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2 Abstrakt

Interakce T bunck s buitkami prezentujicimi antigen hraje zasadni Glohu pfi zahéjeni a
koordinaci adaptivni imunitni odpovédi. Poté, co T butika rozpozna MHC glykoproteiny
S navazanym antigennim peptidem na povrchu antigen prezentujici bunky, dochazi k tvorbé
imunologické synapse a jsou spustény signalni drahy v obou zucastnénych bunikach. Aktivita
signalnich drah je regulovana riznymi molekulami, které maji pozitivni nebo negativni efekt.
Aktivity nékterych proteintt mohou mit i dudlni charakter v zavislosti na dané situaci. V této
praci jsme se zaméfili na tfi témata tykajici se regulace nebo propagace signalnich drah.
V prvni Casti jsme rozsitili znalost signalnich déju probihajicich v oblasti imunologické
synapse, nebot’ jsme objevili novy transmembranovy adaptorovy protein SCIMP, ktery je
exprimovany na buiikach prezentujicich antigen. Po dikladném studiu tohoto proteinu jsme
prokézali, Ze se jedna o pozitivni regulator signalizace ptes MHCII glykoproteiny. Dalsi dva
projekty se tykaly T bunck. Nejprve jsme popsali vyznam dalsiho transmembranového
adaptorového proteinu nazvaného PRR7 v regulaci apoptdzy a v signalizaci ptes T bunéény
receptor. Nakonec jsme se zaméfili na studium exprese fosfatazy CD148 v lidskych T
buiikkach a prokazali jsme, ze mlzZe mit aktivacni 1 inhibi¢ni efekt na signalizaci pfes T

bunécny receptor.



3 Abstract

The central role in the initiation and maintenance of the adaptive immune response is
played by interaction of T cells with antigen presenting cells. Upon recognition of peptide-
loaded MHC glycoproteins on the surface of antigen presenting cells by specific T cell,
immunological synapse is formed and signaling events are initiated in both cells involved.
The signal propagation is regulated by various molecules that can have positive or negative
function, or even both, depending on specific circumstances. In this work we focused our
attention on three topics all encompassing processes of signal propagation or regulation. First,
we extended our understanding of the signaling processes taking place in the immunological
synapse by the discovery of a new transmembrane adaptor protein SCIMP expressed on
antigen presenting cells. Detailed study of this protein demonstrated that it is a positive
regulator of MHCII signaling. Next two projects were focused on T cells. We described the
role of another transmembrane adaptor protein termed PRR7 in the regulation of apoptosis
and T cell receptor (TCR) mediated signaling in T cells. Finally, we provided evidence that in
human T cells CD148 phosphatase can have both activatory and inhibitory effect on T cell

receptor signaling.



4 Ceska &ast
4.1 Uvod

Mezi ustfedni buniky adaptivniho imunitniho systému patii T bunky, které maji zasadni

roli v organizaci a koordinaci imunitni odpovédi. Vysledkem jejich ¢innosti je obrana a
dlouhodobd ochrana proti patogeniim, a také imunologicky dozor nad vlastnimi tkdnémi a
prevence vzniku rakoviny.

T buiiky rozpoznavaji svym T bunécnym receptorem (TCR, od anglického vyrazu ,,T cell
receptor) peptidy prezentované riznymi bunkami imunitniho systému na glykoproteinech
hlavniho histokompatibilniho komplexu tiidy I nebo II (MHCI, MHCII). Schopnost rozpoznat
MHCI nebo MHCII je zavisla na tom, zda T buiika exprimuje kostimula¢ni molekuly CD4
nebo CDS. Proces prezentace antigenu T buiikdm, za ktery jsou zodpovédné specializované
antigen prezentujici buiiky (APC, od anglického vyrazu ,,antigen presenting cells”), vede
nejprve k aktivaci naivnich T bunék. Takto vzniklé efektorové T buniky mohou nasledné
aktivovat a koordinovat ostatni buniky imunitniho systému, aby doSlo k ucinné likvidaci
patogent (v ptipadé CD4+ T buné€k), nebo mohou pfimo zabijet infikované bunky (v ptipadé
CD8+ T bungk).

Dendritické bunky, monocyty, makrofagy a B bunky [1, 2] jsou povaZovany za
profesiondlni APC. Naivni T buniky jsou nejucinngji aktivovany dendritickymi bunikami. Za
uritych okolnosti se mohou makrofagy a B bunky také podilet na tomto procesu.
V pozd¢jsich etapach imunitni odpovédi rozpoznavaji CD4+ T buiiky antigen prezentovany
na povrchu makrofagti a B bun¢k a tim tyto bunky aktivuji: makrofagy se stanou u¢innéjsi v
zabijeni fagocytovanych patogenti a B buiiky s B buné¢nym receptorem (BCR, od anglického
vyrazu ,,B cell receptor”) specifickym pro dany patogen vstoupi do cyklu afinitni maturace,
coz vede k produkci vysoce afinitnich protilatek.

Béhem procesu antigenni prezentace dochazi ke vzniku imunologické synapse (IS) [3],
Kterd je tvofena nékolika oblastmi. Ve stfedu IS je oblast znama jako centralni
supramolekularni aktivacni klastr (cCSMAC, od anglického vyrazu ,,supramolecular activation
cluster”), obsahujici pary TCR-MHC, koreceptory CD4 a CD8 a né&které dalsi signalni
molekuly, naptiklad kindzy z rodiny Src. Oblast obklopujici cSMAC se nazyva periferni
SMAC (pSMAC) a obsahuje pary adhezivnich molekul, jako jsou CD2-CD58 nebo LFA1-
ICAM1 nebo LFA1-ICAMS3. Posledni oblasti rozliSitelnou na okraji IS je distalni SMAC
(dSMAC), ktery obsahuje molekuly s velkou extracelularni ¢asti, napiiklad CD45 [4].



Poté, co T bunka rozpozna MHC s navazanym antigennim peptidem na povrchu APC,
dochazi k spusténi signalnich drah v obou zc¢astnénych burikach. Signalni drahy aktivované
v T bunkach jsou pomérné dobfe popsany. Po aktivaci TCR jsou kinazy zrodiny Src,
konkrétné Lck a Fyn, schopné fosforylovat tyrosinové aminokyselinové zbytky v tzv. ITAM
sekvencich  (odvozeno od ,immunoreceptor tyrosine-based activation  motif)
v podjednotkach CD3 a fetézcich (, které jsou asociovany s TCR. Fosforylované ITAM jsou
nasledné schopné vazat kindzu z rodiny Syk nazvanou ZAP-70 [5]. Timto zpusobem je ZAP-
70 ukotvena v blizkosti plazmatické membrany a mize fosforylovat velmi dulezity
adaptorovy protein — LAT (odvozeno od “linker for activation of T cells”). LAT patii mezi
tzv. transmembranoveé adaptorové proteiny (TRAP), pro které je typicka kratka extracelularni
¢ast, nasledovana transmembranovou doménou, pod niz se nachazi palmitylacni motif a
cytoplasmaticka ¢ast, ktera obsahuje nékteré aminokyselinové sekvence, umoznujici protein-
proteinove interakce. Po tyrosinové fosforylaci LATu se na tento protein mohou vazat dalSi
efektorové molekuly a tim dochazi k aktivaci riznych signalnich kaskad [6, 7].

Narozdil od signalizace pomoci TCR, detailni znalost signalnich drah spusténych po
aktivaci MHCII glykoproteint v IS stale chybi. MHCII molekuly obvykle nejsou povaZzované
za receptory, ale spiSe jsou vnimany jako pasivni hraci, ktefi pouze prezentuji antigenni
peptidy. Nicméné v mnozstvi publikaci bylo dokumentovano, ze prokiizeni MHCII molekul
na povrchu bunék pomoci protilatek spousti rizné signalni drahy, zahrnujici aktivaci kindz z
rodiny Src i Syk a také spusténi nékterych vzdalengjSich signalnich kaskad, podobné jako je
tomu u TCR [8-10].

V ptipadé TCR i MHCII signalizace jsou kindzy z rodiny Src mezi prvnimi aktivovanymi
molekulami. Regulace aktivity Src kinaz je zprostfedkovana fosforylaci na dvou kritickych
tyrosinech. Prvni z nich je inhibi¢ni tyrosin, ktery je lokalizovan v C-koncové Casti téchto
kinaz (Y527 v kinaze Src). Druhy je aktivaéni tyrosin, ktery je pfitomen v kindzové doméné
(Y416 v kinaze Src) [11]. Fosforylace inhibi¢niho tyrosinu je zprostiedkovana kindzou Csk.
Naopak pro defosforylaci tohoto tyrosinu jsou nezbytné fosfatdzy CD45 a CD148, které tak
predstavuji protivahu Csk [12]. Nicméné pro plnou aktivaci kindz z rodiny Src je jesté
nezbytné aby autofosforylovaly sviij aktivacni tyrosin v kinazové oblasti. Tento tyrosin je
rovnéz defosforylovan fosfatdzou CD45, a jak je ukdzano v této praci i fosfatazou CD148.

K propagaci signalnich drah je nezbytné, aby dochéazelo k vhodnému prostorovému
uspotadani jednotlivych proteini s enzymatickou aktivitou. Tim dochazi k jejich vzajemné
interakci. Enzymy tak mohou byt lokalizovany do blizkosti svych substratli i regulatorti.

Ditlezité¢ molekuly, které jsou odpovédné za Casoprostorové uspofadani signalnich molekul
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jsou adaptorové proteiny. Sami o sobé& sice nemaji Zddnou enzymatickou aktivitu, ale funguji

jako “leSeni” zprosttedkujici interakce ruznych signalnich proteint [13].

4.2 Cile prace

Tato dizertacni prace méla za ukol studovat nékteré aspekty propagace a regulace
signalnich drah spusténych po aktivaci MHCII nebo TCR.

Prvni projekt popisuje objev nového proteinu z rodiny TRAP, ktery jsme pojmenovali
SCIMP. Zam¢tili jsme se na expresni analyzu, biochemickou charakterizaci a popis
vazebnych partnerii. Nakonec jsme navrhli jeho potencidlni roli v signalizaci pres MHCII.

Druhy projekt analyzuje dalSi TRAP nazvany PRR7. Dosud byl tento protein popsan
pouze v mozku, zatimco jeho role v imunitnim systému nebyla dfive studovana. Zamérem
této prace tedy bylo ovéfit expresi tohoto proteinu v T bunkéch a prokazat jeho vliv na
regulaci T bunéénych odpovédi.

Treti projekt se zabyva nékterymi ne zcela vyjasnénymi otdzkami regulace TCR
signalizace pomoci fosfatazy CD148. Nejprve byla studovana rozdilnd exprese CD148
Vv riznych vyvojovych stadiich thymocyti u mysi a lidi. Posléze tento projekt analyzoval, zda

CD148 funguje jako pozitivni nebo negativni regulator TCR signalizace.

4.3 Material a metodika

VétSina experimentu prezentovanych v této dizertaéni praci byla provedena na buné¢nych
liniich lidského i mySiho pivodu. Nékteré experimenty vyuzivaly také buiiky izolované piimo
z mysich organt nebo z krve lidskych darct. Experimentalni pfistupy pouzivané v této praci
1ze rozdélit do nékolika oblasti:

(1) Izolace RNA, reverzni transkripce, polymerazova fetézova reakce, piiprava
plasmidii, nukleotidova zdména nebo sekvencni delece ve vybranych plasmidech,
klonovani, retroviralni a lentiviralni transdukce.

(2) Biochemické metody, vcetné solubilizace bunék v riznych detergentech,
imunoprecipitace, vyplavavani v sachar6zovém hustotnim gradientu, gelové filtrace,
bunéné frakcionace, dale analyza exprese a fosforylace bilkovin pomoci
elektroforézy v polyakrylamidovém gelu v pfitomnosti SDS, nasledované metodou
»western blotting* s pouzitim riznych protilatek.

(3) Stimulace bun¢k rtiznymi typy aktivatorti, v¢etné aktivace pomoci mitogend nebo

s pouzitim protilatek proti specifickym povrchovym molekulam.



(4) Analyza bunék pomoci prutokové cytometrie, s cilem zjistit expresi proteint,
vapnikovou odpovéd’ a bunéénou apoptdzu po riznych typech bunééné stimulace.
(5) Mikroskopické pozorovani bun€k s pouzitim konfokalniho mikroskopu nebo

zakladniho fluorescen¢niho mikroskopu.

4.4 Vysledky a diskuse

4.4.1 SCIMP: transmembranovy adaptorovy protein, ktery hraje

roli v MHCII signalizaci
V tomto projektu jsme se zaméfili na popis nového proteinu C170rf87, ktery ma strukturu

typickou pro ostatni TRAP. Tato molekula obsahuje velmi kratkou extracelularni ¢ast,
transmembranovou doménu, nasledovanou palmitylaénim motivem a intracelularni ¢asti, kde
se nachazi Ctyfi potencialni protein-protein interakéni motivy zalozené na tyrosinu a prolin
bohaté oblast. Neobsahuje vSak Zadnou predikovatelnou enzymaticky aktivni doménu.

Na zékladé¢ zndmych preferenci nékterych SH2 domén vazat konkrétni sekvence
aminokyselin obsahujici fosforylovany tyrosin bylo mozné predpovédéet, a posléze potvrdit
experimentalné, vazebné partnery pro tfi z té€chto tyrosinii. Jednalo se Grb2, SLP65/SLP76 a
Csk. Na zaklad¢ téchto interakei, jsme se rozhodli pojmenovat tento protein SCIMP, coz je
zkratka pro ,,SLP65/SLP76 and Csk Interacting membrane protein®.

Exprese proteinu SCIMP je omezena na tkan¢ imunitniho systému, pfedevsim slezinu a
lymfatické uzliny. V ramci imunitniho systému je SCIMP exprimovany pouze Vv
profesiondlnich APC, jako jsou monocyty, dendritické buiikky a B bunky. Navic je SCIMP
ptitomen Vv IS a je fosforylovan po stimulaci pomoci MHCII.

Tyto skuteénosti nas piimély k analyze, jakou roli hraje SCIMP v transdukci MHCII
signalu. Prokazali jsme, Ze snizeni exprese SCIMP pomoci shRNA v myS$i B bunécné linii
K46 zpisobi snizeni aktivity MAP kindzy Erk1/2 po aktivaci MHCII. Navic se nam podafilo
prokazat, Ze vazba SLP65 na protein SCIMP je nezbytna pro signalizaci, zatimco vazba Csk

umoziuje negativni regulaci.



4.4.2 PRRT7 je transmembranovy adaptorovy protein exprimovany v
aktivovanych T burikdach, podilejici se na regulaci TCR
signalizace a apoptozy

Dalsi TRAP analyzovany vramci ptedkladané dizertacni prace byl protein nazvany
PRR7 (,,proline rich 7). Nazev tohoto proteinu je odvozen ze skutecnosti, Ze obsahuje
vysoky podil aminokyseliny prolin. PRR7 byl dosud popsan pouze jako sloZzka post-
synaptickych neurélnich struktur [14]. V této praci byla mRNA kddujici tento protein
detekovana ve vétsing lidskych tkéani, v€etn€¢ imunitnich organii thymu a lymfatickych uzlin.
Navic byla exprese PRR7 na mRNA 1 proteinové Grovni zvysSena po aktivaci T lymfocytt
izolovanych z periferni krve.

Aby bylo mozné poskytnout dalsi funkcni charakterizaci PRR7, byla T bunécna linie
Jurkat transfekovdna PRR7 kodujicim vektorem. Exprese PRR7 vedla k velmi rychlé
apoptotické smrti. Mozné vysvétleni, pro¢ zvysend exprese PRR7 méla tak dramaticky efekt
na bunky Jurkat, je schopnost PRR7 preaktivovat nckteré signalni drahy. Ukézalo se, ze
exprese PRR7 zpiisobila vyrazné zvysSenou expresi podjednotky transkripéniho faktoru AP-1
nazvané c-Jun, ktera byla zaroven fosforylovana na aktiva¢nim serinu [15].

Vzhledem ke zvysené aktivité distalnich signalnich drah v bunkach silné¢ exprimujicich
PRR7, bylo velmi piekvapujici, Zze vSechny proximalni signalni drahy spusténé po stimulaci
TCR byly castecné inhibované. Zvysena exprese PRR7 vedla zatim neznamym mechanismem
ke snizené expresi kindzy Lck a snizené bazalni fosforylaci { podjednotky TCR. S tim souvisi
skutecnost, ze po aktivaci prostfednictvim TCR mély buniky silné exprimujici PRR7 sniZzenou
vapnikovou odpoveéd’, snizenou celkovou fosforylaci i fosforylaci nékterych signalnich
molekul véetn¢ ZAP-70, LAT, PLCyl a Erk ve srovnani s kontrolnimi bunikami.

Tato data ukazuji, Ze PRR7 spousti signalni drahy vedouci k aktivaci c-Jun a nasledné k
apoptéze. To je vyvazeno snizenou schopnosti bun€k reagovat na signal od TCR,
pravdépodobné kvuli dosud nezndmé negativni zpétné vazbé nebo z diavodu vycerpani a
neschopnosti bun¢k spoustét dalsi signalni drahy. SkutecCnost, ze PRR7 je exprimovan

v aktivovanych lymfocytech poukazuje na moznou roli PRR7 v regulaci T lymfocyti.

4.4.3 Vliv proteinoveé fosfatazy CD148 na regulaci Src kinaz v TCR

signalizaci
Protein fosfataiza CD148 patii mezi dilezit¢ regulatory aktivity kindz rodiny Src.

Predchozi data tykajici se exprese CD148 ukézala rozdil mezi mysi a ¢lovékem. Zatimco
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mys$i maturované naivni T buiiky jsou CD148 negativni [16], lidské naivni T bunky byly
ukézany jako CD148 pozitivni [17]. Podrobna analyza expresniho profilu CD148 b&hem
thymického vyvoje u mys$ich a lidskych T lymfocytd vSak chybéla. V této préaci bylo
prokazano, ze mysi T buniky v DN (,,double negative) stadiu exprimuji CD148. Nicméng,
poté, co bunky dosdhnou SP (,single positive”) vyvojové stddium, CD148 jiz neni
detekovatelna. Zcela naopak je tomu u lidskych bunék, protoze CD148 je pfitomna velmi
slabé na T butikach v DN stadiu, ale pfi dosahnuti SP stadia je jiz exprese silna.

Fofataza CD148 je schopna komplementovat fosfatazu CD45 jako pozitivni regulator
BCR a Fc receptorové signalizace [18]. Nicmén¢, zda muze CD148 pozitivné regulovat také
TCR signalizaci nebylo dosud zfejmé. V této praci jsme poskytli dikaz, ze CD148 muze
slouZit jako pozitivni i negativni regulator Src kindz v T buiikach. Vysledny efekt CD148 je

zavisly na celkové hladiné exprese CD148 a CD45 a jejich kombinované fosfatdzové aktivité.

4.5 Zavéry

VSechny projekty prezentované v této doktorské praci se zabyvaji studiem propagace
signalnich drah. Nejprve jsme charakterizovali dva proteiny ze skupiny TRAP v imunitnim
systému. Prvni z nich pifedstavuje novy protein pojmenovany SCIMP. Dikladna analyza
tohoto proteinu prokazala, ze SCIMP je exprimovany v antigen prezentujicich bunkach, je
lokalizovany v IS a podili se na Sifeni signalu od MHCII molekul diky vazbé na
SLP65/SLP76. Zajimavé je, Ze signaly pienasené molekulou SCIMP jsou negativné
regulovany soucasnou vazbou Csk. Druhy TRAP analyzovany v této praci je protein PRR7,
ktery byl doposud popsan pouze v mozku. Prokazali jsme, ze PRR7 je exprimovany rovnéz
v T buikach. Zvysena exprese PRR7 v T bunécné linii Jurkat vedla k bunééné apoptoze a
snizené odpovédi na TCR stimulaci, pravdépodobné kvuli tomu, Ze buiiky byly preaktivované
a vycCerpané, pripadné také kvili tomu, Ze byla sniZzena exprese Src kinazy Lck. Tato data
naznacuji, ze exprese PRR7 by mohla piedstavovat mechanismus regulace T bunécnych
funkci.

Kazdy z proteini SCIMP i PRR7 ma schopnost regulovat kinazy rodiny Src. Zatimco
PRR7 sniZuje expresi Lck, SCIMP je schopen vézat negativni regulator Src kinaz, kindzu
Csk, ktera fosforyluje jejich inhibicni tyrosin. Dal§im regulaCnim proteinem je fosfatdza
CD148. Prokazali jsme, Ze CD148 je schopna defosforylovat inhibi¢ni tyrosin Src kinaz. Na

druhou stranu je vSak také schopna defosforylovat aktiva¢ni tyrosin Src kindaz a mize tedy
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fungovat jako pozitivni 1 negativni regulator imunoreceptorové signalizace. Rovné se ndm

podaftilo objasnit rozdilnou regulaci exprese CD148 u lidskych a mySich thymocytt.
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5 English part

5.1 Introduction

T cells are the central cells of the adaptive immune system, since they orchestrate and
coordinate immune responses. The outcome of their action, if working properly, is the defense
and long lasting protection against particular pathogens and also the surveillance of body
tissues and prevention of cancer outbreak.

By their specific T cell receptor (TCR), T cells recognize antigenic peptides presented by
various cells on major histocompatibility complex class | or Il glycoproteins (MHCI, MHCII).
The ability of T cells to recognize MHCI or Il is restricted via the expression of co-
stimulatory molecules CD4 or CDS8, respectively, on their surface. The process of antigen
presentation leads to the activation of naive T cells by professional antigen presenting cells
(APCs) and their differentiation into effector T cells. These effectors can subsequently both
activate and coordinate different cells of the immune system to combat the pathogens (in the
case of CD4+ T cells) or directly kill the infected target cells (in the case of CD8+ T cells).

Dendritic cells, monocytes, macrophages and B cells [1, 2] are all considered professional
APCs. Naive T cells are most efficiently activated by dendritic cells. Under some
circumstances, macrophages and B cells can also be responsible for this process. Later in the
immune response, effector CD4+ T cells recognize antigen presented on the surface of
macrophages and B cells and activate these cells. As a result macrophages become more
effective in killing of engulfed pathogens and B cells with BCR specific for particular
pathogen enter into the cycle of affinity maturation, leading to the production of high affinity
antibodies.

Process of antigen presentation is accompanied by the formation of immunological
synapse (IS) [3]. Since the first observation of IS it has become clear that it is composed of
several distinct regions, creating structure resembling “bull’s eye®. At the center of IS is an
area known as central supramolecular activation cluster (¢cSMAC), containg pairs of TCR-
MHC, coreceptors CD4 and CD8 and several signaling molecules, such as Src family kinases.
Around cSMAC there is an area called peripheral SMAC (pSMAC) containing pairs of
adhesion molecules such as CD2-CD58 or LFA1-ICAM1 or LFA1-ICAMS3. Finally distal
SMAC (dSMAC) contains molecules with large extracellular domains like CD45 [4].

Recognition of peptide-loaded MHC by TCR leads to various signaling events in both
cells involved. Signaling pathways in T cells are well studied. Upon TCR activation, Src

family kinases Lck and Fyn phosphorylate immunoreceptor tyrosine-based activation motifs
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(ITAMs) present in TCR associated CD3 subunits and { chains. Phosphorylated ITAMs
subsequently serve as binding sites for Syk family kinase ZAP-70 [5]. Once ZAP-70 is
docked in active conformation at the membrane, it phosphorylates critical adaptor protein -
linker for activation of T cells (LAT). LAT is a member of the family of transmembrane
adaptor proteins (TRAPS), characterized by a short extracellular part, a transmembrane
domain followed by a palmitoylation motif and an intracellular part containing several
protein-protein interaction motifs. Upon tyrosine phosphorylation, LAT functions as a
scaffold molecule that binds to various effector molecules and promotes initiation of various
signaling events [6, 7].

In contrast, precise knowledge of signaling pathways emanating from MHCII
glycoproteins at IS is still lacking. Traditionally, MHCII glycoproteins were perceived as
passives tools serving just for antigen presentation, not as receptors capable of signal
transduction into the cells. However, a number of studies have provided the evidence that
crosslinking of MHCII molecules using antibodies leads to various signaling events, including
the activation of both Src and Syk family kinases as well as triggering of distal signaling
pathways [8-10].

In both TCR and MHCII signaling, Src kinases are among the first signal transducing
molecules to be activated. Regulation of the Src kinase activity is mediated by two critical
tyrosines — inhibitory tyrosine located in the C-terminus (Y527 in Src) and activatory tyrosine
located in the kinase domain (Y416 in Src) [11]. Phosphorylation of the inhibitory tyrosine is
mediated by C-terminal Src kinase (Csk). Opposing Csk are phosphatases CD45 and CD148
that can dephosphorylate this inhibitory tyrosine [12]. However, for full activation, Src
kinases must also auto-phosphorylate the activatory tyrosine in the kinase domain. This
activatory tyrosine might be also substrate for CD45, and as demonstrated in this thesis also
for CD148.

Proper signal propagation is based on positioning of various proteins with enzymatic
functions in order to enable their mutual interactions, access to the substrates and to the
upstream regulators. Important molecules responsible for spatio-temporal organization of
signal propagating molecules are adaptors proteins. They do not posses any enzymatic activity
but organize and facilitate the activity of other signaling molecules. They can be divided into
two groups depending on their localization - transmembrane or cytoplasmic adaptor proteins
[13].
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5.2 Aims of the study

The aim of this thesis was to study propagation and regulation of signaling from MHCI|I
and TCR.

The first project describes the discovery of new TRAP that we named SCIMP. We
focused on general description of this protein, with the emphasis on the expression analysis,
biochemical characterization and identification of associated partners. Finally we proposed a
role for SCIMP in MHCII signaling.

The second project analyzes the role of another TRAP known as PRR7. This protein has
been so far described only in the brain while in the cells of the immune system it has never
been studied. We analyzed its expression it T lymphocytes and proposed its potential role in
the regulation of T cell apoptosis and TCR mediated responses.

The third project deals with the regulation of TCR signaling by CD148 phosphatase and
clarified several issues that had been unresolved for some time. We thoroughly analyzed the
expression of CD148 at various stages of thymocyte maturation and we provided evidence

that CD148 can function as both positive and negative regulator of TCR signaling.

5.3 Material and methods

Majority of work presented in this thesis was performed on cell lines of both human and
mouse origin. Several experiments were performed also on primary cells isolated directly
from mice or from human donors. Experimental approaches employed in this work can be
divided in several categories:

(1) Isolation of RNA, reverse transcription, polymerase chain reaction, preparation of
various plasmids, site directed mutagenesis or sequence deletion in selected
plasmids, cloning, retroviral and lentiviral transduction.

(2) Cell stimulation following various types of activators, including the use of mitogens
and crosslinking of surface receptors.

(3) Biochemical methods including cell solubilisation in various detergents,
immunoprecipitation, flotation in sucrose density gradient, gel filtration, cell
fractionation, analysis of proteins expression and phosphorylation using sodium
dodecyl sulfate polyacrylamide gel electrophoresis followed by western blotting with

various antibodies.
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(4) Analysis of the cells using fluorescence-activated cell sorter (FACS) in order to
detect protein expression, cell apoptosis and calcium response following various
types of cell stimulation

(5) Microscopic analysis using confocal microscope or basic fluorescent microscope.

5.4 Results and discussion

5.4.1 SCIMP: transmembrane adaptor protein involved in MHCII
signaling

In this project we have discovered new protein termed C170rf87, that is a typical member of

the TRAP family. It contains a very short extracellular part, a transmembrane domain,

followed by a palmitoylation motif and in its intracellular part it possesses four potential

tyrosine based protein-protein interaction motifs, a proline rich domain, but no obvious

enzymatically active domain.

Based on the known preferences of a number of SH2 domains to bind to particular amino
acid sequences containing phosphotyrosine, it was possible to predict binding partners for
three of these tyrosines. Namely Grb2, SLP65/SLP76 and Csk. Based on these interactions,
which were later confirmed biochemically, we decided to name this protein SCIMP, an
abbreviation for SLP65/SLP76 and Csk Interacting Membrane Protein.

Several links pointed that SCIMP might have a role in the process of antigen
presentation. The expression of SCIMP is restricted to the immune system tissues, most
notably spleen and lymph nodes; within the immune system, SCIMP appears to be expressed
only in professional APC, such as monocytes, dendritic cells and B cells. Moreover, SCIMP
is constituent of IS and is phosphorylated following MHCII stimulation.

This led us to analyze the role played by SCIMP in MHCII signal transduction. We
demonstrated that in murine K46 B cell line SCIMP deficiency resulted in decreased Erk1/2
activity after MHCII activation. Moreover this phenotype could be rescued by transfecting the
cells with human wild-type SCIMP, but not with SCIMP with mutated SLP65 binding site.
Conversely, mutation of the Csk binding site led to an increase of Erk1/2 activation. These
results provide evidence that association of SCIMP with SLP65 initiates the downstream
signaling cascades, while Csk binding functions as a negative regulatory loop.

Altogether, this work provided basic characterization of a so far unknown protein and
demonstrated its role in the propagation of the signals emanating from MHCII.
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5.4.2 PRR7 is a transmembrane adaptor protein expressed in
activated T cells and involved in the regulation of T cell

receptor signaling and apoptosis
Another TRAP described in this thesis is proline rich 7 (PRR7). Similar to SCIMP, PRR7

was found in human genome database as typical member of TRAP family. The name of this
protein is derived from the notion that PRR7 contains high proportion of proline residues.
PRR7 has so far been described only as a constituent of post synaptic density of rat forebrain
[14]. The goal of this project was to find out whether PRR7 is present in the immune system
and what might be its potential role there.

Even though PRR7 is expressed most strongly in the brain, its mMRNA transcripts are
detectable in the majority of human tissues, including immune system organs thymus and
lymph nodes. Furthermore, expression of PRR7 at both transcript and protein level is
increased in peripheral blood lymphocytes upon stimulation with CD3 and CD28 antibodies
as well as upon treatment of these cells with other mitogens.

In order to provide further functional characterization of PRR7, Jurkat T cells transfected
with PRR7 were prepared. However, such transfection resulted in rapid apoptotic death of
these cells. Explanation of the effect of overexpression of PRR7 on Jurkat T cells might lay in
the ability of PRR7 to pre-activate signaling pathways in Jurkat. Indeed, induction of PRR7
expression led to a highly increased expression c-Jun, a subunit of AP-1 transcription factor,
phosphorylated on activatory serine [15].

Since PRR7 potentiated the activity of distal signaling pathways, it was surprising that all
the proximal signaling events generated after TCR crosslinking were atenuated. Indeed,
upregulation of PRR7 led by so far unknown mechanism to reduced expression of Lck and
reduced basal phosphorylation of TCR ( chain. Accordingly, upon TCR stimulation, cells
inducibly expressing PRR7 had weaker calcium response, decreased overall tyrosine
phosphorylation and decreased phosphorylation of several signaling molecules including
ZAP-70, LAT, PLCy1, and Erk compared to control cells.

It seems that PRR7 induces signaling events leading to c-Jun activation and subsequently
to apoptosis. This is counterbalanced by decreased ability of the cells to signal from TCR,
probably due to a so far unknown negative feedback or due to cell exhaustion and incapability
to support further signaling events. The fact that PRR7 is expressed in activated lymphocytes

points to a possible role of PRR7 in the regulation of T cell activation.
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5.4.3 Regulation of Src family kinases involved in T cell receptor
signaling by protein-tyrosine phosphatase CD148

CD148 is an important regulator of Src kinase activity. However, several issues
concerning this phosphatase had been unresolved. Early data concerning the expression of
CD148 demonstrated difference between mouse and human. While mouse naive mature T
cells were reported as CD148 negative [16], human T cells were demonstrated to be positive
for CD148 [17]. However, no thorough analysis of the differences in CD148 expression was
carried out. In the first part of this study expression pattern of CD148 was analyzed in various
developmental stages of human and mouse thymocytes.

Evidence was provided that in mice, double negative (DN) T cells express CD148.
However, this expression is lost as T cells progress to single positive (SP) stage. Interestingly,
human thymocytes exhibited different pattern, with non-detectable CD148 on DN
thymocytes, while strong expression was observed on mature SP cells.

CD148 was shown to complement CD45 as a positive regulator of BCR and Fc receptor
signaling [18]. Whether CD148 might promote also TCR signaling in CD45 negative cells
had not been previously addressed. We provided evidence that CD148 can be positive as well
as negative regulator of Src family kinases in T cells. The net effect of CD148 is dependent

on overall combined phosphatase activity of CD45 and CD148.

5.5 Conclusions

All projects presented in this thesis are related to the regulation of signal propagation. We
report here the characterization of two TRAPs in the immune system. The first of them is a
new protein that we named SCIMP. We thoroughly analyzed this protein and provided
evidence that SCIMP is expressed in APCs, it is translocated into the IS and propagate
signaling emanating from MHCII molecules due to its binding to SLP65/SLP76.
Interestingly, signaling events emanating from SCIMP are negatively regulated by
concomitant binding of Csk. The second TRAP analyzed is PRR7, a protein that has been so
far described only in the brain. We provided evidence that PRR7 is also expressed in T cells.
Overexpression of PRR7 in Jurkat T cell line led to cell apoptosis and attenuated TCR
signaling, probably due to the pre-activation and exhaustion of the cells and/or reduced
expression of Src-family kinase Lck. We concluded that expression of PRR7 might be an

interesting mechanism of the regulation of T cell functions.
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Both SCIMP and PRR7 are able to regulate Src family kinases. While PRR7
downmodulates the expression level of Src-family member Lck, SCIMP presumably regulates
these enzymes via recruiting their negative regulator Csk which phosphorylates their
inhibitory tyrosines. Yet another regulatory mechanism is represented by CD148. We
provided evidence that CD148 is capable of dephosphorylating this inhibitory tyrosine. On the
other hand, it can also dephosphorylate activatory tyrosine of Src family kinases and thus
function as both positive and negative regulator of immunoreceptor signaling. Furthermore
we clarified unresolved issue of CD148 expression in thymus and demonstrated different
expression of CD148 on human and mouse thymocytes at various developmental stages.

To summarize, we detected and provided basic characterization of two TRAPS involved
in the regulation of APC (SCIMP) and T cell (PRR7) functions and we clarified the role of
CD148 in signaling from TCR.
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