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Abstrakt (CZ)

Tato disertacni prace je zaméfena piedev§im na pochopeni regula¢ni tlohy C-terminalni
Src kindzy (CSK) a proteinu asociovaného s mikrodoménami bohatymi na glykosfingolipidy
(PAG) v FceRI zprostiedkované signalizaci mysich Zirnych bunék. FceRI aktivace je zahajena
agregaci receptoru komplexem multivalentniho antigenu s IgE a néslednou aktivaci protein
tyrozin kinaz, protein tyrozin fosfataz a dalSich molekul signélni transdukce. Signaliza¢ni d¢je
vedou k degranulaci zirnych bun€k a uvolnéni prozanétlivych medidtor zodpovédnych za
vznik alergickych onemocnéni. Poznani funkce klicovych regula¢nich molekul, které kontrolu;i
FceRI zprosttedkovanou aktivaci, degranulaci a cytokinovou produkei Zirnych bunék, miize mit
terapeuticky dopad.

CSK je hlavnim negativnim regulatorem protein tyrozin kinaz z rodiny Src (SFKs), které
hraji kritickou tlohu v riznych imunoreceptorovych dé&jich. Funkce CSK v zirnych buiikach
vSak neni zcela objasnéna. Piedpoklada se, Ze CSK lokalizovana v cytoplazmé je translokovana
do blizkosti membranové vazanych SFKS s vyuzitim membranovych adaptorovych proteini a
PAG byl hlavnim kandidatem. Pro urceni ulohy proteinii CSK a PAG v FceRI signalizaci jsme
jako model pouzili zirné buiiky odvozené z kostni diené¢ (BMMC) mysi divokého typu nebo
mysi deficientnich v proteinu PAG (PAG-KO) nebo mysi se snizenou expresi CSK (CSK-KD)
nebo se snizenou expresi obou téchto proteinti (CSKKD/PAG-KO). Konkrétné jsme ukdzali, ze
antigenem aktivované buiiky s CSK-KD vykazuji vyznamné vyssi degranulaci, vapnikovou
odpovéd’ a chemotaxi. Prekvapive, PAG mél v téchto d&jich opac¢nou tlohu a buniky s CSK-
KD, stejné jako PAG-KO, vykazovaly narusenou fosforylaci transkripéniho faktoru STATS. To
bylo pravdépodobné zpiisobeno zvysenou enzymatickou aktivitou fosfatazy SHP-1, ¢imz
dochéazelo k inhibici produkce prozanétlivych cytokinli a chemokint. Nase vysledky také
ukazaly odlisné zapojeni adaptorovych proteinit LAT a NTAL v CSK- nebo PAG-zavislé
signalizaci BMMC. Ziskané vysledky podporuji hypotézu, zZe se CSK vaZe nejenom na PAG,
ale také na jiné adaptorové proteiny, které mohou fungovat 1épe nez PAG pro lokalizaci CSK v
blizkosti SFK, a tim efektivnéji pfispét k jejich inaktivaci. Na zaklad€ téchto vysledkl jsme
navrhli novy model souhry proteini CSK a PAG v signalizaci zirnych bunék.

ProtoZe tyto studie vyzadovaly citlivou detekci riiznych cytokinl uvolnénych z zirnych
bun¢k nebo jimi spotfebovavanych, byla €ast prace vénovéana vyvoji takové metody. Ve
spolupraci s dal§imi laboratofemi, jsme tuto metodu, nazvanou nano-iPCR, pouzili pro detekci
klinicky vyznamnych reportériic v mozkomiSnim moku pacientd a srovnali ji s béZnymi
imunotesty vyuzivajici enzymové znacené komplexy antigen-protilatka ukotvené na pevnych
nosicich (ELISAs).

Tuto metodu jsme také pouZzili pro uréeni tlohy ORMDL3 proteinu v signalizaci Zirnych
bunck. Kli¢ovym zjisténim bylo, ze ORMDL3 je negativni regulator produkce prozanétlivych
cytokind, pfes AKT- NF-kB fizenou signalni drahu. Nase vysledky také ukéazaly, Ze chemotaxe
zirnych bunék je regulovana proteiny ORMDL3 a CD9. Déle jsme zkoumali vliv béZzné
pouzivaného rozpoustédla etanolu a latky odstraiiujici membranovy cholesterol, methyl-f3-
cyclodextrinu, na FceRI signalizaci. Nase vysledky ukazaly, Ze etanol inhibuje funkci FceRI
signalozomu, a Ze cholesterol zde hraje nezastupitelnou ulohu. Tyto vysledky jsme potvrdili na
mysich in vivo s vyuzitim testu pasivni kozni anafylaxe.



Abstract (EN)

This thesis is focused mainly on understanding mechanisms of regulatory roles of C-
terminal Src kinase (CSK) and phosphoprotein associated with glycosphingolipid-enriched
microdomains (PAG) in the high-affinity IgE receptor (FceRI)-mediated signalling of murine
mast cells. FceRI activation is initiated by aggregation of the receptor by complexes of
multivalent antigen with IgE, followed by activation and enhanced activities of protein tyrosine
kinases, phosphatases, adaptor proteins and number of other signal transduction molecules. The
signaling events result in mast cell degranulation and release of variety of proinflammatory
mediators, responsible for initiation of allergy and other inflammatory diseases. Understanding
the function of key regulatory molecules controlling FceRI-mediated mast cell activation,
degranulation, and cytokines production could have therapeutic impact.

CSK is amajor negative regulator of Src family tyrosine kinases (SFKs) that play a critical
role in various immunoreceptor signaling events. However, its function in mast cell activation
has not been completely understood. Because of its cytoplasmic localization, CSK was assumed
to be brought to the vicinity of the plasma membrane-bound SFKSs via binding to membrane-
bound adaptors and PAG was a major candidate. To determine the roles of CSK and PAG in
FceRlI signaling, we used as a model bone marrow-derived mast cells (BMMCs) from wild-type
or PAG knockout (PAG-KO) mice with reduced amount of CSK (CSK-KD) or with reduced
amount of both proteins (CSK-KD/PAG-KO). We found that antigen activated cells with CSK-
KD exhibited significantly higher degranulation, calcium response and chemotaxis.
Unexpectedly, PAG played an opposite role in these processes and cells with CSK-KD,
similarly as PAG-KO, displayed impaired phosphorylation of the transcription factor STAT5.
This was probably caused by enhanced enzymatic activity of Src homology region 2 domain-
containing phosphatase-1 (SHP-1), which resulted in inhibition of proinflammatory cytokines
and chemokines production. Our data also showed distinct involvement of adaptor proteins
LAT and NTAL in CSK- or PAG-dependent signaling in BMMCs. Several lines of evidence
suggested, that CSK binds not only to PAG, but also to some other anchors, which could serve
better than PAG for positioning of CSK in the vicinity of SFKs and thus more efficiently
contribute to their inactivation. Based on these data we postulated a new model of CSK-PAG
interplay in mast cell activation.

Since these studies required sensitive detection of various cytokines released or utilized
by mast cells, part of the thesis was dedicated to development of such assay. In collaborative
studies we used this method, called nano-iPCR, for detection of clinically relevant markers in
cerebrospinal fluid of patients and compared it with routinely used enzyme-link immunosorbent
assays (ELISAS).

We also used this method for elucidating the role of ORMDL3 protein in mast cell
signaling. The key finding was determination of ORMDL3 as a negative regulator of
proinflammatory cytokines production, mediated via AKT and NF-kB-directed signaling
pathways. Our results also showed that mast cell chemotaxis is regulated by ORMDL3 and
CD?9. Furthermore, we examined mode of action of widely used dissolving agent, ethanol, and
cellular cholesterol remover, methyl-B-cyclodextrin, on FceRI activation. Our data indicated
that ethanol has an inhibitory effect on function of FceRI signalosomes in which cholesterol
plays an indispensable role. These data were corroborated in mice in vivo using passive
cutaneous anaphylaxis.



1. Uvod

Zirné buiiky vznikaji z hematopoetickych kmenovych bunék a jako nezralé prekurzory
migruji krvi do cilovych perifernich tk&ni, kde dochazi k jejich dozrévani pod vlivem
lokéalnich  faktora [1]. Zirmé buiiky jsou charakteristické obsahem velkych
cytoplazmatickych granul obsahujicich biologicky aktivni latky, které se rychle uvoliuji
po aktivaci bunék procesem zvanym degranulace [2]. Funkce zirnych bunék zahrnuje rtizné
fyziologické a patofyziologické procesy, jako jsou imunoglobulinem E (IgE)

zprostfedkované alergie, autoimunitni poruchy, astma a dalsi zanétlivd onemocnéni [3].

Aktivace zirnych bunék je zahajena prokiiZzenim komplexu IgE a vysokoafinitniho
receptoru pro IgE, (FceRI), multivalentnim antigenem, ¢imz dochazi k tyrosinové
fosforylaci imunoreceptorovych aktivaénich motivi (ITAMs) umisténych na
cytoplasmatickém konci FceRI B a y podjednotek. Tuto fosforylaci zprosttedkovava LYN
kinaza. Fosforylované ITAMs obou podjednotek poskytuji vysokoafinitni vazebna mista
pro navazani dalSich kinaz LYN a SYK, které obratem fosforyluji fadu cilovych molekul
jako jsou transmembranové adaptorové proteiny LAT, NTAL and PAG. Klicovou tlohou
adaptorovych proteini je distribuce signalnich drah vedoucich k uvolnéni
cytoplasmatického vépniku, degranulaci, aktivaci transkripénich faktord a produkci
cytokini [4]. Adaptor PAG je vSudyptitomny protein s vysokou expresi v buikach
imunitniho systému. V Zirnych buiikach je PAG fosforylovan po aktivaci antigenem
kindzou LYN, zatimco u T bunék je fosforylovan kinazou FYN. Fosforylovany PAG miize
poté vazat C-terminalni Src kinazu (CSK), a tim umoznit jeji lokalizaci do piimé blizkosti
membranové vazanych kinaz z rodiny Src (SFKSs) [5]. Kli¢ovou funkci CSK je specificka
fosforylace tyrozinovych zbytka lokalizovanych na C-terminalnim konci SFKs, ktera vede
k jejich inaktivaci [6]. Negativni regula¢ni funkce a nepostradatelnost CSK byla
znaroznéna u mysi deficientnich v proteinu CSK. Jak se ukazalo, tyto mysi umiraly jiz v

¢asnych embryonalnich fazich a jejich tkan vykazovala konstitutivné aktivované SFKs [7].

Aktivacni déje Zirnych bunék odrazeji rovnovahu mezi protein tyrozinovymi kindzami
a protein tyrozinovymi fosfatazami [8]. U Zirnych bun€k deficientnich v proteinu PLCB3
bylo ukédzano, ze snizena fosforylace fosfatazy SHP-1 vede k aktivaci transkripéniho
faktoru STATS, zvySené produkci cytokini doprovazené pozdni anafylaktickou reakci
mysi [9]. Hlubsi porozuméni regulace imunoreceptorové signalizace regulované souhrou
PTKs a PTPs, muze objasnit nékteré nezodpoveézené otazky tykajici se signalizace zirnych

bunék a jejich ulohy v imunitnim sytému [10].



2.

Cile prace

Cilem této prace bylo blize porozumét molekularnim mechanismim FceRI-

zprostredkované signalni drahy vedouci k aktivaci zirnych bunék, degranulaci a produkci

zanétlivych cytokinti. Nasim cilem bylo pfedevsim objasnit roli proteini PAG a CSK v ¢asnych

fazich aktivace zirnych bun€k a pochopit jejich ulohu pii vzniku zdnétu a/nebo anafylaktické

reakce. DalSim cilem této prace bylo urcit vliv vybranych proteini (ORMDL3 a CD9) nebo

riuznych chemikalii na aktivaci zirnych bunék in vitro a také in vivo. Soucasti této prace bylo

také vyvinout jednoduchou a citlivou metodu pro detekci biologicky aktivnich molekul a

nasledné ji vyuzit v jednotlivych studiich zahrnutych v této préci.

Konkrétni cile této prace byly:

1.

Ur¢it ulohu proteinu PAG v produkci cytokind G¢astnicich se zanétu (TNF-a, IL-13 a IL-6)
v zirnych burikach aktivovanych antigenem a dale kvantifikovat koncentraci IgE v séru
PAG-KO mysi.

Urcit regulacni ulohu proteinu CSK v signalizaci Zirnych bunék po aktivaci antigenem.

a. Urgit regula¢ni roli CSK v FceRI-zprostiedkované degranulaci, regulaci Ca®*,
produkci prozanétlivych cytokinl, bunééné adhezi a FceRI-indukované tyrozinove
fosforylaci casnych signalnich molekul

b. Ur¢it tlohu souhry proteini CSK a PAG v FceRI-zprostfedkované aktivaci zirnych

bunék

Ptispét k porozuméni ulohy proteinu ORMDL3 v FceRI zprostfedkované aktivaci Zirnych
bunék. Déle ptipravit BMMCs se sniZenou nebo zvySenou expresi ORMDL3 a ur¢it roli

tohoto proteinu v produkeci cytokind ucastnicich se zanétlivych reakci.

Ptispét k pochopeni role signalosomu FceRI-cholesterol a urcit efekt etanolu na FceRI

zprostiedkovanou degranulaci in vivo pomoci testu pasivni kozni anafylaxe u mysi.

Prispét k objasnéni funkce proteinu CD9 v signalizaci Zirnych buné€k. Pro tento ucel

purifikovat nové€ pfipravenou monoklonélni protilatku a dale ptipravit CD9-KD buiiky.

Vynalézt citlivou a jednoduchou metodu pro detekci cytokinli a dalSich proteint v

komplexnich biologickych vzorcich a srovnat ji s jinymi imunoesejemi (ELISA a iPCR).
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3. Material a metodika

Pro splnéni jednotlivych cili této prace byly pouzity nasledujici biochemické,
imunologické a molekuldrné biologické metody. VSechny tyto metody jsou popsany v

odpovidajicich publikacich a v rukopisu diserta¢ni prace.

Izolace a kultivace mySich BMMCs

Senzitizace a aktivace BMMCs

Degranulaéni (B-glukuronidazovy) test

Metoda pro detekci uvolnéného cytoplasmatického vapniku
Detekce bunééné adheze

Prutokova cytometrie

Imunobloting

Imunoprecipitace

Klonovani

Piiprava lentiviralnich vektoru a genova transdukce
Purifikace CD9 protilatky

Detekce cytokini pomoci nano-iPCR

Detekce cytokini a a-tubulinu pomoci iPCR

Detekce rustovych faktort SCF and IL-3 pomoci ELISA
Detekce mySiho sérového IgE pomoci ELISA

Test pasivni koZni anafylaxe u mysi



4. Vysledky a diskuse

Nase vysledky ukazaly, ze antigenem aktivované BMMCs z PAG-KO mysi vykazovaly
snizenou vapnikovou odpovéd’, degranulaci a produkci cytokint, ptfestoze aktivita SFKs byla
zvySend. Toto zjisténi bylo piekvapujici, protoze fosforylovany PAG je vSeobecné
shledavanym adaptorovym proteinem vazajicim CSK, coZ je hlavni regulator SFKs, ktery je
inaktivuje [11]. V této souvislosti je tieba zminit, ze byly popsany vyrazné rozdily mezi casnymi
regulacnimi déji immunoreceptoru T bunék a FceRI signalizace zirnych bunék, vzhledem k
proteinu PAG [5]. Dulezitym vysledkem této studie bylo zjisténi, ze PAG je pozitivni regulator
produkce prozanétlivych cytokini po FceRI-zprosttedkované aktivaci zirnych bunek, coz by
mohlo byt piimym nasledkem narusené fosforylace transkripéniho faktoru STATS. Nase
vysledky jsou v souladu s ptfedchozimi zjiSténimi, Ze fosforylovany STATS slouzi jako
transkripcni faktor pro fadu prozanétlivych genti a ze STATS deficience vede k naruSené
odpovédi zirnych bunék na aktivaci pies FceRI [12]. Nasim prvoradym cilem bylo urdit, jestli
vSeobecny pohled na CSK, jako negativniho regulatora riiznych bunéénych signalizaci a jeho
hlavniho vazebného partnera PAG, plati v zirnych burikach. V souladu s ptedchozimi studiemi
nase vysledky ukézaly, Ze zirné buiikky s CSK-KD vykazuji zvySenou degranulaci, nejenom po
aktivaci, ale také na bazalni trovni. Zjisténi, ze CSK hraje dileZitou roli v nastaveni aktivacniho
prahu zirnych bunék je podpotena pozorovanim na jinych bunécnych typech jako jsou T buiiky
[13] a granulocyty [14]. Neocekavanym vysledkem bylo zjisténi, Ze CSK pozitivné reguluje
produkci prozanétlivych cytokini (TNF-a, IL-13, IL-6) a chemokini (CCL-3, CCL-4) v
bunkach aktivovanych ptes FceRI. Nase vysledky na buitkach s CSK-KD naznacuji, Ze je to
zpiisobeno nasledkem zvySené enzymatické activity fosfatazy SHP-1, kterd zpétné€ inhibuje
transkripcni factor STATS, a tim tlumi produkci cytokind. Souhrnné nase vysledky ukazuji, ze
se CSK véaZe nejenom na PAG, ale také na jiny adaptorovy protein, ktery poskytuje lepsi
lokalizaci CSK do pfimé blizkosti SFKs a tim je efektivnéji inhibuje.

Vyznamny vliv de novo syntetizovanych cytokini uvolnénych po aktivaci zirnych bunék
byl zaznamenan pfi alergickych reakcich a riznych zanétlivych onemocnénich [15]. Z tohoto
divodu je velice potiebna metoda pro kvantifikaci uvolnénych mediatorti Zirnych bunék.
Vysledky predstavené v této praci ukazuji, Ze nové vyvinutd metoda, nazvana nano-iPCR,
zalozena na zlatych nanopartikulich konjugovanych s protilatkou a oligonukleotidem, vykazuje
oproti ELISA a iPCR S§irs$i dynamicky rozsah, vyssi citlivost, snadny a cenové vyhodnéjsi
protokol, pfi pouZiti stejnych protilatek napifi¢ metodami. Tato metoda byla také vyuzita v

dal$ich studiich (ORMDL3, CD9), jak je podrobn¢ diskutovano v diserta¢ni praci.



5. Zavéry

1. Ziskané vysledky ukézaly, ze adaptorovy protein PAG slouzi jako negativni nebo pozitivni
regulator signalizace zirnych bunék v zéavisloti na druhu aktivované signalizacni drahy.
Zirné buiky izolované z PAG-KO mysi vykazuji snizenou produkci prozanétlivych

cytokint po aktivaci antigenem. Koncentrace sérového IgE je u téchto mysi nezménéna.

2. NasSe vysledky podporuji predstavu, ze CSK je negativni regulator vapnikové odpovédi a
degranulace, zatimco bunécnéd adheze a produkce prozéanétlivych cytokint, je pozitivné
regulovéna CSK a to zfejmé& mechanismem zavislym na STATS5-SHP-1 signalni draze.

a. BMMCs s CSK-KD vykazuji zvySenou degranulaci, uvolnéni cytoplasmatického
vapniku, doprovazenou narusenou fosforylaci FceRI B a y podjednotek, a signélnich
proteini LYN, SYK, NTAL a PLCy.

b. Ziskana data naznacuji, ze nékteré¢ déje reguluje CSK nezavisle na proteinu PAG za
vyuziti jiného adaptorového proteinu, a tim ucingji reguluje kindzy z rodiny Src. Na
zéklad¢é téchto vysledku jsme navrhli novy model souhry proteini CSK a PAG v
BMMC:s.

3. Zjistili jsme, ze se ORMDL3 protein tcastni regulace vzniku lokalni zanétlivé reakce
zahdjené aktivaci pies FceRI v in vitro a in vivo podminkach. Snizena hladina ORMDL3 v
BMMCs byla spojena se zvySenou produkci prozanétlivych proteint regulovanych pies

AKT a NF-«B signalni drahu.

4. Vysledky ziskané pti studiu vlivu ethanolu na aktivaci zirnych buné€k ndm napomohly 1épe
porozumét ¢asnym FceRI signalizaénim déjim. NaSe data ukazuji, Ze ethanol naruSuje
Casné faze signalizace tim, Ze inhibuje funkci FceRI-cholesterol signalosomu na
cytoplasmatické membran€ Zirnych bunék. Tyto vyledky jsme potvrdili inhibovanou
pasivni kozni anafylaktickou reakci u my$i, coZz naznacuje inhibi¢ni funkci etanolu v

podminkach in vivo.

5. Vysledky zalozené na studiu proteinu CD9 odhalily, Ze chemotaxe za antigenem je fizena
souhrou mezi FceRI, CD9, NTAL, a proteiny z rodiny ERM. Nové piipravena
monoklonélni protilatka specifickd pro CD9 indukovala aktivaci riznych signalnich

molekul a tim chemotaxi Zirnych bunék.



Vyvinuli jsme novou detek¢ni metodu, nazvanou nano-iPCR, pro citlivou detekci cytokinti
a dalsich proteinua (SCF, IL-3, TNF-a, IL-6, IL-13, tau protein, and o-tubulin) v
komplexnich biologickych vzrcich. Vysledky ukazuji, Ze je tato metoda citlivéjsi nez jiné
imunoeseje (ELISA, iPCR) a je vhodna pro detekci imunitni odpovédi za fyziologickych a

patofyziologickych podminek.
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1. Introduction

Mast cells are hematopoietic cells of the myeloid linage originated in bone marrow which
are located in peripheral tissues where maturate under the influence of local environment [1].
Mast cells are characteristic by a large amount of cytoplasmic granules containing biologically
active compounds which are rapidly released upon cell activation, by process called
degranulation [2]. Functions of mast cells include several physiological and pathological
processes, such as IgE-mediated allergic diseases, asthma, autoimmune disorders and

inflammation [3].

Cross-linking of the complexes IgE with the high affinity receptor for IgE (FceRI), on the
mast cell plasma membrane, by multivalent antigen result in phosphorylation of the
immunoreceptor tyrosine-based motifs (ITAMs) in the cytoplasmic tails of the FceRI  and y
subunits by LYN kinase. When phosphorylated, ITAMs of  and y subunits provide high
affinity docking site for binding another molecules of LYN and SYK which phosphorylated
several targets molecules, including transmembrane adaptor proteins LAT, NTAL and PAG
which are crucial for coordination of the downstream signal pathways that are required for
calcium release, degranulation, activation of several transcription factors and production of
cytokines [4]. PAG is ubiquitously expressed transmembrane adaptor protein with high
expression in the immune cells. Following FceRI triggering PAG is phosphorylated by LYN
kinase, instead of FYN kinase as in case of T cell, which results in recruitment of C-terminal
Src kinase (CSK) to plasma membrane [5]. Key function of CSK is specific phosphorylation of
tyrosine residues located in the C-terminal tails of Src family kinases (SFKSs), thereby inducing
their inactivation [6]. The negative regulatory role and importance of CSK was demonstrated
in vivo by mice deficient in CSK. These mutant embryos died in early embryonic stages and

embryonic tissue exhibited constitutively phosphorylated SFKs [7].

Mast cell activation events reflects the balance between the action of protein tyrosine kinases
(PTKSs) and protein tyrosine phosphatases (PTPs) [8]. One of the extensively studied PTPs
involved in mast cell signaling is phosphatase SHP-1, generally considered as a negative
regulator of various immunoreceptor mediated signaling [10]. In PLCB3-KO mast cells have
been shown that abrogated phosphorylation of SHP-1 resulting in constitutive activation of
STATS accompanied by elevated cytokine production, but normal degranulation and late-phase
anaphylactic reaction in mice [9]. Deeper understanding regulation of immunoreceptor
signaling by SFKs and PTKs may explain some of the pending questions in mast cell signaling

and immunology [10].



2. Aims of the study

The aim of this thesis was to contribute to deeper understanding, in molecular terms, of
the FceRI-mediated signaling pathways leading to mast cell activation, degranulation and
cytokines production. Particularly, we aimed to comprehend the role of PAG and CSK at the
earliest stages of mast cell activation and their impact on inflammation and/or anaphylaxis. The
second challenge of this thesis was to investigate the role of selected proteins (ORMDL3, CD9)
or chemical compounds on mast cell activation in vitro as well as in vivo. Integral part of these
studies, at initial period, was to develop a new method for simplified and sensitive detection of

biologically important molecules, and use this method subsequently through these studies.

The specific objectives of this thesis were:
1. To determine the role of PAG in production of proinflammatory cytokines (TNF-a, IL-13

and IL-6) in activated mast cells. To quantify the level of IgE in serum of PAG-KO mice.

2. To determine the regulatory roles of CSK in antigen-induced mast cell signaling.
a. To determine the role of CSK in FceRI-mediated degranulation, Ca®* response,
production of proinflammatory cytokines, adhesion on fibronectin and FceRI-induced
tyrosine phosphorylation of early signaling proteins

b. To determine the role of CSK-PAG cross-talk in FceRI-mediated mast cell activation

3. To contribute to understanding of the role of ORMDL3 in FceRI-mediated activation. To
prepare BMMCs with reduced and enhanced expression of ORMDLS3 and to determine the

role of ORMDL3 in production of proinflammatory cytokines

4. To contribute to understanding the role of FceRI-cholesterol signalosome. To determine

effect of ethanol on FceRI-mediated degranulation under in vivo conditions using PCA.

5. To contribute to understanding the role of CD9 in FceRI-mediated activation. To purify a
CD9-specific monoclonal antibody and to prepare BMMCs with CD9-KD.

6. To develop a new method for detection of proinflammatory cytokines and other proteins in

complex biological samples and compare it with standard enzyme-linked immuno-sorbent
assays (ELISAs) and immuno-PCR (iPCR)
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3. Material and methods

To achieve the individual goals of this thesis the following biochemical, immunological, and
molecular-biological methods were used. All these methods are described in corresponding

publications or in manuscript of dissertation thesis.

BMMCs generation and cultivation
BMMC:s sensitization and activation
Degranulation (B-glucuronidase) assay
Calcium release assay

Cell adhesion assay

Flow cytometry

Immunoblotting

Immunoprecipitation

Cloning

Lentiviral vectors and gene transduction
Detection of cytokines by Nano-iPCR
Detection of cytokines and a-tubulin by iPCR
Detection of SCF and IL-3 by ELISA
Detection of IgE in mouse serum by ELISA

Passive cutaneous anaphylaxis in mice
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4. Results and discussion

Our results showed that activation of BMMCs from PAG-KO mice led to decreased
antigen-mediated calcium mobilization, degranulation, and cytokine production, although
activity of SFKs was increased. This finding was unexpected because phosphorylated PAG has
been proposed to mediate membrane recruitment of CSK, playing a major role in inactivation
of SFKs [11]. It should be noted, that important differences has been described between early
regulatory events induced by stimulation of T cell receptor and FceRI in term of PAG [5]. An
important result of this study is a finding of a positive regulatory role of PAG in production of
proinflammatory cytokines upon FceRI-induced mast cell activation which could be a direct
consequence of impaired phosphorylation of STATS. The results are in line with the previous
findings that phosphorylated STAT5 serves as a transcription factor for a number of
proinflammatory genes and that STAT5S deficiency leads to impaired responses in FceRI
activated mast cells [12]. Our primary goal was to examine whether widely accepted view of
CSK as a negative regulator of various cell responses, and as a major interaction partner of
PAG, anchoring CSK to plasma membrane, applies also to mast cells. In accord with previous
studies our data showed that mast cells with CSK-KD exhibited elevated degranulation, not
only upon FceRI-induced activation, but also in nonactivated state, spontaneous degranulation.
The finding that CSK acts in setting of mast cell activation threshold is supported by the
observations in T cells [13] and granulocytes [14]. Unexpected was our finding of positive
regulatory role of CSK on production of proinflammatory cytokines (TNF-a, IL-13, IL-6) and
chemokines (CCL-3, CCL-4) in FceRI-activated cells. Our data suggest that this was
consequence of enhanced enzymatic activity phosphatase SHP1, which resulted in inhibition of
transcription factor STATS thereby reduce cytokine production. Several lines of evidence
suggested, that CSK binds not only to PAG, but also to some other anchors, which could serve
better than PAG for positioning of CSK in the vicinity of SFKs and thus more efficiently
contribute to their inactivation.

Impact of cytokines de novo synthetized and released by mast cells has been demonstrated
in allergy and numerous inflammatory disorders [15]. For this purpose, sensitive and simple
detection methods for quantification of mast cell mediators are required. The results presented
in this dissertation show that when the same antibodies were used throughout the individual
assays, newly developed iPCR method based on armed gold nanoparticles, called nano-iPCR,
offers enhanced sensitivity, wider dynamic range, is easier to perform and is more cost-efficient
than ELISA and classical iPCR. This method was also used in another studies (ORMDL3, CD9)

as was extensively discussed in dissertation thesis.
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5.

1.

3.

Conclusions

Our results showed that adaptor protein PAG plays a role as a positive or negative regulator
of BMMCs signaling, depending on the signaling pathway involved. Interestingly, PAG-
KO cells exhibited decrease in proinflammatory cytokines production upon antigen

activation and these mice have normal level of serum IgE.

Our results support the notion that CSK in mast cells is a negative regulator of calcium

response and degranulation, whereas production of cytokines regulated via STAT5-SHP1

signaling pathway and adhesion to fibronectin is positively regulates by CSK.

a. BMMCs with CSK-KD exhibited elevated degranulation, calcium release, accompanied
by altered phosphorylation of FceRI  and y subunits, LYN, SYK, NTAL, and PLCy.

b. Obtained data also indicated that, some of these events could be regulated by CSK
independently of the PAG and we proposed a new model of CSK-PAG interplay.

We found out that ORMDLZ3 is involved in development of local inflammation initialized
by FceRI triggering under in vitro and in vivo conditions. Downregulation of ORMDL3 was
associated with an increased production of proinflammatory cytokines via AKT and NF-xB

signaling pathways.

Results obtained in studies investigating effect of ethanol helped us to better understand
early signaling events mediated by triggering of FceRI. Our data showed that ethanol
interferes with early antigen-induced signaling events in mast cells by suppressing the
function of FceRI-cholesterol signalosomes at the plasma membrane. These data were
corroborated by reduced PCA reaction in mice, suggesting inhibitory role of ethanol under

in vivo conditions.

Data based on studying CD9 revealed that chemotaxis toward antigen is controlled by a
cross-talk between FceRI, CD9, NTAL, and proteins of the ERM family. Newly prepared
antibody specific for the CD9 induced activation of several signaling pathways, including

mast cell chemotaxis.

We developed a nano-iPCR method for detection of several proteins in complex biological
fluid (SCF, IL-3, TNF- a, IL-6, IL-13, tau protein, and a-tubulin). Our data indicate that this
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15.

method is more sensitive than other immunoassays and is suitable for detection of immune

responses under physiological and pathophysiological conditions.
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