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SOUHRN

Zirné bunky tvoii dilezitou soudast imunitniho systému. Pii patologickych situacich
jsou aktivovany a jsou zodpovédné za alergické reakce. Detailni pozndni molekularnich
mechanisma vedoucich k jejich aktivaci je proto dulezité zejména pro Vyvoj novych postupt
vysokoafinitni Fc receptor pro IgE (FceRI). FceRI vaze IgE na plazmatické membrané. Po
prokiizeni polyvalentnim antigenem, imunoreceptorové tyrosinové aktiva¢ni motivy (ITAM)
v intracelularni Casti receptoru jsou fosforylovany a spousti se signalni draha vedouci k
bunécné aktivaci. Signalizace pfes FceRI po vazb¢ antigenu je kriticky zavisla na interakci s
intracelularnimi protein-tyrosinkinasami, které zprostfedkovavaji fosforylaci ITAM motivd, a
zaroven na mnoha dalSich komponentach signaliza¢ni drahy. Tato prace byla soustiedéna na
studium signalizacnich procesti vedoucich k aktivaci zirnych bun€k na nékolika riznych
urovnich s dirazem na rané faze signalizace ptes FceRI. Nejprve jsme se zaméfili na roli
protein-tyrosinfosfatas (PTP) pii inicializaci fosforylace FceRI. Podafilo se nam ukazat, ze
aktivace FceRI antigenem vede k oxidaci tyrosinu v aktivnim mist¢ PTP a tudiz k jejich
inhibici. Topografie inaktivnich PTP na plazmatické membrané ukazala jejich bezprostiedni
blizkost k FceRI a aktinovému cytoskeletu. Ziskand data ndm umoznila formulovat novy
model inicializace signalizace pies FceRI. RovnéZ jsme se vénovali studiu dalSich vybranych
proteint (tetraspaninu CD9, transmembranovému adaptorovému proteinu PAG a regulatoru
serinovych palmitoyl transferas ORMDL3) nebo pusobeni vybranych chemikalii jako etanol a
metyl-B-cyklodextrin na funkci FceRI signalosomu béhem aktivace Zirnych bunék.

Hlavni néplni této prace bylo nalézt nové regulatory FceRI signalizace. Za timto
ucelem byl proveden “screen” s vyuzitim RNA interference, kde jsme identifikovali 15
regulatord aktivace zirnych bunék. Pro detailni funkéni analyzu byl vybrén galectin-3 (Gal3).
Zimé bunky se snizenou expresi Gal3 vykazovaly zvySenou degranulaci, vapnikovou
odpovéd’ a fosforylaci nékterych signéalnich proteini po aktivaci antigenem. Piestoze Gal3
neovliviioval fosforylaci FceRI jako takového, bunky se sniZzenou expresi vykazovaly defektni
internalizaci IgE, doprovazenou snizenou ubikvitinylaci receptoru. Gal3 byl tedy
identifikovan jako stéZejni regulator Fidici stabilitu aktivovaného FceRI komplexu na
plazmatické membrané a nasledného intracelularniho transportu.

Fyziologicka funkce Zirnych buné¢k zélezi také na jejich migraci. Dil¢im cilem této
prace bylo ptispét k poznani signalnich drah fidicich pohyb zirnych bunék. Ukazali jsme, Ze
Gal3 pozitivné reguluje adhezi a motilitu na fibronektinu, zaroven vSak negativné ovliviiuje
chemotaxi za antigenem. Ziskana data rovnéZz napomohla objasnit funkci dal$ich proteini
(CD9, PAG a ORMDL3) v migraci Zirnych bunék.



ABSTRACT

Mast cells are critical component of the immune system. In pathological situations,
they are activated and are responsible for allergic reaction. Therefore, detail understanding of
mast cell activation at molecular level is important for design of new therapies of allergic
diseases. Principal transmembrane receptor of mast cells is the high-affinity Fc receptor for
IgE (FceRI). FceRI anchors IgE on mast cell surface and upon cross-linking with multivalent
antigen it becomes phosphorylated at its intracellular immunoreceptor tyrosine-based
activation motifs (ITAMs). This triggers signaling cascade leading to cell degranulation and
cytokine production. The antigen-mediated signaling through the FceR1 is critically dependent
on interplay with intracellular protein-tyrosine kinases that phosphorylate the ITAM motifs
and many other components of the signaling pathway. This study was focused on better
understanding of signaling events leading to mast cell activation; emphasis was put on early
activation events. First, we examined the role of protein-tyrosine phosphatases (PTP) in FceRI
phosphorylation. We found that upon antigen triggering of FceRI, PTPs undergo inhibition by
oxidation of their active site located tyrosine. Studies of plasma membrane topography of
inactivated PTPs showed their proximity to FceRI receptors and actin cytoskeleton. These and
other data allowed us to postulate a new model of FceRI signal initiation. We also
investigated the role of selected proteins (tetraspanin CD9, transmembrane adaptor protein
PAG, serine palmitoyl transferase regulator ORMDL3) or selected chemicals as ethanol and
methyl-B-cyclodextrin on FceR1I signalosome properties in the course of mast cell activation.

Major aim of this work was to identify new regulators of FceRI signaling. For this
purpose we performed high-throughput screen using RNA interference technology and
identified 15 regulators of mast cell activation. We chose galectin-3 (Gal3) for detail
functional analysis of its action in FceRI signaling pathway. Mast cells with reduced Gal3
expression showed increased antigen-mediated degranulation, calcium response and
phosphorylation of several signal-transduction proteins. Although phosphorylation of the
FceRI was not affected, cells with Gal3 knockdown showed impaired IgE internalization that
was accompanied by decreased receptor ubiquitination. Thus, we identified Gal3 as a critical
regulator controlling FceRI plasma membrane stability and trafficking.

An important role of mast cells in health and disease also depends on their migration.
To this end we examined signaling pathways controlling cell movement. We found that Gal3
positively regulates fibronectin-mediated mast cell adhesion and motility but negatively
affects antigen-mediated cell chemotaxis. Our data also showed that antigen-mediated mast
cell chemotaxis was regulated by CD9, PAG and ORMDL3 proteins.



1. Uvod

Zirné buiiky jsou imunitni buiiky odvozené z kostni dieng, které zakoncuji sviij vyvoj
v tkanich. Nejcastéji byvaji studovany ve spojeni s alergickymi reakcemi. Nejnovéjsi
vysledky nicméné poukazuji na dilezitou roli Zirnych bunék Vv nejriznéjsich fyziologickych
procesech, které sahaji daleko za hranice studia alergickych reakci. Dnes chapeme zirné
buniky jako regulatory komplexnich imunitnich a dalSich fyziologickych procesu, které piimo
nebo nepiimo ovliviyji funkci ostatnich bunék a jejich vzdjemnou komunikaci [1-3].
Nejvyznamnéjsim povrchovym receptorem Zirnych bunék je vysokoafinitni Fc receptor pro
imunoglobulin (Ig) E (FceRI) ze skupiny receptori MIRR (z angl. ,,multichain immune
recognition receptor®). Aktivace FceRI spousti signalni drahu, ktera vede k bun&né aktivaci.
Zirné buriky jsou charakteristické obsahem specializovanych granuli, které jsou pii aktivaci
bunék vylity do extracelularniho prostoru v procesu zvaném degranulace. Tyto vacky
obsahuji Siroké spektrum biologickych mediatorti jako je histamin, serotonin, cytokiny a
proteasy. Naruseni delikatné regulovaného procesu degranulace Zirnych bunék muze vést ke
vzniku mnoha onemocnéni. Detailni pochopeni procest vedoucich k aktivaci zirnych bunék a
signaliza¢nich drah spoustéjicich degranulaci je proto nejen nutnym ptredpokladem pro vyvoj
novych 1é¢ebnych postupt, ale také dilezitym aspektem pro pochopeni fungovani imunitniho
systému jako takového.

FceRI vaze IgE na porvchu zirnych bun€k a po vazbé polyvalentniho antigenu (Ag) na
IgE dochézi k proktizeni IgE-FceRI komplexti. Prvnim zaznamenatelnym biochemickym
d&jem po agregaci FceRI je fosforylace imunoreceptorovych tyrosinovych aktiva¢nich motivi
(ITAM), které jsou lokalizovany vV intracelularni ¢asti B a y podjednotek receptoru.
Fosforylace je zprostfedkovana tyrosinovymi kinasami z rodiny SRC (z angl. ,,SRC family
kinases®, SFK), zeyména LYN kinasou. Vysledky piedeslych studii ukazaly, Ze plna aktivace
receptoru je spojena s jeho translokaci do specializovanych membranovych mikrodomén,
nazyvanych nékdy lipidové rafty [4]. Po agregaci FceRI se tyto membranové mikrodomény
shlukuji do vétSich a stabilnéjSich struktur a shromazd’uji molekuly aktivovaného receptoru.
Nicméné jak ptfesné agregace receptoru spousti fosforylaci ITAM LYN kinasou neni dosud
detailn¢ vysvétleno.

Obrazek 1 (str. 6) znazornuje zjednoduSené schéma FceRI signalizace vedouci
k aktivaci bunék. Fosforylované ITAM FceRI interaguji s cytoplazmatickou SYK (z angl.

,,spleen tyrosine kinase*) kinasou, ktera je nasledné aktivovana fosforylaci [5].
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Obrazek 1. Schéma FceRI signalizace. FceRI je agregovan Ag a cely komplex poté translokuje to mikrodomén
plazmatické membrany (PM) obsahujicich cholesterol. Receptorové podjednotky B a vy jsou fosforylovany LYN
kinasou a nasledné¢ SYK kinasou. Aktivovana SYK kinasa dale pfenasi signal na dalsi signalni molekuly jako
jsou transmembranové adaptorové proteiny LAT a NTAL. Fosforylované tyrosinové zbytky LAT a NTAL pak
poskytuji vazebna mista pro interakci s dal$imi signalnimi molekulami. Ptevzato z [6].

Aktivovana SYK fosforyluje mnoho signalnich proteint, z nichz klicovou roli hraji
transmembranové adaptorove proteiny LAT (z angl. ,,linker for activated T cells®) a NTAL (z
angl. ,non-T cell activation linker). LAT obsahuje nékolik tyrosinovych zbytkt
v cytoplazmatické ¢asti a po jejich fosforylaci slouzi jako dokovaci misto pro dalsi signalni
molekuly, které se tak soustted’uji v blizkosti plazmatické membrany [6]. Mezi né patii napf.
cytoplazmatické adaptorové proteiny jako SLP-76 (z angl. ,,SH2-containing leukocyte protein
of 76 kDa a GRB2 (z angl. ,,growth factor receptor bound protein 2°) nebo enzymy jako
fosfolipasa Cy (PLCy). V blizkosti plazmatické membrany je PLCy aktivovana fosforylaci a
nasledné pak katalyzuje hydrolyzu membrénoveho fosfatidylinositolu-4,5-bisfosfatu na
solubilni inositol-1,4,5-trisfosfat (PIP3) a membranovy diacylglycerol (DAG). Tyto molekuly
pak vedou k vyliti vapnikovych iontt z intracelularnich zasob a k aktivaci proteinkinasy C
(PKC). SLP-76 a GRB2 interaguji s regulacnimi proteiny GEF (z angl. ,,guanine exchange



factors®) jako jsou SOS a VAV, které napomahaji aktivaci malych GTPas jako jsou Ras, Rac
a Rho. Tyto pak dale propaguji signal a reguluji komplexni déje vedouci k degranulaci buné¢k.

Aby nedochéazelo k potencialné nebezpecnym nezadoucim imunitnim reakcim, musi
byt signalni procesy vedouci Kk aktivaci bun¢k piisné regulovany. Fosforyla¢ni dé&je
katalyzované protein-tyrosinkinasami (PTK) jsou balancovany aktivitou protein-
tyrosinfosfatas (PTP) [5]. Jakou roli maji PTP béhem samotné inicializace FceRI signalizace a
fosforylace ITAM motivl receptoru nebylo dosud probadano. Mezi dalsi molekuly, které se
uplatiuji pfi negativni regulaci signalizace pfes MIRR receptory patii napf. transmembranovy
adaptorovy protein PAG (z angl. ,,phosphoprotein associated with glycosphingolipid-enriched
microdomains®). Funkce PAG spo¢iva v mobilizaci C-SRC tyrosinoveé kinasy (CSK), ktera je
zodpovédna za fosforylaci C-koncového inhibi¢niho tyrosinu SFK a tudiz jejich deaktivaci
[7]. Intenzita signalizace pies FceRI je rovnéz modulovana internalizaci agregovaného FceRI,

jeho transportem do lysozomu a naslednou degradaci [8].

Studia zaméfend na genovy polymorfismus asociovany s astmatem identifikovala
asociaci 17912-g21 lokusu se zvySenym rizikem vzniku astmatu a dalSich zanétlivych
onemocnéni [9]. Tato oblast kdduje gen proteinu ORMDL (z. angl. ORM-like) 3. Piestoze se
zirmé bunky podileji na patologii spojené s astmatickym onemocnénim, role ORMDL3

v aktivaci Zirnych buné€k nebyla zatim zkoumana.

Hlavnim signalem pro usidleni zirnych bunék v perifernich tkanich je vazba faktoru
kmenovych bun€k (z angl. ,,stem cell factor, SCF) na povrchovy receptor KIT [10]. U
hlodavci je dalSim nezbytnym signalem interleukin (IL)-3. Progenitory Zirnych bunék, které
doputuji do perifernich tkani, dozravaji pod vlivem lokalniho chemického prostiedi a stavaji
se tak terminaln¢ diferenciovanymi zirnymi bunkami. Migrace zirnych bunék  do/v
perifernich tkani je dale modulovéana pfitomnosti Ag a fadou dalSich chemokinti a molekul
které se vazi na receptory na povrchu zirnych bunék jako napft. prostaglandin E2 (PGEz), ktery

je rozeznavan E-prostanoidovymi receptory [11].



2. Cile prace

1. Charakterizovat funkci PTP pfFi inicializaci signalizace pies FceRI

a. Zjistit topografii PTP negativné regulovanych oxidaci (oxPTP) na plazmatické
membrané bunék krysi bazofilni leukémie (RBL) nebo mysich zirnych bunék

odvozenych z kostni diené¢ (BMMC).
b. Vyhodnotit lokalizaci oxPTP vzhledem k FceRI signalosomu.
c. Vyhodnotit lokalizaci oxPTP vzhledem k aktinovému cytoskeletu.

d. Zhodnotit soucastné modely inicializace FceRI signalizace vzhledem k nové ziskanym

vysledkim.
2. Identifikovat mechanismus aktivace Zirnych bunék pi‘es tetraspanin CD9

a. Analyzovat lokalizaci CD9 na plazmatické membran¢ vzhledem k dal$im

komponentadm FceRI signalosomu.
b. Analyzovat roli CD9 v buné¢ném rozprostirani na fibronektinu.
3. Studovat roli PAG adaptorového protinu v regulaci signalizace pred FceRI
a. Pripravit lentiviralni vektory kddujici PAG s ptipojenou sekvenci Myec.
b. Urdit topografii PAG na plazmatické membrané.

c. Analyzovat bunééné rozprostirani na fibronektinu u BMMC exprimujicich normalni
PAG protein (z angl. ,,wild type“, WT) a BMMC s vytazenou expresi PAG (z angl.
,,knockout“, KO).

d. Srovnat ¢etnost zirnych bunék in vivo u PAG KO mysi a WT mysi.

4. Charakterizovat funkci ORMDL3 v Zirnych buiikach

a. Analyzovat buné¢né rozprostirani na fibronektinu u BMMC se sniZzenou (z angl.

,knockdown®, KD) a zvy$enou expresi ORMDL3.

b. Optimalizovat obrazovou analyzu mikroskopickych dat umoznujici kvantifikaci
translokace transktipcniho faktoru NF-«xB (z angl. nuclear factor k-light-chain-

enhancer of activated B cells) z jadra do cytoplazmy.



5. Studovat vliv etanolu na prabéh aktivace mySich zirnych bunék

a.

Prosetfit vliv etanolu na expresi povrchovych receptorti FceRI a KIT pratokovou

cytometrii.

Zméfit degranulaci aktivovanych BMMC ovlivnénych etanolem pomoci sledovani
exprese lysozomalniho proteinu asociovaneho s membranou 1 (LAMP1) na povrchu

bunék.

Analyzovat vliv etanolu na internalizaci IgE.

6. Identifikovat noveé regulatory FeceRI signalizace s vyuZitim RNA interference (RNAi)

a ,screeningu“ s vysokou vykonnosti

a.

b.

C.

Optimalizovat funkéni testy vhodné pro RNAI ,,screening™ v zirnych bunikach.

Optimalizovat lentiviralni transdukci Zirnych bunék vektory kodujicimi kratké
vlasenky RNA (shRNA) ve formatu vhodném pro RNAI ,,screening a experimenty ve
velkem formatu.

Vybrat a analyzovat geny s neznamou/nedostate¢né prozkoumanou funkci
v signalizaci ptes FceRI, naméfit a analyzovat data z experimentd provedenych ve

velkém formaétu a identifikovat nové regulatory FceRI signalizace.

i.  Analyzovat funkci galektinu-3 (Gal3) v degranulaci BMMC s Gal3 KD

stanovenam sekretované -glukuronidasy a prutokovou cytometrii.

ii.  Ptipravit konstrukty pro ptipravu bunék se zvysenou expresi Gal3 a analyzovat

jejich degranulaci pritokovou cytometrii.
iii.  ProSetfit roli Gal3 ve vapnikové odpovédi aktivovanych BMMC.

iv.  Analyzovat obsah filamentéalniho aktinu (F-aktinu) v aktivovanych BMMC
s Gal3 KD.

V. Analyzovat fosforylaci stéZejnich signalnich proteini FceRI drahy u BMMC
s Gal3 KD.

vi.  Optimalizovat méfeni pro analyzu internalizace IgE pratokovou cytometrii
S vyuzitim odmyti povrchového IgE zménou pH prostiedi a charakterizovat

IgE internalizaci u BMMC s Gal3 KD.
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vii.  Optimalizovat mikroskopickou metodu pro analyzu a kvantifikaci internalizace

IgE a intracelularniho transportu IgE v BMMC s Gal3 KD.
viii.  Vyhodnotit funkci Gal3 ve fosforylaci a ubikvitinylaci FceRI.

ix. Analyzovat funkci Gal3 v adhezi a pohyblivosti BMMC.

3. Material a metodika

Vsechny metody jsou detailné popsany v sekci ,Materials and Methods*

v jednotlivych publikacich.

Kultivace Zirnych bunék. BMMC byly odvozeny z bunék kostni diené 6-8 tydnu starych
mysi. Buiiky byly kultivovany v médiu obsahujicim mys$i rekombinantni SCF a IL-3.
Bunéénou linii odvozenou z BMMC (BMMCL) poskytl Dr. M. Hibbs, Ludwig Institute for
Cancer Research, Melbourne, Austrélie.

Transfekce BMMC. BMMC byly transfekovany Amaxa nukleofektorem. Funkéni testy

s transfekovanymi buiikami byly provadény 48 hodin po transfekci.

Lentiviralni transdukce. Lentiviralni ¢atice nesouci ShRNA sekvence, nebo sekvence
kodujici proteiny, byly pifipraveny s vyuzitim pomocné bunééné linie HEK293T. BMMC
nebo BMMCL byly transdukovany virovymi ¢asticemi a nasledné selektovany v selekénim

antibiotiku.

Stanoveni B-glukuronidasy (méreni degranulace). Degranulace byla méfena stanovenim
mnozstvi B-glukuronidasy uvolnéné z bun¢k béhem aktivace. Degranulace byla vyjadiena
jako procento uvolnéné B-glukuronidasy z celkového obsahu B-glukuronidasy v bunééném

lyzatu.

Méreni vyliti vapnikovych ionti z intracelularnich zdroji. IgE-senzitizované bunky byly
znaceny Fura-2AM v ptitomnosti probenecidu. Po inkubaci byla nevstiebana sonda odmyta a
buiikky byly aktivovany Ag ve spektrofotometru vybaveném automatizovanym injektorem,

fluorescencni signal byl zaznamenévan po dobu 5 min.

Elektroforeticky prenos proteini na nitroceluldzovou membranu (z angl. ,,western
blot*). Lyzaty z celych bunék byly piipraveny sonikaci v redukujicim vzorkovém pufru a
denaturaci proteint pii 95°C. Proteiny byly dale elektroforeticky separovany v prostiedi

dodecylsulfatu sodného (SDS-PAGE) na 10-12% polyakrylamidovém gelu a elektroforeticky
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pfeneseny na nitrocelulézovou membranu. Vybrané proteiny pak byly detekovany
specifickymi primarnimi protilatkami (Ab) a sekundarnimi Ab konjugovanymi s kienovou

peroxidasou. Signal byl vyvolan standardnim chemiluminiscen¢nim ¢inidlem.

Imunoprecipitace. Bunky byly lyzovany v lyza¢nim pufru obsahujicim 0.2% Triton X-100 a
FceRI komplexy byly precipitovany pies vazbu s IgE, pomoci anti-IgE Ab navdzané na

Castice pokryté proteinem A.

Konfokalni mikroskopie. Buriky byly inkubovany na sklenénych podloznich sklech, poté
byly aktivovany a fixovany v 3% paraformaldehydu. Buiiky byly permeabilizovany v 0.1%
Tritonu X-100 a poté blokovany v 1% BSA. Vzorky pak byly inkubovany se specifickymi
primarnimi  Ab, nebo s faloidinem konjugovanym s fluoroforem pro detekci F-aktinu.
Primarni Ab byly detekovany piislusnymi sekundarnimi Ab konjugovanymi s fluorofory.

Vzorky pak byly uchovany v médiu na bazi glycerolu, obsahujicim barvivo Hoechst 33258.

Elektronova mikroskopie. RBL nebo BMMC byly kultivovany na sklenénych podloznich
sklech. V nékterych experimentech byly extracelularni Ag detekovany primarnimi Ab a poté
sekundarnimi Ab konjugovanymi se zlatymi nanoc¢asticemi. Niklové elektronmikroskopické
sitky byly nabity ve vyboji v argonové atmosféie a poté pokryty poly-L-lysinem. Podlozni
skla s pfichycenymi buiikami byly pfilozeny na elektronmikroskopické sitky a po aplikaci
tlaku byly bufiky roztrzeny tak, aby na sitkach zustaly jednotlivé platy plazmatickych
membran bunék. Membrany pak byly promyty, fixovany a podrobeny znaéeni primarnimi Ab
podle typu experimentu a pfislusnymi sekundarnimi Ab konjugovanymi se zlatymi
nanocasticemi. Vzorky byly poté znovu fixovany a obarveny v roztocich OsOa, kyseliny
tiislové a uranyl acetatu. Snimky byly potfizeny v transmisnim elektronovém mikroskopu FEI

Morgagni pii zvétseni S6000X.

Pritokova cytometrie. Pro analyzu povrchovych Ag byly buiiky znafeny piislusSnymi Ab a
uchovany na ledu po dobu znaceni. Pro analyzu intracelularnich Ag byly bunky fixovany v

2% paraformaldehydu a permeabilizovany v 0.1% Tritonu X-100.

Bunécna adheze. BMMC byly znaCeny kalceinem a ponechany adherovat na fibronektinem
pokryty povrch v 96-jamkovych desti¢kach. Bunky byly aktivovany Ag a fluorescenéni signal
byl zméfen poprvé. Neadherujici buiky byly odmyty a fluorescenéni signdl byl méten
podruhé, po odmyti. Adheze bun€k pak byla vyjadfena jako procento signalu po odmyti z

celkového signalu namétreného pied odmytim.
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Izolace RNA, reverzni transkripce a kvantitativni polymerazova retézova reackce
(gPCR). RNA byla izolovana komeréni soupravou a reverzni transkripce byla provedena M-
MLV reverzni transkriptasou (Invitrogen). gPCR reakce probihaly v 384-jamkovych
desti¢kach, v termocykleru LightCycler 480 (Roche Diagnostics). Jako referen¢ni geny byly
pouzity glyceraldehyde-3-fosfat dehydrogenasa, aktin a ubikvitin. Exprese mRNA byla

normalizovana proti kvadratickému praméru vsech tii referen¢nich gena.

4. Vysledky a diskuse

Piedkladana dizertacni prace je zalozena na vysledcich publikovanych v Sesti

publikacich obsahujicich originalni data a jednom review obsahujicim ptivodni data.

INHIBICE PROTEIN-TYROSINFOSFATAS AKTIVUJE IMUNITNI RECEPTOR
BEZ NUTNOSTI TRANSLOKACE DO LIPIDOVYCH RAFTU

Heneberg P., Draberové L., Bambouskova M., Pompach P., Dréber P.: Down regulation of
protein-tyrosine phosphatases activated an immune receptor in absence of its translocation
into lipid rafts. J. Biol. Chem. 285(17):12787-802, 2010.

V této praci jsme se zabyvali studiem inicializace signalizace pies FceRI po inhibici
PTP pervanadatem (Pv), ktery zplsobuje oxidaci katalytického tyrosinu v aktivnim misté
PTP. Zjistili jsme, ze po inaktivaci PTP dochazi k fosforylaci B a y podjednotek receptoru
FceRlI, pfiCemz jeho membranova topografie zlstava zachovana a nedochazi k extenzivni
agregaci a translokaci receptoru do lipidovych rafti tak, jako je tomu po aktivaci Ag. Tyto
vysledky naznacovaly, Ze v neaktivovanych burikach se FceRI nachazi v blizkosti jak PTK,
tak PTP, a pifi naruSeni rovnovahy v aktivité¢ téchto enzymt ve prospéch PTK dochazi
k aktivaci receptoru. Nasledné jsme vyuzili monoklonalni Ab specifické pro oxidovany stav
PTP k mapovéni topografie inaktivnich PTP na vnitini strané¢ plazmatické membrany a
podafilo se nam dokazat proximitu inaktivnich PTP k FceRI. Pomoci této protilatky jsme
rovnéz potvrdili, ze k inaktivaci PTP dochazi nejen po inhibici Pv, ale také po aktivaci Ag a
identifikovali jsem nékteré druhy PTP, u kterych dochazi k redoxni regulaci v aktivovanych
burikach. Piekvapivym vysledkem bylo zjisténi, Zze inaktivni PTP blizce asociuji s aktinovym
cytoskeletem. Aktinovy cytoskelet se tak pravdépodobné podili na regulaci inicializace

signalizace pies FceRI tizenim membranové lokalizace PTP. Ziskané vysledky nam umoznily
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formulovat novy model inicializace signalizace pies FceRI. V nasem modelu je receptor
udrzovan v klidovém stavu vyvazenou aktivitou PTK a PTP v jeho blizkosti. Po aktivaci Ag
dochazi k naruseni rovnovahy ve prospéch fosforylace, a receptorové ITAM tak mohou byt

fosforylovany asociovanymi PTK.

CO PREDCHAZI TYROSINOVE FOSFORYLACI VYSOKOAFINITNIHO
RECEPTORU PRO IgE V ZIRNYCH BUNKACH AKTIVOVANYCH ANTIGENEM?

Bugajev V., Bambouskova M., Draberova L., Dréber P.: What precedes the initial tyrosine
phosphorylation of the high affinity IgE receptor in antigen-activated mast cells? FEBS Lett.
84(24):4949-55, 2010.

V tomto review jsme se zabyvali zhodnocenim nékolika modelli inicializace
frosforylace FceRI s piihlédnutim k nové ziskanym vysledkim publikovanym v Journal of

Biological Chemistry, 2010.

KOMUNIKACE MEZI TETRASPANINEM CD9 A TRANSMEMBRANOVYM
ADAPTOROVYM PROTEINEM NTAL PRI AKTIVACI A CHEMOTAXI ZIRNYCH
BUNEK

Halova I., Draberova L., Bambouskova M., Machyna M., Stegurova L., Smrz D., Draber P.:
Cross-talk between tetraspanin CD9 and transmembrane adaptor protein non-T-cell activation
linker (NTAL) in mast cell activation and chemotaxis. J. Biol. Chem. 288(14):9801-14, 2013.

Pokusili jsme se identifikovat nové povrchové molekuly zirnych bunék, které
moduluji aktivaci ptes FceRI. Vygenerovali jsme novou monoklonalni Ab, ktera rozeznava
povrchovy Ag zirnych bunék, identifikovany jako tetraspanin CD9. Ovlivnéni Zirnych bunék
touto protilatkou mélo za nasledek spusténi nékterych aktivaénich déja jako je fosforylace
klicovych signalnich proteini, vapnikova odpovéd’ a defosforylaci proteint z rodiny ezrin,
radexin, moesin (ERM), které hraji dilezitou roli v chemotaxi [12]. Po agregaci CD9 nasi Ab,
jsme rovnéz pozorovali zvySenou fosforylaci tyrosinovych zbytkt NTAL proteinu, zatimco
fosforylace proteinu LAT nevykazovala zadné zmény. Ultrastrukturalni analyza topografie
CD9 na plazmatické membrané prokazala kolokalizaci s aktivovanym receptorem FceRI, s
NTAL, ale ne s LAT. Kombinovana data nam pomohla identifikovat neredundantni funkce

adaptorovych proteinit LAT a NTAL.
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TRANSMEMBRANOVY ADAPTOROVY PROTEIN PAG/CBP SE ZAPOJUJE DO
POZITIVNI I NEGATIVNI REGULACE SIGNALIZACE ZIRNYCH BUNEK

Draberova L., Bugajev V., Potackova L., Halova I., Bambouskova M., Polakovi¢ova I.,
Xavier R. J., Seed B., Dréaber P.: Transmembrane adaptor protein PAG/CBP is involved in
both positive and negative regulation of mast cell signaling. Mol. Cell. Biol. 34(23):4285-300,
2014.

PiedeSlé studie v naSi laboratofi se zabyvaly zejména funkci adaptorovych
transmembranovych proteini LAT a NTAL v signalizaci zirnych bunék. V této praci jsme se
zamé&fili na objasnéni role transmembranového adaptorového proteinu PAG. Pouzili jsme
BMMC odvozene z PAG KO mysi a zaroven jsme ptipravili BMMC s PAG KD. Oba typy
bunék s defektni expresi PAG vykazovaly snizenou aktivaci po stimulaci Ag. Naopak bunky
stimulované pies KIT receptory vykazovaly aktivaci zvySenou. Pti detailni analyze aktivity
SFK izolovanych z PAG KO a WT buné¢k jsme naméfili zvySenou tyrosinkinasovou aktivitu
SFK z PAG KO bunégk. Ziskana data indikuji, Ze se PAG ovliviiuje negativni zpétnou vazbu,

kterou se SFK podileji na regulaci signalizace ptes FceRI.

NEGATIVNI REGULACNI FUNKCE ORMDL3 V EXPRESI PROZANETLIVYCH
MEDIATORU A CHEMOTAXI ZIRNYCH BUNEK AKTIVOVANYCH
ANTIGENEM

Bugajev V., Halova 1., Draberova L., Bambouskova M., Potuc¢kova L., Draberova H.,
Paulenda T., Junyent S., Dréber P.: Negative regulatory roles of ORMDL3 in FceRI-triggered
expression of proinflammatory mediators and chemotactic response in murine mast cells.
Cell. Mol. Life Sci. 73(6):1265-85, 2016.

Cilem této prace bylo charakterizovat roli ORMDLS3 v aktivaci zirnych bunék pies
FceRI. Za timto ucelem jsme piipravili BMMC s ORMDL3 KD a BMMC se zvySenou
expresi ORMDL3. Tyto buiikky nevykazovaly zmény v degranulaci, vapnikové odpovédi, ani
fosforylaci SYK kinasy. V BMMC s ORMDL3 KD jsme zaznamenali zvysenou produkci
cytokinii a chemokini a zvySenou chemotaXxi a snizené rozprostirani na fibronektinu. Naopak,
BMMC se zvySenou expresi ORMDL3 vykazovaly opa¢ny trend. Tyto zmény korelovaly
s fosforylaci AKT. AKT je aktivatorem transkripcniho faktor NF-xB [13], prosettili jsme tedy
translokaci p65 podjednotky NF-kB =z cytoplasmy do jadra. V souladu se zménami ve

fosforylaci AKT jsme pozorovali zvySenou translokaci p65 do jadra u BMMC s ORMDL3
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KD. ORMDL3 byl tedy identifikovan jako dilezity regulator AKT/NF-kB drahy v Zirnych

burikach, a timto se podili na regulaci vzniku lokalniho zanétu.

ETANOL INHIBUJE SIGNALIZACI VYSOKOAFINITNIHO RECEPTORU PRO
IMUNOGLOBULIN E (FceRI) ZIRNYCH BUNEK NARUSENIM FUNKCE FceRI
SIGNALOSOMU NA BAZI CHOLESTEROLU

Draberova L., Paulenda T., Halova I., Potu¢kova L., Bugajev V., Bambouskova M., Tamova
M., Draber P.: Ethanol inhibits high-affinity immunoglobulin E (FceRI) signaling in mast
cells by suppressing the function of FceRI-cholesterol signalosomes. PL0S One.
10(12):e0144596, 2015.

V této préaci jsme zjistili, ze kratké ovlivnéni zirnych bunék etanolem inhibuje
degranulaci spusténou pies FceRI, vapnikovou odpovéd a produkci nékterych cytokind.
Podatilo se nam ukazat, Ze etanol interferuje s funkci FceRI signalosomu pies naruSeni

interakce FceRI komplexu s cholesterolem.

NOVE FUNKCE GALEKTINU-3 VREGULACI SIGNALIZACE PRES
VYSOKOAFINITNI RECEPTOR PRO IgE

Bambouskova M., Polakovicova I., Halova I., Goel G., Draberova L., Bugajev V., Doan A.,
Utekal P., Gardet A., Xavier R. J., Draber P.: New regulatory roles of galectin-3 in high-
affinity IgE receptor signaling. Mol. Cell. Biol. 36(9):1366-82, 2016.

Tato prace byla hlavni napini pfedkladané dizertace. Za i¢elem identifikace novych
regulatortt FceRI signalizace jsme provedli RNAi ,,screen” 144 vybranych gentu s potenciélni
funkci v signalizaci pies FceRI. Pro snizeni exprese danych proteinti jsme zvolili strategii
lentiviralni transdukce shRNA, kdy byl kazdy z genl zacilen tfemi rozdilnymi shRNA.
V pocatecnich fazich projektu jsme testovali nékolik riznych funkénich testi, potencialné
vhodnych pro planované experimeny s vysokou vykonnosti. Nejrobustnéjsi vysledky byly
dosazeny pii méfeni degranulace pomoci stanoveni sekretované [-glukuronidasy. Po
nashromazdéni dat z n€kolika nezavislych ,,screeningovych® experimentt jsme identifikovali
15 regulator aktivace ptes FceRI. ShRNA specifické pro gen kodujici Gal3 poskytovaly

reproducibilni vydledky a buiiky se snizenou expresi Gal3 vykazovaly 1.67 = 0.32 x zvySenou
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degranulaci oproti bunikdm kontrolnim. Gal3 byl v nasem systému identifikovan jako
negativni regulator signalizace ptes FceRI a byl vybran pro dalsi detailni funkéni analyzu.

BMMC s Gal3 KD vykazovaly nejen zvySenou degranulaci, ale i produkci chemokint
a cytokinl. Gal3 mél vliv na forforylaci klicovych signalnich proteinti jako SYK, PLCy, AKT
a JNK (z angl. ,,JUN amino-terminal kinase*). Gal3 byl ukazan jako dilezity regulator
internalizace nékterych povrchovych molekul, zejména pak receptoru T bunck [14, 15].
Kvantifikovali jsme proto expresi IgE na povrchu BMMC s Gal3 KD a kontrolnich bun¢k
béhem aktivace Ag pomoci pritokové cytometrie a zjistili jsme, Ze bunky se snizenou expresi
Gal3 neinternalizuji IgE tak efektivné jako buiky kontrolni (obrazek 2A, str. 17). Tyto
vysledky jsme potvrdili mikroskopickou analyzou, kterd odhalila rovnéz abnormalni
intracelularni lokalizaci internalizovaného IgE v BMMC s Gal3 KD (obrazek 2B, str. 17).
Kli¢ovou podminkou pro internalizaci a degradaci FceRI je ubikvitinylace  a y podjednotek
[8]. Po imunoprecipitaci IgE-FceRI komplexu z Ag-aktivovanych BMMC s Gal3 KD jsme
pozorovali snizenou ubikvitinylaci podjednotek B a vy, coz vysvétluje defektni internalizaci
FceRI v nepiitomnosti Gal3 (obrazky 2C a D, str. 17).

Gal3 je lektin typu S se specifitou pro B-galaktosidy [16]. Pti pokusech inhibovat
funkci Gal3 blokaci jeho vazby na bunééné glykoproteiny inkubaci s laktosou se nédm
nepodatilo zménit aktivaci zirnych bunék. Zaroven se nam nepodafilo zvratit fenotyp BMMC
s Gal3 KD preinkubaci s rekombinantnim mysim Gal3. Tyto vysledky naznacuji, Ze funkce
Gal3 pii aktivaci FceRI neni zprostfedkovéana lektinovou vazbou, a nebo zavisi na interakcich,

které nejsou ptistupné externé piidané laktose a rekombinantnimu proteinu Gal3.
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Obrazek 2. Gal3 reguluje internalizaci IgE, transport do lysozomu a ubikvitinylaci FceRI. (A)
Internalizace IgE v BMMC s Gal3 KD a kontrolnich pLKO.1 buiikidch. Buiiky byly senzitizovany IgE a
aktivovany ruznymi koncentracemi Ag. V riznych ¢asech po aktivaci byl povrchovy IgE odmyt v kyselém pH a
a bunky byly fixovany a permeabilizovany. Mnozstvi IgE bylo kvantifikovano pratokovou cytometrii. (B)
Lokalizace IgE a LAMP1 v BMMC s Gal3 KD (levy panel) a pLKO.1 kontrolnich buinikach (pravy panel)
aktivovanych Ag v riznych ¢asech. Jadra byla obarvena Hoechst 33258. Reprezentativni snimky z konfokalniho
mikroskopu. Métitko 5 um. (C) IgE-FceRI komplexy byly imunoprecipitovany IgE-specifickou protilatkou.
Imunoprecipitaty (IP) byly separovany metodou SDS-PAGE a ubikvitinylace byla detekovana specifickou Ab
(Ub). (D) Kvantifikace dat z C. Densitometricka data byla normalizovana proti mnozZstvi detekované [
podjednotky a signalu v neaktivovanych pLKO.1.
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5. Zavéry

1. Na zakladé ziskanych vysledkl jsme formulovali novy model inicializace signalizace pies

FceRI. Model piedpoklada rovnovahu v aktivitich PTP a PTK v neaktivovanych burnkach,

ktera udrzuje receptor v klidovém stavu. Po agregaci receptoru Ag dochazi ke zménam,

které maji za nasledek posun rovnovahy ve prospéch fosforylace receptorovych ITAM.

a.

Ultrastrukturalni analyza topografie oxPTP odhalila zvySeny pocet oxPTP

asociovanych s plazmatickou membranou po aktivaci Ag nebo inkubaci s Pv.

Dvoji znaceni ukézalo vzajemnou proximitu oxPTP a FceRI. PTP podstupujici

regulaci oxidaci tak mohou byt souc¢asti FceRI signalosomu.

Vétsina oxPTP asociovanych s plazmatickou membrénou byla nalezena v blizkosti
aktinového cytoskeletu.

Nami navrzeny model inicializace signalizace pies FceRI byl sumarizovan a detailné
zhodnocen vzhledem k ostatnim modelim v review publikovaném ve FEBS Letters,
2010.

Ukazali jsme, ze tetraspanin CD9 reguluje aktivaci a chemotaxi zirnych bunék pies

interakci s FceRI signalosomy. Itreakce CD9 s NTAL pomohla objasnit nékteré rozdilné

funkce transmembranovych adaptorovych proteinli LAT a NTAL v signalizaci pres FceRI.

a.

b.

Po agregaci CD9 specifickou Ab, CD9 kolokalizoval s FceRI, s NTAL, ale ne s LAT.

Agregace CD9 specifickou Ab nemé¢la vliv na rozprostirani bun¢k na fibronektinu.

. Ukazali jsme, ze v zavislosti na typu stimulované signalni dradhy, PAG funguje jako

pozitivni i negativni regulator aktivace zirnych bungk.

a.

Ultrastrukturalni analyza lokalizace PAG v plazmatické membrane neprokazala zmény

po aktivaci bunck Ag.
BMMC s PAG KO nevykazovaly zmény v rozprostirani na fibronektinu.

Mnozstvi zirnych bunék v peritoneu PAG KO mysi a kontrolnich mysi bylo

srovnatelné.
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4. BMMC se snizenou nebo zvysenou expresi ORMDL3 nevykazovaly zmény v degranulaci.
Nicméné¢ exprese ORMDLS3 signifikantné ovliviiovala produkci cytokinti, chemokinti po

aktivaci Ag a chemotaxi za Ag.
a. BMMC s ORMDL3 KD vykazovaly snizené rozprostirani na fibronektinu.

b. Analyza mikroskopickych dat prokazala, Ze béhem aktivace bun¢k Ag, ORMDL3

negativné ovliviuje translokaci p65 z cytoplazmy do jadra.

5. Inhibi¢ni vliv etanolu na aktivaci zirnych bunék je zplsoben interferenci s FceRI

signalosomy na bazi cholesterolu.

a. Etanol, ani metyl-B-cyklodextrin nemély vliv na expresi studovanych povrchovych

receptord.

b. Ovlivnéni bunék etanolem inhibovalo expresi LAMPI1 na povrchu bunék po aktivaci

Ag. Tento efekt byl dale zesilen sou¢asnym pusobenim metyl-f-cyklodextrinu.

c. Etanol v kombinaci s metyl-f-cyklodextrinem signifikantné inhiboval internalizaci IgE

po aktivaci bunék Ag.

6. Provedli jsme “screen” 144 gent s moznou funkci v FceRI signalizaci. Identifikovali jsme
15 potencialnich regulatorti FceRI signalizace. Gal3 byl identifikovan jako negativni regulator
aktivace FceRI v ¢asnych fazich po stimulaci Ag a jako kli¢ova molekula fidici internalizaci a

stabilitu FceRI na povrchu zirnych bungk.

a. M¢feni degranulace metodou stanoveni sekretované B-glukuronidasy poskytovalo

nejrobustnéjsi vysledky pro planované experimenty.

b. Optimalizovali jsme protokol pro lentiviralni transdukci zirnych bun¢k pro planované

vysoce vykonné “screeningové” experimenty.

C. Pro “screening” jsme vybraly 144 genli ze kterych jsme nasledné identifikovali 15

potenciélnich regulatora FceRI signalizace.

d. Pro detailni funkéni analyzu jsme vybrali Gal3, ktery byl identifikovan jako negativni

regulator degranulace.

i.  BMMC s Gal3 KD vykazovaly zvysenou Ag-indukovanou degranulaci jak pfi
méfeni metodou stanoveni sekretované B-glukuronidasy, tak i pfi méteni

povrchové exprese LAMPL.
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Vi.

Vii.

viii.

Ag-stimulované BMMC se zvySenou expresi Gal3 exprimovaly méné LAMP1

molekul na povrchu, nez bunky kontrolni.
BMMC s Gal3 KD vykazovaly zvySenou vapnikovou odpovéd’ po aktivaci Ag.

Mikroskopicka analyza obsahu F-aktinu potvrdila zvySenou depolymerizaci

aktinu po aktivaci Ag u bun¢k s Gal3 KD.

Celkova tyrosinova fosforylace byla zvySena v BMMC s Gal3 KD v porovnani
s kontrolnimi buitkami. Analyza fosforylace vybranych proteina pak prokazala
vliv Gal3 na fosforylaci SYK, PLCy, AKT and JNK.

Exprese Gal3 méla pozitivni vliv na internalizaci IgE po aktivaci Ag.

Gal3 reguloval itracelularni transport IgE v Ag-aktivovanych buikach. Nase
vysledky ukazaly, ze Gal3 hraje dulezitou roli i v regulaci intracelularniho

transportu agregovaného FceRI receptoru.
Gal3 pozitivné reguloval ubikvitinylaci receptorovych podjednotek 3 a y.

BMMC s Gal3 KD nebyly schopny efektivné adherovat a pohybovat se na

fibronektinu, coz naznacuje roli Gal3 v regulaci funkce povrchovych integrint.

-20 -



1. Introduction

Mast cells are bone marrow-derived tissue-homing leukocytes that have been mainly
studied as central players in allergic diseases. However recently, the field of mast cell
research has expanded well beyond the boundaries of studying of atopic disorders. Mast cells
revealed to be versatile cells involved in a complex assortment of immunological and non-
immunological functions that exert both direct and indirect effects on other cells and their
functions in a variety of biological settings [1-3] . The principal mast cell immunoreceptor is
high-affinity Fc receptor for immunoglobulin (Ig) E (FceRI) that belongs to the group of
multichain immune recognition receptors (MIRRs) and its engagement results in cell
activation. Disruption of the fine-tuned processes of mast cell activation can lead to the onset
of mast cell-driven diseases. Therefore detail comprehension of biochemical events connected
to development and function of mast cells is needed for better design of a mast cell-targeted
therapeutic strategies and for understanding of immune system homeostasis in general.

FceRI binds IgE on the mast cell surface. After crosslinking of IgE-FceRI complexes
by multivalent antigen (Ag), receptor subunits f and y are phosphorylated in their
immunoreceptro tyrosine-based motifs (ITAMs) by SRC family kinases (SFKs), presumably
LYN kinase. It has been shown that the full activation of FceRI is accompanied by its
translocation into specialized regions of the plasma membrane enriched in cholesterol and
glycosphingolipid, contemporary called lipid rafts [4]. Upon FceRI triggering membrane
microdomains coalesce into larger and more stable structures. How exactly is the LYN-

mediated phosphorylation of ITAMs initiated is still not completely understood.

As shown in figure 1 (page 22), phosphorylated ITAMs serves as a docking sites for
cytoplasmic spleen tyrosine kinase (SYK) that is then activated by tyrosine phosphorylation
[5]. Activated SYK mediates interaction with its many targets including the linker for
activated T cells (LAT) and non-T cell activation linker (NTAL) that, once phosphorylated,
recruit other molecules as SH2-containing leukocyte protein of 76 kDa (SLP-76) and growth
factor receptor-bound protein 2 (GRB2). Importantly, LAT recruits enzyme phospholipase Cy
(PLCy) [6]. PLCy undergoes activating tyrosine phosphorylation when associated with plasma
membrane and then hydrolyzes membrane phosphatidylinositol-4,5-bisphosphate to form
soluble inositol-1,4,5-trisphosphate (PIP3) and membrane bound diacylglycerol (DAG),
which are responsible for release of calcium ions from intracellular stores and protein kinase

C (PKC) activation, respectively. SLP-76 and GRB2 recruit guanosine exchange factors
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(GEFs) as SOS and VAV promoting the activation of the small GTPases, Ras, Rac, and Rho,

that then regulate complex networks of signaling pathways leading to cell degranulation.
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Figure 1. FceRI signaling in mast cells. When FceRI is aggregated with multivalent Ag whole complex
translocates to cholesterol-enriched plasma membrane (PM) microdomains and B and y subunits are
phosphorylated by LYN kinase. Subsequently, SYK is recruited and activated by phosphorylation. SYK then
mediates phosphorylation of transmembrane adaptor proteins LAT and NTAL. Phosphorylated tyrosine residues

of LAT and NTAL further serve as docking sites for other signaling proteins. Adapted from [6].

To avoid potentially harmfull overreactivity, signaling cascades leading to mast cell
activation undergo tight regulation. Phosphorylation events catalyzed by protein-tyrosine
kinases (PTKSs) are counterbalanced by the activity of protein-tyrosine phosphatases (PTPSs)
[5]. However, what is the role of PTPs during the initiation of FceRI signaling has not been
yet examined. Among other molecules that participated on the downregulation of MIRR
receptors is transmembrane adaptor phosphoprotein associated with glycosphingolipid-
enriched mcrodomains (PAG). PAG has been shown to be responsible for recruitment of C-
SRC tyrosine kinase (CSK) to the plasma membrane. Active CSK then inactivates SFK by
mediating phosphorylation of their C-terminal inhibitory tyrosine [6]. Upon Ag-triggering,
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FceRI signaling is also downregulated by internalization and subsequent degradation in
lysosomes [8].

Single-nucleotide polymorphism association studies showed that chromosome 17q12-
g21 region is connected to the risk of asthma and several other inflammatory diseases [9].
This locus contains gene encoding ORM-like (ORMDL)3. Although mast cells are known to
be involved in asthmatic diseases, the role of ORMDL3 in mast cells is not known.

The key signal for mast cell homing and recruitment into peripheral tissues is provided
by interaction of the stem cell factor (SCF) with its receptor, KIT [10]. In rodents another
critical factor, interleukin (IL)-3, which binds to its surface receptor is involved. In peripheral
tissues mast cell progenitors mature and terminally differentiate under the influence of local
chemical environment. Migration of mast cell progenitors to the site of their residency is
directed by various chemokines which bind to chemokine receptors as showed for

prostaglandin E> that is recognized by the E-prostanoid receptors [11].

2. Aims of the study

1. To elucidate the role of PTPs in initiation of FceRI signaling
a. Map the plasma membrane topography of redox-regulated PTPs involved in initiation
of FceRI signaling in rat basophilic leukemia cells (RBL) or bone marrow-derived
mast cells (BMMC).
b. Analyze the spatiotemporal relationship of redox-regulated PTPs and FceRI
signalosomes.
c. Analyze spacial relationship of oxidized PTPs (oxPTPs) and actin cytoskeleton.

d. Evaluate current models of FceRI signal initiation with respect to newly obtained data.

2. To determine the mechanism of tetraspannin CD9-mediated mast cell activation
a. Analyze spationtemporal relationship of CD9 and components of FceRI signalosomes.

b. Analyse the role of CD9 in mast cell spreading on fibronectin.

3. Toevaluate the role of PAG adaptor protein in regulation of FceRI signaling
a. Prepare lentiviral constructs encoding Myc-tagged PAG.
b. Determine plasma membrane topography of PAG and its relationship to FceRI
signalosomes.

c. Analyze spreading on fibronectin in PAG KO cells.
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d. Analyze mast cell content in vivo in PAG KO mice.

4. Characterize the function of ORMDL3 in mast cells

a.

Analyze the spreading on fibronectecnin of the BMMC with ORMDL3 knockdown
(KD) or ORMDL.3 overexpressors.

b. Set and perform image analysis of nuclear factor k-light-chain-enhancer of activated B

cells (NF-xB) translocation to nucleus in BMMC with ORMDL3 KD or ORMDL3

OVEerexpressors.

5. Analyze the effect of ethanol on mast cell activation

a.

Identify the effect of ethanol treatment on expression of mast cell receptors FceRI and
KIT by flow cytometry.

Analyze the degranulation of BMMCs treated by ethanol by measurement of surface
lysosomal-associated membrane protein 1 (LAMP1).

Analyze the effect of ethanol on FceRI internalization.

6. To find new regulators of FcgRI signaling using RNAI screening

a.

Develop and optimize high-throughput assays suitable for RNAI screening in mast
cells.
Optimize lentivirus short hairpin RNA (shRNA) delivery for RNAI screening in mast
cells.
Select and screen the genes with incompletely understood functions in mast cell
activation, collect and analyze the data and identify new regulators of FceRI signaling.
Study molecular mechanism of action of newly identified regulator Gal3.
i. Analyze the role of Gal3 in degranulation by enzymatic assay and by flow
cytometry in mast cells with Gal3 KD.
ii. Prepare the contsructs for Gal3 overexpression and perform flow cytometry
analysis with Gal3 overexpressing mast cells.
iii. Determine Gal3 role in calcium signaling.
iv. Analyze filamentou actin (F-actin) levels in BMMCswith Gal3 KD.
v. Determine Gal3 role in early activation events by phosphoprotein analysis
(microscopy and western blot).
vi. Set the flow cytometry assay for analysis of IgE internalization by acid strip

that would facilitatate the studies of Gal3 function in FceRI internalization.
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vii. Set the microscopy assay for analysis of IgE internalization with subsequent
image analysis quantification facilitating the stuies of Gal3 role in FceRI
internalization.

viii. Analyze Gal3 function in FceRI phosphorylation and ubiquitination.

ix. Asses the Gal3 function in mast cell adhesion and motility on fibronectin.

3. Materials and methods

All methods used to solve the particular aims of this study are described in more

details in the relevant publications.

Mast cell cultures. BMMCs were obtained from cells isolated from femurs and tibias of 6-8
weeks old mice. Cells were cultured in media containing murine recombinant SCF and I1L-3.
BMMC-derived mast cell line (BMMCL) was obtained from Dr. M. Hibbs from Ludwig
Institute for Cancer Research, Melbourne, Australia and cultured in media supplemented with
murine recombinant IL-3.

Transient transfection. BMMCs were transfected using Amaxa nucleofector. Functional
assays were than performed usually 48h post-transfection.

Lentiviral transduction. Lentiviral particles containing sShRNA sequences or sequences of
proteins of interest were packaged using HEK293T cells. BMMCs or BMMCL were then
transduced with lentiviral particles and subsequently selected with puromycin.

Mast cell activation. For Ag-mediated mast cell activation cells were sensitized with IgE
overnight in absence of SCF and IL-3. Then, unbound IgE was washed away and cells were
activated with Ag and subjected to downstream applications.

B-glucuronidase assay (degranulation). Mast cell degranulation was measured by enzymatic
assay for detection of B-glucuronidase released from cell granules into media during
activation. Degranulation was expressed as percent of B-glucuronidase released into the
supernatants from total B-glucuronidase content

Calcium measurement. IgE-sensitized cells were loaded with Fura-2AM for 30min in
presence of probenecid. After incubation excess of Fura-2AM was washed out and cells were
activated in fluorimeter equipped with automated injector. Fluorescent signal was monitored
for 5 min.

Western blot. Whole cell lysates were prepared by sonication of the cells in reducing sample
buffer and denaturation at 95°C. Proteins in cell lysates were resolved at 10 — 12% sodium

dodecylsulfate (SDS)-polyacrylamide gels and transferred to nitrocellulose membranes.
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Primary antibody was detected with horse radish peroxidase (HRP)-conjugated secondary
antibody and signal was developed with chemiluminescent reagent.

Immunoprecipitation. FceRI complexes were immunoprecipitated via bound IgE. Cells were
lysed in lysis buffer containing 0.2% Triton-X100 and IgE-FceRI complexes were
immunoprecipitated by incubation with anti-IgE Ab bound to protein A-coated beads.
Confocal microscopy. Cells were attached to glass surface, then activated or not and fixed in
3% paraformaldehyde. Cells were then permeabilized in 0.1% Triton X-100. Samples were
incubated with various primary Abs in 1% BSA or with fluorophore-conjugated phalloidin for
detection of F-actin. Primary Abs were detected by appropriate secondary Abs conjugated to
various fluorophores. Samples were mounted in glycerol-based mounting media containing
Hoechst 33258 stain.

Electron microscopy. RBL cells were grown on glass coverslips, alternatively non-adherent
BMMCs were attached to fibronectin-coated coverslips. In some experiments extracellular
Ags were labeled with primary Abs followed with gold-conjugated secondary Abs. Nickel
electron microscopy grids were glow discharged in argon atmosphere and coated with poly-L-
lysine. Cells attached to coverslips were pressed towards the coated grid and ripped. Plasma
membrane sheets were rinsed, fixed and subjected to labeling with specific primary Abs and
gold-conjugated secondary Abs. Whole samples were then fixed in glutaraldehyde and stained
with OsOs in cacodylate buffer, followed by tannic acid and finally with uranyl acetate.
Images were acquired using FEI Morgagni at 56000x magnification.

Flow cytometry. For analysis of surface Ags, cells were kept on ice and labeled with
appropriate fluorophore-conjugated Abs. For analysis of intracellular Ags, cells were fixed in
2% paraformaldehyde and permeabilized in 0.1% Triton X-100.

Cell adhesion. BMMCs were loaded with calcein dye and let to attach to fibronectin coated
wells in fluorometric 96-well plate. Cells were activated with Ag and fluorescent signal was
measured. Unattached cells were then washes out and cell adhesion was expressed as percent
of fluorescent signal detected after washing from total signal before the wash.

RNA isolation, reverse transcription polymerase chain reaction (RT-PCR) and
guantitative PCR (qPCR). RNA from cells was isolated using comercial kits and reverse
transcribed using M-MVL reverse transcriptase (Invitrogen). gPCR reactions were performed
in 384-well plates in a LightCycler 480 (Roche Diagnostics). Genes for glyceraldehyde-3-
phosphate dehydrogenase, actin, and ubiquitin were used as reference genes, and expression
levels of all mMRNAs were normalized to the geometric mean of the expression of the

reference genes.
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4. Results and discussion

This thesis summarizes results published in following six original publications and one

review with original data.

DOWN REGULATION OF PROTEIN-TYROSINE PHOSPHATASES ACTIVATES
AN IMMUNE RECEPTOR IN ABSENCE OF ITS TRANSLOCATION INTO LIPID
RAFTS

Heneberg P., Draberova L., Bambouskova M., Pompach P., Draber P.. Down regulation of

protein-tyrosine phosphatases activated an immune receptor in absence of its translocation
into lipid rafts. J. Biol. Chem. 285(17):12787-802, 2010.

In this work we studied the FceRI signaling initiation upon inhibition of PTPs by
pervanadate (Pv). We found that FceRI subunits get phosphorylated even in the absence of
extensive aggregation and translocation to the lipid rafts, suggesting that balance in PTP-PTK
activities is a crucial mechanism controlling FceRI triggering. Using monoclonal Ab specific
for oxPTPs we confirmed that PTPs undergo redox regulation after mast cell activation and
identified several redox-regulated PTPs species. We also identified contribution of actin
cytoskeleton as a potential regulator of balance in the activities of PTPs and PTKs in mast

cells.

WHAT PRECEDES THE INITIAL TYROSINE PHOSPHORYLATION OF THE
HIGH AFFINITY IGE RECEPTOR IN ANTIGEN-ACTIVATED MAST CELLS?

Bugajev V., Bambouskova M., Draberova L., Draber P.: What precedes the initial tyrosine
phosphorylation of the high affinity IgE receptor in antigen-activated mast cells? FEBS Lett.
84(24):4949-55, 2010.

In this review we evaluated current models of FceRI signaling initiation with respect

to our newly obtained data published in Journal of Biological Chemistry, 2010.
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CROSS-TALK BETWEEN TETRASPANIN CD9 AND TRANSMEMBRANE
ADAPTOR PROTEIN NON-T-CELL ACTIVATION LINKER (NTAL) IN MAST
CELL ACTIVATION AND CHEMOTAXIS

Halova I., Draberova L., Bambouskova M., Machyna M., Stegurova L., Smrz D., Draber P.:

Cross-talk between tetraspanin CD9 and transmembrane adaptor protein non-T-cell activation
linker (NTAL) in mast cell activation and chemotaxis. J. Biol. Chem. 288(14):9801-14, 2013.

In attempts to identify new plasma membrane molecules affecting mast cell activation
we generated new Ab recognizing mast cell surface Ag identified as CD9. We found that
pretreatment of mast cells with CD9-specific Ab triggered activation events as
phosphorylation of some key signaling proteins, calcium flux and dephosphorylation of ezrin,
radexin, moesin (ERM) family proteins that is important step facilitating mast cell chemotaxis
[12]. After CD9 aggregation, NTAL but not LAT showed increased phosphorylation of
tyrosine residues. Ultrasctructural analysis of CD9 topography in plasma membrane showed
that upon activation, CD9 colocalized with NTAL but not LAT. The combined data helped to
dentify different roles of LAT and NTAL in mast cell activation and chemotaxis.

TRANSMEMBRANE ADAPTOR PROTEIN PAG/CBP IS INVOLVED IN BOTH
POSITIVE AND NEGATIVE REGULATION OF MAST CELL SIGNALING
Draberova L., Bugajev V., Potickova L., Halova I., Bambouskova M., Polakovi¢ova I.,
Xavier R. J., Seed B., Draber P.: Transmembrane adaptor protein PAG/CBP is involved in
both positive and negative regulation of mast cell signaling. Mol. Cell. Biol. 34(23):4285-300,
2014.

Previous studies in the laboratory investigated the role of TRAPs LAT and NTAL in
mast cell signaling. Here we focused on deciphering the role of other TRAP, PAG, that has
shown variable functions in immunoreceptor signaling across the literature. We used BMMCs
derived from PAG KO mice and prepared also BMMCs with PAG KD. BMMCs with
decreased expression of PAG showed impaired Ag-mediated activation but increased
activation when stimulated via KIT receptor. Observed increased activity of SFKSs in resting
PAG deficient cells indicate that PAG regulates the basal activity of SFKs and increased SFK

activity in PAG KO cells is involved in negative regulatory loop controlling FceRI signaling.
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NEGATIVE REGULATORY ROLES OF ORMDL3 IN THE FceRI-TRIGGERED
EXPRESSION OF PROINFLAMMATORY MEDIATORS AND CHEMOTACTIC
RESPONSE IN MURINE MAST CELLS

Bugajev V., Hélova I., Draberova L., Bambouskova M., Potu¢kova L., Draberova H.,
Paulenda T., Junyent S., Draber P.: Negative regulatory roles of ORMDL3 in FceRI-triggered
expression of proinflammatory mediators and chemotactic response in murine mast cells.
Cell. Mol. Life Sci. 73(6):1265-85, 2016.

In this study we provide evidence that downregulation of ORMDL3 expression
in mast cells enhances cytokine and chemokine production upon Ag treatment and also
chemotaxis towards Ag. Cells with decreased expression of ORMDL3 exhibited
increased phosphorylation of AKT. AKT is known to be activator of transcriptional
factor NF-xB [13]. We identified ORMDL3 as a key regulator of AKT/NF-xB
pathway and chemotaxis in mast cells and contributes to the development of mast cell-

mediated local inflammation in vivo.

ETHANOL INHIBITS HIGH-AFFINITY IMMUNOGLOBULIN E RECEPTOR
(FceRI) SIGNALING IN MAST CELLS BY SUPPRESSING THE FUNCTION OF
FceRI-CHOLESTEROL SIGNALOSOMES

Draberova L., Paulenda T., Halova I., Potu¢kova L., Bugajev V., Bambouskova M., Timova
M., Draber P.: Ethanol inhibits high-affinity immunoglobulin E (FceRI) signaling in mast

cells by suppressing the function of FceRI-cholesterol signalosomes. PLoS One.
10(12):e0144596, 2015.

In this study we show that short-term exposure of BMMCs to nontoxic concentrations
of ethanol inhibits FceRI-mediated degranulation, calcium response, and production of several
cytokines in a dose-dependent manner. We found that ethanol interferes with the function of
FceRI-cholesterol signalosomes and support the lipid-centric theory of ethanol action in this

system at the early stages of cell activation.
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NEW REGULATORY ROLES OF GALECTIN-3 IN HIGH-AFFINITY IgE
RECEPTOR SIGNALING
Bambouskova M., Polakovi¢ova I., Halova I., Goel G., Draberova L., Bugajev V., Doan A.,

Utékal P., Gardet A., Xavier R. J., Draber P.: New regulatory roles of galectin-3 in high-
affinity IgE receptor signaling. Mol. Cell. Biol. 36(9):1366-82, 2016.

In this study we utilized RNAi-based HTS to identify new regulators of mast cell Ag-

mediated activation via FceRI. We selected 144 genes for screen and identified 15 potential
regulators of mast cell degranulation. We chose Gal3 for detail functional analysis. Gal3
negatively regulated mast cell degranulation and cytokine expression.
FceRI signaling in cells with decreased expression of Gal3 was upregulated on the level of
SYK kinase, suggesting involvement of Gal3 in early signaling upon FceRI triggering. Gal3
has been shown to exhibit functions in regulation of endocysis and internalization of some
surface molecules, presumably T cell receptors [14, 15]. We found that in mast cells, Gal3
also participates on regulation of FceRI ubiquitination and internalization (figure 2, page 31).

Gal3 is S-type lectin with specifity to B-galactosides [16]. In attempts to inhibit Gal3
functions by blocking its binding to glycosylated proteins by incubation with lactose we did
not observed any changes in mast cell activation. Similarly, externaly added murine
recombinant Gal3 did not rescue the phenotype of BMMC with Gal3 KD. These data suggest
that function of endogenous Gal3 is not mediated by its lectin binding to glycoproteins or

these interactions are not accesible to externaly added lactose and recombinant Gal3.
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Figure 2. Gal3-regulated IgE internalization, trafficking to endolysosomes and ubiquitination of FceRI
subunits. (A) IgE internalization in BMMCs with Gal3 KD and control pLKO.1 cells. The cells were sensitized
with IgE and activated with various concentrations of Ag. At various time intervals after triggering, surface IgE
was removed by acid stripping, and the cells were fixed and permeabilized. IgE levels were quantified by flow
cytometry. (B) Representative confocal images of IgE and LAMP1 localization in BMMCs (left, Gal3 KD; right,
pLKO.1 controls). The cells were sensitized with IgE and not activated (0 min) or activated with Ag (100 ng/ml)
for various times (5, 15, or 30 min), fixed, permeabilized, and stained with apecific Ab. Nuclei were stained with
Hoechst 33258. Bars, 5 pum. (C) IgE-FceRI complexes were immunoprecipitated with IgE-specific Ab.
Immunoprecipitates (IPs) were size separated by SDS-PAGE, and ubiquitination was determined by western blot
and detection with specific Ab (Ub). (D) Quantification of FceRI B and y subunit ubiquitination from data in

panel C. Densitometry data from B and y ubiquitination were normalized to the B subunit loading control and
nonactivated pLKO.1 controls.

-31-



5. Conclusions

1. Our data showed that PTPs play important role during FceRI initiation. Based on obtained

results we formulated model of FceRI signaling initiation that proposes equilibrium in

activity of PTPs and PTKs in resting state and shift towards the activity of PTKs upon

crosslinking of FceRI with Ag.

a.

Topography of oxPTPs was determined and analyzed before and after FceRI
aggregation and also after Pv treatment. Increased number of oxPTPs was detected
upon FceRI aggregation suggesting that PTPs vulnerable to oxidation might be
pre-associated with plasma membrane.

Double labeling studies of oxPTPs and FceRI showed proximity of these
molecules in plasma membrane indicating that PTPs undergoing redox regulation
are part of FceRI signalosomes.

Most of the oxPTPs were found associated with cytoskeletal structures that were
identified as actin-containing structures. Therefore, actin cytoskeleton might play
important role in FceRI signaling initiation by sequestering PTPs in plasma
membrane.

The proposed model of PTK-PTP equilibrium was summarized and discussed with
respect to other models in review article published in FEBS Lett. 2010.

2. Results obtained in studies of CD9 helped us to better understand signaling pathways

3.

leading to mast cell activation and chemotaxis. We showed, that CD9 can regulate mast

cell activation and chemotaxis by interacting with FceRI and FceRI signalosomes.

Moreover, study on CD9 further supported existence of non-overlapping functions of
adaptor proteins LAT and NTAL.

a.

Upon aggregation with CD9-specific Ab, CD9 in plasma membrane co-localized
with FceRI, NTAL but not with LAT. These findings contributed to understanding
of some non-redundant functions of LAT and NTAL in FceRI signaling pathway.
Aggregation of CD9 did not affect mast cells adhesion to fibronectin.

We showed, that depending on which signaling pathways are engaged, PAG can act as

positive or negative regulator of mast cell signaling. Surprisingly, increased activity of

SFKs in PAG KO cells upon triggering with Ag correlated with decreased cell activation.
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These findings contributed to understanding of negative regulatory loops controlling mast

cell activation.

a.
b.

pCDH-based PAG-containing lentiviral construct was used for rescue studies.
pCMV-based vector containing Myc-tagged PAG was prepared and plasma
membrane localization of overexpressed PAG was confirmed by confocal
microscopy. However, when plasma membrane topography of PAG was analyzed
by electron microscopy, no changes were found upon activation with Ag.

No differences in spreading of PAG KO and WT cells were found suggesting no
direct involvement of PAG signaling in regulation of cytoskeleton.

Content of peritoneal mast cells in PAG KO was similar to content in WT mice

suggesting that PAG deficiency does not affect mast cell development in vivo.

4. BMMCs with decreased or increased expression of ORMDL3 showed no changes in

degranulation of early activation events. However, ORMDL3 had significant effect on

Ag-mediated production of cytokines and chemokines by regulating AKT/NF-xB

signaling pathway. Also, ORMDL3 negatively affected mast cell chemotaxis towards Ag.

a.

BMMC with ORMDL3 KD showed decreased spreading on fibronectin. On the
other hand, cells with overexpression of ORMDL3 did not show significant
changes in spreading.

The image analysis pipeline suitable for analysis of translocation of proteins
between cytoplasm and nucleus was established and successfully used for analysis
of localization of p65, a member of NF-«B signaling pathway. The localization of
p65 upon Ag-activation BMMCs with ORMDL3 KD and control cells was
compared and more p65 translocation to nucleus was detected in cells with KD.
The obtained data indicate that ORMDLS3 is negative regulator of NF-kB signaling

in mast cells.

5. We found that inhibitory effect of ethanol on various mast cell activation events is

induced by inhibition of function of cholesterol-dependent FceRI signalosomes.

a.

Ethanol or methyl-B-cyclodextrin (MBCD) had no effect on expression of FceRI
and KIT on mast cells.
In agreement with defects in degranulation observed in BMMCs pretreated with

ethanol, ethanol pretreatment also abolished LAMPL1 surface expression. This
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effect was further enhanced by simultaneous pretreatment of the cells with MBCD
suggesting that ethanol affects cholesterol-dependent FceRI signalosomes.
c. Ethanol significantly inhibited IgE internalization upon triggering with Ag when

used in combination with MBCD.

6. We established RNAIi HTS protocol for screening in mast cells. By screening 144 genes,
11 positive and 4 negative regulators of mast cell activation were identified. Combined
data indicated, that Gal3 is a negative regulator of mast cell degranulation and acts in
early activation events by controlling FceRI internalization and trafficking. We showed
that Gal3 also facilitates mast cell chemotaxis on fibronectin but negatively regulates
fibronectin-independent chemotaxis towards Ag or PGEx.

a. We chose B-glucuronidase enzymatic assay for analysis of mast cell degranulation
for its robustness and suitability for HTS measurements in BMMCL.

b. The highest transduction efficiency together with good viability were achieved
when cells were infected with virus at multiplicity of infection (MOI) of 15 in
presence of polybrene, 30 min spin and overnight incubation with virus.

c. 144 genes were selected based on their abundant expression in mast cells. Data
were collected from two independent screen runs and statistical analysis of
obtained data identified 12 positive and 4 negative regulators of mast cell
activation.

d. We chose Gal3 for further detail functional analysis of its action in FceRI
signaling for most consistent effect of Gal3-targeted ShRNAs in the screen.

i. Gal3 KD confirmed decreased degranulation in BMMC by enzymatic
assay and also by single cell analysis of surface LAMP1 by flow
cytometry.

ii.  Construct containing Gal3 fused to EGFP was prepared and transfected
into BMMCs. Cells overexpressing Gal3 showed decreased degranulation,
supporting the negative regulatory role of Gal3 in mast cell activation.

ilii. BMMCs with Gal3 KD showed increased mobilization of cytoplasmic
calcium after Ag activation but no changes after thapsigargin. These results
suggest that Gal3 affects FceRI pathway upstream of calcium signaling.

iv.  Microscopy analysis of F-actin content revealed increased
depolymerization upon Ag treatment which is in agreement with increased
cell activation of BMMCs with Gal3 KD.
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Vi.

Vii.

viii.

Global phosphotyrosine analysis was determined by confocal microscopy
showing increased phosphorylation in BMMCs with Gal3 KD. Next,
phosphorylation of individual signaling proteins was analyzed by western
blotting; BMMCs with Gal3 KD showed increased phosphorylation of
SYK, PLCy, AKT and JUN amino-terminal kinase (JNK). These results
suggest that Gal3 affects early activation events dependent on SYK
activation.

Gal3 stabilized IgE on the mast cell surface upon Ag activation as shown
by impaired IgE internalization in BMMCs with Gal3 KD.

IgE in BMMCs with Gal3 KD did not form the intracellular patches
observed in control cells, suggesting that Gal3 is important for normal IgE
internalization and degradation in activated mast cells.

Gal3 was shown to positively affect FceRI ubiquitination that might lead to
observed changes in FceRI internalization. Interestingly, Gal3 did not
affect phosphorylation of FceRI B and y subunits, which suggest that their
ubiquitination does not depend on extent of their phosphorylation.

BMMCs with Gal3 KD showed decreased ability to adhere and move on
fibronectin, suggesting that beyond negative regulatory role of Gal3 in
FceRI mediated activation, Gal3 can positively regulate fibronectin-

mediated ability to move in mast cells.
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