient mice (fig. 4). To exclude impaired DC functions in
mast cell-deficient mice, these experiments were also
done using BMDCs derived from C57BL/6-Kit"-sh/W-sh
animals, with comparable results (fig. 5).

Discussion

Previous studies have shown that the development of
airway inflammation and AHR following sensitization
without an additional adjuvant is dependent on mast cells
[3, 7, 8, 21] and has been linked to mediators produced by
mast cells like TNF [7, 8]. However, the underlying mech-
anisms mediated by mast cells are incompletely under-
stood, and different effects like local activation of Th2
cells [7] or migration of effector T cells into the lung [22]
have been implicated. We demonstrated in the present
study that following administration of an allergen, migra-
tion of DCs from the lung to the mediastinal lymph nodes
is increased in sensitized wild-type animals. In contrast

Reuter et al.



to these findings, the numbers of allergen-laden DCs in
sensitized mast cell-deficient mice are much lower. Simi-
lar to the findings in the present study, Nakae et al. [7]
found decreased numbers of fluorescent DCs at 24 h fol-
lowing administration of fluorescent-labeled antigen to
sensitized mast cell-deficient animals. Following mast
cell reconstitution, the number of fluorescent DCs in the
regional lymph nodes was comparable to that in wild-type
animals in their study, suggesting that mast cells in the
sensitized hosts directly contribute to the migration of al-
lergen-exposed DCs from the lung to the thoracic lym-
phoid tissue. Previous studies have demonstrated that fol-
lowing allergen exposure of sensitized mice, increased al-
lergen uptake and processing by DCs in the conducting
airways is allergen-specific and can be transferred by pas-
sive immunization, suggesting the involvement of immu-
noglobulins [23]. This further supports a potential role of
mast cells as these cells express Fcy receptors as well as
the high-affinity IgE receptor (FceRI). Indeed, previous
studies using an inhalation exposure model have demon-
strated that mast cells and expression of FceRI are critical
for the development of increased airway reactivity [24].
It has been argued that migration of airway DCs to the
draining lymph nodes is necessary to provide a function-
al T cell signal and response [25]. Indeed, studies of re-
peated airway challenges have elegantly demonstrated
that DCs are crucial for the induction of recall responses
in sensitized hosts [11]. Based on the present findings, it
can be suggested that mast cells contribute to adequate
activation of DCs, resulting in increased antigen uptake
and migration to the regional lymph nodes. Indeed, sen-
sitized animals deficient in mast cells (WBB6F,-Kit"V/W"
and C57BL/6-KitV-*h/W-sh) not only showed impaired mi-
gration of DCs to the regional lymph nodes, but also the
development of airway inflammation was reduced in
these animals, similar to previous reports in different al-
lergen exposure models [3, 7, 8, 21, 24]. However, in the
present study, we assessed the migration of DCs and no
other markers of DC activation or priming. Yet, there is
no obvious difference between wild-type and mast cell-
deficient mice at least with regard to the levels of MHC II
expression on DCs (fig. 1a). Future work will focus on
whether mast cells also influence other parameters of DC
priming, especially antigen degradation and processing.
Mast cell-derived mediators activating BMDCs may en-
compass TNF and IL-1B, which have been shown before
to mediate DC maturation [16] and migration [26], and
especially TNF produced by mast cells has been linked to
the development of allergic airway disease [7, 8]. These
tindings with the present, probably less potent, sensitiza-

Mast Cells Induce Migration of Dendritic
Cells

tion protocols without adjuvant again demonstrate that
mast cells are essential for the development of allergic
airway disease. Interestingly, the transfer of allergen-ex-
posed BMDC:s prior to the pulmonary challenge leads to
massive airway inflammation. Indeed, following the ad-
ministration of allergen-exposed BMDCs, both sensi-
tized wild-type and mast cell-deficient animals showed a
massive influx of eosinophils into the airways. These re-
sults demonstrate that once allergen-exposed DCs are ac-
tivated, mast cells are no longer necessary to induce al-
lergic airway disease. This finding confirms the notion
that the significance of mast cells in the development of
allergic airway disease depends on the model used.

This observation is further strengthened by the results
obtained in a model of sensitization via the airways using
allergen-pulsed BMDCs [27]. Administration of allergen-
pulsed BMDC:s into the lungs of mice and subsequent al-
lergen challenge led to airway inflammation and devel-
opment of AHR. This was also the case when allergen-
pulsed BMDCs were administered to mast cell-deficient
recipients, again showing that if DCs are already activat-
ed, mast cells are no longer needed to induce allergic air-
way disease.

Recently, it has been reported that DCs cultured from
Kit"'W¥ animals are less capable of inducing allergic air-
way disease in the lung [28]. In the present study, BMDCs
derived from Kit" MW= mice and BMDCs derived from
wild-type animals were similarly effective in inducing
allergic airway disease following intratracheal adminis-
tration and allergen challenge. These findings are consis-
tent with data showing that antigen-laden BMDCs from
KitV-sh/W-sh and wild-type littermates were equally effec-
tive in mounting a full-blown cytotoxic T lymphocytes
response in C57BL/6 mice [13]. These somewhat diverse
findings might be due to differences in the mouse strains
used, as dramatically different responses to immune
complex-mediated arthritis were observed in Kit"-sh/W-sh
and Kit""V animals [29]. In summary, the present study
shows that following allergen challenge, migration of
DCs from the lung to the regional lymph nodes in sensi-
tized hosts is dependent on mast cells. This is a crucial
step in the development of allergic airway inflammation.
However, once DCs are activated, mast cells are no longer
necessary for the initiation of allergic airway disease.
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