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Abstract but not the IL-33 receptor, on bone marrow DCs. Finally, inhaled
allergen increased the percentage of cDCls and cDC2s in BAL but
Rationale: Dendritic cells (DCs) are antigen-presenting cells only ¢cDC2s in bronchial tissues.

essential for the initiation of T-cell responses. Allergen inhalation
increases the number of airway DCs and the release of epithelial-
derived cytokines, such as IL-33 and thymic stromal lymphopoietin

Conclusions: Inhaled allergen increases DCs in bone marrow and
trafficking of DCs into the airway, which is associated with the

(TSLP), that activate DCs, development airway inﬂammat.ion in subjects w‘ith allergic asthma.
Inhaled allergen challenge also increases expression of TSLP, but not
Objectives: To examine the effects of inhaled allergen on bone IL-33, receptors on bone marrow DCs.

marrow production of DCs and their trafficking into the airways
in subjects with allergic asthma, and to examine IL-33 and TSPL
receptor expression on DCs.
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Methods: Bone marrow, peripheral blood, bronchoalveolar
lavage (BAL), and bronchial biopsies were obtained before and

after inhalation of diluent and allergen from subjects with asthma L .
that develop allergen-induced dual responses. Classical DCs SC'ent'f'c Knowledge on,the SUbl?Ct: Inhaled. a}llergen.
(cDCs) were cultured from bone marrow CD34 ™" cells. cDCls, increases the bone Marrow’s proc}uc'uon of fiendrltlc cells in
cDC2s, and plasmacytoid DCs were measured in bone marrow subjects with allergic asthma, which are available for
aspirates, peripheral blood, and BAL by flow cytometry, and cDCs tr'afﬁckmg into the airways to enhance allergen-induced
were quantified in bronchial biopsies by immunofluorescence alrway responses.

staining.

At a Glance Summary

What This Study Adds to the Field: The enhanced bone
Measurements and Main Results: Inhaled allergen increased the | marrow production and trafficking may require up-regulation
number of cDCs grown from bone marrow progenitors, and cDCs of the thymic stromal lymphopoietin, but not the IL-33,

and plasmacytoid DCs in bone marrow aspirates 24 hours after receptor on dendritic cells.

allergen. Allergen also increased the expression of the TSLP receptor,
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Asthma is characterized by variable airflow
obstruction, airway inflammation,

mucus production, and airway
hyperresponsiveness. Inhaled
environmental allergens cause all of these
features of asthma through the activation
of immune cells (1). Dendritic cells (DCs)
are the most potent antigen-presenting
cells in the airways and are essential

for initiating adaptive immune

responses (2, 3). Human CD34" bone
marrow progenitors cultured in the
presence of granulocyte-macrophage
colony-stimulating factor develop along a
myeloid pathway, and the addition of
exogenous tumor necrosis factor leads to
the differentiation of DCs among the
myeloid progeny (4, 5). DCs traffic
through the bloodstream to lymphoid
tissues and the epithelia of body surfaces,
including the airways. In the airways, DCs
undergo maturation and acquire the
ability to take up antigens. After antigen
uptake, DCs migrate to draining lymph
nodes, where they present airway-derived
antigens to naive T cells.

There are two major human DC
subsets: classical DCs (cDCs) (6),
generally considered immunogenic (7),
and plasmacytoid DCs (pDCs), which
exhibit suppressive functions on allergen-
driven cell-mediated responses (8). The
number of airway DCs is increased in
subjects with asthma compared with
normal control subjects in bronchial
biopsies, and is lower in patients
treated with inhaled corticosteroids (9).
Several human studies have addressed
DC kinetics associated with allergen-

Table 1. Subject Characteristics

induced responses. Circulating cDCs are
reduced within 3 hours after allergen
inhalation (10, 11), suggesting their
recruitment into the airway mucosa.
Also, the number of sputum ¢DCs and
pDCs increase significantly 24 hours
after allergen inhalation (12), as do the
number of what were previously called
myeloid DCs type 2 in sputum (13), but
which are now classified as cDCls (6).
Also, the number of both cDCs and
pDCs increases in bronchoalveolar lavage
(BAL) after segmental allergen challenge
(14).

The mechanism of trafficking of DCs
into the airways is not fully understood.
Studies in an animal model of asthma
demonstrated that accumulation of airway
DCs was not caused by reduced migration
to the mediastinal lymph nodes. Rather,
the increases in airway and lymph node
DCs were associated with an almost
threefold expansion of myeloid
hematopoietic progenitors in the bone
marrow (15, 16). This suggests that the
bone marrow increases its output of
myeloid precursors to meet the enhanced
demand for DCs. However, it is not
known whether the same mechanism
exists in humans.

The airway epithelium plays a central
role in the Th2-cell sensitization process,
partly because of its ability to recruit DCs
(17). On allergen recognition, epithelial
cells release cytokines, such as IL-25, IL-33,
and thymic stromal lymphopoietin (TSLP),
which activate the DC network and other
innate immune cells, such as basophils and
type 2 innate lymphoid cells (18).

The purpose of the current study was
to test the hypothesis that allergen
inhalation causes the expansion of DCs
and their precursors in the bone
marrow, and to evaluate the trafficking of
DCs into the airways after allergen
inhalation in subjects with mild, allergic
asthma. A secondary objective was to
further understand the potential role of
the epithelial-derived cytokines, IL-33
and TSLP, in this allergen-induced
process, by examining the expression of
their receptor subunits ST2R, TSLPR,
and IL-7Ra on DCs in the bone
marrow, peripheral circulation, and the
airways.

Methods

Subjects

Ten subjects with mild allergic asthma
were enrolled. They were asymptomatic
and not on any regular asthma treatment
and using short-acting inhaled B,-
agonists as reliever medication less than
daily (Table 1). All subjects were studied
when not naturally exposed to a seasonal
allergen to which they were sensitized.
The details of the subjects’ characteristics
are contained in the online supplement.
Approval was granted from the Hamilton
Integrated Research Ethics Board, and all
subjects provided signed informed
consent.

Study Design
The study was a randomized, diluent-
controlled, crossover study. At screening,

FEV, PCyo
Subject Sex (M:F=7:3) Age (yr) (% Predicted) (Baseline)
1 M 53 97.6 5.43
2 M 50 98.4 0.29
3 M 66 95.4 3.37
4 M 27 112.4 9.56
5 M 23 88.8 0.32
6 M 21 94.3 4.7
7 F 21 80.7 1.55
8 F 23 80.6 3.96
9 M 35 85.1 7.73
10 F 21 96.1 5.65
Mean = SEM 34+52 92.9 +3.0 4.2 + 0.96*

Fall in FEV, (%)

Allergen EAR LAR
HDMDP 36.2 19.5
Cat 33.8 22.53
Cat 48.53 38.8
HDMDP 49.4 17.7
Cat 22 22.3
Tree 35.3 50.71
Ragweed 50 31
HDMDP 28.7 19.5
Grass 27.5 12.6
Horse 41.3 26.5
37.3 3.1 26.1 = 3.6

Definition of abbreviations: EAR = early asthmatic reponses; HDMDP = house dust mite Dermatophagoides pteronyssinus; LAR = late asthmatic
responses; PCoq = provocative concentration of methacholine causing a 20% drop in FEV4.

*Geometric mean.
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Figure 1. Allergen inhalation induces airway responses in patients with mild allergic asthma. (A)
Percentage change in FEV; induced by allergen inhalation versus diluent. (B) Bronchoalveolar
lavage (BAL) eosinophil count after allergen and diluent. Data are presented as mean = SEM.
*P < 0.05.

subjects provided consent, completed (3 and 6 h after the inhalation challenge)
a skin prick test, and a medical history were performed. On Day 3, at 24 hours
was obtained. On Day 1, baseline after the inhalation challenge,
measurements of provocative spirometry, bone marrow aspiration,
concentration of methacholine (PC,y), blood collection, and bronchoscopy
peripheral blood, and a bone marrow (to obtain BAL fluid and endobronchial
aspirate were conducted. On Day 2, biopsies) were performed. This triad
subjects were randomized to inhale was repeated after a 4-week recovery

diluent or allergen and blood collections  period.
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Airway Challenges

Methacholine inhalation challenges
were performed using Wright nebulizer
and the tidal breathing method, as
previously described (19). PC,,

was calculated as the provocative
concentration of methacholine inducing
a 20% decrease in FEV;. Allergen
inhalation challenge was performed as
previously described (1).

Bone Marrow Aspirate, CD34*
Cell Isolation, and Culture

Bone marrow aspirates were obtained
from the posterior iliac crest using a
bone marrow aspiration needle. Ten
milliliters of bone marrow were
aspirated in to a syringe containing
1 ml of sterile heparin (1000 U/ml).
The details of the cell isolation and
culture are provided in the online
supplement.

Fiberoptic Bronchoscopy

Fiberoptic bronchoscopy was

performed as previously described (20).
BAL was collected from the right middle
lobe and at least six endobronchial biopsy
samples were obtained using a sterile cup
and spike forceps from the second
generation of the right lower lobe
bronchus.

Histology and Tissue Processing
Airway biopsies were fixed in 10% neutral-
buffered formalin. After overnight fixation,
the blocks were processed and embedded
in paraffin. Sections 10-pm thick from

the paraffin blocks were stained with
hematoxylin and eosin to assess the quality
of the biopsies and the integrity of the
epithelium.

BAL and Cell Isolation

The details of the handling of BAL
samples are contained in the online
supplement.

Immunofluorescence Staining and
Flow Cytometric Gating Strategy
Details of immunofluorescence staining and
flow gating strategy are contained in the
online supplement.

Multicolor Immunofluorescence
Staining of Mucosal Biopsies
Formalin-fixed bronchial biopsies were used
to determine the density of two subsets of
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Figure 2. Effect of allergen inhalation on dendritic cell (DC) progenitors (CD34™) and clusters. (4)
CD34™" cells in bone marrow before inhalation and 24 hours after inhalation of allergen or diluent.
There was no significant change in CD34* cells after allergen inhalation. (8) DC clusters measured
after 14-day culture from bone marrow before inhalation and 24 hours after inhalation of allergen
or diluent. Allergen inhalation significantly increased the numbers of clusters. Data are presented
as mean = SEM. *P < 0.05. (C) Photomicrographs of bone marrow—derived clusters after 14-day
culture from bone marrow samples taken before allergen and after allergen or diluent challenge.
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Magnification, X4. (D) Morphology of DCs. () Photomicrograph of cells dispersed from bone

marrow—derived clusters after 14-day culture. The cells have the morphology of developmentally
mature DCs showing the elongated spiny cytoplasmic processes and extending veils. Magnification,

X40. (i) The cells stained with Diff-Quick stain.

DCs (¢DC1 and ¢DC2) using specific
markers for both in bronchial tissue. Details
of the staining of mucosal biopsies are
contained in the online supplement.

Microscopic Image Analysis

Images were captured using Nikon

90i eclipse inverted microscope and
Nikon elements software (Nikon Inc.,
Mississauga, Canada) was used to analyze
images. The details of the quantification
of DCs are contained in the online
supplement.
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Statistical Analysis
All data are presented as mean * SEM.
The allergen-induced changes from
baseline were analyzed by using paired
Student’s t tests with GraphPad Prism 5
software (GraphPad Software, La Jolla,

CA). Methacholine PC,, values were

log-transformed before analyses, and

expressed as the geometric mean and

range. Analysis for inhalation challenges,
bone marrow, and peripheral blood was
performed using a two-way repeated
measures analysis of variance and post

hoc Bonferroni test. For BAL and bone
marrow culture results, where two

data points available, paired Student’s ¢
tests were used. Significance was
accepted at P less than 0.05. Mean case
substitution was used to replace missing
data points.

Results

All subjects demonstrated allergen-induced
dual responses, with a mean maximum
baseline fall in FEV, from baseline of
30.9 * 18.9% during the early response
(P <0.05), and 18.6 £ 15.2% fall during
the late response (P < 0.05). No
significant change in FEV, from baseline
occurred during the diluent challenge
(Figure 1A). In BAL, there was a
significant allergen-induced increase in
eosinophil counts 24 hours after allergen
compared with 24 hours after diluent
(Figure 1B). There were no significant
differences in BAL total cell numbers, or
neutrophil and macrophage cell counts
24 hours after the challenges.

The number of bone marrow CD34™
cells did not significantly increase after
either diluent or allergen challenge
(Figure 2A). Also, the percentage of
CD34" cells expressing IL4Ra did not
change after diluent or allergen (data not
shown). Culture of bone marrow CD34™"
cells with granulocyte-macrophage
colony-stimulating factor, stem cell
factor, tumor necrosis factor-o, and IL-4
for 14 days produced large cells with
polygonal, fusiform, or dendritic shape
(Figure 2D). DCs formed cell clusters of
more than 50 cells by Day 7. The number
and size of the clusters increased with
time. There was no increase in cluster
numbers before and after diluent
challenge after 14 days, being 123.4 * 24.8
and 121.2 = 23 clusters/ml, respectively
(Figures 2B and 2C). By contrast, there
was a significant increase in cluster
numbers after allergen challenge after
14 days, being 113.7 * 12.8 clusters/ml
before challenge and 196.7 = 28.5
clusters/ml after challenge (Figures 2B
and 2C) (P < 0.05).

Bone marrow-derived DCs generated
from CD34" progenitor cells, after
14 days culture, were also analyzed by
flow cytometry. When compared with
diluent, the number of CD11c™ cells
were significantly increased after
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Figure 3. Allergen inhalation induced changes in
bone marrow cultures. (A) Bone marrow—derived
CD11c¢™ dendritic cells (classical dendritic cells)
after 14-day culture analyzed by flow cytometry.
The number of cells was significantly increased
after allergen when compared with diluent
inhalation. (B) Bone marrow—derived CD11¢™
and CD83* dendritic cells after 14-day culture.
Allergen challenge significantly increased the
coexpression of CD11¢™* and CD83™ suggesting
more developmentally mature classical dendritic
cells. Data are presented as mean = SEM. *P <
0.05 compared with baseline and 24 hours after
diluent; 2*P < 0.05 compared with diluent
challenge.

allergen to 36.4 * 6.6 X 10> cells/ml after
allergen compared with 18.0 = 3.7 X

10° cells/ml after diluent (P < 0.05)
(Figure 3A). Allergen challenge also
significantly increased the coexpression of
CD11c" and CD83" (Figure 3B)
suggesting more developmentally mature
cDCs.

DCs were also measured in bone
marrow aspirates and peripheral blood
before and after diluent and allergen
challenge. There was a significant increase
in the absolute number of both cDCs and
pDCs in bone marrow aspirates 24 hours
after allergen compared with both
prechallenge and 24-hour postdiluent
values (P < 0.05) (Figure 4A). In addition,
there was a significant increase in the
numbers of ¢cDCs expressing CD83 and
CCRS5 after allergen compared with

preallergen and postdiluent values

(P < 0.05), whereas there were more pDCs
expressing CD83 after allergen, and
CCR5 compared with preallergen and
postdiluent values (P < 0.05) (Figure 4B).
Also, there were allergen-induced
increases in bone marrow-derived cDCs
and pDCs expressing both components
of the TSLP receptor (TSLPR and IL7Ra)
(P < 0.05) (Figure 4C); although this

was not significantly different when
compared with diluent challenge for
CD11c¢"/TSLPR" DCs. There were no
significant changes in specific median
fluorescence intensity for peripheral blood,
bone marrow, and BAL-derived ¢cDCs
and pDCs expressing the TSLPR (see
Figure E5 in the online supplement).
Lastly, there were no significant changes
in the expression of IL-33 receptor
(CD11c¢"/ST2" or CD1237/ST2" cells)
after diluent or allergen.

In peripheral blood, in contrast to bone
marrow aspirates, allergen challenge did not
affect the number of circulating cDCs and
pDCs because no differences were observed
between allergen and diluent at any time
point (see Figure E2). This was also true for
the expression of surface markers CCR5,
CD83, IL-33R, TSLPR, and IL7Ra on
circulating cDCs and pDCs (data not
shown).

In BAL, the absolute numbers cDC2s
increased from 185.4 = 37.4 cells/ml after
diluent to 743.1 = 348.8 cell/ml after
allergen (P < 0.05) (Figure 5A). There
were no significant increases in the
absolute numbers of cDCl1s or pDCs after
allergen (Figure 5A); however, allergen
inhalation significantly increased the
percentage of cDCls and ¢cDC2s when
compared with diluent inhalation. The
cDC2s increased from 14.9 + 4.2% after
diluent to 28.5  5.7% after allergen (P <
0.05), whereas cDCls increased from
47.9 = 6.2% after diluent to 56.9 * 4.5%
after allergen (P < 0.05). The percentage
of cDCls in BAL was significantly higher
than cDC2s (P < 0.05). In addition,
allergen significantly increased both the
absolute numbers and percentage of BAL
cDCs, but not pDCs expressing the CD83
surface marker (Figure 5B). Finally, the
expression of the TSLP receptor subunits
was not significantly increased on ¢DCs,
whereas IL7Ra expression was increased
on pDCs (Figure 5C).

In bronchial biopsies, HLA-DR™
cells were found in both the epithelium

El-Gammal, Oliveria, Howie, et al.: Dendritic Cells in Allergic Asthma

and lamina propria in all specimens
examined. A proportion of the HLA-DR™
cells costained positive with monoclonal
antibodies specific for cDCl1s and ¢cDC2s
(Figures 6A and 6B). Allergen inhalation
increased the numbers of cDC2s in both
the epithlium and lamina propria, when
compared with diluent challenge from
14.0 £ 2.9 to 24.0 * 3.1 cells/mm”

(P < 0.05) (Figure 6C). No allergen-induced
increase in ¢cDCls was demonstrated
(Figure 6D). The number of cDC2s was
significantly higher in the bronchial
mucosa after allergen challenge
compared with the number of ¢DCls

(P <0.05).

Discussion

This study has demonstrated that inhaled
allergen increased the numbers of DCs
cultured from bone marrow progenitors,
and developmentally mature and
immature cDCs and pDCs in bone marrow
aspirates, 24 hours after challenge in
patients with mild asthma. Inhaled
allergen also increased the expression of
the TSLP receptor, but not the IL-33
receptor (ST2), on bone marrow cDCs
and pDCs. Finally, inhaled allergen
increased the percentage of ¢cDCls and
cDC2s in BAL, but only cDC2s in
bronchial tissues.

The allergen-induced increase in DCs
cultured from bone-marrow progenitors is,
to our knowledge, the first description
of an effect of inflammatory stimulus on
these progenitors in human subjects.
These findings are in agreement with
observations previously made in mouse
models of allergen responses (15, 16). The
mechanisms of this could include an
increase in the total number of bone
marrow CD34" cells, which was not
demonstrated in this study. Another
possibility is an increased number of
CD34" cells primed for the growth factors
needed for dendropoiesis. This was
evaluated by examining the effect of
allergen challenge on the number of bone
marrow CD34" cells expressing IL-4Ra,
given the importance of IL-4 for the
development and survival of DCs in bone
marrow culture (21). However, no change
in IL-4Ra expression on CD34" cells
before and after allergen challenge
was demonstrated. Another mediator
important in the recruitment and
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Figure 4. Allergen inhalation induced changes in bone marrow aspirates. Enumeration, phenotypic characterization, and thymic stromal lymphopoietin
receptor (TSLPR) expression of CD11¢™ (classical dendritic cell [cDCs]) and DC123* (plasmacytoid DCs [pDCs)) cells 24 hours after allergen compared
with both prechallenge and 24-hour postdiluent values. (A) Allergen inhalation significantly increases in the absolute number of both cDCs and pDCs.
(B) CD11c* CD83* and CD11c* CCR5™ (cDCs), and CD123" CD83" and CD123" CCR5™ (pDCs) cells in bone marrow aspirates 24 hours after

allergen compared with both prechallenge and 24-hour postdiluent values. The numbers of both cDCs and pDCs expressing these maturity markers
was significantly increased after allergen compared with before allergen. Data are presented as mean = SEM. *P < 0.05 compared with before allergen;
A*p < 0.05 compared with diluent challenge. (C) The expression of the TSLP receptor subunits TSLPR and IL-7Ra on CD11¢™ and CD123™ cells in
bone marrow aspirates 24 hours after allergen compared with postdiluent values. Both components of the TSLP receptor were significantly increased

on cDCs and pDCs after allergen compared with before allergen. *P < 0.05 compared with before allergen; 2*P < 0.05 compared with diluent

challenge.

activation of DCs into the airways is
TSLP. In contrast to IL-4Ra, the numbers
of ¢cDCs and pDCs expressing both
components of the TSLP receptor (TSPLR
and IL7Ra) was increased in bone marrow
aspirates 24 hours after allergen compared
with diluent challenge. The importance of
TSLP in the maturation and egress of DCs
from the bone marrow has not been
studied in subjects with asthma; however,
previous work from our laboratory has
shown that trafficking of eosinophil-
lineage committed progenitors may be
orchestrated by TSLP (22), and blocking
TSLP with a monoclonal antibody
effectively attenuates allergen-induced
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airway eosinophilia and constrictor
responses (23).

The trafficking of DCs into the site of
airway inflammation was also evaluated
after allergen and diluent challenge. In
the peripheral blood, no change in the
numbers of cDCs or pDCs was observed at
any time point after allergen challenge
when compared with diluent challenge.
This is consistent with a previous study
done in our laboratory showing that there
was no change in circulating cDCs after
allergen challenge (12); however, in other
studies we have reported an efflux of
circulating cDCs from the blood 6 and
24 hours after allergen compared with

diluent during the asthmatic response
(10, 11). There is no obvious explanation
for this discrepancy, because the subjects
studied and the methodology airway
challenges were similar between these
studies.

All subjects enrolled into the study had
mild, allergic asthma and were not taking
any regular asthma treatment. This is
necessary to reproducibly study the effects
of inhaled environmental allergens on
immunologic responses in asthmatic
airways. This means, however, that the
results obtained in the study cannot be
extrapolated to other asthmatic phenotypes,
such as nonallergic asthma.
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Figure 5. Allergen inhalation induced changes in bronchoalveolar lavage (BAL) dendritic cells (DCs). Enumeration, phenotypic characterization, and

thymic stromal lymphopoietin receptor (TSLPR) expression of CD11c* (classical DCs [cDC]) and DC123™ (plasmacytoid DCs [pDC]) cells 24 hours after
allergen or diluent challenge. (A) There was a significant increase in cDC2s numbers but not cDC1s or pDCs after allergen compared with after diluent.
*P < 0.05. (B) There was a significant increase in CD11c* CD83™ but not CD123" CD83™ after allergen compared with after diluent. *P < 0.05. (C) The
expression of the TSLP receptor subunits TSLPR and IL-7Ra on CD11¢™ and CD123™ cells showing significant increase in IL-7Ra on pDCs after allergen

compared with after diluent. *P < 0.05.

Both ¢DCls and c¢DC2s increased
significantly in BAL 24 hours after
allergen challenge, when expressed
as a percentage of BAL cells, whereas
only the absolute number of cDC2s
significantly increased. We have
previously shown a significant allergen-
induced increase in both subtypes
in induced sputum (12). BAL DCs
after inhaled allergen had a more
developmentally mature phenotype
compared with BAL DCs after diluent
challenge. By contrast, Bratke and
colleagues (14) showed that after
segmental allergen challenge, BAL DCs
have a less developmentally mature
phenotype compared with BAL DCs

from control segments. cDC2s, but

not cDCls, were also significantly
increased after inhaled allergen in
bronchial tissues. Jahnsen and coworkers
(17) have previously shown that DCs
increase in bronchial tissues after allergen
inhalation, but did not segregate the DC
subtypes.

The number of cDCls was higher in
BAL when compared with ¢cDC2s, but the
converse was true in the bronchial tissues.
A role for ¢cDCls in allergic disease
was initially shown by Yerkovich and
colleagues (24). cDCls are more prevalent
in the peripheral blood of subjects with
allergy and asthma compared with healthy
control subjects (25, 26). In the lungs,
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cDCls have been identified in the airway
tissue (27), in BAL (28), and in sputum
(13), with higher numbers in subjects with
atopic asthma compared with healthy
control subjects (13, 29). Although cDC2s
and c¢DCls share many characteristics,
cDCls have a unique ability to present
necrotic viral cell antigens to CD8 T cells
(30).

Allergen challenge also increased the
numbers of pDCs in bone marrow
aspirates, and these also had increased
expression of TSLPR and IL-7Ra. There
was a nonsignificant trend for an
increase in BAL, and pDCs were not
examined for in bronchial tissues. In
animal models of allergic asthma, the
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In light of the increasing evidence for a
role of epithelium-derived cytokines in
orchestrating type 2 immune responses
(18), the current study explored the role of
TSLP and IL-33 in orchestrating the
trafficking of DC populations to the
airways, by measuring the expression of
their receptors on DCs. The results from
the present study suggest that TSLP, but
not IL-33, may be important in the
recruitment of both DC subtypes from
the bone marrow. This is consistent
with evidence that TSLP may play an
important role in DC migration into
the skin after cutaneous allergen
challenge (32).

Accumulation of airway DCs is most
likely a combination of migration,
prolonged survival, and an increased
production of these cells in the bone
marrow. This study has demonstrated
increases in human DCs in the bone
marrow and in bone marrow culture
associated with the development of airway

24hr 24hr 24h
Post Diluent Post Allergen

Figure 6. Allergen inhalation induced changes in airway biopsy dendritic cells. Immunofluorescence
staining of bronchial mucosa and submucosa in postdiluent (A) and postallergen (B) bronchial
biopsies. cDC2s express HLA-DR (red) and CD1c (green) but are negative for CD-14 (blue). Arrows
indicate cDC1s in bronchial epithelium and submucosa. Scale bar =25 pm. Magnification, x40,

oil immersion. Postallergen bronchial biopsies show higher cDC1 count per square millimeter
compared with postdiluent biopsies. (C) Significantly (asterisk) higher numbers of cDC2s per square
millimeter in postallergen samples compared with after diluent. (D) No significant increases in cDC1s.

cDC = classical dendritic cell.

induction and maintenance of airway
inflammation is primarily a function of
c¢DCs (7). In contrast, tolerization to

inhaled allergens is likely a function of animal to humans.

24h
Post Diluent Post Allergen

pDCs (8, 31). It remains uncertain
whether the concept of proallergic cDCs
and antiallergic pDCs translates from

inflammation after allergen inhalation
in sensitized subjects with asthma.
Furthermore, allergen challenge is
associated with up-regulation of TSLP
receptors on DCs, the mechanism of which
is still unidentified. Further studies to
uncover the specific mechanisms
underlying this trafficking of DCs
should help the understanding of the
mechanisms of allergic asthma and
potentially uncover new targets for
therapeutic intervention.

Author disclosures are available with the text
of this article at www.atsjournals.org.
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