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Abstract

Background: Extracellular ATP contributes to the pathogenesis of asthma via
signalling at purinergic receptors. However, the precise purinergic receptors subtypes
mediating the pro-asthmatic effects of ATP have not been identified, yet.

Methods: In vivo studies were performed using the OVA-alum model. Functional
expression of the P2Y, purinergic receptor subtype on human monocyte-derived
dendritic cells and eosinophils was investigated using real-time PCR, migration
assays, and production of reactive oxygen species.

Results: Compared to wild-type animals P2Y,—/— mice showed reduced allergic
airway inflammation which can be explained by defective migration of blood
myeloid DCs towards ATP in vitro and in vivo, whereas the influence of ATP on
maturation and cytokine production was not changed. Additionally, ATP failed to
induce migration of bone marrow—derived eosinophils from P2Y,R-deficient
animals. The relevance of our findings for humans was confirmed in functional stud-
ies with human monocyte-derived DCs and eosinophils. Interestingly, stimulation of
human DCs derived from allergic individuals with house dust mite allergen induced
functional up-regulation of the P2Y,R subtype. Furthermore, eosinophils isolated
from asthmatic individuals expressed higher levels of P2Y,R compared to healthy
controls. This was of functional relevance as these eosinophils were more sensitive
to ATP-induced migration and production of reactive oxygen metabolites.
Conclusions: In summary, P2Y,R appears to be involved in asthmatic airway
inflammation by mediating ATP-triggered migration of mDCs and eosinophils, as
well as reactive oxygen species production. Together our data suggest that targeting
P2Y,R might be a therapeutic option for the treatment of asthma.

Allergic asthma is one of the most common chronic diseases
in Western societies. Its pathogenesis includes mucus hyper-
secretion, structural remodelling of the airway walls, variable
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ATP, adenosine-5"-Triphosphate; BHR, bronchial hyper-reactivity;
BMDCs, bone marrow—derived dendritic cells; Der p1, house dust
mite major allergen 1; GM-CSF, granulocyte-macrophage colony-
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airway obstruction, bronchial hyper-responsiveness (BHR)
to nonspecific stimuli, and infiltration of the airway wall with
T-helper type 2 (Th2) cells, eosinophils, and mast cells which
have all been shown to contribute to asthmatic inflammation.
In addition to the above-mentioned cells, myeloid dendritic
cells (mDCs) which are able to take up antigens and initiate
Th2-dominated immune responses are also essential in
asthma pathogenesis (1, 2).

Over the last years, extracellular nucleotides such as
adenosine-5-triphosphate (ATP) have gained attention as
mediators of inflammation via the activation of purinergic
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receptors which can be subdivided into metabotropic P2Y
receptors (P2Y, P2Y,, P2Yy, P2Y¢, P2Y,;, P2Y,, P2Y 3, and
P2Y4) and P2X receptors (P2X;-P2X5) which are ligand gated
ion channels (3-5). P2Y,R and P2Y R are activated by ATP,
P2Y R, P2Y;R, and P2Y 3R by ADP (6-9). UTP (which is
equipotent with ATP at the P2Y,R) is the most potent agonist
for the P2Y4R, whereas UDP preferentially binds to P2Y4R
subtypes (10-12). In contrast to P2Y receptors, the only natu-
rally occurring ligand for P2X receptors is ATP (5).

It has recently been shown that ATP, released into the
airways during asthmatic airway inflammation, can modulate
the function of myeloid dendritic cells (mDCs) thereby
triggering and maintaining asthmatic airway inflammation
(13). However, the precise P2R subtypes involved have not
yet been identified. The aim of this study was to investigate
the involvement of the P2Y,R subtype in allergic airway
inflammation. Thereby, we were able to demonstrate that
P2Y, receptors contribute the classical features of asthma via
the recruitment of mDCs and eosinophils into the lungs.

Material and methods
Mice

C57/Bl6 WT animals and P2Y2 receptor—deficient mice
(P2Y,R—/=) on C57/Bl6 background which were generated
as previously described (14) were bred at the University of
Freiburg. OVA-TCR transgenic mice (OTII) were purchased
from Charles River. For all experiments permission was
obtained from the animal ethics committee from the City of
Freiburg.

OVA-alum model of allergic airway inflammation

Mice were sensitized to OVA (Worthington Biochemical,
Lakewood, NJ, USA) via intraperitoneal injection of OVA/
alum (10 pg OVA grade V; Worthington Biochemical Corp.;
adsorbed to 1 mg aluminium hydroxide; Thermo Scientific
Pierce Imject Alum, Rockford, IL, USA) on days 0 and 7 and
were challenged with OVA aerosols on days 19-21, delivered
from a jet nebulizer delivering 1%OVA in PBS for 30 min.
Twenty-four h after the last OVA exposure, BAL was per-
formed with 3 x 1 ml of Ca®>* and Mg?" free PBS (Invitro-
gen, Darmstadt, Germany) supplemented with 0.1 mM
sodium EDTA, followed by lung resection and storage in
OCT freezing medium. To measure cytokine levels, media-
stinal LN cells were plated in round bottom 96-well plates
(1 x 10° cells/ml) and restimulated with OVA (10 pg/ml) for
4 days. Then, supernatants were collected and the presence of
IL-4, IL-5, IL-13, and IFN-y was assayed by ELISA (R&D
systems, Minneapolis, MN, USA).

Migration assay in vivo

To address migration of lung DCs, 80 ul of FITC-OVA
(10 mg/ml), with or without ATPyS — an ATP analogue
which cannot be metabolized to adenosine by endogenous
membrane-bound ectonucleotidases — was administered intra-
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tracheally to P2YR,—/— and P2YR,+/+ mice. Control
mice received 80 pl of vehicle. At 24-36 h after injection,
migrating DCs were enumerated in the mediastinal lymph
nodes as CD1lc+MHCII+ cells carrying FITC+ material
(13).

Generation of bone marrow—derived dendritic cells (BMDCs)

DCs were prepared as previously described (15). Briefly, bone
marrow cells from WT and P2Y,R-/— C57/Bl6 mice were
grown in RPMI 1640 supplemented with gentamycin, 2-mer-
captoethanol, 10% FCS (Biocell Laboratories), and recombi-
nant murine GM-CSF (200 IU/ml). On days 3, 6, and 8, the
medium was refreshed and GM-CSF was added. The purity
of bone marrow—derived DCs was greater than 90%.

On day 9 of culture, cells were pulsed overnight with
100 pg/ml LPS-low OVA (Worthington Biochemicals) in the
presence of 100 uM ATP, or 100 uM of the nonhydrolysable
ATP analogue ATPyS or PBS. After antigen pulsing, non-
adherent DCs were collected, washed to remove free OVA or
ATP and resuspended in medium.

Generation of bone marrow—derived eosinophils

Eosinophils were prepared as previously described (16).
Briefly, bone marrow cells from WT and P2Y,R—/— C57/Bl6
mice were grown in RPMI 1640 supplemented with gentamy-
cin, 2-mercaptoethanol, and 20% FCS, in the presence of
100 ng/ml stem cell factor and 100 ng/ml FLT3 ligand (both
from Immunotools, Frisoythe, Germany) for 4 days. Then,
the medium was replaced with RPMI containing 10 ng/ml
rmIL-5 (Peprotech). Cells were cultured for another 4 days,
from this point forward medium was replaced every other
day. Cells were used for experiments on day 12. The purity
of bone marrow—derived eosinophils was greater than 90%,
as determined by cytospin and FACS (CCR3 expression).

Human individuals

Blood donors for the generation of human monocyte-derived
DCs

Atopic asthmatics allergic to house dust mite were recruited
on the basis of airway hyper-responsiveness, positive allergen
skin prick tests, elevated total and specific IgE concentra-
tions. Participants gave their written informed consent (for
patients characteristic see the table in Data S1). The study
was approved by the local ethics committee. Inhaled corticos-
teroids were withdrawn at least 14 days before blood was
taken. None of the patients took systemic corticosteroids.

Blood donors for eosinophils

Eight patients with a diagnosis of allergic asthma were
recruited on the basis of airway hyper-responsiveness, posi-
tive allergen skin prick tests, elevated total or specific IgE
concentrations. Eight subjects without any history of allergic
signs or symptoms, a negative skin prick test to a large panel
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of allergens and normal IgE levels served as controls (for
patients characteristic see the table in Data S1). Participants
gave their written informed consent. The study was approved
by the local ethics committee. Inhaled corticosteroids were
withdrawn at least 14 days before blood was taken. None of
the patients took systemic corticosteroids.

Preparation of monocyte-derived DCs

CDI14" monocytes were isolated from 200 ml of peripheral
blood, obtained from HDM-asthmatic human volunteers,
using Ficoll-Paque gradients and anti-CD14 mAb-coated
MicroBeads (Miltenyi Biotec, Bergisch Gladbach, Germany)
(17). Isolated cells were resuspended in RPMI 1640 supple-
mented with gentamycin, 2-mercaptoethanol, and 10% FCS,
1000 U/ml IL-4, 200 ng/ml GM-CSF (Immunotools, Friesoy-
the, Germany). After 6 days of culture at 37°C in a humidi-
fied CO, (5%) atmosphere, monocyte-derived immature DCs
(iDCs) were >95% CDIla™, CD80"Y, CD86"°Y, CD83"",
and CDI115"¢"  Further differentiation into mature DCs
(mDCs) was induced by treatment with 3 pg/ml lipopolysac-
charide (LPS) (Escherichia coli, serotype 0111:B4, Sigma,
Deisenhofen, Germany) for 48 h. Mature DCs were >95%
CDgoMeh CDgeMe, CD83MeM and CD115"Y. Analysis of
cell surface molecules was performed by flow cytometry using
FACScan (Becton Dickinson, Heidelberg, Germany).

Isolation of eosinophils

Human eosinophils were isolated from 200 ml of peripheral
blood, obtained from asthmatic or healthy human volunteers,
using Ficoll-Paque gradients and negative selection with a mix-
ture of anti-CD16 mAb-coated MicroBeads to remove neu-
trophils (Miltenyi Biotec, Bergisch Gladbach, Germany).
Resulting eosinophils were resuspended in PBS, and the purity
of isolated cells judged by Pappenheim staining was > 98%.

Migration assay in vitro

Experiments were performed in triplicate using 24-well
Transwell chambers. Buffer or different concentrations of
ATP were added into the lower compartment wells. Human
or murine cells (10° cells/well) were added to the upper com-
partment and incubated at 37°C for 90 min in a humidified
atmosphere. After removing the cells from the upper com-
partment, migrated DCs on the lower chamber were fixed in
methanol and stained with haematoxylin. Results are shown
as chemotactic index, calculated as the number of cells in the
lower chamber containing the different stimuli divided by the
number of cells in the chamber containing medium alone.

Lucigenin-dependent chemiluminescence

Eosinophils were resuspended to a density of 5 x 10% cells/ml
containing 200 pM lucigenin. Measurements were performed
in triplicate at 37°C. Reactions over a 60-min time period
after cell stimulation were followed and expressed as intensity
integral counts (18).
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Statistical analysis

If not stated otherwise, groups were compared using ANOVA,
followed by Bonferroni comparison test. Probability values
of P < 0.05 were regarded as significant.

Results
P2Y,R deficiency attenuates allergic airway inflammation

To investigate whether P2Y, receptor deficiency protects
against the development of experimental asthma, we sensi-
tized WT and P2Y,R-/— mice via i.p. injections of OVA in
the Th2 adjuvant alum. Control mice were sham sensitized
using PBS/alum followed by challenge with OVA aerosols.
As expected, OVA-sensitized and challenged WT animals
developed broncho-alveolar lavage fluid (BALF) eosinophilia
and lymphocytosis (Fig. 1A) accompanied by enhanced Th2
cytokine production by mediastinal lymph node (MLN) cells
(Fig. 1B), as well as peribronchial inflammation (Fig. 1C)
which was not seen in sham-sensitized mice. P2Y,R defi-
ciency in OVA-sensitized and challenged animals was associ-
ated with a mild but significant reduction in lymphocyte and
eosinophil numbers in BALF, as well as reduced peribron-
chial and perivascular tissue infiltration on lung sections.
Additionally, production of the Th2-cytokines IL-4, IL-5,
and IL-13 by restimulated MLN cells was also decreased in
P2Y,R-deficient animals (Fig. 1A-C).

Bronchial hyper-reactivity (BHR) to nonspecific stimuli
like methacholine is a characteristic feature of bronchial
asthma. BHR was measured 24 h after the last OVA chal-
lenge by invasive measurement of dynamic resistance and
compliance in ventilated mice (see Data S1). As shown in
Fig. 1D, allergen challenge induced a significant change in
responsiveness to aerosolized methacholine in OVA-sensitized
mice compared with sham-sensitized mice. OVA-sensitized
and challenged P2Y,R-deficient mice had a significantly
lower dynamic resistance/drop in compliance compared to
WT animals.

P2Y,R is required for ATP-induced migration of mDCs
in vitro and in vivo

It has recently been shown that ATP is a chemoattractant for
immature bone marrow—derived dendritic cells (BMDCs)
in vitro and is involved in the recruitment of myeloid DCs to
the lungs and MLNSs in vivo (13). We therefore questioned
whether the observed attenuation of allergic airway inflam-
mation in P2Y,R—/- animals might be attributed to the
decreased migratory capacity of DCs towards ATP. For this
purpose, WT and P2Y,R—/— animals received an i.t. applica-
tion of OVA-FITC-vehicle, OVA-FITC-ATPyS or vehicle
alone. As shown in Fig. 2A, in WT mice concomitant treat-
ment with ATPyS led to an enhanced absolute number of
DCs in the lungs; however, this ATP-dependent recruitment
of blood DCs to the lungs was not observed in P2Y,R—/—
animals. There was no evidence of involvement of the ATP-
induced up-regulation of CCL20 in the lung in this response,
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Figure 1 P2Y,R-deficient animals show reduced allergic airway
inflammation. (A) BALF cell differential counts of WT and P2Y,R—/—
mice. (B) Cytokine production by MLN cells restimulated with OVA
measured by ELISA. (C) HE staining of lung sections (D) Bronchial

as this was similar between WT and P2Y,R—/— animals
(Fig. 2B). However, in vitro experiments revealed that in con-
trast to BMDCs derived from WT mice immature BMDCs
generated from P2Y,R—/— animals do not migrate in
response to ATP (Fig. 2C).

In addition, the number of MHCII +CD11¢c+ FITC+ DCs
reaching the MLNs in P2Y,—/- animals was also reduced
compared to WT animals (Fig. 2D). To exclude that this was
because of the altered CCR7 expression in P2Y,R—/— animals,
BMDCs were stimulated in vitro with ATP £ OVA and
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hyper-responsiveness (BHR) to various doses of methacholine mea-
sured by changes in resistance (R) and lung compliance (C). Mean
of 6-8 mice per group *P < 0.05.

CCRY7 expression was analysed by real-time PCR (see supple-
mentary methods online). As shown in Fig. 2E, the functional
up-regulation of CCR7 was similar in WT and P2Y,R—/—
animals.

ATP-induced cytokine production, maturation, and Th2
priming in mDCs is not affected by P2Y,R deficiency

ATP has been shown to modulate cytokine production,
maturation, and T-cell priming capacity of human and

© 2010 John Wiley & Sons A/S
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Figure 2 Involvement of P2Y,R in ATP-induced migration of DCs
in vivo and in vitro. (A) Effect of ATPyS on the absolute number of
DCs in the lungs of WT and P2Y,R—/- animals. (B) ATPyS expo-
sure to the lungs induces up-regulation of CCL20. (C) ATP fails to
induce migration in immature bone marrow-derived dendritic cells

murine mDCs, thereby favouring the outcome of Th2-dom-
inated immune responses (13). We therefore investigated
whether these ATP-triggered effects are altered in P2Y,R-
deficient DCs. As shown in Fig. 3A, there were no signifi-
cant differences in ATP-triggered modulation of IL-12p70,
TNF-a and IL-10 production in mDCs from OVA-pulsed
WT and P2Y,R-/— mDCs mice. In addition, the priming
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(BMDCs) from P2Y,R—/- animals. (D) Migration of DCs to MLN in
response to ATPYS is reduced in P2Y,R—/— deficient animals. (E)
Influence of ATP on CCR7 mRNA expression by BMDCs. Mean of
6-8mice per group *P < 0.05.

capacity of OVA-pulsed P2Y,R-/- and ATP-stimu-
lated mDCs was not altered compared to WT DCs when
co-cultured with OVA-specific T cells obtained from
TCR Tg OTII mice (Fig. 3B). Finally, P2Y,R deficiency
did not alter ATP-induced up-regulation of CD40,
CD80, CD83, and CD86 in OVA-pulsed mDCs (data not
shown).
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Figure 3 Effect of ATP on cytokine production and T-cell priming
capacity of bone marrow-derived dendritic cells (BMDCs) gener-
ated from P2Y,R-/- and WT animals. (A) WT and P2Y,R—/-
BMDCs were stimulated with ATP + OVA. Cytokine levels in the
supernatant were measured 24 h later. (B) WT and P2Y,R—/-

Der p1 up-regulates P2Y,R expression in human DCs from
HDM-sensitized individuals

To test the relevance of these findings for human allergic
disorders we investigated the role of the P2Y,R in ATP-
induced migration of human monocyte-derived DCs. For this
purpose we tested the functional expression of P2Y,R in
human monocyte-derived DCs obtained from the peripheral
blood of asthmatics allergic to house dust mite following
exposure to the major house dust mite allergen Der pl. As
shown in Fig. 4, pulsing mDCs from house dust mite aller-
gics with Der pl (endotoxin low) resulted in an up-regulation
of the P2Y,R. This was not observed with DCs obtained
from healthy controls (data not shown). The Der pl-induced
up-regulation of P2Y,R was associated with increased che-
motaxis in response to ATP (Fig. 4B). To exclude that the
effects elicited by Der pl were because of the contamination
with endotoxin, cells were also stimulated with LPS. As
described previously, the migratory capacity towards ATP
was lost following pulsing of DCs with LPS (data not shown)

(15).

Effect of ATP on the function of eosinophils

As eosinophils are among the key effector cells in allergic
asthma, we also assessed the functional expression of P2Y,R

BMDCs were exposed to ATP + OVA were co-cultured with
purified naive OVA-specific CD4" T cells. Four days later, 1L-4, IL-5,
IL-13, and IFN-y concentrations in supernatants were analysed.
Means + SEM. One representative result out of four is shown.

in human blood eosinophils. P2Y,R expression was up-regu-
lated on eosinophils from patients with allergic asthma com-
pared to healthy controls following stimulation with Der pl
(Fig. 5A). Again this was accompanied by a stronger chemo-
tactic response (Fig. 5B).

In addition, the P2Y,R-linked production of reactive oxy-
gen species (ROS) by eosinophils was measured in Ca®" -free
medium to exclude the involvement of P2XR subtypes (19).
As shown in Fig. 5C, this was also increased in patients with
asthma compared to controls. To support the involvement of
P2Y, receptors, cells were also stimulated with UTP, which
preferably binds to P2Y,R and has no activity on P2XR-
subtypes. Again, eosinophils from asthmatic individuals were
more sensitive to the UTP-induced migration and ROS pro-
duction (Fig. 5C,D). Finally, ATP was not able to induce
migration of eosinophils generated from bone marrow of
P2Y,R—/- animals (Fig 5E).

Discussion

In this study we demonstrate that allergic lung inflamma-
tion is decreased in animals lacking the P2Y, receptor.
Functional studies revealed that this reduction can be
explained by the impaired response of dendritic cells and
eosinophils to ATP-triggered chemotaxis. Recently, ATP,
which is a potent agonist at the P2Y, receptor (10), has

© 2010 John Wiley & Sons A/S



Miller et al.

>

P2Y,R- Expression net to GAPDH

900 -
800 -
700
600 -

500
400 -
300
200 -
100 -

Vehicle

DER p1

5.5
50+ [—J DerP1 T
4.5 - I Control

4.0 * T
3.5 1

3.0
2.5
2.0
1.5
1.0
0.5 1
0.0

N
R v \;\Q R

Chemotactic index

Figure 4 Der p1 induces functional up-regulation of P2Y,R on
human monocyte-derived DCs generated from the blood of
HDM-allergic asthmatics. (A) DCs generated from the blood of
HDM-allergic patients were pulsed with Der p1 or vehicle over-
night. P2Y, receptor expression was analysed by quantitative
RT-PCR mean + SEM n=6. P < 0.0156 (Mann-Whitney test) (B)
Migration in response to ATP was compared using the modified
transwell chamber. Mean + SEM n = 6. *P < 0.05 (Mann-Whitney
test).

been found to play a role in the initiation and mainte-
nance of asthmatic airway inflammation, via the recruit-
ment and activation of dendritic cells (13). Additionally,
compounds affecting dendritic cell migration, e.g. prostacy-
clin, FTY720, or broad spectrum antagonists at purinergic
receptors, decrease asthmatic airway inflammation (13, 20,
21). ATP is a potent chemoattractant for human and mur-
ine dendritic cells (13, 15). However, the exact receptor
subtype mediating this response has not yet been identified.
In this study, P2Y,R—/— animals did not recruit DCs to
the lungs following i.t. application of ATP analogue
ATPyS. Previously we reported that ATPyS up-regulates
lung CCL20 expression, a chemokine attracting immature
blood DCs into the mucosa. Therefore, we speculated that
beside the direct ATP-induced chemotaxis an indirect
CCL20-triggered migration might be involved in the
recruitment of blood DCs to the Ilungs following

© 2010 John Wiley & Sons A/S
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ATP-OVA-FITC application (13). However, as the ATP-
induced up-regulation of CCL20 was not altered in
P2Y,R—/— animals compared to WT controls, in vitro
experiments clearly showed that BM-derived DCs from
P2Y,R—/— animals were unable to migrate in response to
ATP; our data suggest the direct involvement of P2Y,R in
the recruitment of DCs to the lungs. In P2Y,R—/— animals
the number of antigen-laden DCs which reached the MLNs
was significantly lower compared to WT animals. Yet,
there was a slightly increased number of antigen-laden DCs
in ATP-treated compared to vehicle-treated P2Y,R—/— ani-
mals which might be attributed to ATP-induced up-regula-
tion CCR7 (22). P2Y,R expression was also up-regulated
in human monocyte-derived DCs by house dust mite aller-
gen which resulted in increased migration towards ATP.
Consecutively, there is good evidence that the ATP-induced
migration of DCs is mediated by P2Y,R in humans and
mice. Similar observations have been made with neutrophils
whose migratory response to ATP is controlled by P2Y,R
and — when metabolized to adenosine — A3 receptors (23,
24). Apart from oriented migration, the activation of
purinergic receptors on DCs has been linked to altered sur-
face molecule expression, cytokine secretion, and T-cell
priming capacity (13, 25, 26). As this was not affected in
DCs derived from P2Y,R-deficient animals, P2Y, does not
seem to be the only purinergic receptor involved in asthma
pathophysiology. This is further supported by previous
findings where unselective blockade of purinergic receptors,
e.g. by suramin or PPADS, leads to a stronger reduction
in experimental asthma compared to P2Y,R deficiency
alone (13).

Purinergic receptors are also expressed on eosinophils
which are among the major effector cells in asthma. ATP
has been reported to activate various cell functions such as
migration, cytokine, and ROS production in eosinophils
(3, 19, 27). The functional expression of P2Y,R in human
and murine eosinophils revealed that the migratory response
to ATP was also absent in eosinophils derived from P2Y,R-
deficient animals. The hypothesis that P2Y,R signalling
might contribute to the pathogenesis of asthma is further
supported by the observation that eosinophils from asth-
matic subjects showed a higher expression of P2Y,R com-
pared to healthy individuals. This appears to be of
functional relevance, as these cells were more sensitive to
ATP-induced migration and production of reactive oxygen
species.

ATP is released into the airways following allergen chal-
lenge in humans and mice. Thus, the ligand for P2Y, recep-
tors to mediate the recruitment of eosinophils into the lungs
is present (13). In addition, P2Y,R might play a role in tissue
damage via stimulation of ROS release. In conclusion, beside
its role in DCs migration, P2Y,R signalling plays a pivotal
role in ATP-induced migration and ROS production in
human and murine eosinophils.

In summary, our data show that the purinergic receptor
subtype P2Y is involved in the pathogenesis of experimentally
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Figure 5 Functional up-regulation of P2Y, receptors on eosinophils
from patients with asthma is associated with enhanced migration
and reactive oxygen species (ROS) production in vitro. (A) P2Y,
receptor expression by eosinophils from asthmatics (n = 8) and
healthy controls (n = 8) Data are shown as mean + SEM n = 8.
P < 0.002 (Mann-Whitney test) (B-D) Migration in response to

induced allergic lung inflammation via regulating the chemo-
taxis of dendritic cells and eosinophils to the lung. Therefore,
targeting P2Y, receptors might be a novel approach for the
treatment of asthma in humans.
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Patient characteristics

Supplementary methods

Determination of bronchial hyperresponsiveness
For invasive measurement of dynamic resistance and compliance, mice were

anesthetized with pentobarbital, and intubated with an 18-gauge catheter, followed
by mechanical ventilation with a rodent ventilator (Minivent 485, Hugo-Sachs, March,
Germany). Respiratory frequency was set at 300 breaths per min with a tidal volume
of 0.2 ml and a positive end-expiratory pressure of 2 ml H2O. Increasing
concentrations of aerosolized methacholine (0, 3 mg/ml, 10 mg/ml, 30 mg/ml, 100
mg/ml) were administered. Resistance and compliance was recorded with a
resistance and compliance plethysmograph (EMMS, Bordon, UK), as previously
described (1). Baseline resistance was restored before administering the subsequent

doses of metacholine.

Activation of OVA-specific naive and effector T cells by mDCs.
BMDCs generated from WT and P2Y;R-/- animals were pulsed or not with 100 ug/ml

of OVA overnight. DCs were also treated for 30 min with ATP (ATP-OVA-DCs) or
vehicle (OVA-DCs) before addition of OVA. DCs (1 x 10%), were collected, washed
and co-cultured for 4 days with naive OVA-specific CD4+ T cells (1x10°) purified from
un-manipulated OTIl TCR Tg (H-2d) in round-bottom 96-well tissue culture plates.
After 4 days, supernatants were harvested and analyzed for the presence of IFN-y,

IL-4, IL-5, and IL-13 by ELISA (R&D systems, USA).

Flow cytometry
After counting and washing, BAL cells were stained for 30 minutes with anti-I-Ad/I-Ed



FITC (macrophages/DCs), anti-CCR3 PE (eosinophils), anti-CD3 and anti-CD19 cy-
chrome (lymphocytes) and anti-CD11c APC (macrophages/DCs) in PBS containing
0.5% BSA and 0.01% sodium azide. Differential cell counts were analyzed by flow
cytometry, and cytospins as previously described (2).

For analysis of DC maturation, bone marrow cells were stained with FITC-labeled
anti-I-Ad/I-Ed, PE-labeled anti-CD40, anti-CD80, anti-CD83, anti-CD86, and with
APC-labeled anti-CD11c antibodies. In all experiments, dead cells were excluded
form analysis using propidium iodide. Analysis was performed on a FacsCalibur flow

cytometer, using Cellquest and FlowJo software.

Real-time RT-PCR for the analysis of P2YR, CCL20 and CCR7-expression
Total RNA was isolated from cell pellets or homogenized lung tissue, using RNeasy

mini-kits  (Qiagen, Hilden Germany) according to the manufacturer’s
recommendations. Reverse transcription was performed using Stratascript reverse
transcriptase (Stratagene, La Jolla, USA) and random primers (Invitrogen, Karlsruhe,
Germany). Quantitative PCR was performed with Tagman Universal PCR Mastermix
(Applied Biosystems, Foster City, USA) and pre-formulated primers and probe mixes
(Assay on Demand, Applied Biosystems). PCR conditions were 2 min at 50°C, 10
min at 95°C, followed by 45 cycles of 15 s at 95°C and 60°C for 30 s using a thermal
cycler (iCycler, Biorad, Hercules, USA). PCR amplification of the housekeeping gene
encoding Glyceraldehyde-3-phosphate dehydrogenase (GADPH) was performed
during each run for each sample to allow normalization between samples (3). A
threshold cycle value (Ct) was calculated and used to calculate the relative level of
mRNA by the following formula:

"relative expression = 2(Ct GAPDH-Ctgene of interest)y 1 000" for each cDNA sample.



Patient characteristics

No. | Sex | Age | FEV1(% pred.) | Medication | Total IgE [kKU/I] | Specific [ Allergen
IgE [kKU/]
AP
1* m 33 102 BA, 250 26.9 DP
2 83 BA, IC 352 771 DP
3* f 27 102 BA 226 14.0 DP
4* 98 BA 1820 32.1 DP
i
C
5* 104 BA 195 53.1 DP
i
C
6* 79 BA 450 23.0 DP
7* 95 BA 345 14.6 DP
i
C
8 92 BA 1320 45.7 Birch
C
9 88 BA 568 35,9 Birch
i
C
10 89 IC, 280 59.7 Birch
C
R
B
A
HC
1 f 30 97 91
2 m 27 107 93
3 f 43 108 7
4 m 28 94 69
5 f 27 92 8
6 m 25 114 56
7 112 37
m
92 13
102 27




The table displays sex and age (in years) of the patients with asthma and healthy
controls, the prebronchodilator forced expiratory volume in the first second (FEV1 in
% predicted), the medication prior to the study. Median age was 23 y old, range 20-
25. (BA: Inhaled Beta-2-Agonist, IC: Inhaled corticosteroid, CR: Cromoglycate),
serum levels of total (normal range: < 100 kU/I) and allergen-specific (normal range:
< 0.7 kU/Il) Immunoglobulin E (IgE) in kilo units (kU/I)

* Also donors for generation of MO-DC.
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