Accepted Manuscript

Mast cells within cellular networks

Michael Stassen, PhD, Ann-Kathrin Hartmann, MSc, Sharon Jiménez Delgado, MSc,
Susann Dehmel, PhD, Armin Braun, PhD

PII: S0091-6749(19)30188-5
DOI: https://doi.org/10.1016/j.jaci.2019.01.031
Reference: YMAI 13874

To appearin:  Journal of Allergy and Clinical Immunology

Received Date: 18 April 2018
Revised Date: 27 November 2018
Accepted Date: 3 January 2019

Please cite this article as: Stassen M, Hartmann A-K, Delgado SJ, Dehmel S, Braun A, Mast cells
within cellular networks, Journal of Allergy and Clinical Immunology (2019), doi: https://doi.org/10.1016/
j-jaci.2019.01.031.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.jaci.2019.01.031
https://doi.org/10.1016/j.jaci.2019.01.031
https://doi.org/10.1016/j.jaci.2019.01.031

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Mast cells within cellular networks

Michael Stassen, PhD, Ann-Kathrin Hartmann, MSc *, Sharon Jiménez Delgado, MSc

23 syusann Dehmel, Ph3 Armin Braun, PhD %2

! Institute for Immunology and Research Center formunotherapy (FZI), University

Medical Center of the Johannes Gutenberg Universiainz, Germany

2 Fraunhofer Institute for Toxicology and Experim@nMedicine, Member of the German
Center for Lung Research (DZL), Biomedical ResearctEndstage and Obstructive Lung
Disease (BREATH) research network, Member of thest@r of Excellence Regenerative
Biology to Reconstructive Therapy (REBIRTH), HanagvGermany

3 Institute of Immunology, Hannover Medical Schdéénnover, Germany

Corresponding author:

Dr. Michael Stassen

Institute for Immunology

University Medical Center of the Johannes Gutenhbmyersity
Langenbeckstr. 1

55131 Mainz, Germany

Phone: +49 6131-176188

Fax: +49 6131-176202

E-Mail: stassenm@uni-mainz.de

Declaration of conflicts of interest: none



27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

Abstract

Mast cells are highly versatile in terms of theiode of activation by a host of stimuli and
their ability to flexibly release a plethora of lagically highly active mediators. Within the
immune system, mast cells can best be designatad astive nexus interlinking innate and
adaptive immunity. Herein, we try to draw an amnirthe initiation of acute inflammatory
reactions to microbial pathogens to the developrméatiaptive immunity and allergies. This
multifaceted nature of mast cells is made posdgléhe interaction with multiple cell types
of immunological and non-immunological origin. Exales for the former include
neutrophils, eosinophils, T cells and professiaralgen presenting cells. These interactions
allow mast cells to orchestrate inflammatory inrmai@ctions and complex adaptive immunity,
including the pathogenesis of allergies.

Important partners of non-immunological origin udé cells of the sensory neuronal system.
The intimate association between mast cells andosgmerve fibers allows bidirectional
communication leading to neurogenic inflammationidénce is accumulating that this mast

cell / nerve crosstalk is of pathophysiologicakkence in allergic diseases like asthma.



44

45

46

47

48

Key words

Mast cells, neutrophils, eosinophils, T cells, s@hmCMYV infection, vaccination, substance

P, sensory nerves, neurogenic inflammation



49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

Abbreviations

APC: Antigen presenting cell

BALF: Bronchoalveolar lavage fluid

BMMC: Bone marrow-derived mast cells

c48/80: Compound 48/80

CADML1.: Cell adhesion molecule 1

CGRP: Calcitonin gene-related peptide

CHSR: Contact hypersensitivity reaction

CTL: Cytotoxic T lymphocyte

CUC: Chronic ulcerative colitis

EAE: Experimental autoimmune encephalomyelitis
HDM: House dust mite

IBD: Inflammatory bowel disease

mCMV: Murine cytomegalovirus

MRGPRX2: Mas related G protein coupled receptor
NGF: Nerve growth factor

PGD2: Prostaglandin D2

ROS: Reactive oxygen species

SCG: Superior cervical ganglia

SP: Substance P

TNF: Tumor necrosis factor alpha

Treg: Regulatory T

Trk: Tropomyosin-related kinase

TRPV1: Transient receptor potential vanilloid type

VIP: Vasoactive intestinal peptide
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Interactions of mast cells with neutrophils and easophils

Neutrophils comprise 50-70% of human leukocytepéripheral blood and 1-2 x ¥ocells
per day are continuously generated in the boneawar key step of an acute inflammatory
response is the rapid recruitment of neutrophdsnfthe blood to the infected tissues where
they can set up a first line of defense as effecétls against microbial invadets. There is
ample evidence that both the recruitment of netitspas well as some of their effector
functions can be promoted by activated mast ckllgally, it was shown in several murine
models for acute inflammation that mast cells abde ao initiate the recruitment of
neutrophils®®. A cornerstone in this context were the obserwatithat mast cells trigger the
life-saving influx of neutrophils in murine modeisr acute bacterial infection®™? With
regard to the underlying mechanisms, mast celkddriTNF, which can be stored within
secretory granules and released on dem#hdplays a prominent role for attracting
neutrophils. Additionally, mast cell-derived TNF sveeported to be critical for neutrophil
recruitment in late-phase cutaneous anaphyldfiscontact hypersensitivity reactions
(CHSR)** Th17 cell-dependent lung inflammatiof) formation of cutaneous granulomas
18 |L-33-induced peritonitis® and experimental autoimmune encephalomyelitis (FREOf
note, this latter finding was not reproduced byhgsa Kit-independent strain of mast cell-
deficient mice that avoids the pleiotropic effeofsKit mutations across a variety of cells
beyond the mast cell itsétf.

In general, there is ample evidence that the nabfirbie mutation resulting in mast cell-
deficiency, the strain background of mice and thetqeol to induce an experimental
phenotype all can contribute to the generation aftradictory results when comparing
different mast cell-deficient mouse strains. Faletailed review of this subject, the reader is
referred td>%>

Besides TNF, mast cell-derived leukotrienes (LTmlan tryptase, mouse tryptase mast cell

protease 6 (MMCP-6) and macrophage inflammatoryepr® (MIP-2) are critical for the
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protective influx of neutrophils’®®. In a murine CHSR model it was reported that
recruitment of neutrophils is driven by mast cedlided TNF acting on endothelial cells
expressing TNFRI®'. Taken together, there is ample evidence that atteaction of
neutrophils as an important step in a variety aft@inflammatory reactions can be mediated
by mast cell-mediators including TNF.

Part of our own work focused on the impact of mast mediators on the activation of
murine neutrophil effector function¥. Cocultures of IgE/antigen-activated murine bone
marrow-derived mast cells (BMMC) and neutrophilssfily isolated from bone marrow
revealed that activated mast cells strongly moduthé expression of neutrophil activation
markers, i.e. decrease of CD62L and increase of 16DDbn the neutrophil surface.
Furthermore, activated BMMC initiate the generatainreactive oxygen species (ROS) in
neutrophils, enhance their phagocytosis and proma¢eitrophil survival in vitro.
Mechanistically, all these phenomena partly depamdhe mast cell-derived cytokines TNF
and, to an even greater extent, on GM-CSF, andotioeqguire cell-cell contact. In an LPS-
driven murine model for acute lung inflammation vademonstrated that neutrophil

phagocytosis is impaired in mast cell-deficientitV/Kit" "

mice. Consequently,
phagocytosis can be restored upon engraftmentwyithtype-derived but not with GM-CSF-
deficient mast cells, corroborating our in vitradings®2. Thus, mast cells can contribute to
the local activation of critical neutrophil effectfunctions as well as to their prolonged
survival which may be facilitated by close cellgell contact™.

It is tempting to speculate that neutrophils magpdiave an impact on the activation of mast
cells in a bi-directional communication betweenstheell types, yet this deserves further
investigation.

In this context, more information has been gathemedhe interactions between mast cells

and eosinophils. Infiltrating eosinophils have bdetected in close proximity to mast cells in

allergic inflamed tissue and in several other dissa(reviewed by*®). This led to the
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hypothesis that mast cells and eosinophils form"#fiergic effector unit"*®3. Within this
"allergic effector unit”, both cell types are sugtpel to have soluble and physical crosstalk
that enhances cellular functions amplifying the lpbhase of allergic inflammation. Mast cell-
derived soluble factors able to modulate eosindipinittion include IL-5, GM-CSF and IL-3,
among others. Interestingly, cocultures of eosifls@nd mast cells prolonged the otherwise
poor survival of the former in the presence of deathasone. This effect may play a role in
corticosteroid-resistant asthmatic patiefit©On the other hand, eosinophils are able to releas
a variety of factors able to promote the activatddrmast cells, including platelet-activating
factor, stem cell factor, nerve growth factor, eophil major basic protein, eosinophil
cationic protein and eosinophil peroxidase (£&dor review). Furthermore, eosinophils
enhanced mast cell mediator release through pHysicaact involving interaction between
CD48 expressed on mast cells and 2B4 on eosinophileken together, these paracrine and
physical interactions between both cell types maydbevant in allergic diseases and also in
several inflammatory and neoplastic disord@rs

However, besides interactions with cells from theate part of the immune system, mast
cells are also able to communicate with cells ftbmadaptive immune system, as outlined in

the following two sections.

Crosstalk between effector T cells and mast cells

Close proximity between mast cells and T cellsntemed tissues led to the suggestion of a
bidirectional relationship between these cell papahs (reviewed by*“9. In general,
interactions of T cells and mast cells can be teettell-, cytokine- and exosome-mediaféd

In the absence of soluble mediators, direct coritatveen human and murine mast cells and
activated T cells was reported to induce mediatt@ase and activation of mast cells, causing
the release of stored mediators and productiorytoknes including TNF, IL-4, IL-6 and IL-

8 % Interactions between intercellular adhesion mdied (ICAM-1) and lymphotoxir:
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receptor (LBR) with their respective ligands was reported torésponsible for T cell-
induced mast cell activatioff. Activation of mast cells could also be accommistupon
incubation with cell membranes derived from acedafl cells***”. Additionally, surface
molecules on membrane vesicles secreted by Twels also shown to activate mast célls
The latter phenomenom may allow a distant activatiomast cells.
For the stimulation of effector T cells by mastigethe ability of the latter to present antigens
and to express costimulatory molecules is of cémrportance. A combination of LPS and
IFN-y was shown to induce both the expression of MHGsscld molecules and of
costimulatory CD80/CD86 molecules on mast c&ll2’. Inducible expression of MHC I,
processing and presentation of antigenic peptidesnast cells leads to the expansion of
previously activated CD4T effector cells and also of CD@D25 regulatory T cells (Treg).
Moreover, activated mast cells can promote T aglization by soluble TN, by triggering
the costimulatory molecule OX48, and via the release of exosomes carrying MHCsdlas
molecules and CD88. Synapse-like contacts between dendritic cellsraast cells initiated
by inflammatory conditions lead to the transfeifiC Il complexes, enabling the latter to
prime allogeneic T celld®. In the human system, mast cells primed with FhFe able to
induce superantigen-specific T-cell responses anigjen-specific Thl recall responses
However, mast cells should not be regarded as ssioieal antigen presenting cells (APC)
able to activate naive T cells but they can funcés nonprofessional or atypical ARC
Evidence has accumulated suggesting a protectile for mast cells in antiviral
immune response¥ ™° In this context, we have shown that mast cellgrateulate upon
infection of mice with murine cytomegalovirus (mMCMVAvolving TLR3/TRIF-dependent
and independent mechanisMi$ Upon infection, mast cells are also critical ftre
recruitment of mCMV-specific CD8 T cells to the gst>. The lungs are a predilection site
for mCMV infections and, accordingly, interstitiggneumonia is the most dreaded

manifestation of CMV disease in immunocompromisatignts. In mast cell-deficieigitV™"
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mice, CD8 T cells were recruited less efficientty the lungs, correlating with strongly
enhanced viral replication and delayed clearanddeVirus. Both phenomena were restored
upon reconstitution of mast cell-deficient micetwinhast cells generated in viftb®

Most likely, a wave of mast cell-derived CC chemmakiigand 5 (CCL5) in the serum of
infected mice contributes to the recruitment of mMNGspecific CD8 T cells, in agreement
with published findings®. However, in the mCMV model, mast cell-deficiendges not

affect functionality and expansion of virus-specifiD8 T cells®.

Impact of mast cells on professional APC in modelfor vaccination and allergic airway
disease

Initially, it was shown that mast cells are abldrtgger the migration of professional antigen
presenting cells in several murine modé#®® Concomitantly, mast cells enhance the
expression of costimulatory molecules on APC (CBBD86, CD40), thereby also promoting
their maturation (recently reviewed byy. Thus, by influencing both migration and
maturation of APC, mast cells are well suited todalate APC-driven immune responses,
acting at the interface of innate and adaptive imityu

This property of mast cells as a nexus linking terend adaptive responses makes them an
attractive target in vaccination models employimfjueant in combination with antigen. In
this context, we demonstrated that mast cells atieat for the development of a variety of
phenomena following topical application of the TLRyand imiquimod in combination with
a CTL antigenic peptide, i.e. a murine model fanscutaneous immunizatidh Mast cells
expressing TLR7 and mast cell-derived cytokined)land TNF are critical to mount a rapid
and full-blown inflammatory response upon applizatof adjuvant, mainly characterized by
the influx of neutrophil€®’ Additionally, hypertrophy of draining lymph nodissdriven by

mast cell-derived TNF, in agreement with publisiueda'®">"® Emigration of Langerhans
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cells as professional APC from the epidermis todiening lymph nodes is partly dependent
on mast cell-derived IL-1 following topical applican of imiquimod.

Finally, the expansion and function of peptide-#iiecytotoxic CDS T cells is severely
impaired in this model in the absence of mast ¢&llm line with this, the mast cell activator

1”4 and intradermal® adjuvant

compound 48/80 (c48/80) was also shown to exertieosa
function and to enhance protective humoral immun@y note, adjuvant effects of c48/80
applied either intradermally or via the mucosalteowere recently shown to be independent
of mast cells using Kit-independent mast cell-defic mouse strain®.

Murine inflammatory airway disease based on semadion to antigens and subsequent
provocation is often used as a model for the pahegis of human asthma, including
inflammation of the airways, overproduction of mscuand hyperreactivity to
bronchoconstrictor§’. Mast cells have been linked to the inductionlifrgic airway disease

in mice, although this was shown to depend on #pemental modef®®. In this context,
we were able to demonstrate that, in previoushsieged mice, mast cells can promote the
migration of antigen-laden APC from the lung to thainig lymph nodes upon intranasal
challenge with the antigei. Accordingly, in the absence of mast cells, ainivdlammation,
production of mucus and airway hyperreactivity wexé decreased. Interestingly, the
phenotype seen in mast cell-deficient mice coulddstored following transfer of antigen-
laden APC to sensitized mice prior to airway chajle Taken together, this study suggests
that the interaction between mast cells and APCbheacritical for the development of airway
disease.

However, we were able to show that the contribubbmmast cells to the development of
murine allergic airway disease strongly dependshengenetic backgrourid. Regarding the
latter, identification of a traceable polymorphystusely linked to the&itV™" allele allowed

us to generate congenic mast cell-deficient mic8ahbB/c background, termed C.Biit""

81. tW—Sh

Unexpectedly, and in sharp contrast to their Q388i mast cell-deficient

10
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counterparts, C.B&it""

mice develop all signs of allergic airway diseakspite the

absence of mast cells. This phenomenon may, apéadly, reflect the complexity seen in
human disease. In the next section, we will shedeslight on mast cell / nerve interactions
and how it contributes to physiologic and pathopdlggic responses with a focus on allergic

inflammation.

Mast cell interactions with the sensory neuronal sstem in chronic inflammatory

diseases

Microlocalization is a fundamental organizing pipie of inflammatory responses, since
many neuronal and inflammatory mediators are rgpidlactivated. The functional
communication between mast cells and nerves dependsembrane-membrane contacts
mediated by cell adhesion molecule 1 (CADM&¥® The intimate association was shown by
the presence of dense core vesicles at the pdiotnetact®. Close anatomical proximity and
functional communication of mast cells with senspeyves has been suggested in different
organs such as gfft, skin®® and respiratory tracf’° In chronic skin diseases, including
psoriasis and atopic dermatitis, the contact betwemst cells and sensory nerves are
increased in numbé&P. Many inflammatory diseases in skin and inteséireaccompanied by
mast cell hyperplasia in the inflamed mucosal epitim and in the adjacent smooth muscle
9192 Therefore the mast cell / nerve communicatiorsimoth muscle may be enhanced.
Human skin mast cells have shown immunoreactiatyhe neuropeptide substance P (SP).
Using electron microscopy, Toyoda et al. demonstr#hat SP was localized within the mast
cell secretory granules. Interestingly, mast cptisitive to SP and the amount of SP within
mast cells were increased in lesional skin fronpiatpatients’. This is suggesting that SP
could be synthesized as a newly generated medidten inflammation prevailsn vivo
experiments using human skin have shown that iatradl injection of SP provokes weal,

flare and itching. These responses are mainly rtetllay mast cell degranulation, followed

11
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by increased vascular permeability and markedtiafibn of eosinophils and neutrophils and
can be blocked upon depletion of peripheral nerearopeptide content'®® Moreover,
Stoyanova and Gulubova described a population @it roells in the human intestine being
immunopositive for both tryptase and SP. Theses agtre found in higher frequencies in
biopsies from patients with chronic ulcerative tsl{CUC) compared with controf€. In
biopsies from the gut of patients with inflammattigwel disease (IBD), but not in biopsies
from non-inflamed tissue, SP treatment inducesesiecr of histamin€®. In our group we
analyzed the distribution and localization of meslis and sensory nerve fibers in cross-
sectioned small airways using human precisionoyg klices. We showed a close anatomical
localization of mast cells with sensory nerves,eeggly with mast cells containing the
neuropeptide substance P (Fig. 1). These obsengatindicate that an inflammatory
environment increases the frequencies of SP anptasg double-positive mast cells.
Nevertheless, whether human mast cells produceaSkolbe confirmed on the mRNA level.
Indeed, several lines of evidence point out thatfional communication between mast cells

and sensory nerves is involved in the pathogemésisronic inflammatory diseases.

Vagal sensory neurons represent a dominant afféneetvation to the airways and lungs
99190 c_fibers are a non-myelinated subset of afferetves that have been shown to be
involved in the pathophysiology of asthma includiignvay hyperreactivity®*% C-fibers
are characterized by co-expression of the transez@ptor potential vanilloid type 1 receptor
(TRPV1) ion channel and sensory neuropeptidesSiRE’>. Interestingly, they serve not only
as afferent information wires, but they have argiréocal effector function by releasing
neuropeptides on the site of stimulation (axoresgflUpon stimulation with inhaled irritants
or endogenous signals associated with tissue infiaimon, C-fibers release neuropeptides via
the axon-reflex mechanism leading to neurogenianmination. In this setting, neuropeptides

affect neighboring effector cells leading to brooobnstriction, protein extravasation, mucus

12
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secretion and recruitment of leukocyt&s The neuropeptide SP is known as one of the most
important mediators of neurogenic inflammationréased levels of SP have been detected in
BALF %, sputum®®®*”and plasmd® from asthmatic patients and increased levels of SP
have also been found upon allergen challenge. s& effective constrictor of airways and
this has been demonstratedimvitro andin vivo experiments using different animals and
human airways’®**2 SP has a high affinity for the NK1 receptor andl$o binds, but with
lower affinity, to the other tachykinin receptor&®R and NK3R"®, Besides the direct effect
of SP on NK1R on airway smooth muscle cells, sdvsttadies have suggested that the
SP/NKI1R route can contribute to airway constrictiimdirectly by the activation of mast cells
109,114‘:

The theory that, under allergic conditions, NK1Rpmssion has a functional significance for
asthma symptoms and affects the sensitivity of roakés to SP was challenged by the failure
of several NK1R antagonists in clinical studigs**® This was explained by limited
pharmacological properties of the antagonists, dbmplexity of the neuropeptide system
including redundant neuropeptides and receptorswell as with alternative receptor
pathways. Regarding the latter, it was demonstrtett SP activates murine mast cells and
human tryptase- and chymase positive mast cellstgM@rough mas related G protein
coupled receptor X2 (MRGPRX'" ' Most MGc were found in human connective
tissues, such as the skfft*?* Brightling et al showed in bronchial biopsiesttimiltration of

the airway smooth muscle cell (SMC) layer with MCassociated with airway disorder. In a
subgroup of subjects with asthma these MCs werptasg and chymase positivé’
Increased frequencies of ME€and MRGPRX2-positive mast cells in the lungs dhes
patients indicate that an MRGPRX2-expressingtll€ubpopulation may influence asthma
pathology**'?* However, the exclusive expression of MRGPRX2 aBdlin the lung and

its function in airway hyperresponsiveness haset@toven. Other studies demonstrated that

intraepithelial mast cells in patients with T(H)Rdh asthma have a different phenotype

13
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containing high levels of tryptase and carboxymgse 3 (CPA3) but low chymase levels,
and predict responsiveness to inhaled corticostert®. These studies demonstrate the
plasticity of mast cell phenotypes that may chamgder pathological conditions according to
the specific microenvironment® In our own work (unpublished) we showed that the
challenge of sensory nerve endings leads to an @flmx response which activates mast cells
via substance P. Ultimately, this causes enhantca@yaconstriction in passively sensitized
human lung tissue. Enhanced airway constriction wdsbited by the NKI1R-specific
antagonist fosaprepitant (IVEMENDJ". The expression of NK1R on mast cells seems to be
regulated by IgE binding to Rl as shown in several studies withvitro cultures and
confirmed by our groug?®?**3%® Using fresh human lung tissue, we show that lgfi-
antibody treatment (Omalizumab) during passive iieagon of lung tissue leads to a
significant decrease of neuronally-induced bronohgtriction. These data emphasize that
IgE binding to mast cells positively affects thepeession of NK1R on mast cells and thus
their sensibility to SP. However, SP was showmttuce mast cell degranulatid#***and
histamine release from a variety of mast cells syjpecluding human mast cells isolated from
BALF 3313 okin 1* and inflamed gut mucos&. However, the presence of NK1R and
MRGPRX2 on mast cells suggest autocrine as wgbaaacrine mechanisms. For instance, it
has been reported that SP induces release of ng®ki human mast ceff¥.

It has to be mentioned that neuropeptides also haweinflammatory and protective
functions. It should be recalled that mast cellrdaglation and inflammation can also be
negatively regulated, e.g. by the calcitonin gexlated peptide CGRP or vasoactive intestinal
peptide/pituitary adenylate cyclase activating pEpt(PACAP) family, which often co-
localize with SP**®***7 In a murine model of allergic asthma, CGRP insilC maturation
and allergen-specific T cell responses, which &ffethe outcome of allergic airway
inflammationin vivo. In the gut, the neuropeptide CGRP exhibits ptote@ffects on gastric

138

mucosa injury after cerebral ischemia reperfusiorats—". A regulatory interaction between

14



334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

SP and CGRP was shown when injection of CGRP wiltistance P into human skin converts
the long-lasting vasodilatation induced by CGRM® iattransient response. Vasodilation was

regulated by the action of proteases from mass séiinulated by substance¥

Mast cells synthesize and release a variety of catds which, in turn, influence neuronal
activity. Mast cell mediators including tumor nesigfactor (TNF), tryptase, nerve growth
factor (NGF), prostaglandin D2 (PGD2) and adenosareenhance the sensitivity of TRPV1
or lower its threshold for activatiolf”. Therefore, allergic reactions in the airways may
increase the excitability of sensory fibers andnpote a feedback between mast cells and
terminal nerves®’. Moreover, this effect can increase parasympathetie in the airways by
increasing central and peripheral reflex &fcéndeed, increasing evidence indicates that TRP
receptors like the TRPV1 channel are relevanténdievelopment of several aspects of airway
hypersensitivity'™®2 Thus, mast cells and nerves mutually influenceheather in different
pathologies including psoriasis, IBD, and asthma.

Nerve growth factors like NGF seem to play a speoi@ in the mast cell / nerve interaction
especially in setting the sensitivity of the intfan and inducing hyperreactivity in
pathophysiological conditions. Neurotrophins hagerbshown to promote differentiation and
survival of mast cells, which in turn represent ajon source of neurotrophins. In diseases
like mastocytosis the neurotrophin system is highlyregulated. In combination with
increased neurotrophin levels, the elevated exioess several isoforms of tropomyosin-
related kinase (Trk) receptors on mast cells couates to the pathophysiology of
mastocytosis in autocrine and paracrine lo8fisin skin, mast cells act as a "power house"
by releasing algogenic and pruritogenic mediatatsch initiate a reciprocal communication
with specific nociceptors on sensory nerve fibe@onsequently, nerve fibers release
inflammatory and vasoactive neuropeptides, whickum activate mast cells in a feedback

mechanism, thus promoting a vicious cycle of ma#itand nociceptor activation leading to

15
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neurogenic inflammation and pain/prurittfs In this context, we were able to show in a rat
asthma model that the mast cell-dependent earlgepresponse can be blocked by anti-NGF

treatment*2

The interaction between mast cells and sensoryeseis/ occurring preferentially in organs
with direct contact to the environment like skiandy and gut. For instance, in the lung these
interactions are of pathophysiological relevancallergic diseases like asthma. However, the

underlying mechanisms are not completely resolved.
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Conclusions

With the advent of mast cell-deficient mouse ssaamd their widespread use, functions of
mast cells have been considered to be much brdhdertheir original role in IgE-driven
immediate-type reactions. However, caveats have b@eed about mast cell-deficient Kit-
mutant mice and their reconstitution with mastsgknerateth vitro.

Ideally, Kit-dependent and -independent strainsiveel consistent results which are
corroborated by findings derived from human masis e vivo or in vitro. In the future,
mouse strains that allow the efficient developm&Enthuman mast cells from hematopoietic
stem cells may be extremely useful tools for ingesion of mast cell biology and as
preclinical modeld*.

In different studies it has become apparent thastnealls can be critical for the rapid
recruitment and activation of neutrophils, i.e. tbe induction of an acute inflammatory
response (Fig. 2). Furthermore, there is ampleeend that mast cells can promote the
induction of adaptive immune responses in differemlys. First, mast cells can support
migration and maturation of professional APC to thaining lymph nodes. Second, mast
cells can directly interact with T cells. In thisrtext, mast cells can act as nonprofessional
APC by presenting antigen to preactivated T callther after uptake and processing of
antigen or after receiving MHC Il from professibA&®C upon cell-to-cell interaction.
Intimate interactions between peripheral sensorwrores and mast cells form a
microenvironment for communication resembling syitagunctions. Emerging evidence
indicates that mast cell mediators can act on tesurandvice versa. The axon reflex
mechanism allows the activation of mast cells byropeptides, leading to neurogenic
inflammation including contraction of smooth muschdls, mucus secretion and recruitment

of leukocytes in chronic inflammatory diseases.ngsiovel and more specific models it will

17



393 Dbe fascinating to further unravel the manifold fuoies and interactions of mast cells with
394 immune and non-immune cells.
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Figure legends

FIG 1 Distribution and localization of mast cells and s@y nerve fibers in cross-sectioned
small airways of human precision-cut lung slicesnmtdn lung material was cut into 300pum
thick viable precision-cut lung slices includingoss-sectioned small airway. Nerves were
immunostained with the pan neuronal marker PGR@&),(mast cells were visualized with
anti-human tryptase antibody (yellow) and SP waslleed with an anti-SP antibody (blue).
Lung tissue autofluorescence was used to illustuaig structure. A: A representative image
illustrating the airway lumen (Al) epithelium (Epnd submucosa (S) in a cross-sectioned
small airway shows distribution of peripheral nervi@ed), mast cells (yellow), and the
neuropeptide substance P (SP, blue). SP-positinsosg nerves (pink) were observed in
proximity to SP-positive mast cells (white). Thrdieaensional images. Scale bar 30um. B:
Zoom of the indicated rectangular area in A, shgwsubepithelial mast cell / nerve
interactions including sensory nerves and SP amase double-positive mast cells. Scale

bar 10 um. Al: airway lumen. Ep: airway epitheliufh;submucosa.

FIG 2. The networking mast cell

Afferent sensory nerves (C-fibres) can be activageéxogenous or endogenous stimuli. This
sets up an axon reflex mechanism leading to nenrogénflammation. Secreted
neuropeptides such as SP released via the axax nefechanism activate mast cells by
binding to NK receptors or MRGPRX2 to release medsa(histamine, LTC4) promoting the
contraction of smooth muscle cells. Vice versaivatibn of afferent neurons by mast cell-
derived mediators (tryptase, histamine, cysteimykbtrienes and neurotrophins) causes
neuronal hyperreactivity and thus a vicious ciafl@euroinflammation.

Mast cells activated by IgE or IgE-independent aigrare able to promote the migration of
antigen-laden professional APC to the draining lgrmpdes were they initiate the expansion
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of antigen-specific T cells. Additional signals linding mast cell-derived TNF are required to
facilitate this initiating event in the developmeaftthe adaptive immune response. Thereby, it
is very likely that mast cells have an impact oa thagnitude of the immune response. Mast
cell mediators such as CCL5/RANTES have a roléérecruitment of CD8T cells to sites

of viral infection. The activation of T effector ltseand mast cells can also be triggered by
intercellular crosstalk. In this context, mast setlan function as nonprofessional APC.
Additionally, mast cells are able to activate ehétial cells leading to the attraction of
neutrophils as a critical event in many acute mfi@atory reactions. Moreover, mast cells

also boost the activation of neutrophils.
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