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Abstract Mast cells (MCs) and airway nerves play an impor-
tant role in allergic asthma. However, little is known about the
MCs and their interaction with airway nerves during allergic
airway inflammation. This study aims to investigate the dis-
tribution and proliferation of MC populations in different lung
compartments, along with the association of mast cells with
nerve endings, using a house dust mite (HDM) model for
allergic airway inflammation. BALB/c mice were exposed to
HDM extract intranasally (25 pg/50 pl) for 5 consecutive
days a week over 7 weeks. Immunofluorescence and Edu
stains were used to examine the colocalisation of MCs and
nerves and the proliferation of MCs, respectively. HDM treat-
ment caused an increased migration of MCs into bronchi,
alveolar parenchyma and airway vessels. The proportions of
tryptase-chymase expressing MC (MCrc) increased signifi-
cantly in the bronchi and the alveolar parenchyma but not in
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the vascular tissues, by allergic airway inflammation. The as-
sociation of MCs with nerves was found only in the bronchi
and there were no changes in comparison of controls to HDM-
treated animals. The present study shows a strong migration of
tryptase expressing MC (MCr) and MCrc into the bronchi
and the alveolar parenchyma, as well as of MCr in the vascu-
lar compartment under HDM treatment. This supports the
hypothesis that these mast cell populations may contribute to
allergic airway inflammation.

Keywords Mastcells - Allergic airway inflammation -
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Introduction

Throughout recent decades, the prevalence of bronchiale asth-
ma has increased dramatically and especially in industrialized
countries (Braman 2006). About 300 million people world-
wide are suffering from bronchial asthma. Asthma is charac-
terized by symptoms such as increased airway hyper-
responsiveness, bronchial obstruction, secretion of mucus,
chronic airway inflammation and airway remodeling. It is
now considered as a chronic complex disease consisting in
different phenotypes (Wenzel 2006, 2012). As the immunol-
ogy of the mouse has been well characterized and genetically
modified or altered mice are available, the mouse is frequently
used as model for allergic airway inflammation and may help
to reveal this heterogenity of the disease.

Mast cells play a key role in allergic dieseases by releasing
amounts of biologically active molecules from their secretory
granules. These include histamine, prostaglandins (PGs), leu-
kotrienes (LTs), nerve growth factor (NGF) and various
MC-specific proteases, such as tryptase and chymase (Galli
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et al. 2005; Leon et al. 1994; Brown et al. 2008; Wernersson
and Pejler 2014; Xiang and Nilsson 2000). In humans, only
one chymase has been identified and the mast cells are classi-
fied into two subpopulations: MCr containing only tryptase
and MCrc that contains chymase in addition to tryptase
(Pawankar and Ra 1996; Bradding and Arthur 2016). In con-
trast, rodents have been shown to express a number of
chymases such as mast cell protease (mMCP)-1, mMCP-2,
mMCP-4 and mMCP-5 with distinct proteolytic properties.
With respect to their biological effects, mMCP-4 expressed
by mouse MCs have been suggested to be likely the functional
homologue of human chymase (Tchougounova et al. 2003). In
the airway, MC populations are not homogenous and each
lung compartment contains its own specific sub-group
(Andersson et al. 2009). Thus, these cells differ remarkably
in their morphology, mediator content and histochemical char-
acteristics as well as their response to external stimuli
(Kitamura 1989; Oskeritzian et al. 2005). Although the impor-
tant role of MCs in allergic asthma is undoubted, their precise
function in asthma remains controversial. The reports about
MCs in the airway in recent years have renewed the interest in
the role of MCs in allergic asthma (Robinson 2004; Cyphert
et al. 2011). MCs have been found to be increased within the
airway smooth muscle in asthmatic patients (Brightling et al.
2002).

Activation of MCs leads to the release of different medi-
ators, which can affect various cell types, such as immune
cells, epithelium, endothelium and airway smooth muscle in
different compartments of the airway (Hatanaka et al. 1986;
Carter and Bradding 2011; Robinson 2004). Mast cell me-
diators can also influence neuronal activity as well as the
release of neuropeptides (Weigand et al. 2009; Forsythe and
Bienenstock 2012). Reciprocally, MCs can be activated by
various stimuli, including neuropeptides (Persson et al.
1998; Busse and Lemanske 2001). MCs were found to be
associated with nerve fibers in animal and human tissue
under physiological and pathophysiological conditions
(Jarvikallio et al. 2003; Alving et al. 1991; Stead et al.
1987). Human airways are innervated by numerous cholin-
ergic, adrenergic and non-adrenergic non-cholinergic neu-
rons that may contribute to inflammatory processes
(Barnes 1986, 1992; Dinh et al. 2004a, b). The potential role
of MCs is well documented and includes their interaction
with neurokinins, neurotrophins, and tachykinins (van
Houwelingen et al. 2002; Groneberg et al. 2007; Dinh
et al. 2005). Additionally, MCs have been suggested to play
a particular role in interaction with the nervous system in
chemical- and irritant-induced asthma (Hox et al. 2013;
Devos et al. 2016).

This study aims to investigate the distribution, proliferation
and proportion of MC subpopulations in different lung com-
partments (bronchi, alveolar parenchyma and vessels) by
using a HDM mouse model of allergic airway inflammation.
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Futhermore, the mast cell-nerve contacts in the airways are
studied in different lung compartments.

Methods
Animals

Female wild-type BALB/c-mice (6—8 weeks old; Janvier
Labs, France) were held in regular 12-h dark/light cycles at a
temperature of 22 °C and received laboratory food and tap
water ad libitum. The animals were adapted to the new envi-
ronment for at least 2 weeks prior to the study. All animal
experiments were performed in strict concordance with the
German animal protection law and approved by the authorities
of Saarland (No. 14/2013).

The HDM-mouse model for allergic airway inflammation

Chronic allergic airway inflammation was induced by expos-
ing 8 mice on 5 consecutive days a week over a total period of
7 weeks to HDM extract intranasally (Greer). A dose of 25 g
protein in 50 ul saline was used. A second group of animals
(n=8) served as control and was treated via the same route
with 50 ul saline. Analyses were performed 24 h after the last
allergen challenge (Fig. 1).

In vivo proliferation study with EQU
(5-ethynyl-2'-deoxyuridine)

EdU is a nucleoside analog of thymidine and is incorporated
into DNA during active DNA synthesis. The animals received
an i.p. injection of 1 mg EdU (Invitrogen) in a volume of
200 pl 24 h before sacrifice.

Bronchoalveolar lavage fluid (BALF)

To perform bronchoalveolar lavage, 0.8 ml ice-cold PBS was
installed twice. The total cell count in BALF was determined.
The BALF was centrifuged (320g, 10 min, 4 °C) and the
supernatants were removed. Cytospots were prepared and
stained according to Diff Quick (Medion Diagnostics) and
differential cell counts were evaluated.

Histological stains

Zambonie fixed lung cryosections (8§ pum) were made using a
cryostat (CM1950; Leica Cryostat, Germany). Airway inflam-
mation was assessed by staining cryosections with hematox-
ylin and eosin (H&E) and Periodic Acid Schiff (PAS) accord-
ing to standard protocols. The measurement of airway epithe-
lium thickness (area measurement) and the length of basement
membrane was performed by using software Axio Vision
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Fig. 1 HDM treatment protocol.
The animals were systemically
sensitized by intranasal

EdU (i.p.)

application of house dust mite
5 days a week for 7 weeks. EAU

L

was injected (i.p.) 1 day before
analysis

Day 1 8

NGRS L

3 48
HDM intranasal 25ug in 50pl Section 24h
saline post final HDM
5 days/week for 7 weeks challenge

(Carl Zeiss). The thickness of airway epithelium was
expressed as mean of area (um?) per 1 um basement mem-
brane. The assessment of airway epithelial goblet cells was
expressed as mean of number of goblet cells per 1 mm base-
ment membrane.

Immunofluorescence staining

Immunofluorescence staining has been described previously
(Le et al. 2014). Briefly, cryosections of the lungs were dried
at room temperature for 15 min and then rehydrated in PBS
for 5 min. To reduce nonspecific antibody binding, the sec-
tions were incubated for 15 min at room temperature in 5%
normal serum of the host species of the secondary antibody
diluted in PBS. The sections were incubated with primary
antibodies (chicken anti-mouse PGP 9.5, 1:400; Acris
Antibodies; rabbit anti-mouse tryptase, 1:500; Abcam; goat
anti-mouse mMCP-4, 1:400; Acris Antibodies) or the appro-
priate isotope control antibodies for 1 h at room temperature
and then overnight at 4 °C. After rinsing twice with 0.1 M
PBS, the sections were incubated with secondary fluorescein-
conjugated antibodies (Jackson ImmunoResearch) (donkey
anti-rabbit Cy3, 1:400; donkey anti-chicken Cy2, 1:400; don-
key anti-goat, 1:400) for 2 h at room temperature. Finally, the
sections were washed twice with 0.1 M PBS, once with
double-distilled water, mounted with fluorescent mounting
medium Fluoroshield (Sigma Aldrich) and covered with cover
slips.

Quantitative analysis of mast cells was visualized with
epifluorescence microscopes (Olympus BX5 and Axio
Imager M2; Carl Zeiss) and cell counting was performed man-
ually. Sixteen lung slices per animals were analyzed and all
quantifications were carried out on blinded sections and con-
trolled by a second investigator. The evaluations of solely
tryptase ir-cells (MCr) and of tryptase ir- and mMCP-4 ir-cells
(MCr¢) were analyzed in bronchi, alveolar parenchyma and
vessels and expressed as densities (cells\mm?) and as percent-
ages of the total MC numbers (MCror = MCt + MCrc). The

numbers of MCt and MCr with direct contact to PGP 9.5 ir-
neurons was expressed as percentages of the specific MC
subtype (total MCr or total MCrc).

EdU staining for proliferating analysis

As previously described, EAU staining was conducted using
Click-iT™ Cell Reaction Buffer Kit and Alexa Fluor 594
azide according to the manufacturer’s protocol (Invitrogen)
(Le et al. 2014). The lung sections were rehydrated for
5 min in PBS and then blocked with 5% normal serum. The
sections were incubated with 200 ul prepared Click-iT reac-
tion cocktail for 30 min and then incubated with
antibodyrabbit anti-mouse tryptase (1:500; Abcam) and sec-
ondary antibody donkey anti-rabbit Cy2 (1:400; Jackson
ImmunoResearch) as described above. DAPI was used for
counterstaining.

Measurement of serum total IgE and cytokines in BALF

The concentration of total IgE in serum and 1L4 and IL13 in
the BALF supernatants was assessed by using Mouse IgE
Ready-SET-Go, Mouse IL-4 ELISA Ready-SET-Go and
Mouse IL-13 ELISA Ready-Set-Go (eBiosciene, San Diego,
CA, USA), as per the manufacturer’s instructions. The limits
of detection were 4 ng/ml for IgE and 4 pg/ml for IL-4 and
IL-13.

Statistical analysis

Data are given as mean+ SEM. The Kolmogorov—Smirnov
test analyzed the Gaussian distribution. Statistical significance
between groups was analyzed with an unpaired ¢ test using
GraphPad Prism 4.03. P values <0.05 were considered
significant.
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Results

HDM treatment induces allergic inflammation
in the airways

HDM treatment-induced allergic airway inflammation is
characterized by the recruitment of eosinophils, neutro-
phils, lymphocytes and macrophages into the airways
(Fig. 2a, b). HDM-treated mice showed increased levels
of total serum IgE (HDM 82,64 + 13 ng/ml n =8 vs. saline
674.3+£62.75 ng/ml n=8, P<0.0001) and of Th2 cyto-
kines IL4 (HDM 22.19+£2.32 pg/ml n=8 vs. saline 1.84
+1.11 pg/ml n=8, P<0.0001) and IL13 in the BALF
(HDM 59.93 pg/ml+12.25 vs. saline undetectable,
P <0.0001) (Fig. 2c—e)

The histological analysis using H&E and PAS staining of
different lung tissues showed massive infiltration of mononu-
clear cells and a distinct mucus secretion (Fig. 2f°, £’) in
HDM-treated mice. In contrast, the lung sections of control
mice did not contain inflammatory cell aggregates and no

Fig. 2 HDM induces allergic
airway inflammation.
Bronchoalveolar lavage fluid 2.0x10¢
(BALF) total cell count (a) and T 15106
cell differentiation (b). ) .2>< 105
Eosinophils, neutrophils,
lymphocytes and macrophages in
BALF demonstrated
inflammation in the lungs of
HDM-exposed mice, in
comparison with control mice.
Total resum IgE level (¢) and the
cytokine levels of interleukin IL-4
(d) and IL-13 (e) in the
bronchoalveolar lavage (BAL)
fluid. £1”° Representative
photomicrographs of H&E- and
PAS-stained lung sections. The
lung sections from HDM-
sensitised and -challenged mice
showed an infiltration of
mononuclear cells (H&FE) and a
highly mucus secretion (PAS) in
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mucus secretion was detected (Fig. 2f, £). Semi-quantitative
analysis also showed a significant increase of airway epitheli-
um thickness (HDM 12.85+1.23 pm*/mm n=35 vs. saline
26.66+3.06 pm*/um n=>5, P<0,0031) and the number of
airway epithelial goblet cells (HDM 0.05 £ 0.03 cells/mm n =

5vs.saline 61.37 +£4.23 cells/mmn =5, P <0.0001) in HDM-
treated mice in comparision to controls (Fig. 2g, h).

Mast cells increased significantly during allergic
inflammation in most lung compartments

Mast cells were detected by staining antibody against mouse
tryptase. The contribution of MC in lung compartments was
quantified and expressed as cells per mm?. Under inflamma-
tory conditions, the highest density of total MCs was found in
conducting airways with the lowest concentration in alveolar
tissue. Allergic airway inflammation induced a significant in-
crease of MCs in the bronchi (HDM 24.48+2.49 n=8 vs.
saline 4.78 £0.98 n=8, P<0.0001), alveolar parenchyma
(HDM 5.21+£0.70 n=8 vs. saline 0.40+0.09 n=238,
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P <0.0001) and airway vessels (HDM 18.98 £2.95 n=8 vs.
saline 1.47+0.40 n=8, P<0.0001) (Fig. 3)

HDM treatment induced the migration of MC
into the airways

To examine whether MCs proliferated in the lung or migrated
from outside into the airways during allergic airway inflam-
mation, the animals were injected with EAU, which was in-
corporated with the DNA of dividing cells. Systemic admin-
istration of EAU 24 h before analysis assured the detection of
proliferating cells. The proliferating MCs in two groups were
examined (double-positive with EQU and tryptase). The re-
sults showed that proliferating MCs were not detected in the
lung of controls and HDM treated animals (Fig. 4a, b-b").
Furthermore, experiments were caried out to examine the sur-
vival of MCs during allergic inflammation. Lung tissues were
stained with survival marker phosphor Aktl (Ser473). All
mast cells in controls and HDM group were found negative
with Aktl (Fig. 4c, d—d™’, e).

Proportional changes of MC populations in allergic
airway inflammation

MCs were differentiated using staining against tryptase and
mMCP-4 (mouse chymase) followed by immunofluores-
cence imaging. MCr were positive only for tryptase,

Fig. 3 Contribution of mast cells
in the lung. Quantification of mast
cells in bronchus (a), alveolar (b)
and vessels. Results are expressed
as cells per ml. Microphotograph
of mouse lungs showing present
of MCs (red, stained with
antibody against tryptase) in
bronchus, alveolar and vessels.
Results are expressed as mean
+SEM, ***P < (0.001 (unpaired
two-tailed ¢ test). Scale bars

100 pl

MCyot / mm?

Saline

ek

b

MCot / mm?
o N H (o2} (=]

Saline

Alveolar Bronchus

Vessels

whereas MCrc expressed both enzymes. Under baseline
conditions, MCt were the predominant subtype in all lung
compartments with the highest proportion in vascular tis-
sue, whereas MCryc were found only in the bronchus and
alveolar lung parenchyma but not in the vessels. The
highest fraction of MCrc appeared in the bronchi. The
proportion of MCrc in lung compartments was quantified
and expressed as a percentage (MCrc/MCror). Allergic
airway inflammation induced significant increases in the
proportions of MCt¢ in changes in the bronchi (HDM
7.37+0.75%, n=8 vs. saline 2.0+1.30% n=8, P=
0.0032) and alveolar parenchyma (HDM 4.00 +0.94%
n=28 vs. saline 1.00+0.86% n =28, P=0.0346). In vascu-
lar tissue, these changes were not detectable (Fig. 5).

MC-nerve interaction in the lung

The pan-neuronal marker PGP 9.5 was used to detect
nerves in the conducting airways. Under physiological
conditions, a minority of MCr could be found in the prox-
imity of nerve fibers. MCtc did not form any anatomic
link. During lung inflammation, proportional changes of
MCt and MCr¢ with contact to nerves were not detect-
able (% MCrt having contact with nerve: HDM 13.75+
1.34%, n=8 vs. saline 23.13+5.09% n=28, P=0.0969)
(% MCrc having contact with nerve: HDM 5.87 +4,24%,
n =38, saline were not detectable) (Fig. 6)

HDM

Saline
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Fig.4 Proliferating analysis of MCs in the lungs. a Fluorescence staining
for tryptase (green), Edu (red) and DAPI (blue). No proliferating mast
cells (green) were found in the lungs of controls and HDM-treated mice.
b-b”’ Large magnifications of mast cells in (a). ¢ Immunofluorescence
staining of survival marker Aktl (green), tryptase (red) and DAPI (blue)

Discussion

Our study revealed a significant increase of MCs in the bron-
chi, alveolar and vascular tissues during allergic airway in-
flammation. The number of MCrc subpopulations rose sig-
nificantly in bronchi and alveolar parenchyma but not in vas-
cular tissues. The anatomic associations between MCs and

@ Springer

in the mouse lung tissues. All mast cells in controls and HDM-treated
mice were negative for Aktl. d—d”’ Large magnifications of (c). e The
Aktl-positive cells were found in the lung tissues. f Negative control for
immunofluorescence staining. Scale bars (a, ¢, f) 100 pm, (b—b”*, d—d””’,
e) 50 pm

nerves were found only in bronchi and there were no changes
after HDM treatment. Mast cells form a very heterogeneous
cell population displaying multiple functions (Erjefalt 2014).
Therefore, investigating their contribution and the proportion
in anatomical compartments is essential for the study of the
role of mast cells in allergic airway inflammation. Their par-
ticular distribution and phenotypical appearance (MC and



Cell Tissue Res

Saline HDM Saline

Bronchus Alveolar Vessels

g . a g b S

s N [ o < ns
e —_— e 8 e 3

O (&) O

= = =

- = — 2

o (o] o

c c c

o o o

= = s 1

£ £ T

15} o 5}

Qo Q Qo

o o o

4 4 4

o o o

HDM Saline HDM

Fig. 5 Proportion of MCr¢ subpopulations a—¢ The proportion of MC,
bronchus, alveolar and vessels in the lung of controls and HDM-treated
mice. The results are expressed as the percentage of MCrc to the number
of MCtot (MCt + MCrc). d—d” Fluorescence staining showing tryptase
(red), nMCP4 (mouse chymase) (magenta, stained with antibody against

MCrc), as well as their interaction with the nervous system,
are still of interest and remain unexplored in mouse models for
allergic airway inflammation.

Analysis of mast cell numbers in human asthma show di-
vergent results. While some authors report decreasing num-
bers, others reveal higher numbers of MCs and their subtypes

mMCP4) and tryptase-mMCP-4 double-positive mast cells (arrows),
indicating two subpopulations of MCs in the lung: tryptase-positive
(MCr) and tryptase-mMCP-4 (chymase)-positive (MCrc). Results are
expressed as mean = SEM. *P <0.05, **P <0.01 (unpaired two-tailed ¢
test). Scale bars 100 pm

in different parts of asthmatic airways (Andersson et al. 2009).
These differences may be due to variations in asthma severity,
the use of different methods and analysis criteria or effects of
glucocorticoid treatments. The results of this study show some
important features described in human asthma. Under physi-
ological conditions, human MCs can be found in all lung

Fig. 6 Mast cell-nerve contacts g Bronchus OE) Bronchus
in the lung. The anatomic o a ns 2 b n
associations between MCs and = 30 c 15 s
. - -
nerves were only found in s | 'S
bronchus. The quantitative 20 ®
analysis of MCr (a) and MCrc 8 g
. c
(b) contact with nerves. The S 10 8
results are expressed as the < 8
percentage of MCtand MCrc (s’ g
associating with nerves to the S 0 Saline s Saline
numbers of MCt and MCr, 2 2

9

respectively. c—¢
Microphotograph showing the
association between MCrc
(arrows) and nerve fibers (green,
stained with antibody against
PGP 9.5) in bronchus. d, e The
association between MCr
(arrows) and nerve fibers (green)
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compartments, with MCr being the predominant subtype in
bronchi and alveolar parenchyma (Andersson et al. 2009). Our
HDM mouse model shows a similar distribution, whereas di-
rect comparison elicits fewer MC numbers and even smaller
proportions of MCrc in the murine airways under baseline
conditions. These findings could point to different roles in
promoting early allergic inflammation.

The proliferation study of MCs showed that MCs did not
proliferate and survive after HDM treatment. Therefore, we
believe that these MCs migrate from the systemic circulation
into the airways and lung during allergic inflammation.

Under inflammatory conditions, MCs increased in human
lung tissue especially towards the periphery and the alveolar
parenchyma (Andersson et al. 2011). This increase seems to be
accompanied by an elevated proportion of MCrpc in small
airways and alveolar compartments (Balzar et al. 2005). This
HDM model also shows a rise of MCrc in bronchi and even
alveolar parenchyma and therefore reproduces a key feature of
human asthma. Furthermore, we demonstrate a proportional
increase of MCrc in conducting airways as well as in the
alveolar compartment. This seems to represent the human sit-
uation in severe uncontrolled asthma, as has been described
before in asthmatics (Andersson et al. 2011). As it is known
that under some conditions the number of MCrc in small air-
ways and alveolar parenchyma correlates especially with better
lung function (Balzar et al. 2005), their regulative role has to be
analyzed in the HDM mouse model. Nevertheless, it has to be
taken into consideration that the total MC numbers have been
shown to be much higher in asthmatic lung and airways, espe-
cially in distal airways, than in HDM-treated mice.

The roles of MCs in allergic asthma are still not fully un-
derstood. Previous studies have shown that MCs may have an
essential role in airway remodeling, especially on increased
smooth muscle mass, subepithelial fibrosis, epithelial alter-
ations and neovascularization, by releasing proteases and
growth factors (Okayama et al. 2007). MCs have been found
to infiltrate the airway smooth muscle in asthma and to have a
relationship with airway smooth muscle hypertrophy
(Brightling et al. 2002; Amin et al. 2005). Tryptase has been
shown to have the capacity to induce the proliferation of air-
way epithelial cells (Cairns and Walls 1996). Asthmatics as
well as HDM-treated mice show increased vascularity that
correlates with disease severity (Rydell-Tormanen et al.
2008; Salvato 2001). Especially, human MCr¢ secrete vascu-
lar endothelial growth factor (VEGF), which contributes sig-
nificantly to the vasculature angionesis (Chetta et al. 2003;
Abdel-Rahman et al. 2006). Our results show that there is an
increase of MCr but not MCrc in the vascular compartment
under inflammatory conditions and that MCrc are even absent
under baseline conditions. Comparisons to the human situa-
tion are difficult due to a lack of data. Nevertheless, the role of
MCrc in the vascular remodeling process has to be questioned
in this model.
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Moreover, mast cells proteases have been reported to in-
crease the migration of immune cells, including neutrophils
and eosinophils (Terakawa et al. 2006; He and Walls 1998).
Mast cell chymase was revealed to be a potent secretagogue
for airway serous gland cells (Sommerhoff et al. 1989).

With respect to MC—nerve interaction, histological studies
show that these cells are closely related to the central and
peripheral nervous systems (Bienenstock et al. 1988). This
connection is not limited solely to anatomical but also shares
numerous functional aspects (Bienenstock et al. 1991;
Weigand et al. 2009). In the context of an “axon reflex”,
MCs activate nerve fibers, which in turn modulate the inflam-
matory processes via the release of tachykinins and neuropep-
tides (e.g., SP, NKA, CGRP) (Barnes 1986). Our analysis
reveals an anatomical connection between MCr and bronchial
nerve fibers in the HDM mouse model. Under morphological
aspects, this connection was not changed following HDM
treatment. Whether this colocalization therefore comes out
by chance is very unlikely in view of the previous investiga-
tions (Alving et al. 1991) but it implicates the need for func-
tional analysis with the focus on the expression of specific
tachykinin (SP, NKA) and CGRP and neuropeptide receptors
on MCs and in electrophysiological experiments.

In conclusion, the present study reveals for the first time
that there is a migration of MCt and MCrc into the bronchi
and the alveolar parenchyma as well as an increase of MCr in
the vascular compartment following HDM treatment. This
supports the idea that MCs contribute to allergic airway in-
flammation in the HDM mouse model and may also implicate
the key features of severe human asthma. Furthermore, it
shows that at least MCr interacts with airway nerves but that
there is the need for further functional investigations
concerning this interaction in bronchial asthma.
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