Maorob

Uloha proteinazami-aktivovatelného receptoru-2 (PAR-2)

v patogenezi lidskych onemocnéni

Disertacni prace

MUDr. Radoslav Matéj

Oddéleni patologie, Fakultni Thomayerova nemocnice s poliklinikou

Skolitel: prof. MUDr. Vaclav Mandys, CSc

Skolitel specialista: prim. MUDr. Frantisek Koukolik, DrSc

Praha 2005



Podékovani

Rad bych podékoval svému Skoliteli prof. MUDr. Vaclavu Mandysovi, CSc. za
odborné vedeni, technickou a materidlni pomoc a kritické pripominky k odbornym
textam.

Chei také pode€kovat svému Skoliteli specialistovi a zaroven vedoucimu Oddé€leni
patologiec FTNsP prim. MUDr. Frantisku Koukolikovi, DrSc za odborné vedeni a
zaroven za podporu a vstiicnost po celou dobu studia.

Zaroved timto dékuji véem pracovnikfim Laboratofe molekularni patologie UDMP 1.
LF UK a VFN, kde vznikla vétSina mych experimentalnich dat a zejména jejimu
vedoucimu, MUDr. Zderiku Kostrouchovi, CSc., ktery mi ve své laboratori umoznil
provést vSechna potfebna molekularné biologickéd vySetieni a ktery byl mym prvnim
ucitelem rutinni praxe laboratorni prace.

V neposledni fadé pak dékuji za spolupraci MUDr. Tomasi Olejarovi, PhD, ktery na
vétsin€ experimentil participoval.



1.
11
1.2
1.2:1
1.2.2
1.2.3
.4
1.3.1
1.3.2
1.4
1.3
1.6

3.2

3.3

4.

OBSAH

Uvod

Uvod do problematiky

Rodina protedzami-aktivovanych receptort
PAR-1

PAR-2

PAR-3 a PAR-4

Signalni mechanismy zprostredkované PAR-2 a jejich biologické funkce
PAR-2 v zanétlivé a imunitni odpovédi
PAR pfi radiaénim poskozeni tkani

PAR-2 v procesu nadorové transformace
Karcinomy mlééné Zlazy

Literatura

Cile prace

Vysledky
Vyhodnoceni zmény exprese PAR-2 v zanétlivé 1ézi — Zvifeci model
experimentalné vyvolané akutni pankreatitidy
Imunohistochemické lokalizace PAR-2 na strukturach tkani CNS v
¢asném postiradiaénim obdobi u mysi kmene C57Bl/6
Vyhodnoceni zmény exprese PAR-2 v nadorové 1€z1 - Exprese PAR-2
v infiltrativnim duktalnim karcinomu mammy a vliv trypsinu na rist a
metabolismus bunééné linie mammarniho karcinomu MDA MB-231

Shrnuti 2 zhodnoceni cilii prace
Summary

Piehled publikaéni a odborné aktivity

0NN

11
12
13
16
17
20
22

27

28

28

53

62

83
86

90



Seznam uzitych zkratek:

PAR - Proteinase activated receptor

DMEM - Dulbecco's Modified Eagle Medium

FCS - fetalni teleci sérum

SD — standardni odchylka

SDS-PAGE - sodium dodecyl! sulphate polyacrylamide gel electrophoresis
DNA — deoxyribonukleova kyselina

RNA - ribonukleova kyselina

PCR — polymerazova fetézové reakce.

RT — reversni transkripce

IL — interleukin

CNS — centralni nervovy systém

c-erbB2 (HER2/Neu) — onkogen c-erbB2

p53 — supresorovy protein p53

Ki-67 — prolifera¢ni marker

GTP (GDP) - guanosine tri(di)phosphate

HIV — virus lidské imunodeficience

TBS — tris buffer saline pufr

ICAM — Intracellular Adhesion Molecule

TGF - Transforming Growth Factor

MAP(K) - mitogen-activated protein (kinase)

MDA MB-231, MCF-7 — buné¢né linie karcinomu mléc¢né zlazy
MKN-1, STKM-1 - buné¢né linie karcinomu zaludku

ERK - extracellular signal-regulated kinase



1. Uvod

1.1 Uvod do problematiky

Serinové proteazy tvori rodinu proteolytickych enzymi, které jsou charakterizovany
jedine¢nou katalytickou triddou Ser-His-Asp, jez je schopna w¢inné hydrolyzovat
kovalentni peptidové vazby. Serinové proteazy jsou produkovany ve formé zymogent nebo
inaktivnich prekurzord, které se stanou fyziologicky u€innymi procesem zvanym
»limitovand proteolyza“ nebo zymogenni aktivace. U savcl maji serinové protedzy mnoho
fyziologickych funkci. Podileji se napriklad na regulaci krevniho srazeni a na fibrinolytické
rovnovaze, degraduji neuropeptidy nebo slouzi jako modulatory imunitni odpovédi pri
zanétlivych procesech.

Ucinnymi antagonisty serinovych protedz jsou tii typy protedzovych inhibitort lisici se
mechanismem ucinku. Nerovnovaha mezi hladinami téchto inhibitort a pfislu$nych proteaz
vede k poruchdm imunitni/zanétlivé odpovédi a v koneéném dasledku muize vyustit
v onemocnéni. Studie z nedavné doby navic jasné dokumentuji, Ze do interakce protedz a
jejich inhibitord vstupuje skupina specifickych receptorovych molekul, které maji po
aktivact s€rovymi proteazami schopnost se aktivné ucastnit regulaénich procest
souvisejicich s bunéénymi funkcemi. Jsou to s G-proteiny sprazené receptorové molekuly,
jez je mozné rozd@lit nejméné do dvou velkych skupin: urokindzové receptory a

proteindzami-aktivovatelné receptory (proteinase-activated receptors - PARS).

1.2 Rodina proteazami-aktivovatelnych receptoru.

PAR jsou v podstaté ubikvitni. Jsou pfitomny zejména na imunokompetentnich burikach, a

to jak normalnich, tak 1 nddorové transformovanych, na endotelovych a svalovych burikach



velkych i drobnych cév. Ptitomnost PAR byla imunohistochemicky prokazana rovnéz na
sttevnich epiteliich, epiteliich zldz swvnitini 1 vn&j§i sekreci, na keratinocytech,

fibroblastech a dalSich bunkach (1-7).

PAR patfi do relativné nové definované podrodiny s G-proteinem spiazenych
receptorovych molekul. Tyto maji sedm transmembranovych domén a jsou aktivovatelné
jedine¢nym procesem, ktery spo¢iva v rozpoznani specifické sekvence v oblasti NH, konce
receptorové molekuly, nasledném rozstépeni a prezentaci nového NH; konce. Nove vznikly
NH; konec pak ma funkci tzv. ,,vazaného ligandu®, ktery se vaze s extracelularni doménou
(nejspiSe v oblasti 2. klicky) Stépené receptorové molekuly (Obr. 1). Uvedeny
intramolekularni aktivaéni proces je nasledovan interakci s G proteiny a spousti radu
riznych signalnich drah. PAR jsou tedy receptory, jejichZz ligand je fyzickou soucasti

molekuly receptoru (8).

V soucasné dobe rozeznavame Ctyfi ruzné PAR. PARI1, PAR3 a PAR4 jsou cilovym
mistem pusobeni trombinu ¢i kathepsinu G. PAR2 je k trombinu resistentni, av§ak miize
byt aktivovan trypsinem, tryptazou Zirnych buné€k, faktorem Xa, akrosinem nebo

neuronalni serinovou proteinazou.

Recentni studie prokazaly, Ze existuje veétsi pocet ruznych mechanismi, které reguluji
stimulaci PAR a ukoncuji PAR-spuSténou signalizaci. Dostupnost PAR molekul na
bunééné membrané je vyznamné regulovana intraceluldrnim transportem receptorovych
molekul z intraceluldrnich depozit. Obdobné dostupnost G-proteinii a pfitomnost G-
proteinovych kinaz vyrazné modifikuje aktivitu PAR.

V nedavné dobé byly syntetizovany specifické umélé oligopeptidy, které sekvenci
aminokyselin odpovidaji vazanym ligandim. Tito receptorovi agonisté maji schopnost

aktivovat PAR, avsak v radoveé vysSich koncentracich nez serinové protedzy jako takové.



Také jejich zvySena citlivost k aminopeptiddzam omezuje praktické vyuziti t€chto plisobkl

v experimentalnich podminkach.

1.2.1 PAR-1

Extracelularni NHy-konec lidského PAR-1 obsahuje §tépné misto pro a-trombin (LDPR*' !

S* FLLRN), po kterém nasleduje sekvence rezidui s negativnim elektrickym nabojem
(DSI.KYEPF%) (9), kterd je velmi podobna COOH-¢4sti antikoagulancia pijavek hirudinu.
Hirudin inhibuje trombin analogickou vazbou na stejném mistd. Doména D’' KYEPF>®
reaguje (stejné jako hirudin) soblasti vazici anionty na molekule o-trombinu a
pravd¢podobné indukuje konformaéni zmény receptorové molekuly, ktera pak prizplsobi
své §tépné misto katalytickym doménam a-trombinu. Aktivace PAR-1 y-trombinem, ktery
neobsahuje oblast vazici anionty, je 100-krat slabsi. Delece domény D*' KYEPF*® vede ke
ztraté aktivovatelnosti trombinem (10). Trombin tedy $tépi PAR-1 na NH,-konci.
Syntetické, voln¢ peptidové ligandy mohou aktivovat PAR-1 i bez §tépeni receptoru (11);
ve srovnani s proteindzami jsou vSak velice slabymi agonisty, jejichZ plisobeni je mozné
v mikromoldrnich ~ koncentracich, kdezto vlastni serinové proteindzy ucinkuji
v koncentracich nanomolarnich. Divodem je ziejmé nedokonald prezentace solubilniho
peptidu vazebné doméné ve srovnani s “vdzanym ligandem”. Navic jsou solubilni peptidy v

krevni plazmé bezprostfedné proteolyticky degradovany aminopeptiddzami (12).
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Obr. 1. Mechanismus aktivace PAR: V prvni fazi dochazi ke specifickému odstépeni
oligopeptidu z N-konce (a). Véazany ligand (novy N-konec) po konformaéni zméné
molckuly aktivuje receptor reakci s jeho 1. a 2. extracelulami doménou (b). Receptor je
aktivovatelny 1 volnym (syntetickym) oligopeptidovym ligandem bez proteolyzy N-
koncové ¢asti molekuly (¢). Upraveno podle Dery O, Corvera C, Bunnett NW. Proteinase-

activated receptors: novel mechanismus of signaling by serine proteases. Am J Physiol
1998; 274:C1429-C1452.
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Obr. 2. Struktura PAR: Sekvence aminokyselin N-konce a 2. extracelularni domény jsou
pro aktivaci PAR nejpodstatnéjsi. Rd&mecky oznacuji domény vazanych ligandi a oblasti se
zapornym nabojem reagujici s trombinem (v pfipadé¢ PAR-1 a PAR-3). Upraveno podle
Dery O, Corvera C, Bunnett NW. Proteinase-activated receptors: novel mechanismus of
signaling by serine proteases. Am J Physiol 1998; 274:C1429-C1452.

1.2.2 PAR-2

Druhy ¢len rodiny proteindazami aktivovatelnych receptorti, PAR-2, byl identifikovan pfi
PCR screeningu mySiho genomu za pouziti primerd pro druhou a Sestou

transmembranovou doménu receptoru pro neurokinin 2 (13). Ukézalo se, ze je zde kodovan



protein s typickymi charakteristikami receptoru spfazeného s G-proteinem a se stupném
identity s lidskym PAR-1 dosahujicim 30%. MyS$i PAR-2 obsahuje $tépné misto pro
trypsin  (SKGR™ ! S** LIGR). Pozdgji byl PAR-2 identifikovan i u lidi a potkant (14).
Trypsin, podobné¢ jako trombin v pfipadé PAR-1, §t€pi v ur¢itém misté PAR-2 a umoZiiuje
expozici vazaného ligandu jeho vlastni extracelulamni doméné (15). Syntetické peptidy
(SLIGRL u mysi, SLIGKV u lidi) rovné€z aktivuji PAR-2 bez potieby Stépeni vlastniho
receptoru (16,17). PAR-1 a PAR-2 jsou tedy aktivovany stejnym mechanismem - §t€penim
receptoru a expozici vazan¢ho ligandu s jednim podstatnym rozdilem: neexistuji doklady
pro interakci trypsinu s jinou ¢asti receptoru, neZ je oblast Stépena.

PAR-2 je exprimovan v podstaté¢ ubikvitné. Byla popsana jeho exprese v celé rade
bunéénych typd jako jsou endotelie, burky hladké svaloviny, osteoblasty, bunky
imunitniho systému zahrnujici T-lymfocyty, neutrofilni 1 eosinofilni granulocyty nebo Zirné
bunky (6,13,17,23,26,30,31,38) a dale v mozku, oku, dychacich cestach,
gastrointestinalnim traktu, pankreatu, ledvinach, jatrech. Molekulu PAR-2 neexprimuji

napriklad krevni desticky (39).

1.2.3 PAR-3 a PAR4

Existence dal§ich receptort pro trombin, PAR-3 a PAR-4, byla dolozena pomoci primera
k riznym doméndam PAR-1 a PAR-2. Trombin §tépi sekvenci LPIK*® | T** FRG PAR-3.
Stejné jako v pripadé PAR-1, obsahuje PAR-3 misto podobné hirudinu (FEEFP), které
reaguje s a-trombinem. Na rozdil od PAR-1 v8ak peptidy analogické vazanému ligandu
receptor neaktivuji. Stereochemickd zména molekuly v disledku vazby trombinu je zde

nezbytna (18).



1.3  Signalni mechanismy zprostiedkované PAR-2 a jejich biologické funkce

Jiné proteindzy (katepsin X, proteindza 3, elastaza lidskych leukocyti) Stépi PAR v jiném
nez aktiva¢nim misté€ a receptor tedy neni aktivovan (19,20).

Aktivace PAR vede ke konformacni zméné heterodimerického G proteinu, ktery katalyzuje
vyménu GDP za GTP na a-podjednotce G proteinu. a-podjednotka a Py-heterodimer
aktivuji Cetné efektorové enzymy nebo iontové kanaly az do hydrolyzy GTP. G protein se
pak navraci do inaktivniho stavu. Nejvice byl dosud sledovan pienos signalu
prostiednictvim aktivace PAR-1 (21).

V pfipadé PAR-2 bylo publikovano jen nékolik praci, které sledovaly presné signalizacni
kaskady pusobeni PAR-2. PAR-2 interaguji s podtypy Gq/G11, ¢imz zasahuji do aktivace
kalciové signalizacni drahy a ztejmé 1 s GO/Gi. Vztah vazby PAR-2 k jinym G proteinim je
nejisty. Interakce PAR-2 s Gi a (Gq nejspiSe ovliviiuje aktivaci fosfolipazy C, proteinkinazy
C a MAPkinazovou signaliza¢ni drahu. VSechny tyto signalni drahy ovliviiuji Siroké
spektrum cilovych bunéfnych funkci vcetné regulace bunééného cykiu, regulace
transkripéni aktivity nebo buné¢né motility. V dalSich pracich byly publikovany poznatky o
jinych interakcich PAR-2 s nékterymi dalSimi vyznamnymi buné¢nymi signalnimi drahami
ovlivilujicimi tak zasadni fyziologické funkce jako je depolarizace neuronélnich elementi,
zmény cytoskeletu v endoteliich nebo produkce cytokina (18, 21-27). Schematické

pasobeni aktivace PAR-2 je shrnuto na obrazku ¢.3.
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Obr. 3. Schéma nejvyznamnéjSich G-proteiny zprostiedkovanych signalnich drah
spojenych s aktivaci PAR-2 vriznych tkanich a bunéénych typech. Upraveno podle
Steinhoff” et al.: Proteinase-activated receptors: Transducers of Proteinase-Mediated
Signaling in Inflamation and Immune Response. Endocrine Reviews 2005; 26(1):1-43.

1.3.1 PAR-2 v zanétlivé a imunitni odpovédi.

V cévnich strukturach plsobi aktivace PAR-2 celkové prozanétlivé zejména svym
vasodilata¢nim G€inkem nésledovanym extravazaci plasmatickych proteind a proliferaci
endotelii (1). V burikdch imunitniho systému je PAR-2 exprimovan v rozsdhlém spektru
bunéénych typl. Ve zvifecim modelu byl prokazan ucinek aktivace PAR-2 na migraci a
funkei leukocytl. Vergnolle v roce 1999 prokazala vyznamné zvySeni migrace, rollingu a
adheze leukocyti po intraperitonealni aplikaci agonistického peptidu (SLIGRL-NH;) u

novorozenych krys (18). Recentné publikované prace prokazuji vyznamny vliv aktivace



PAR-2 v regulaci aktivity eosinofilnich granulocyt( a tim ucast v patogenezi alergickych
onemocnéni. Miike et al. prokazali degranulaci cosinofilnich granulocytd a produkci
superoxidu po aktivaci PAR-2 (22). V T-lymfocytarnich bunéénych liniich indukuje
aktivace PAR-2 trypsinem nebo agonistickym peptidem mobilizaci kalciovych iontd (26).
Ferrell et al. ozfejmili zdsadni ulohu PAR-2 v patogenezi a progresi akutniho chronického
zanétlivého postizeni kloubll na modelu indukované arthritidy (33). Podrobnéji byla
zkoumdana role PAR-2 v patofyziologii koznich zanétlivych procest. Stimulace PAR-2
hraje vyznamnou ulohu vrozvoji  experimentdlné¢ navozené alergické kontaktni
dermatitidy na modelu PAR-2 deficientnich mys$i, kde Seeliger et. al prokazali, ze PAR-2
se ucastni vzniku edému, extravazace plazmy a zvySené produkci hladin nékterych
cytokinl (napiiklad 1L-6), adheznich molekul (ICAM-1) a selektini (E-selektin) (34). Ve
stejné praci byly obdobné mechanismy aéinku stimulace PAR-2 pozorovany 1 v lidské kiizi
jednak pfi studiu zmén cévni st€ny v modelu in vivo, jednak v koznich biopsiich zdravych
dobrovolnikia. O plsobeni PAR-2 v patofyziologii zanétlivych onemocnéni dychaciho
traktu bylo publikovano nékolik praci, jejichz vysledky nejsou zcela jednoznacné a
mnohdy jsou i protichiidné. PAR-2 je Siroce exprimovan v celé fadé bunéénych typa, které
se nachazeji v dychacich cestach. Aktivace PAR-2 mlze mit u zdnétd dychacich cest jak
prozanétlivy, tak 1 protizanétlivy efekt. Tento ambivalentni vztah byva vysvétlovan
Sirokym spektrem zkoumanych tkani, bunék a modelovych stavi (zejména akutni vs.
chronicky zanét) pii popisu u¢inkd PAR-2 v zanétlivych onemocnénich dychacich cest.
Soucasny pohled na plisobeni PAR-2 u téchto onemocnéni vychazi ze skute¢nosti, ze PAR-
2 pusobi jako prozénétlivy faktor v ¢asnych fazich zanétu a naopak v pozdnich fazich
pievazuje jeho efekt potizanétlivy. Uvedend predstava ovSem plati pro ,,obvyklou®

zanétlivou odpoved. U zanétlivych procesi s poruchou zakladnich regula¢nich



mechanismi zfejmé pfevazuje prozanétlivy efekt aktivace PAR-2, coz bylo demonstrovano
zejména v modelu astmatu jako predstavitele autoimunitniho onemocnéni (31,35).
Vtravicim traktu je PAR-2 Siroce exprimovan na rdznych strukturach. Nedavna
pozorovani nasvédCuji vyznamné Gloze aktivace PAR-2 trypsinem v produkci nékterych
metabolitd kyseliny arachidonové, zejména PGE; a PGF, s celkovym cytoprotektivnim a
protizanétlivym u¢inkem (36). V pankreatické tkani je PAR-2 exprimovan mnoha
bunéénymi typy a to jak ve strukturach acindmich, tak 1 ve strukturach duktd. V endokrinni
¢asti pankreatické tkané jsme prokazali expresi PAR-2 v bunkach Langerhansovych
ostrivki. Trypsin jako prirozeny ligand PAR-2 mlze byt v pankreatické tkdni aktivovan za
fyziologickych nebo patologickych podminek, zejména pak pfi zdnétlivych onemocnénich
pankreatu, kdy je trypsin aktivovan predCasné. Je ziejmé, Ze aktivni trypsin a jeho
schopnost aktivace PAR-2 v pankreatické tkani hraji vyznamnou ulohu v zanéthvych
onemocnénich pankreatu, zejména pak v pribéhu akutni pankreatitidy (66).

Pritomnost PAR-2 v CNS byla prokazana v fadé¢ bunéénych typu, napfiklad neuronalnich
clementech, glialnich bunkach, meningotelidlnich elementech, endoteliich atd. v mnoha
oblastech a strukturdch mozku a michy, zejména v hipokampalni formaci, amygdale,
thalamu, hypothalamu, stratu a isokortexu. Obdobné i v perifernim nervovém systému je
exprese PAR-2 velmi §iroka (37,38,50). Uginky aktivace PAR-2 mohou mit v riiznych
bunéénych typech riiznych struktur CNS velmi rozdilné ucinky. PAR-2 aktivace
v hipokampélnich neuronech ma cytotoxicky efekt v primé zavislosti na koncentraci. PAR-
2 je vysoce exprimovan v riznych oblastech mozku po hypoxickém a hypoglykemickém
inzultu (47). V soucasné dob¢ jsou Siroce diskutovany vlivy plisobeni serinovych proteaz a
aktivace jejich receptord v etiopatogenezi a progresi ruznych neurodegenerativnich
onemocnéni. Nejlépe byl dosud popsan efekt aktivace PAR v my$im modelu Parkinsonovy

nemoci. V tomto modelu dochézi po aplikaci serinovych protedz do oblasti substantia nigra



k selektivni bunééné smrti populace dopaminergnich neurond. DileZitou roli zde zfejmé
hraje aktivace mikroglialnich elementd. Utast serinovych proteaz a aktivace jejich
receptori v patogenezi Alzheimerovy nemoci byla také opakované studovana. Bylo
prokézano, ze proteolytickd aktivita nékterych serinovych protedz prostfednictvim aktivace
PAR pfimo zasahuje do tvorby patologickych konformerl tau proteinu a amyloid
prekurzorového proteinu a tim se podili na vzniku senilnich plak a neurofibrilamich
klubek. Relativné neddvno byla popséna tloha PAR-1 v neurodegenerativnich zménach pri
encefalitidé souvisejici s ndkazou virem HIV-1 (49). V experimentalnich modelech
ischemickych cévnich mozkovych pfihod byly rovnéz pozorovany zmény v expresi PAR
(50). PAR-2 se uplatiiuje i v patofyziologii bolesti a nocicepce. Aplikace agonistického
peptidu v hladinach, které nevyvolavaly zanétlivou odpovéd, vedla v mySim modelu
k dlouhotrvajici hyperalgézii, kterd byla mnohem G¢inné&j§i nez obecné pouZzivané
stimulatory hyperalgézie jako napf. PGE2. Navic byla stejnymi autory v mySi miSe
prokazana up-regulace c-fos jako markeru aktivace nociceptivnich neuronli po aplikaci

PAR-2 agonistického peptidu (51-53).

1.3.2 PAR pfi radia¢nim poSkozeni tkani

Ve vztahu k radia¢nimu poskozeni jsou zajimavé zejména poznatky o vlivu PAR na cévy a
krevni obéh. /n vivo dochazi pisobenim trypsinu nebo SLIGRL cestou aktivace PAR-2 na
endoteliich k dilataci bazilarni arterie potkani (12). Naopak vliv trombinu a trypsinu
zprostiedkovany PAR se prostfednictvim hladkych svalovych bunék medie projevuje
vazokonstrikei (23). V ptipadé radia¢niho poSkozeni se exprese PAR-1 zvySuje v
endotelidlnich a svalovych bunkéach a provézi neointimalni formaci a zmény v hladkych

svalech medie (54). Trombin pusobi zaroven 1 jako mitogenni faktor pro buriky hladkeé



svaloviny cév, které jsou vyznamnym cinitelem postiradiacni cévni sklerotizace a
fibrotizace (24). PAR navic reguluji permeabilitu kapilar a jejich aktivaci dochazi k tvorbé
edému (25).

PAR jsou exprimovany i na zanétlivych elementech, kde jejich aktivace vede ke stimulaci
téchto bunék (26,27). Jiné studie dokladaji, ze bunétna odpovéd’ imunokompetentnich
bun€k na stimulaci PAR-1 a-trombinem 1 SLIGRL zavisi na stupni jeji aktivace (28).
Trombin tak zprostfedkovava piimou funkéni vazbu mezi systémem hemostazy a
imunitnim systémem. Stimulace tvorby cytokind na nékterych bunkéach v prabéhu
radiaCniho poSkozeni doklada podil PAR 1 na regeneracnich a reparacnich procesech.
Aktivace PAR vede na fibroblastech ke zvySené tvorbé kolagenu a nasledné fibroze
(29,30,54).

Asi nejkomplexn€)si studii mezi vztahem PAR a radia¢niho poskozeni publikovali Wang et
al. na modelu ozéafeného krysiho stfeva. V tomto modelu autofi prokézali vyrazné zvysSeni
exprese PAR-1 po ozafeni, které bylo zavislé na davce. Takto vyznamné zvySeni produkce
PAR-1 pak davaji do souvislosti s aktivaci celého komplexu naslednych dejt, jejichz
pifimym duasledkem je postiradiacni endotelova dysfunkce s poruchou mikrocirkulace
nasledovand cévni sklerotizaci. Vysledkem celého procesu je postiradia¢ni stievni
fibrotizace (54).

V souhlase s témito pozorovanimi jsou 1 vysledky nasi prace, kdy jsme prokazali vyrazné

zvySeni exprese PAR-2 na strukturach krysiho mozku po ozafeni.

1.4  PAR-2 v procesu vzniku a progrese nadorové transformace.

Mikroprostfedi nadoru vyznamnou meérou ovliviiuje vlastnosti nadorovych buné€k a tim i
biologické chovani nadort. Bylo zjiSt€no, Ze v tomto mikroprostiedi se vyskytuji razné

druhy serinovych protedz, které mohou aktivovat PAR. Nadorové bunky samy mohou



produkovat a ve skutecnosti Casto 1 produkuji vyznamna mnozstvi serinovych proteéz,
které zpétné ovliviiuji buné€cny rist nadorovych elementt, hraji dalezitou roli v procesu
degradace extracelularni matrix, zvySuji invazivitu nadorovych elementi a jejich
metastaticky potencidl, podileji se na angiogenezi, remodelaci tkdni a na dal$ich dilezitych
déjich souvisgjicich s progresi nddorovych onemocnéni (55).

PAR-1 1 PAR-2 jsou exprimovany v Sirokém spektru nadorovych bunék. Opakované byly
popsany v buné¢nych kulturach karcinomu mammy, tlusté¢ho stfeva, zaludku, prostaty, plic
a dalsich (56-58). Kromé vlastnich nadorovych elemet se PAR vyskytuji 1 v makrofazich,
endoteliich, bunikach hladké svaloviny a fibroblastech nadorového stromatu (56).
Nékolikandsobné zvySeni exprese PAR-1 a PAR-2 v porovnani s jejich expresi
nemalignimi alveolarnimi burikami bylo prokdzdno v modelech karcinomu plic. V plicnich
nadorech byla zaznamenana i1 zvy$end produkce trypsinu a jinych serinovych proteaz (55).
Metastazovani nadorti vyzaduje celou ftadu sloZitych pochodl véetné uvoliovani
proliferujicich bunék znadorové masy, degradaci nadorového stromatu a bazalnich
membran a zvySenou bunécnou motilitu. Bylo ptesvédcivé prokazano, Ze serinové proteazy
a aktivace jejich receptorti se na téchto d¢jich vyznamnou mérou podileji. Darmoul et al.
v nedavné minulosti zjistili, Ze trypsin, ktery ucinkuje jako pfirozeny ligand PAR-2, je
vyznamnym rustovym faktorem pro bunky karcinomu tlustého stieva (59). Ve své dalsi
praci prokazali, ze agonisté PAR-2 transaktivuji cestou aktivace receptoru pro epitelovy
rustovy faktor (EGF-R) kaskadovitym dé€jem, ktery zahrnuje $t€peni a uvolnovani TGF alfa
prostfednictvim matrix-metaloproteindzového komplexu. EGF-R se pak stane aktivnim a
spusténim MAPK kaskady odstartuje bunéénou proliferaci (60). Kromé toho prokézali i
vliv aktivace PAR-2 na dal§i vyznamnou bunéfnou signalizaéni drahu. PouZzitim
specifickych farmakologickych a protilatkovych blokatorii oziejmili, Ze aktivace PAR-2

vede piimo k fosforylaci ERK1/2.  Vyznam tohoto silné potentniho aktivovaného



mitogenniho faktoru v mechanismech regulujicich bunéény cyklus a bunécnou proliferaci
je dobfe znamy (60).

V modelech karcinomu mlééné Zlazy Ge et al. prokazali, Ze vice invazivni nadorové
bunééné kultury (MDA MB-231) produkuji v&tSi mnozstvi serinovych protedz nez bunécné
linie karcinomu mammy s niz§im metastatickym potencialem (MDA MB-484). Zaroven
prokazali, 7e aktivace PAR-2 trypsinem v tomto modelu vede k vy$s$i metastatické aktivité
bunééné linie tvorbou pseudopodii po PAR-2 zprostredkované fosforylaci ERKI1/2 a
aktivaci beta-arrestinovych molekul, jez jsou klicovymi molekulami transceluldrmiho
transportniho systému (61). Hjortoe et al. na modelu stejné nadorové buné&cné linie
mammarniho karcinomu prokézali interakci mezi aktivaci PAR-2 a tkanového faktoru (TF)
zprostiedkovanou proteazovou molekulou faktoru VIla vedouci ke zvySené produkci
nékterych cytokinovych molekul. V tomto piipadé byla nejvyznamnégjsi zvySena exprese
potentniho chemokinu - interleukinu 8 (IL8), ktery zprostfedkovava vyS$si invazivitu
nadorovych elementi, angiogenezi a buné€nou migraci (62).

Dal$i pozorovani u¢inku aktivace PAR na rist a metastaticky potencial nadoru byla
provadéna na karcinomech zaludku. Miyata et al. prokazali, Ze aktivace PAR-2
prostiednictvim integrinu alfaSbetal zvySuje adhezivitu nddorovych bunék k fibronektinu a
vitronektinu a zvySuje také proliferaci bunééné linie karcinomu Zaludku MKN-1 (63). Jina

studie na bun&¢né linii karcinomu zaludku STKM-1 prokézala souvislost mezi autokrinni

produkci trypsinu nadorovymi elementy a zvySenou schopnosti invazivniho rastu (64).



1.5 Karcinomy mlééné zlazy

Zhoubné nadory mlé¢né Zzlazy patii mezi nejcastéjsi maligni novotvary a jsou jednou
z nejCastéjSich pri¢in umrti na nadorové onemocnéni v Zenské populaci (65). Nejvétsi
skupinu malignich novotvari mlééné zlazy predstavuji zhoubné epitelové nadory -
karcinomy. Karcinomy se na zakladé mikroskopického hodnoceni déli na neinvazivni (in
situ) karcinomy a na karcinomy invazivni. Mikroskopickd invaze je definovana jako
presvéd¢iva invaze nadorovych bunék do stromatu, bez ohledu na pfitomnost in situ
komponenty. Podle cytoarchitektonickych hiedisek se invazivni kacinomy mlééné zlazy
rozdéluji do nékolika typt, avSak vice nez % znich pfedstavuje klasicky, jinak dale
nespecifikovany, typ duktalniho karcinomu. Pro uréeni prognézy nadorového onemocnéni
je rozhodujici hodnoceni tzv. prognostickych faktordi, z nichZz k nejvyznamngjSim patii
ur¢eni klinick¢ho a klinicko-patologického stddia onemocnéni, které zahrnuje velikost
nadoru a pritomnost metastatickych nadorovych lozisek v regionalnich lymfatickych
uzlinach ¢i ve vzdéalenych organech. K dalSim dulezitym prognostickym hledisktim patii i
stupeni diferenciace (grade) nddoru a exprese nékterych klicovych proteind. Mikroskopicky
grade v soucasnosti nejuzivanéjSiho skorovaciho systému posuzuje 3 zakladni kriteria
(Nottinghamska modifikace plvodni Bloom-Richardsonovy klasifikace). Je to tendence
k tvorbé tubuldrnich formaci, mira jaderné nepravidelnosti a mitoticka aktivita. Vysledny
pocet dosazenych bodi rozdéli nadory na nejlépe diferencované Grade 1 az po nejhiie
diferencované Grade III. UZite€nost a reproducibilita tohoto skorovaciho systému byly
opakované ovéfeny. V souCasné dob¢ by informace o gradingu méla byt rutinni soucésti
zpravy patologa o nalezu karcinomu mlécné zlazy.

Z hlediska exprimovanych proteint patii v souc¢asné dob¢€ k rutinn€ stanovovanym exprese

estrogenového a progesteronového receptoru, exprese proteinu p53 a exprese onkogenu c-
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erb-B-2. Zatimco zji§téni akumulace proteinu p53 v cytoplasmé ¢i jadrech nadorovych
bun€k, kterd muze souviset s mutaci genu Tp53, ma spiSe vyznam obecného
epidemiologického rizikového faktoru, pritomnost onkogenu c-erb-B2 a zejména
steroidnich receptorii ma pfimé€ vyuziti i pro volbu piislu$né terapeutické strategie. ,,Zlatym
standardem™ urCovani exprese estrogenniho a progesteronového receptoru je v soucasné
rutinni praxi patologa imunohistochemicka detekce, vétSinou hodnocena semikvantitativng.
U onkogenu c-erb-B2 je provddéna imunohistochemickd detekce proteinu specifickou
monoklonalni protildtkou s relativné jednotnym pfistupem k hodnoceni. V prokazatelné
pozitivnich pripadech by pred nasazenim specifického chemoterapeutika méla byt ovérena
exprese tohoto onkogenu jesté metodou fluorescenéni in situ hybridizace (FISH).

Z hlediska uréeni prognozy plati, Ze v piipadé stoupajiciho gradu se progndza zhorSuje,
obecn¢ lep§i prognézu maji tumory s detekovanou expresi estrogenniho a
progesteronového receptoru a proteinu c-erbB2 (HER2/Neu). Exprese onkogenu c-erbB2
také relativné dobfe koreluje s mikroskopicky hodnocenou diferenciaci nadoru
(gradingem), vztah exprese steroidnich receptorti a mirou diferenciace nadorové populace

neni zcela jednoznacny.
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Abstract

Background: Proteinase-activated receptor 2 (PAR-2) is a G-protein coupled transmembrane receptor

activated by trypsin by site-specific cleavage. Its presence on pancreatic structures was demonstrated in the
past. PAR-2 physiologically involves in duct/ acinary cells secretion, arterial tonus regulation or capillary
liquid turnover. During development of acute pancreatitis/ acute pancreatic lesion (APL) these mentioned
structures are influenced by very high concentration of trypsin due to its increased basolateral secretion into
the interstitium. The aim of our study as presented was to investigate whether PAR-2 is also involved in
APL following changes of PAR-2 expression.

Methods: APL was investigated in Wistar rats after injection of 0.1 mL taurocholate into the ductus
choledochus. Anatomy, histology, reverse transcriptase polymerase chain reaction (RT PCR) as well as
immunohistochemistry and Western-blot analysis of pancreatic tissue were performed using antibody map-
ping of the new NH, terminal of PAR-2 after trypsin cleavage. Results from control rats and d 1 or
d 4 rats after taurocholate injection were compared.

Results: Much higher positivity on acinary/ duct cells was observed in APL induced animals than in
controls. Similar findings were noticed on arterial smooth muscle cells. Surprisingly, parallel to the exo-
crine pancreas and vessel findings, enhanced Langerhans* islet cell positivity was observed in experimen-
tal animals.

Conclusions: Based on these results, we have demonstrated that during APL development PAR-2 expres-
sion increases. This effect is caused by conformational changes after PAR-2 activation, and the new NH,
terminal of activated receptor presentation. We suggest that PAR-2 physiological functions are enhanced
during APL development.

Key Words: Proteinase-activated receptor 2; trypsin; acute pancreatitis; acute pancreatic Jesion.

Introduction

Necrosis of parenchyma and/or fatty tissue caused
by digestive enzymes (trypsin, lipase and others) and

*Author to whom all correspondence and reprint requests
should be addressed: Tomas Olejar, Inst. of Biophysics, st Med-
ical School, Charles University, Salmovska !, Prague, Czech
Republic. Tel/Fax: +420224922342. E-mail: 1159@post.cz
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following local disturbance of blood supply are the
major signs in acute pancreatitis. Macroscopically,
oedema focal necroses and haemorrhage are
observed in the developed disease. Microscopically,
necroses of parenchyma and fatty tissue of pancreas
are seen. Ghost lines of necrotic fatty cells or only
a pale eosinophylic material is found in fatty tissue.
In these foci, fatty acid crystals and hematoidin pig-
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ment may appear. Necrosis of glandular parenchyma
is in the beginning characterized as coagulation
necrosis circumscribed with the edge of polynuclear
leucocytes (7).

From experimental studies in animal models, it
is known that axial trans-Golgi transport of proen-
zymes into the acinary lumen fails and basolateral
secretion into the interstitium of gland increases (2).
This failure can be induced by obstruction (cholelithi-
asis, spasm of papilla Vateri), toxically (alcohol), or
by ischaemia (vasospasm, shock). Morphologically,
this axial transport failure appears as dilatation of
the Golgi apparatus (3). The state of organ damage
depends on the amount of activated enzymes in the
interstitium of gland. On the other hand, the drain-
age quality of agivenregion performed by lymphatic
vessels is also very important in the development of
the disease. In the organ as a whole, lymphatic
drainage depends on the quality of local blood cir-
culation, state of vascular barrier, capillary turnover,
and even on the quality of lymphatic vessels.

Following systemic inflammatory responses
are those caused by inflammatory cytokines (IL-1,
IL-4,1L-6,1L-8,IL-10, TNF-c.and others) produced
indamaged pancreas (4,5). [ncreased density of adhe-
sionmolecules (CD54,CD62E, CD62L) onendothe-
lial cells closes the circulus vitiosus of inflammatory
response. Production of all these substances is related
to oxidative stress (6), but also to certain pancreatic
enzymes activated in the interstitium.

It was presented that one of the pancreatic
enzymes, trypsin, modulates many biological
processes via specific proteinase-activated receptor
2 (PAR-2). It belongs to a family of G-protein cou-
pledreceptorsactivated by tethered ligand sequences
within the amino terminus made accessible by site-
specific proteolysis (7).

Trypsin activates PAR-2 by the mediation of a
unique process inherent in the recognition of the
receptor by enzyme, subsequent cleavage at a spe-
cific site of the NH, terminus, and presentation of a
new NH, terminus that behaves as a tethered ligand.
This ligand interacts with the extracellular domain
of the receptor molecule. Thus, PAR-2 is a receptor
whose ligand is a physical part of the receptor mol-
ecule (8). This receptor was previously described on
physiologic as well as malignant immunocompetent
cells, on endothelial and muscle cells of major as
wellas minor vessels. Its presence was also immuno-
histochemically demonstrated on intestinal epithe-
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lial cells, epithelial cells of exocrine organs (includ-
ing pancreatic duct and acinary cells or pancreatic
tumour cells [7,9]), keratinocytes, fibroblasts, and
other cells (/0). From this point of view, our study
was to describe the immunohistochemical presence
of activated PAR-2 in an animal model of acute
pancreatitis/ acute pancreatic lesion (APL) induced
by intraductal injection of taurocholate. We have also
utilized RT-PCR to confirm presence of PAR-2 in
pancreatic tissue, mainly in isolated Langerhans
islets at the mRNA level.

Materials and Methods

Animals

We abided by the guidelines on animal experi-
mentation of the 1st Medical School, Charles Uni-
versity, Prague, and all procedures were licensed by
the institutional animal experimentation review
committee.

Inbred Wistar rats (AnLab Ltd.—Charles River)
were used for the experiment. Rats were bred in an
SPF animal breed with a radiation-sterilized bed-
ding (SAWI—Research Bedding), and fed withchow
also sterilized by radiation. Autoclaved water was
provided ad libitum. In tested groups, rats were
injected with 0.1 mL of taurocholate into the ductus
choledochus in thiopental induced anesthesia. After
the taurocholate injection, time dependent and con-
trol observation was performed.

1. Control group: control rats were sacrificed, acute
pancreatitis was not induced.

2.d 1 group: rats were sacrificed | d after tauro-
cholate injection into the ductus choledochus.

3. d 4 group: rats were sacrificed 4 d after tauro-
cholate injection into the ductus choledochus.

All animals were subjected to evisceration of the
pancreas, and these were consequently fixed in
buffered formaldehyde (10%) for histological and
immunohistochemical staining.

Langerhans’ Islets Isolation

Islets were isolated as previously described
(11,12). Male Wistar rats (AnLab Ltd.—Charles
River) 10-12 wk old, weighing 250-300 g, were
used as a source of islets. In brief, 10 mL of colla-
genase solution 1 mg/mL (Sevac) was used for pan-
creas dissension and Ficoll gradient centrifugation
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(Ficoll 400 L, Sigma) was used for islets purifica-
tion. After isolation, islets were deeply frozen and
stored for RT-PCR investigation.

Histology

Fixed samples of tissue were embedded in paraf-
fin blocks. Tissue slides, 7 um thick, were cut and
stained with hematoxilin-eosin (HE).

Immunohistochemistry

Tissue slides (7 um) were deparaffinized and
transferred into a water solution. Consequently, they
were boiled in citrate buffer (pH 7.6) 3 X 5 min in a
microwave oven. Endogenous peroxidase was
blocked with 0.05 mg of natrium azid and 5 mL of
hydrogen peroxide in 50 mL of demineralized water.
Non-specific positivity was blocked with 150 pL of
rabbit serum in 10 mL of tris-buffered saline (TBS)
for 30 min.

Goat polyclonal primary antibody mapping the
new NH, terminus (SLIGRLETQPPITGKGVPVC)
of murine and rat PAR-2 (PAR-2 (S-19): sc-8207
Santa Cruz Biotechnology, Inc.) was diluted 1:500
in 5% fetal bovine serum in TBS and put on slides
forovernightat4“C. Consequently, slides were incu-
bated with biotinylated secondary antibody (rabbit
anti-goat) and then with streptavidin-biotin conju-
gated horseradish peroxidase (VECTASTAIN ABC
Kit, VECTOR Laboratories Ltd.).

Slides incubated with secondary antibody only
were used as control of specificity.

Diaminobenzidine was used as a chromogen and
Harris hematoxilin as a counterstain.

Western Blotting Analysis

Deeply frozen pancreatic tissue was homogenized,
dissolved in 2X Tris-glycine SDS sample bufter
(Novex), and boiled for 5 min. Equally 20 pg of pro-
tein was fractioned on SDS-PAGE and blotted to
nitrocellulose membrane (S&S NC) using Mini
TransBlott® Cells (BioRad). After visualization by
Poceau S staining (Sigma) membranes were blocked
with 5% nontat dried milk in PBS with 0.1% Tween
20 at 4°C overnight. Goat polyclonal primary anti-
body (PAR-2 (S-19): sc-8207 Santa Cruz Biotech-
nology, Inc.) was diluted | : 1000 in 5% nonfat milk
in T-PBS. The filters were incubated for 1 h and
washed 6 x 10 min in T-PBS. The secondary anti-
body, peroxidase-conjugated (AffiniPure Rabbit
Anti-Goat lgG (H+L), Jackson ImmunoResearch
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Laboratories, Inc.) was diluted 1:10 000 in T-PBS.
The filters were incubated for 45 min and washed
inT-PBS 6 x 10 min. Peroxidase activity was detected
by Amersham’s ECL+, following the manufactur-
ers protocol.
RT-PCR

Deeply frozen pancreatic tissue was homogenized
(approx 50 mg). Isolated, deeply frozen Langerhans
islets were used whole. Total RNAs were isolated
using TRIzol® Reagent (Life Technologies, GIBCO
BRL) according to the producers protocol. Concen-
tration of RNA was done on spectrophotometer
280/260 nm. Primers (/3) for PAR-2 were 5’-ACCCC
GCCGTGATTTACATGGC-3’, 5-GCCGGGAA
CAGGAAGACTC-3" (Life Technologies, GIBCO
BRL). Primers for 3-actin served as internal control
S’-GGACGACATGGAGAAGATCTG, 3-CCGCT
CGTTGCCAATAGTGAT (Life Technologies,
GIBCO BRL). For reverse transcription, the Super-
script I1 kit (Life Technologies, GIBCO BRL) was
used. For PCR, the PCR Core Kit (Roche Diagnos-
tics GmbH, Roche Molecular Biochemicals) was
used. Amplification cycles consisted of 45 sec at
93°,45 sec at 55°C, and 1 min at 72°C for 30 cycles.
PCR reaction was performed on a PCR thermo-
cycler (MJ Research). Products were analyzed
electrophoretically on 1% agarose gel with ethid-
ium bromide.

Results

Anatomy

In both taurocholate induced APL groups
(d 1 and d 4), blood congestion of pancreatic
parenchyma and fatty necroses of peripancreatic
adipose tissue was observed.

Histology

In the d 1 group, only vedema of interstitium
accompanied by a small number of inflammatory
cells (polynuclear leukocytes and macrophages) and
mainly centrolobular vacuolisation of acinary cells
were mostly observed. In the d 4 group. much more
pronounced inflammatory cellular response with
interstitial cells (fibroblasts) activation, necrotic loci,
and repair/ prolifcration changes in exocrine glan-
dular parenchyma were observed, as shown previ-
ously (data not shown).
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Immunohistochemistry

In the control group, only a weak positivity of
PAR-2 was noticed on acinary cells. In high-power
observation, only disperse intracellular granular pos-
itivity was observed in cells (Fig. 1A). The acinary
cells in experimental groups showed a significant
increase of immunochistochemical positivity with
basolateral accentation in early stages (one day after
induction of APL), and diffuse on d 4 after induc-
tion of acute pancreatic lesion. In high-power obser-
vation, this was represented by enhanced basolateral
or diffuse granular positivity, respectively (Fig.
IB,1C). Only weak and disperse positivity of PAR-
2 was noticed on duct cells in control rats (Fig. 1D).
Inexperimental groups, adiffuse enhanced presence
onduct cells was demonstrated (Fig. 1E). In the con-
trol group, mainly high endothelial positivity was
demonstrated on venules, very low on arteries and
veins (datanotshown). Presence of PAR-2 on smooth
muscle cells of vessels was not significant in con-
trol rats. In experimental groups, endothelial pres-
ence of PAR-2 was also observed. However, PAR-2
positivity on arterial endothelial cells was also
slightly enhanced in comparison to controls. Fur-
thermore, in experimental groups, asignificant mem-
brane presence of PAR-2 was demonstrated on
arterial smooth muscle cells (Fig. 1F). A significant
difference of PAR-2 presence was noticed on Langer-
hans islet cells of control and experimental groups,
respectively. In the control group, only discrete pos-
itivity of PAR-2 was observed in Langerhans islet
cells (Fig. 1G). Compared to controls, diffusely
immunohistochemicaly stained Langerhans islet
cells appeared in both experimental groups (Fig.
IH,11). This PAR-2 positivity was enhanced on cap-
illary poles of islet cells. In experimental groups,
new elements such asinflammatory cells (membrane
positivity mainly macrophages, data not shown),
fibroblasts (Fig. 1E), non-specific granulation tissue
(data not shown), and proliferating/regenerating
exocrine epithelial cells (Fig. 1T) appears PAR-2 pos-
itive as well.

Western-Blot Analysis

Western-blot analysis confirms immunohisto-
chemical positivity of PAR-2 in the pancreatic tissue.
Fig. 1 describes the presence of PAR-2 proteins in
control (Fig. 2A), d | after taurocholate induction
of APL (Fig. 2B) and d 4 after taurocholate induc-
tion of APL (Fig. 2C).
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RT PCR

PAR-2 presence was observed in control (Fig. 3A)
and taurocholate-induced APL tissue of rats
(Fig. 3B,3C). No significant changes in relative
production of PAR-2 were observed ind | or
d 4 after induction of APL with taurocholate. Pres-
ence of PAR-2 was also confirmed from the speci-
men of isolated Langerhans’ islets (Fig. 4).

Discussion

From the presented results, studied PAR-2
immunohistochemical positivity increases in devel-
opment of APL simultaneously on pancreatic
structures. No marked change in PAR-2 mRNA pro-
ductionis notsurprising. The self-stimulation of this
G-protein coupled receptor on the mRNA level is
not known from the literature, although its activa-
tion leads to a large number of highly interconnected
cytoplasmic signaling routes. The amountof mRNA
synthesis, in general, says nothing about final mem-
brane localization of this receptor, its cleavage and
consequent physiological or pathophysiological
functions.

Changes in protein immunohistochemical posi-
tivity are related to intracellular receptor redistrib-
ution and new epitope presentation after
conformational changes following specific receptor
activation (/4). As the antibody is mapping the epi-
tope of the new NH, terminus of PAR-2 of rat and
mouse origin {/5), immunohistochemistry demon-
strates activated receptors. Our results demonstrate
that PAR-2 is strongly activated during acute pan-
creatitis/APL development.

In general, PAR-2 mediation causes different
intracellular responses, including the phosphatidyl-
inositol system activation on epithelial-intestinal
epithelial cells, resulting in the intracellular utiliza-
tion of arachidonic acid and secretion of prosta-
glandins (16). 1t is suggested that PAR-2 activation
by trypsin participates in the process of absorption
in a nutritional way. From this point of view, the
major function of PARs inthe digestive system seems
to be, in general, the stimulation of nutritional trans-
port. Some authors suggested, investigating pan-
creatic duct cells in vitro, that activation of
intracellular biochemical processes in these cells by
trypsin could also participate in tissue debris elim-
ination in APL (/7,18). 1t is suggested that duct
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Fig. 1(A-E).Immunohistochemical demonstration
of PAR-2 on pancreatic structures in control and exper-
imental animals after APL induction. (A) Control rat
acinary cells. High-power magnification shows very
low, disperse intracellular granular positivity of
PAR-2 (400x). (B) PAR-2 on rat acinary cells d 1 after
induction of APL. High-power magnification shows
increased, mainly basolateral intracellular granular
positivity of PAR-2 (400x). (C) PAR-2 on rat acinary
cells d 4 after induction of APL. High-power magni-
fication shows diffuse intracellular granular positiv-
ity of PAR-2 (400x). (D) PAR-2 on control rat duct
cells. Medium-power magnification shows irregular,
low positivity of PAR-2 on duct cells. No presence of
PAR-2 on non-epithelial interstitial cells can be seen
(150x). (E) PAR-2 on rat duct cells d 4 after induc-
tion of APL. Diffuse positivity of PAR-2 on duct cells
was observed. See also diffuse positivity of fibrob-
lastic interstitial cells and positivity of vascular
endothelial and smooth mucle cells (150x).
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Fig. 1(F-1). (F) Detailed observation of vessels in rat peripancreatic fatty tissue d 4 after
induction of APL. Significant membrane positivity of PAR-2 was observed on arterial smooth
muscle cells, however, this positivity on endothelial cells was only moderate. Moderate pos-
itivity was observed on veins in contrary to very high endothelial positivity on venules (150x).
(G) PAR-2 on Langerhans islet cells of a control rat. Very low positivity is present in low-
power magnification (150x). (H) PAR-2 on rat Langerhans islet cells d 1 after induction of
APL. Low-power magnification shows diffusely increased positivity of PAR-2 Langerhans
1slet cells with prevalence on vascular poles of cells. Increased basolateral positivity of aci-
nary cells can also be seen (150x). (I) PAR-2 positivity of Langerhans islets remaining in
damaged exocrine pancreatic tissue of rats d 4 after induction of APL. See also irregular pos-
itivity of PAR-2 on repair and/or proliferating cells of a damaged part of exocrine pancre-
atic tissue (100x).
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A B C

Fig. 2. Western blot analysis demonstrates presence
of PAR-2 in pancreatic tissue of controf (A). d I (B) and
d 4 (C) rats after taurocholate-induced APL. Arrows indi-
cate analysis of differentially glycosylated forms of
PAR-2 expressed in pancreatic tissue (85 kDaand 50 kDa).

Fig. 4. RT PCR products of 441 bp demonstrate pres-
ence of mMRNA PAR-2 from isolated Langerhans islets.

epithelium participates in reduction of interstitial
oedema via activation of PAR-2.

Granular cytoplasmatic (basolateral or further-
more diffuse during APL development) presence of
activated PAR-2 1n acinary cells can be explained
by enhanced transcellular transport of endocytic vesi-
cles containing active pancreatic enzymes, includ-
ing trypsin. Trypsin containing granules probably
represent PAR-2 positivity similar to tryptase-
positive granules in mast cells that function to
sustain further mast cells degranulation upon exo-
cytosis (/9). From this point of view, previous results
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Fig. 3. RT PCR products of 441 bp demonstrate pres-
ence of mMRNA PAR-2 in pancreatic tissue of control (A),
d 1 (B) and d 4 (C) rats after taurocholate-induced APL.
B-actin served as an internal control (RT PCR products
of 525 bp).

regarding positive modulation of melanin ingestion
into keratinocytes by PAR-2 (20,21), and PAR-2
presence onintestinal epithelial cells, regulating their
function(/6)suggestits general role in the processes
of endocytosis, transcellular transport, and also exo-
cytosis. Previously described proliferating action
of trypsin ([22], but also thrombin activating
PAR-1, [23]) ondifferent cells could be caused only
by enhanced PAR-2 mediated vesicle internaliza-
tion. In pancreatic cells, intake of trypsin from inter-
stitium and transcellular transportis physiologically
involved in the enteropancreatic circuit of trypsin
(24). Although this circuit is not physiologically
important in general, because only a small amount
of serum trypsin is secreted by the exocrine part
of the pancreas (25), in pathologic conditions
(during APL), intake of trypsin-rich fluid and its
transcellular transport enhancement after stimula-
tion of PAR-2 is obvious (/8). Similar cytoplas-
matic posititivity (mainly basolateral) of PAR-1
(similar receptor activated by another proteolytic
enzyme: thrombin) can also be seen in other cells
during inflammation (in kidney proximal tubular
cells, [26]).

PAR-2 presence on Langerhans’islets and its func-
tion was not described previously. Whether the
enhanced PAR-2 positivity in inflammatory condi-
tions can be related clinically to the diabetes onset
during severe acute pancreatitis/APL oronsetof dia-
betes in course of chronic pancreatitis (27) should
be resolved in the future.

PAR-2 positivity on endothelial cells and mainly
on smooth muscle vascular cells higher in APL than
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in ischemia-reperfusion (28) is probably caused by
activation of PAR-2 after increased basolateral secre-
tion of trypsin. Thus, PAR-2 activation on smooth
muscle cells causes vasoconstriction (29). On the
contrary, PAR-2 activation on endothelial cells
causes pronounced vasodilatation via NO release
(30). From this point of view, ischemia-reperfusion
seems only to be caused by double-step activation
of PAR-2 on two different-acting vascular cell clus-
ters: smooth muscles of media and endothelial cells.
APL related endotoxemia also plays a role in local
and/or systemic response of PAR-2 to trypsin acti-
vation. In endotoxemic rats, PAR-2 mediated sys-
temic hypotension was induced more easily than in
control animals (37). Furthermore, PAR-2 activa-
tionalsoincreases vascular permeability, which starts
oedematous changes at the beginning of APL (32).
The presence of PAR-2 oninflammatory cells was
also demonstrated in the past. It causes intracellu-
lar Ca®* mobilization, prostaglandin and cytokine
synthesis on different cell lines (33-35). It is sug-
gested that high amounts of cytokines produced in
APL (36) are induced by PAR-2 activation as well.
PAR-2 were presented also on fibroblasts. Their
activation on fibroblasts causes mitotic response,
collagen synthesis, and scar formation (37,38). Post-
pancreatitic fibrosis and repair is obvious.

Conclusions

We demonstrated increased expression of acti-
vated PAR-2 on vascular structures and also on aci-
nary and duct epithelium in acute pancreatic lesion.
This suggests the role of trypsin-activated receptors
ininduction/development and/or regeneration/repair
of acute pancreatitis. From presented findings,
changes in PAR-2 expression on acinary cells pre-
cede other morphological changes such as cell vac-
uolization, necrosis, and reparation; and their
activation is involved in early stages of acute pan-
creatic lesion. Our data also confirm that acute pan-
creatitis 1s not clearly an inflammatory process, as
imaged from astrongly immunological pointof view.
This is why we have used the term “acute pancre-
atic lesion (APL)” instead of the common “acute
pancreatitis”. Systemic trypsin inhibition as a future
method of APL treatment (39) 1s obvious.

From the general point of view, PAR-2 activation
seems to take part in processes of membrane inter-
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nalization on exocrine cells and also all its non-
epithelial effects (regarding fibroblast, macrophage,
endothelial and smooth muscle cell activation)
could be only due to PAR-2 mediated enhanced
internalization of membrane derived vesicles bear-
ing activated receptors or also only an enhanced
cell feeding as it is known that certain proteinases
(thrombin, trypsin, tryptase, IGF) operate as growth
factors (40,41).
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Summary

»Proteinase-activated* receptor 2 (PAR-2) is a G-protein coupled transmembrane receptor with seven
transmembrane domains activated by trypsin. It has been shown in the pancreatic tissue that PAR-2 is
under physiological conditions involved in duct/acinary cells secretion, arterial tonus regulation and
capillary liquid content turnover. These above mentioned structures play an important role during the
development of acute pancreatitis (AP) and are profoundly influenced by the high concentration of
trypsin enzyme after its secretion into the interstitial tissue from the basolateral aspect of acinar cells. It
is, among the other factors, the increase in interstitial trypsin concentration followed rapidly by PAR-2
action on pancreatic vascular smooth muscle cells that initiates ischaemic changes in pancreatic
parenchyma and that leads finally to the necrosis of the pancreas. Consequent reperfusion perpetuates
changes leading to the AP development. On the contrary, PAR-2 action on both exocrine and duct
structures seems to play locally a protective role during the AP development. Moreover, PAR-2 action s
not confined to pancreas but it contributes to systemic vascular endothelium and immune cells activation
that triggers systemic inflammatory response syndrome (SIRS) contributing to high early mortality rate

in severe disease.
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Acute pancreatitis

Depending on the severity, cytologic changes range from apoptosis (Bhatia 2004) to necrosis of
parenchyma and/or fatty tissue caused by digestive enzymes and following local disturbance of blood
supply are the major signs of severe ‘“acute pancreatitis”. Grossly, oedema, focal necrosis and
hemorrhage are observed in the fully developed disease in the pancreatic region during the surgery or
autopsy. Microscopically, there are necrosis of parenchyma and fatty tissue of pancreas visible together
with the remnants of necrotic fatty cells and a pale eosinophilic (light pink) material in fatty tissue. In
these foci, fatty acid crystals and hematoidin pigment as a sign of hemorrhage may appear. Necrosis of
glandular parenchyma is in the beginning characterised as coagulation necrosis circumscribed with the
edge of polynuclear leukocytes (Thomas 1989). Nevertheless, the disease is not confined to the pancreas
alone but 1s always accompanied with pulmonary, renal, cardiovascular, central nervous and coagulation
system injury potentially resulting in multiorgan dysfunction syndrome (MODS) with a high mortality
rate.

It is known from experimental studies in animal models of acute pancreatitis that axial trans-Golgi
transport of procnzymes into the acinary lumen fails and basolateral secretion into the interstitium of
pancreatic gland increases (Rattner 1996). This failure can be induced by obstruction (bile stones, spasm
of papilla Vateri, etc.), toxic substances (alcohol) or by ischaemia (vasospasm, shock, severe
atherosclerosis). Morphologically, this axial transport failure appears as dilatation of Golgi complex
(Cook et al. 1996). The state of organ damage depends on the account of activated enzymes in the
interstitium of gland. On the other hand, drainage quality of region performed by lymphatic vessels is
important in development of disease, too. In the organ as a whole, lymphatic drainage depends on
quality of local blood circulation, status of vascular barrier and capillary turnover even on the quality of
lymphatic vessels.

In the past, intracellular premature activation of trypsin protease leading to acinary cell necrosis was

discussed as a causative agent of acute pancreatitis, however this theory failed in the scope of

coagulation necrosis of cells related much more to the organ ischemic injury. ¢l anti-trypsin deficiency
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was suspected mainly as a cause of the chronic pancreatitis and a link to acute disease can be found in
literature (Novis et al. 1975), however other studies have not proved any correlation between
pancreatitis and ol anti-trypsin deficiency (Braxel et al. 1982, Witt et al. 2002) . Also the mast cell
activation could be involved in the initiation of AP and the early phase of AP-induced MODS,
however, mechanisms seem to be complex and are still to be elucidated (Dib et al. 2002). Also
apoptotic cell death together with caspase-cascade activation and cytochrome C release from
mitochondria, related to the mild and moderate pancreatitis, is currently discussed in literature (Bhatia
2004, Gukovskaya and Pandol 2004). Nevertheless ischemic changes by themselves do not result in AP
but consequent reperfusion of an organ accompanied with free radicals release is necessary for inducing
AP.

Following systemic inflammatory responses are caused by inflammatory mediators (IL-1, IL-4, IL-
6,'1L-8, IL-10, TNF-a and others) produced in damaged pancreas (McKay et al. 1996, Scholmerich
1996). Increase in density of adhaesion molecules (CD54, CD62E, CD62L) on the surface of
endothelial cells closes the self-inducing circle of inflammatory response. Production of inflammatory
substances is related to oxidative stress (Sweiry and Mann 1996) but also to certain pancreatic enzymes
activation in the interstitium. The role of trypsin was investigated in relation to mediation of the local

and systemic mediated inflammatory response (Hartwig et al. 2004).

Proteinase-activate receptor — 2

It was presented that one of the pancreatic enzymes, trypsin, modulates many biological processes by
acting on specific proteinase-activated receptor 2 (PAR-2). PAR-2 belongs to a family of G protein-
coupled receptors activated by tethered ligand sequences within the N-terminal that is made accessible
after the site-specific cleavage of the protein (Bohm et al. 1996).

Trypsin activates PAR-2 by the mediation of a unique process inhering in the recognition of the receptor

by enzyme, subsequent cleavage at the specific site of NHy_terminal and presentation of a new NH»

terminal, which behaves as a tethered ligand (see Fig. 1). This ligand interacts with the extracellular
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domain of receptor molecule. Thus, PAR-2 is a receptor, whose ligand is a physical part of the receptor
molecule (Dery ef al. 1998). This receptor was previously described on normal as well as malignant
immunocompetent cells, on endothelial and muscle cells of major as well as minor vessels. Its presence
was also immunohistochemically demonstrated on intestinal epithelial cells, epithelial cells of exocrine
organs (including the pancreatic duct and acinary cells or pancreatic tumor cells) (Kaufmann es al
1998), keratinocytes, fibroblasts and further cells of stomach, small intestine, colon, liver and kidney

(Nystedt et al. 1995).

General Function of Proteinase-activate receptor — 2
As mentioned above, PAR-2 is expressed on variety cells with wide spectrum of cellular rersponses after
activation. The function and biology of PAR-2 is reviewed in detail elsewhere (Cottrell e al. 2003, Dery

et al. 1998, Steinhoff et al. 2005).

How trypsin acts on pancreatic structures and the role of PAR-2 in physiological conditions and

during acute pancreatitis development

Vascular effect of Proteinase-activate receptor — 2 activation

PAR-2 is strongly activated during AP development (Olejar es al. 2001). PAR-2 presence on
endothelial cells and mainly on smooth muscle vascular cells suggests that in AP development, one of
the most discussed causal mechanism in acute pancreatitis — ischaemic-reperfusion injury (Toyama ef
al. 1996) — might be contributed by the activation of PAR-2 receptors after increased basolateral
secretion of trypsin. Thus, PAR-2 activation on smooth muscle cells causes vasoconstriction (Moffatt
and Cocks 1998). However, vasoconstriction and ischaemy doesn’t cause the AP by itself, as already
mentioned above. On the contrary, PAR-2 activation on endothelial cells causes pronounced
vasodilatation via nitric oxide release (Cheung et al. 1998). We hypothesize that vascular effect of

PAR-2 on vessels of different caliber leading to constriction or dilatation could be the major point
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starting the cascade of changes resulting finally, depending on severity, to the pancreatic cell apoptosis/
necrosis via ischemia-reperfusion mechanism mentioned above. Furthermore, PAR-2 activation
primarily increases vascular permeability in general which could be probably linked also to edematous
changes at the beginning of AP development (Kawabata et al. 1998). High concentrations and PAR-2
activation on vessels might be the leading mechanism causing pancreatic ischemy during AP initiation.
Attacks of pain during chronic pancreatitis exacerbation could be also related to simple organ ischemy,
probably without reperfusion mechanism leading to major necrosis as during AP. PAR-2 activation also
increases [L-6 production (Chi et al. 2001), induce von Willebrand factor release, and serve as a
mitogen for human umbilical vein endothelial cells (HUVEC) (Mirza et al. 1996, Nystedt es al. 1996,

Storck et al. 1996).

Epithelial effect of Proteinase-activate receptor — 2 activation

PAR-2 seems to confer surprisingly protective effect on acinar cells during bile-induced cell damage
and on the pancreatic ducts, acting therefore as a double-edged sword both in inducing and attenuating
cellular damage (Kong et al. 1997). However, in this experiment, trypsin in the circulation of rats with
taurocholate-induced severe acute pancreatitis reached levels sufficient to activate endothelial, and
immune cells to stimulate nitric oxide and interleukin-8 production respectively. The activation of
systemic PAR - 2 by circulating protease-activated receptor 2 agonists induced a hemodynamic
response similar to that observed in rats with severe acute pancreatitis. Furthermore, certain authors
hypothesize that trypsin, acting via PAR-2, might regulate the severity of that disease. They found that
experimental acute pancreatitis is more severe in PAR-2(-/-) than in ‘wild’ mice and that in vivo
activation of PAR-2, achieved by parenteral administration of the PAR-2 activating peptide SLIGRL-
NH2, reduces the severity of pancreatitis. This indicates that PAR-2 exerts also a protective effect in
pancreatitis development and that activation of PAR-2 ameliorates pancreatitis in regards of the

potential therapeutic use (Sharma et al. 2005).
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Some authors suggested, investigating pancreatic duct cells in vitro that activation of intracellular
biochemical processes in these cells by trypsin could participate also in tissue debris elimination in AP
(Kawabata ez al. 2000, Nguyen et al. 1999). It is suggested that duct epithelium participates in the
disappearance of interstitial edema by activation of PAR-2. In pancreatic acinal cells, intake of trypsin
from interstitium and transcellular transport is physiologically involved in enteropancreatic circuit of
trypsin (Beynon and Kay 1976). Although this circuit is not physiologically important under
physiological circumstances because only a small amount of serum trypsin is secreted by the exocrine
part of the pancreas. In pathologic conditions (during AP), intake of trypsin-rich fluid and its
transcellular transport enhancement after PAR-2 stimulation is obvious. A similar pattern of
cytoplasmatic posititivity (mainly basolateral) of PAR-1 (similar receptor activated by another
proteolytic enzyme thrombin) can be seen also in other cells during inflammation (in kidney proximal
tubular cells) (Grandaliano ez a/. 2000). The role of PAR-1 in the development of AP and its relation to
thrombin content in interstitial edematous fluid during AP development is the aim of further studies
(unpublished data). However, from present data we may conclude comprehensive action of PARs
(Macfarlane et al. 2001). In general, PAR-2 mediation participates on different intracellular responses
including the phosphatidyl-inositol system activation on epithelial-intestinal epithelial cells, which
results in the intracellular utilization of arachidonic acid and secretion of prostaglandins (Kong et al.
1997). 1t is suggested that PAR-2 activation by trypsin contributes to the process of absorption in a
nutritional way. From this point of view, the major function of PARs in the digestive system seems to

be the stimulation of nutritional transport.

Lectures from knock-out models: Proteinase-activate receptor — 2 in general immunology

Variety of PAR-2 deficient murine models were investigated under different conditions to unravel
putative physiological roles of PAR-2. The effect of PAR-2 comprises an amazing amount of effects on
different functions of organism. Kawagoe et al. (Kawagoe et a/. 2002) found that PAR-2 might play a

significant role in type IV allergic dermatitis as PAR-2 defficient mouse ear treated with
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hypersensitivity inducing topical agents showed attenuated signs of inflammation as compared with
wild type. Partially overlapping work of Seeliger et al. (Seeliger ef al. 2003) confirmed the previous
results. Allergic airway inflammation was used by Schmidlin et al. (Schmidlin et al. 2002) to show,
among others, a diminished eosinophil infiltration in mice lacking PAR-2. Ferrel et al. (Ferrell et al.
2003) demonstrated a role for PAR-2 in mediating chronic inflammation in monoarthritis model with a
significant reduction of joint swelling and no signs of articular destruction even at the microscopical
level. Noorbaksh et al. (Noorbakhsh et al. 2005) described more severe neuroinflammation and
neuronal loss in PAR-2 null animals in their work on HIV associated dementia. Work of Ley group
(Lindner et al. 2000) showed a delayed onset of inflammation as examined by leukocyte rolling.
Another work on ischemic brain injury (Jin ez al. 2005) revealed the greater size of infarction focus and

TUNNEL counted cells in knockout mice.

Proteinase-activate receptor — 2: Direct link between enzymatic digestion and immune system

Presence of PAR-2 on inflammatory cells was also demonstrated in the past. It causes intracellular Ca™
mobilisation, prostaglandin and cytokine synthesis on Jurkat T-cells (Mari et al. 1996) or intracellular
Ca' mobilisation on human granulocytes isolated ex vivo (Howells ef al. 1997). As discussed above, in
the rat model of acute pancreatitis, trypsin in the circulation of rats with taurocholate-induced severe
acute pancreatitis reached levels sufficient to activate endothelial and immune cells to stimulate nitric
oxide and interleukin-8 production (Namkung et al 2004). It is suggested that high amounts of
cytokines produced in AP (McKay ef al. 1996) are induced by PAR-2 activation, too. PAR-2 plays also
an important role in the genesis of hypotension associated with endotoxic shock (Cicala ez al. 1999).

PAR-2 is present also on fibroblasts. It is known that PAR-2 action on fibroblasts causes mitotic
response, collagen synthesis and scar formation (Akers e al 2000). As the fibrosis and reparation
changes are obvious in chronic pancreatitis histologic samples, PAR-2 action may contribute to this

effect as well.
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Link between inflammation and pain via PAR - 2 activation is also suggested, however, the PAR - 2-
mediated role for trypsin in the pathogenesis of pancreatic pain is independent on its inflammatory

effect (Hoogerwerf et al. 2004, Hoogerwerf et al. 2001).

Conclusion

Presence of PAR-2 expression on both vascular structures, and acinary and duct epithelium in acute
pancreatitis was described in the past. This suggests an important role of trypsin-activated receptors in
induction/development and/or regeneration/repair/cellular protection in acute pancreatitis. Recently
published data show, that PAR-2 plays both beneficial and harmful effect in AP development.
Moreover, PARs contribute to systemic changes in AP development and leading to multiple organ
dysfunction syndrome and eventually death. Local and systemic structures influenced by the PAR-2
activation during acute pancreatitis are summarized in Table 1. Despite all the above described effect of
PAR-2 activation, the vascular action leading to the pancreatic .ischemic disturbance could be the

leading mechanism starting consequent local changes resulting in acute pancreatitis development.
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Table 1. Involvement of pancreatic and systemic structures in pathological processes during

acute pancreatitis development

Vascular effect of PAR-2

Effect

Structure

Reference ‘

vasoconstriction

muscularis propria

Moffatt et al. 1998 |

vasodilatation/

endothelium (systemic)

Cheung et al. 1998

hypotension |
oedema formation lymphatics Kawabata et al. 1998 |
hypotension endothelium ? (systemic) Cicalaetal. 1999 |

Nociceptive effect of PAR-2

S,

Effect Structure Reference
pain induction duct  cells  (intraductal| Hoogerwerf et al.
activation of PAR-2) 2001, 2004 |
Secretion (protective) effect of PAR-2
| Effect Structure Reference

increase of pancreatic
exocrine secretion

acinary cells

Kawabata et al. 2000

clearance of toxins and
debris

duct cells (basolateral
activation)

Nguyen et al. 1999

Pro-inflammatory role of PAR-2

Effect

Structure

Reference

NO and [L-8 production

systemic effect

Namkung et al. 2004

50



Fig. 1. Schematic description of PAR-2 activation
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and 2™ extracellular domain,
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Fig. 2. Schematic description of acute pancreatitis development.
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a) Physiologically, the majority of acinary cells proenzyme/ enzyme production after stimaltion
is secreted intraluminary. These enzymes go from acini to duodenum via ductus
choledochus.Only a small part of proenzymes/enzymes enters interstitium. Enzymes secreted
basolaterally are together with nutrients reinternalised into the acinary cells. Internalisation is
also regulated by PAR-2 stimulation by interstitially activated trypsin.

b) During pathological conditions (cholelithiasis, ethanol abusus, etc.), the physiological
transport of proenzymes is blocked on different levels. Basolateral secretion of enzymes is
markedly enhanced over their internalisation. Pronounced stimulation of PAR-2 on capillary
cells by activated trypsin causes edema formation. Activation of PAR-2 on smooth muscle cells
causes marked vasoconstriction, whereas activation of PAR-2 on endothelial cell leading to
vasodilation.

Abbreviations: lum — acinary lumen, ac — acinary cells, bm — basal membrane, cap — capillary,
art — artery, asterisk presents block of transcellular enzymatic transport
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Summary: Radiation damage resuits in blood-brain barrier damage followed by blood plasma transfer into the
neuropil. The transferred liquid contains high amounts of biologically active substances/proteinases including
factor Xa and a free pool of serum trypsin, which is not bound to antiproteases (a; AT, a,-macroglobulin). The
aim of this study was to follow up expression of proteinase-activated receptor-2 (PAR-2) in the brains of Wistar
rats after single exposure to radiation at 26 Gy (*Co, 23 min, 15 sec). After irradiation, the animals were sacri-
ficed on days 10, 20, 30 and 40. Control rat brains served as negative control. Coronal sections of caudal dien-
cephalons were investigated using histology and immunohistochemistry. Polyclonal goat specified the antibody
against the NH-end of murine and rat PAR-2. Significant PAR-2 membrane positivity of scattered swollen neu-
rons in deeper cortical layers was found in irradiated animals compared with controls. Although this membrane
positivity was noticed in all iradiated animals, the most prominent occurred on day 30. Diffuse cytoplasmic pos-
itivity was also demonstrated on shrunken neurons in the cortex and hippocampus. Increased cytoplasmic and
polarized membrane positivity was also noticed on the neurons of hypothalamic nuclei. The causal relationship
between biood-brain barrier damage, PAR-2 activation and neurodegeneration has not yet been verified.
However, the present findings indicate that PAR-2 mediates a certain cellular response. It remains to be demon-
strated whether this is a response to higher concentrations of factor Xa, a free pool of trypsin or other unknown
possible proteinases in brain tissue; whether changes in PAR-2 expression are consequences of direct radia-
tion damage to neuronal cells; whether this reaction is protective; and whether primary PAR-2 activation results
in neuronal damage.
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Introduction

Proteinase-activated receptors (PAR) are essen-
tially ubiquitous. They are particularly present on nor-
mal and malignant immunocompetent cells, as well
as on the endothelial and muscle cells of major and
minor vessels. Their presence was also demonstrated
immunohistochemically on intestinal epithelial cells,
epithelial cells of endocrine as well as exocrine
organs, keratinocytes, fibroblasts and further cells in-
cluding neurons and glia (1, 2). PAR-2 belongs to a
family of PARs activated by specific serum or tissue
proteinases (PAR-2 is activated by trypsin, factor Xa
and mast cell tryptase, PAR-1 and PAR-3 are activat-
ed by serum thrombin) (3, 4). These proteinases acti-
vate PAR-2 through the mediation of a unique pro-
cess characterized by the recognition of the receptor
by an enzyme, subsequent cleavage at a specific site
on the NH-2 terminal of the receptor and presenta-
tion of a new NH-2 terminal, which behaves as "a
tethered ligand” and which binds to the extracellular
domain of the split molecules. Thus, PAR-2 is a
receptor, whose ligand is a physical part of the recep-
tor molecule (5).

Radiation has previously been reported to cause
damage to the blood-brain barrier and consequent
leakage of serum proteins into the neuropil (6). This
was demonstrated mainly on serum albumin (7, 8).
However, many other biologically active substances
pass through the vascular barrier, such as serum pro-
teinase thrombin, factor Xa and even pancreatic
trypsin. Part of the digestive enzyme, trypsin, is bound
in serum to the a;-macroglobulin and other enzyme
inhibitors, while part is free in the blood stream (9). In
the case of vascular radiation damage, serum-free
trypsin together with other serum proteinases (factor
Xa or others) passing through the blood-brain barrier
could act on vessels, neurones or other brain struc-
tures.
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Material and methods

Animais: This study was performed in accordance
with the guidelines on animal experimentation of the
First Medical School, Charles' University, Prague,
Czech Republic and all procedures were approved
by the animal experimentation review committee.

Inbred Wistar rats were used for the experiments.
Rats were bred in an SPF animal breed with radia-
tion-sterilized bedding (SAWI! Research Bedding,
manufacturer) and were fed with chow that was ster-
ilized by radiation. Autoclaved water was provided ad
libiturn.

The rats were anesthetized with intraperitoneal
thiopental (50 mg/kg) and were exposed to a brain
dose of 26 Gy (**Co was used, radiation distance
121.5 cm, radiation input 0.3248 Gy/min). Fifty ani-
mals were included in the experiments. All the ani-
mals were divided into groups of 10 animals each
and were sacrificed on days 10, 20, 30 and 40 after
irradiation. Ten nonirradiated rats were used as con-
trols and were sacrificed on day 0 of the experiment.

Histology. Rat brains were fixed in 10% formalde-
hyde buffered transcardially and after evisceration in
10% formaldehyde for 48 h. Fixed samples of coronal
brain sections of caudal diencephalons were embed-
ded in paraffin blocks. Tissue slides, 6 m thick, were
cut and stained with hematoxylin-eosin.

Immunohistochemistry. Tissue slides taken from
experimental and control animals (6 m) were depara-
finized and transferred into the water solution. Then
they were boiled in citrate buffer (pH 7.6) for 3 x 5 min
in a microwave oven. Endogenous peroxidase was
blocked with 0.05 mg of natrium azide and 5 ml of
hydrogen peroxide in 50 ml of demineralized water.
Nonspecific positivity was blocked with 150 | of rab-
bit serum in 10 ml of TBS for 30 min.
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Goat polyclonal primary antibody for mapping the
new NH; terminal (SLIGRLETQPPITGKGVPVC) of
murine and rat PAR-2 (PAR-2 [S-19]: sc-8207 Santa
Cruz Biotechnology, Inc.) was diluted 1:500 in 5%
fetal bovine serum in TBS and put on slides overnight
in 4 °C. Subsequently, slides were incubated with
biotinylated secondary antibody (rabbit antigoat) and
then with streptavidin-biotin conjugated with horse-
radish peroxidase (Vectastain ABC Kit, Vector
Laboratories Ltd.).

Slides incubated with secondary antibody were
used only as a control for specificity. Diaminobenzi-
dine was used as a chromogen and Harris' hema-
toxylin as a counterstain.

Reverse transcriptase-polymerase chain reaction
(RT-PCR). Deeply frozen pancreatic, kidney, heart
and brain tissues of control rats were separately
homogenized. Total RNAs were isolated using
TRIzol®Reagent (Life Technologies, Gisco BRL) ac-
cording to the manufacturer's protocol. Concentra-
tion of RNA was performed on a spectrophotometer
2807260 nm. Primers for PAR-2 (10) were 5-ACCC-
CGCCGTGATTTACATGGC-3, 5-GCCGGGAACAG-
GAAGACTC-3', (Life Technologies, GiBco BRL). For
reverse transcription, Superscript |l kit {Life Techno-
logies, GiBCO BRL) was used. For the PCR, PCR Core
Kit (Roche Diagnostics GmbH, Roche Molecular
Biochemicals) was used. Amplification cycles con-
sisted of 45 sec at 93 °C, 45 sec at 55 °C and 1 min
at 72 °C for 30 cycles. PCR reaction was performed
on a PCR thermocycler (MJ Research). Products
were analyzed electrophoretically on 1% agarose gels
with ethidium bromide.

Results

Histology. Pronounced edema was noticed in all
irradiated mice. This was observed mainly perivascu-
larly, surrounding spastic intrathecal arteries (mainly

the hippocampal region) and also along penetrating
arterioles of white matter of centrum semiovale. This
edema was mostly mild but in certain cases, irradiat-
ed brains presented an even, perivascular spongi-
form appearance. The tissue edema was noticed
also periventricutarly and was most pronounced
along the third ventricle.

Dystrophic and disperse or locally diffuse necrot-
ic neurons were observed in all hippocampal struc-
tures without predilection. In the brain cortex of irra-
diated rats, swollen neurons with tigrolysis and empty
nucleus were seen. Shrunken eosinophilic neurons
were also seen in the brain cortex.

Microvacuolized cells of the plexus chorioideus
were observed with an increase on day 20 and reso-
lution on day 40. Disperse apoptotic ependymal cells
were also observed with accentuation on days 30
and 40. None of the above-mentioned changes were
observed in control brains.

Immunohistochemistry. PAR-2 positivity was
found on dystrophic and/or necrotic cortical neurons
in irradiated animals. This positivity was related to cell
membranes in the case of swollen/dystrophic neu-
rons and was diffuse and intracellular in the case of
shriveled/necrotic neurons (Fig. 1). Although mem-
brane positivity was noticed in all irradiated animals,
the most frequent was on day 30. Unaffected neu-
rons exhibited only a weak intracellular positivity sim-
lar to that in nonirradiated neurons (see below).
Membrane/intracellular positivity was not observed in
nonirradiated brains, where only weak intracytoplas-
mic positivity of PAR-2 was noticed (not shown).
Diffuse intracellular positivity of PAR-2 was also seen
in shrunken neurons of the hippocampus, including
their axons (Fig. 2). As with cortical neurons, unaf-
fected hippocampal cells exhibited only weak intra-
cellular positivity corresponding to nonirradiated
brains.
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Fig. 1 Immunohistochemical observation of proteinase-activated
receptor (PAR)-2 in rat brain 30 days after irradiation (26 Gy). Goat
polyclonal antibody against rat PAR-2 was used; high-power mag-
nification (x400), scale bar equal to 10 ym.

In contrast with control brains, experimental brains
showed intracellular and membrane-accented as
well as site-polarized positivity of PAR-2 was ob-
served on the neurosecretory cells of hypothalamic
nuclei (Fig- 3).

The supporting glial cells were immunohisto-
chemically negative with the exception of oligoden-
droglia of white matter. Weak diffuse intracytoplasmic
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Fig. 2 Immunohistochemical observation of proteinase-
activated receptor (PAR)-2 in rat brain 30 days after irradiation (26
Gy). Goat polyclonal antibody against rat PAR-2 was used; high-
power magnification (x400); scale bar equal to 10 ym.

positivity of oligodendroglial cells had no relation to
radiation damage in either iradiated or control brains.
Other brain structures (arterioles, capillaries, me-
ninges) showed no significant immunohistochemical
positivity of PAR-2. However, enhanced positivity was
observed on vacuolized celis of the plexus chorioideus
in experimental brains when the plexus chorioideus
of control brains were completely negative (Fig. 4).
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Fig. 3 Immunohistochemical observation of proteinase-activated

receptor (PAR)-2 in rat brain 30 days after irradiation (26 Gy). Goat
polyclonal antibody against rat PAR-2 was used, high-power mag-
nification (x400); scale bar equal to 10 pm.

No significant immunohistochemical presence of
PAR-2 was found on other brain structures (arterioles,
capillaries, astroglia, ependyma).

RT-PCR. RT-PCR products of 441 bp from pan-
creas, kidney, heart and brain confirmed PAR-2 pres-
ence/production in mMRNA in these tissues from con-
trol rats (Fig. 5).

Fig. 4 Immunchistochemical observation of proteinase-
activated receptor (PAR)-2 in rat brain 30 days after irradiation (26
Gy). Goat polyclonal antibody against rat PAR-2 was used;
medium-power magnification (x60); scale bar equal to 25 um.
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Fig. 5 Reverse transcriptase-polymerase chain reaction products
of 441 bp from pancreas (PAN), kidney (KID), heart (HEA) and brain
(BRA) confirm proteinase-activated receptor-2.
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Discussion

The histological appearance of radiation-induced
edema has previously been described (11). Our
observation confirms these findings: edema in deep
or penetrating arteries and their spasm suggested
ischemic involvement in radiation injury to the central
nervous system (12). The acute demyelinization and
necroses of centrum semiovale previously described
after radiation damage could be caused by this
ischemic mechanism (13). Necroses of hippocampal
neurons together with the finding of some "red neu-
rons" and other ischemia-related dystrophic changes
in the cortex support the possible role of spastic vas-
cular reaction in brain damage. Leakage of serum
proteins into the brain tissue and its relationship with
radiation-induced ischemia has also been previously
demonstrated (14). Obviously, any vascular barrier
damage causes a varying degree of vasoconstriction
followed by perfusion failure and hypoxia. This was
observed in experimental studies in an animal model
of radiation damage in rats (15).

The most interesting of our results was the finding
of membrane positivity of specifically cleaved/activat-
ed PAR-2 on damaged cortical neurons and on ne-
crotic/dystrophic cells of the hippocampus. Changes
in protein immunohistochemical positivity are related
to intracellular receptor redistribution and new epi-
tope presentation after conformational changes fol-
lowing specific receptor activation (16). As the anti-
body maps the epitope of the new NH; terminal of
PAR-2 of rat and mouse origin (17), immunohisto-
chemistry demonstrates activated receptors.

Our results demonstrate that PAR-2 is strongly
activated during and after brain irradiation. The pres-
ence of PAR-2 was also confirmed in the mRNA of
control rat brain (but also pancreatic, kidney and
heart tissue) using RT-PCR. Damage to hippocampal
neuronal cell lines after PAR-2 activation was previ-
ously described in vitro (11). However, for the first
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time we have demonstrated a similar finding in vivo.
Further specific sharp membrane positivity of PAR-2
on cortical cells compared with cytoplasmic positivity
on necrotic hippocampal neurons supports,
through knowledge of the hippocampal neurons'
susceptibility to damage (mainly to the ischemia
[18]), the hypothesis of involvement of PAR-2 in neu-
ronal cell death, as previously described (10). Taken
together with previously published data on PAR-1
(thrombin receptor) on these cells, this finding is very
interesting as thrombin is also suggested to be
involved in neuronal death (19-21). However, PAR-2
activation on neuron surfaces also causes inhibition
of their growth and degeneration (22). Enhanced glial
fibrillary acid protein expression in astrocytes of
transgenic mice expressing the human brain-specific
trypsinogen IV was also observed (23). Although
PARs were unknown at that time, the authors related
their findings to neurodegenerative processes
because prominent astrocytosis is seen in the brains
of patients with AIDS dementia (24) and other viral
infections (25), acute traumatic brain injury (26) and
Alzheimer's disease (27).

PAR-2 positivity on the neurosecretory cells of
hypothalamic nuclei in irradiated brains has not been
previously described. This finding corresponds to our
previous immunohistochemical observation of polar-
ized intracellular PAR-2 positivity on neuroendocrine
cells in pancreatic Langerhans' islets during acute
pancreatitis development (28). We suggest that intra-
cellular/polarized PAR-2 positivity could correlate with
their significant role in intracellular/transcellular
processes in general (29,30) and that the role of PARs
increases during different pathological conditions.
Finally, this suggestion could be confirmed by our
finding of the huge immunohistochemical positivity of
PAR-2 in cells of the plexus chorioideus in irradiated
brains in contrast to their immunchistochemical neg-
ativity in control brains.
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In conclusion, the results of the present study
demonstrate PAR-2 mediation of certain cellular
responses. It is unclear whether this is a response to
higher concentration of factor Xa, a free pool of
trypsin or other unknown possible proteinases in
brain tissue or whether changes in PAR-2 expression
are consequences of direct radiation damage of neu-
ronal cells. The real role of activation of PAR-2 in
pathological conditions could be elucidated through
further study of the role of PAR-1 in brain ischemia
and of the protective effect of low-dose stimulation of
PAR-1 by thrombin in ischemia and the destructive
effect of high-dose stimulation by the same enzyme
in the same conditions (18).
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Abstract

Proteinase-activated receptor — 2 (PAR-2) is a ubiquitous surface molecule participating in
many biological processes. It belongs to the family of G protein-coupled receptors activated
by the site-specific proteolysis of trypsin and similar proteases. Altered function of PAR-2 has
been described in different malignant tumours. In the present study, we investigated the
expression of PAR-2 in breast cancer surgical specimens and the role of trypsin in breast
cancer cell line MDA MB-231 proliferation and metabolism. A total of 40 surgical samples of
infiltrative ductal breast cancer and breast cancer cell line were included in this study. We
analysed PAR-2 expression by immunohistochemistry, RT-PCR and western blot. Activation
of PAR-2 on cell line MDA MB — 231 was measured using calcium mobilisation assay
determined by flow cytometry. MTT cell metabolism assay and cell count analysis were used
to assess the trypsin influence on breast cancer cell line MDA MB — 231 proliferation.
Immunohistochemical examination showed the expression of PAR-2 in all samples of breast
cancer surgical specimens and cell lines in high level, this was confirmed by RT-PCR and
western blot. Calcium mobilisation assay corroborated the activation of PAR-2 on cell line
MDA MB — 231 either by trypsin or by agonistic peptide. Cell metabolism assay and cell
count analysis showed significant differences of proliferative activity of breast cancer cells
dependent on presence or absence of trypsin and serum in culture medium. PAR-2 is
expressed in a high level in infiltrative ductal breast cancer tissue specimens. PAR-2 is
expressed in studied breast cancer cell lines in a high level. PAR-2 is activated by trypsin and
by agonistic peptide as well in the model of breast cancer cell line MDA MB-231. Activation
of PAR-2 in vitro influences proliferative and metabolic activity of breast cancer cell line
MDA MB-231. The action of trypsin is modified by the presence of serum which is a

potential source of protease inhibitors.

Keywords: breast cancer, PAR-2, trypsin, expression
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Introduction

The role of different proteinases and their inhibitors in cancer development and malignant
behaviour and the relationship of these enzymes to the prognosis of cancer is constantly
disscussed in the literature. The role of tissue matrix metalloproteinases, cathepsins and other
enzymes produced by cancer cells has been extensively investigated (Hojilla et al. 2003,
Leeman et al. 2003, Roshy et al. 2003). However, many other enzymes are produced by
malignant cells and/or tumour associated cells such as fibroblasts or immunocompetent cells.
One of these enzymes, trypsin, is proteinase produced not only by exocrine pancreatic and
intestinal Paneth’s cells, but also by other epithelial tissues (bronchial epithelium) or
connective brain cells, ghas (Cederqvist et al. 2003 , Minn et al. 1998). Enhanced production
of trypsin was reported in malignant cells (Uchima et al. 2003). Recently, a new function of
this enzyme in cancer progression and development has been investigated. Trypsin and
similar enzymes, such as mast cell tryptase or coagulation factor Xa, act on the cell surfaces
via specific receptors. The action of these enzymes is physiologically regulated by peptides
called antiproteases, normaly present in blood serum.

Proteinase-activated receptor — 2 (PAR-2) is ubiquitous surface molecule participating in
many biological processes. It belongs to a family of G protein-coupled receptors (PAR’s)
activated by tethered ligand sequences within the amino terminal part of the molecule that is
made accessible by the site-specific proteolysis. PAR-2 activation after the site specific
proteolysis of N-terminal end by trypsin and presentation of tethered ligand sequence
(SLIGKV) to extracellular domains of the receptor participates in the tissue growth and
differentiation, regeneration and repair, inflammatory response regulation and also in
malignant transformation (Macfarlane et al. 2001).

Infiltrative breast carcinoma is one of the most common human malignancy. Following
standardized criteria it is possible to score the prognostic factors which depend on the
histopathological grade and expression of several regulatory proteins (e.g. progesterone
receptor, estrogene receptor and c-erb B2) (Rosai 2004).

The aim of our study was to characterize the expression of PAR-2 receptor in breast cancer
tissue in the surgical samples of infiltrative ductal breast carcinoma with correlation to
histopathological grade of the tumors and to the expression of other prognostic factors
(estrogen and progesteron receptors). In the model of breast cancer cell line MDA MB-231,

we studied the possibility of activation of PAR-2 receptor by trypsin and agonistic peptide
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(SLIGKYV). The role of trypsin on the cell line metabolism and proliferative activity we

assessed by MTT cell metabolism assay and cell count analysis.

Material and Methods

Breast cancer samples: 40 peroperative surgical samples of infiltrative ductal carcinomas were

frozen in liquid nitrogene and routinelly processed for histopathological examination. During
this diagnostical procedure, additional two sets of 20 ten-um-thick sections were collected in
sterille Eppendorf tubes, frozen in liquid nitrogen and stored at -80 °C for extraction of
nucleic acids and proteins. Definitive diagnosis of infiltrative breast cancer was confirmed by
microscopic evaluation of histological slides from formaline-fixed, paraffin embedded tissue

samples. Standardized criteria were used to evaluate the prognostic factors (8) (Table 1.).

Cell cultures: MDA MB-231 and MCF-7 breast cancer cell lines were maintained in
Dulbecco's Modified Eagle Medium (DMEM) with High Glucose, supplemented with 10%
fetal calf serum (FCS) and gentamicine in concentration 40pg/1ml. Cells were cultured

according to routine practice.

Immunohistochemistry: Microscopic tissue slides 5 um thick were deparaffinized, rehydrated
and boiled in a citrate buffer (pH 7,6) 3x5 minutes in a microwave oven. Endogenous
peroxidase was blocked with a water solution containing 0,01 % natrium azid and 1%
hydrogen peroxide. Non-specific positivity was blocked by rabbit serum in TBS (150ul/10ml)
for 30 minutes.

The slides were incubated overnight in 4°C with the goat polyclonal primary antibody
mapping the new NH, terminal of human PAR-2 (clone N-19, sc-8206 Santa Cruz
Biotechnology, Inc.) diluted 1:500 in 5% fetal bovine serum in TBS. The detection of
immunostaining was performed using the Envision® kit and diaminobenzidine was used as a
chromogen. Slides incubated with secondary antibody only and with nonspecific isotype-
matched primary antibodies were used as control of specificity. Mayer’s hematoxylin was
used as a nuclear counterstain. As a negative control, slides of breast cancer sample were
incubated with nonspecific isotype-matched primary antibodies and with secondary antibody,

only.
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Western blotting analysis: Deeply frozen breast cancer tissue or cell suspension of breast

cancer cell lines were homogenised, dissolved in 2X Tris-glycine SDS sample buffer
(Novex) and boiled for 5 minutes. The concentration of total protein amount was measured
spectrophotometrically using BSA kit (Pierce) following manufacturer’s instructions. Equally,
20 pg of protein was fractioned on the SDS-PAGE and blotted to nitrocellulose membrane
(S&S NC) using Mini TransBlott®Cells (BioRad). After visualisation by Poceau S staining
(Sigma) membranes were blocked with 5% nonfat dried milk in PBS with 0.1% Tween 20 at
4°C overnight. Goat polyclonal primary antibody (PAR-2 (N-19): sc-8206 Santa Cruz
Biotechnology, Inc.) was diluted 1:1000 in 5% nonfat milk in T-PBS. The filters were
incubated for 1h and washed 6x 10 min in T-PBS. The secondary antibody, peroxidase-
conjugated (AffiniPure Rabbit Anti-Goat IgG (H+L), Jackson ImmunoResearch Laboratories,
Inc.) was diluted 1:10 000 in T-PBS. The filters were incubated for 45 min and washed in T-
PBS 6x 10 min. Peroxidase activity was detected by Amersham’s ECL+, following the
manufacturer’s protocol. Breast cancer sample incubated without primary antibody served as

a negative control.

RT PCR: Deeply frozen breast cancer tissue and MDA MB-231 and MCF-7 breast cancer cell
lines were homogenised (approx. 50 mg). Total RNAs were isolated using TRIzol®Reagent
Life Technologies, GIBCO BRL) according to the producer’s protocol. Concentration of RNA
was determined by spectrophotometer at 280/260 nm. Primers for PAR-2 were §5’-
TTGCCTTCTTCCTGGAGTGC-3, 5’-TCCTGCAGTGGCACCATCCA-3’ (Life
Technologies, GIBCO BRL). For reverse transcription the Superscript II kit (Life
Technologies, GIBCO BRL) was used. For the PCR, the PCR Core Kit (Roche Diagnostics
GmbH, Roche Molecular Biochemicals) was used. Amplification cycles consisted of 45 sec.
at 93°, 45 sec. at 55°C and 1 min. at 72°C for 30 cycles. PCR reaction was performed on a
PCR thermo cycler (MJ Research). Products were analyzed electrophoretically on 1% agarose

gel with ethidium bromide.

Calcium signalling assay: Concentration of calcium ions were determined by flow cytometry

on FACS Calibur (Becton Dickinson, USA), using the Fluo-4 and FuraRed probes (Molecular

Probes, Inc., Eugene, Oregon, USA). Combined cellular loading permits a sensitive
ratiometric assay using visual illumination,

Cells MDA MB-231 (10° cells per sample) were two times washed and loaded with 4711
100mM Probenecid, 1111 FuraRed and 0,4 [l Fluo-4 in the dark for 1 5min at the room
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temperature. The cells were washed, resuspended and put in the dark for 15 min at room
temperature and than for 15 min at 37°C. Finally the cell suspensions were measured and data
were compared before and after activation by trypsin in final concentration 10”7 M and by
agonistic peptide (SLIGKV — Neosystem SA, France) in final concentration 10° M. As a
positive control of calcium signalling specificity were used ionomycin in concentration

1ug/100pl (Calbiochem, San Diego, California, USA).

Cell count assay: The cell growth analysis of the MDA MB-231 breast cancer cell line has
been performed in the same manner as the cell cultures themselves in the cell culture wells.
Into each well, 400 pl of the culture medium with cell suspension of 10° cells/ml was
randomly injected into the each well. After one-day pre-incubation in the DMEM high
glucose medium containing 10% FCS and gentamicine solution, cells were incubated for
three days: a) DMEM high glucose medium containing 10% FCS and gentamicine solution in
the presence of trypsin in PBS in final concentration 107 M, b) DMEM high glucose medium
containing gentamicine solution without FCS in the presence of trypsin in PBS in final
concentration 107 M, ¢) DMEM high glucose medium containing 10% FCS and gentamicine
solution in the presence of PBS without trypsin, d) DMEM high glucose medium containing
gentamicine solution without FCS in the presence of PBS without trypsin.

Finally, the cells were washed with PBS and trypsinized with 0.25% trypsin solution. After
deliberation the cell suspension was measured by flow cytometry using FACS Calibur
(Becton Dickinson, USA) under standard flow for 120 seconds. The average count of cells
incubated in the common DMEM high glucose medium containing FCS without trypsin was
used as a 100% standard and all individual measurements were compared to this stantadard in
%. Each group of measurements was performed in cell suspension from 6 wells. The results

were obtained from three independent experiments.

Cell metabolism assay: Metabolic activity of MDA MB-231 breast cancer cells was

determined by a colorimetric MTT cell proliferation assay. MDA MB-231 cells were cultured
in 96-well plates in M1H medium supplemented with 10% FCS. Briefly, after one day pre-
incubation the cells were maintained for 1, 2 or 3 days in MIH or HBSS media in the
presence or absence of trypsin (see bellow) at 37 °C, 10 ul of MTT (3-/4,5-dimethylthiazol-2-
yl/-2,5,diphenyltetrazolium bromide, Sigma ) solution (0,5mg/ml) in PBS (phosphate-
buffered saline) were added and 6 hr later 100 pl of 10% SDS solution (lauryl sulfate) pH 5.3
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were added for overnight incubation. The intensity of blue colour dependent on the
mitochondrial enzyme succinyldehydrogenase activity of cells in individual wells was

measured by an ELISA reader (spectophotometry) at 570 nm.
Statistics:
Student’s T-test and standard deviation (SD) were used for statistical analysis. For all tests a

p-value of < 0.05 was considered as statistically significant.

All experimental research procedures reported in the manuscript has been performed with the

approval of an appropriate ethics committee and in compliance with the Helsinki Declaration.

Results

Immunohistochemistry: Different intensity of specific diffuse intracellular cytoplasmatic

positivitity of PAR-2 was observed in the tumour cells of all breast cancer samples (Fig. 1a).
Positive immunostaining of cancer cells in bioptic specimens was independent on the
histopathological grade or the expression of other prognostic factors (progesteron and estrogen
receptors). Positive immunostaining of stromal fibroblasts was also observed in evaluated

tissue samples. Non-neoplastic connective tissue of the breast was constantly negative.

Western-blot analysis: Western-blot analysis confirms immunohistochemical positivity of
expression of PAR-2 in patient’s breast cancer samples and tissue culture cells MDA MB-231.
MCF-7 culture cells as an additional model of breast cancer cell line showed strong positivity

too. (Fig. 2).

RT PCR: PAR-2 mRNA presence was observed in breast cancer patient’s samples and in
tissue culture cells MDA MB-231. MCF-7 breast cancer cell line confirmed the expression of

detectable amount of mMRNA in the models of breast cancer cell lines (Fig. 3).

Cat+ mobilisation assay: Activation of PAR-2 was observed in MDA MB-231 cells using the
flow cytometric method. Fig. 4a. demonstrates Ca++ mobilisation after addition of trypsin in
final concentration 10"M. Fig. 4b. demonstrates Ca++ mobilisation after addition trypsin
agonistic peptide (SLIGKV) in final concentration 10°M, ionomicin in concentration

Iug/100ul was used as a positive specific control.
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Cell metabolism assay: Fig. 5 presents one exemplary result of three independent experiments
with the same trend. Arbitrary units were used for the spectrophotometric optic density
evaluation.

As anticipated, a significant difference was found between the cells maintained in the medium
containing 10% FCS (M1H) or missing 10% FCS (HBSS). In the FCS-free HBSS medium,
continuous (linear) decrease of metabolic activity with statistically significant difference
between the groups treated or untreated with 107M trypsin (Fig. 5a) was observed. Higher
metabolic activity was recorded in the trypsin group. Similarly, in the medium containing FCS
(M1H), statistically significant difference between the groups treated or untreated with 10”M
trypsin since the day 2 has been recorded with higher metabolic activity in trypsin group (Fig.
5b). In contrary to the HBSS groups, cells growing in M1H medium with trypsin tend to retain
higher metabolic activity even after 3 days of exposition in comparison to trypsin-free group,
where linear decrease of metabolic activity was recorded similarly to the HBSS groups. Higher
metabolic activity of cells in trypsin treated groups was observed despite the decrease of cell

growth observed in the cell count assay in serum-free medium.

Cell morphology analysis: As the activity of trypsin was blocked by the serum trypsin
inhibitors presented in FCS, no difference was observed between cells cultured with addition
of trypsin in PBS in final concentration 10”M or cultured in the DMEM high glucose medium
containing of 10% FCS and gentamicine solution with the PBS only served as a control (Fig
6a,b,d). Their shape was regularly elongated, typical for normally cultured cells of MDA MB-
231 cells. In the DMEM high glucose medium containing only gentamicine solution, without
FCS, in the presence of trypsin, the cells changed their shape to round, small, poorly adhering

comparing to control (Fig 6¢). The total amount of cells was reduced in both serum-free

groups.

Cell count assay: The cell growth of the MDA MB-231 breast cancer cell line in the full
DMEM high glucose medium containing (a, ¢) or missing (b, d) 10 % FCS with (a, b) or
without (¢, d) presence of trypsin is summarized in Fig. 7. There was no significant difference
(p=0,05) in the cell growth in groups growing in DMEM high glucose medium containing
FCS with (a, 96,1%, SD 19,3) or without (c, 100%, SD 17,8) presence of 10'M trypsin.
Cells growing in DMEM high glucose medium without FCS with (b, 12,3 %, SD 4,5) or
without (d, 41,9 %, SD 22,5) presence of 107M trypsin showed significant difference in the
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cell number after 3-day incubation ( Fig. 7.). The absence of FCS changed the cell number

during the short term 3-days cultivation.

Discussion

Our results demonstrate that PAR-2 is expressed in the breast cancer. PAR-2 was detected on
the protein and also mRNA levels in breast cancer cell lines. In bioptic tissue samples, the
expression of PAR-2 was detected independently on histopahological grade of the tumor,
estrogen and progesteron receptor expression or on other prognostic factors. We also observed
the influence of trypsin on metabolic activity and growth of the cell line isolated from breast
cancer. This observation suggests possible increased expression of PAR-2 in breast cancer
tissues and its interaction with trypsin to the initiation and/or progression of breast cancer.
Our observation confirms previous study of D’ Andrea et al. presenting immuniohistochemical
positivity of breast cancer cells and stromal fibroblasts in the breast cancer patient samples
(D'Andrea et al. 2001).

The discovery of PAR-2 receptor started the process of partial elucidation of the potential role
of trypsin in the cellular signalling, tissue growth and/or malignant transformation (Nystedt et
al. 1995, Nystedt et al. 1994). In the past, it was shown that tumor associated trypsin (TAT) is
involved in a protease cascade stimulating tumor cell invasion and degradation of
extracellular matrix in different cell lines (Koivunen et al. 1991). Previous studies
demonstrated increased expression of PAR-2 in different malignant tissues and cell lines,
including digestive tract cancer, sarcomas, leukemias, lymphomas and also malignant brain
tumours of astrocytic origin (Steinhoff et al. 2005).

In recent studies, PAR-2 activation in IL-3 dependent murine lymphoma cell line BaF-3
resulted in cell proliferation (Mirza et al. 1997). However, the data obtained so far are still
controversial.

In the gastric carcinoma cell line MKN-1, Miyata et al. demonstrated, after the trypsinogen-1
cDNA introduction, the stimulation of cellular growth and adhesion to fibronectin and
vitronectin when trypsinogen activator enterokinase was added into the culture. In vivo
(intraperitonealy) transplanted, these transfected MKN-1 cells produced solid tumors in
adjacent organs (Miyata et al. 1998). In above mentioned MKN-1 cells, Miyata et al, 2000,
demonstraded that trypsin stimulates integrin alfaSbetal-dependent adhesion to fibronectin

and proliferation through the activation of PAR-2 (Miyata et al. 2000).
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Another study with STKM-1 gastric cancer cell line demonstrated that production of trypsin
correlates with their malignant phenotype and invasive growth (Kato et al. 1998).

In the human colon cancer cells, proliferation was initiated by trypsin acting on PAR-2
(Darmoul et al. 2001). Authors suggested that trypsin could be considered as a growth factor.
The same authors showed that colon cancer cell lines secrete trypsin in concentrations
compatible with activation of PAR-2. They suggested possible autocrine/ paracrine regulation
of PAR-2 acting by trypsin in colon cancer cells (Ducroc et al. 2002). The PAR-2 agonist
peptide SLIGKYV and trypsin also significantly increased cell proliferation in three pancreatic
cancer cell lines SW1990, Capan-2, and Panc-1. In vivo, subcutaneous xenografted tumors
showed significantly enhanced growth after treatment with agonist peptide (Shimamoto et al.
2004). Thus PAR-2 activated by trypsin plays an important role in promoting proliferation of
pancreatic cancer.

Recently Ge et al. (Ge et al. 2004) presented that secretion of trypsin-like protease and its
autocrine activation of PAR-2 in breast cancer cell line MDA MB-231 influences cell
migration.

Our results showed that PAR-2 expressed in breast cancer cell line MDA MB-231 is activated
by trypsin and agonistic peptide SLIGKV. Our results also demonstrate that trypsin inhibitors
present in blood serum influence the action of trypsin on cultured cells. These results suggest
that trypsin in investigated concentration doesn’t have significant influence on the growth of
MDA MB-231 breast cancer cell line under physiological conditions, where extracellular
fluid containing serum with protease inhibitors is present. This suggests that different activity
of proteinases and different consequent response of PAR-2 can be observed in particular
human tissue compartments (blood, tumor enviroment, interstitium) in vivo. From this point
of view, the activity of agonistic peptide doesn’t seem to play any important role in
physiological processes of the cell regulation and “real” trypsin or trypsin-like activity. The
general role of PAR-2 in cancer initiation and development has to be evaluated in the
presence/ absence of natural inhibitors. Although the PAR-2 activation by trypsin is
predominantly considered stimulating tumor cells growth and invasiveness, inhibitory effect
on tumor cells growth has been also reported. For instance, activation of PAR-2 on CAPA-2
pancreatic cancer cell line leads to the decrease of *"Thymidine incorporation into the cell
related to inhibition of tumor cell growth (Kaufmann et al. 1998). Similarly, PAR-1, receptor
of the same family activated by thrombin, is a potential tumour cell proliferating and invading
agent (Henrikson et al. 1999, Wojtukiewicz et al. 1993). Another study demonstrated that

PAR-1 signalling inhibits migration and invasion of breast cancer cells (Kamath et al.. 2001).

10
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The results of Yamashita and al. also support the notion that trypsin plays a tumor-
suppressive role in human carcinomas as they found reduced production of trypsinogen
accompanied by reduced PAR-2 expression in esophageal squamous cell carcinomas and 72
gastric adenocarcinomas (Yamashita et al.).

These controversal results sustain for further investigation of the role of PARs in the process

of tumour cells migration, invasiveness and metastasis formation.

Conclusion

PAR-2 is expressed in breast cancer tissues independently of the routinely investigated
prognostic factors. PAR-2 is expressed in the breast cancer cell lines. In in vitro conditions,
PAR-2 is activated by trypsin and by agonistic peptide as well in the model of breast cancer
cell line MDA MB-231. Activation of PAR-2 in vitro increases proliferative activity of breast
cancer cell lines MDA MB-231 and this activation is modified by presence of serum as a

potential source of protease inhibitors.

List of abbreviations
PAR-2 - Proteinase-activated receptor — 2, DMEM - Dulbecco's Modified Eagle Medium,
FCS - fetal calf serum, SD - standard deviation, SDS-PAGE - Sodium dodecyl sulphate

polyacrylamide gel electrophoresis
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Fig. 1- a) Immunohistochemical positivity of PAR-2 on the samples of infiltrative ductal
breast cancer. Diffuse intracellular positivity has been observed (arrows). b) Negative control
slide of breast cancer sample incubated with nonspecific isotype-matched primary antibodies
and with secondary antibody, only. Original magnification 400x.
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Fig. 2- Westem blot analysis demonstrates presence of PAR- 2i in samples of breast cancer
patients (1 —7) and in samples of tissue culture cells MDA MB — 231 (a) and MCF — 7 (b).
Zero line indicates breast cancer sample incubated without primary antibody. Arrow indicates
analysis of PAR-2 expressed in samples (65 kDa).

MDA MCF

Fig. 3- RT PCR products of 525bp demonstrate presence of mRNA of PAR-2 in samples of
breast cancer patients (1 —4) and in samples of tissue culture cells MDA-MB — 231 and MCF
— 7. Zero line demonstrates negative control of PCR reaction.
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Fig. 4- Ca++ mobilisation analysis. Activation of PAR-2 has been followed on MDA- MB —
231 cells using the flow cytometric method. Fig. 4a. demonstrates Ca++ mobilisation after
trypsin activation in concentration of 10”7 M. Fig. 4b. demonstrates Ca++ mobilisation after
trypsin agonistic peptide (SLIGK V) activation in concentration of 10° M. lonomicin in
concentration 1ug/100pul served as positive control.
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Fig. 5- Cell metabolism assay shows statistically significant difference of metabolic activity
of the cancer cell line MDA-MB-231 in serum-free medium (HBSS) with and without trypsin

(Fig. 5a) and in medium containing serum (M1H) with and without presence of trypsin (Fig.
5b).
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Fig. 6- Three days incubation of MDA MB — 231 breast cancer cells in the DMEM high
glucose medium containing 10% FCS and 1%gentamicin solution in the presence of 107 M
trypsin in PBS (a) or PBS only (c) as a control. No difference between the two groups has
been observed. Three days incubation of MDA MB — 231 breast cancer cells in the DMEM
high glucose medium containing only 1% gentamicin solution without FCS in the presence of
107 M trypsin in PBS (b) or PBS only (d) as a control. In the presence of trypsin, the cells
change their shape to round, small poorly adhering. This change has not been observed in the
absence of trypsin. The total amount of cells was reduced in both serum free groups.
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Fig.7- The cell growth of the MDA MB-231 breast cancer cell line in the full DMEM high
glucose medium containing (a, ¢) or missing (c, d) 10% FCS with (a, b) or without (c, d)
presence of trypsin. There was no significant difference (p>0,05) found in the cell growth in
groups growing in DMEM high glucose medium containing FCS with (a, 96,1%, SD 19,3) or
without (¢, 100%, SD 17,8) presence of 107M trypsin.

Cells growing in DMEM high glucose medium without FCS with (b, 12,3%, SD 4,5) or
without (d, 41,9%, SD 22,5) presence of 107 M trypsin showed significant difference in the
cell amount after 3-day incubation.
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Table 1 — Breast cancer surgical samples specification.

Histopathological grade

Grade | 15
Grade |l 12
Grade Il 13
Total 40
Expression of prognostic factors

Estrogen receptor 32
Progesterone recptor 30
P-53 protein 25
c-erb B2 protein 30
Total 40
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4. Shrnuti a zhodnoceni cilii prace.

4.1 Vyhodnoceni zmény exprese PAR-2 v zanétlivé 1ézi — Zvifeci model

experimentalné vyvolané akutni pankreatitidy.

V na$i praci jsme demonstrovali signifikantni zvySeni exprese aktivovaného receptoru
PAR-2 nejen na cévnich strukturdach ale také na epitelidlnich elementech vystelky
pankreatickych acinarnich a duktalnich struktur v pribéhu akutni léze pankreatu. Také
jsme jako prvni prokazali pritomnost tohoto receptoru v endokrinni Casti pankreatické
tkané — Langerhansovych ostriveich. Vysledky nasi prace dokladaji vyznam role receptoru
aktivovan¢ho prostrfednictvim trypsinu v indukci (a vyvoji) a vregeneraci (a hojeni)
procesu akutni pankreatitidy. Navic je pravdépodobné, Ze zmeény v expresi PAR-2
v epitelové vystelce acinll exokrinni ¢asti pankreatu maji vztah i k nékterym dal§im
morfologicky pozorovanym zménam jako jsou napiiklad vakuolizace cytoplazmy a
nekroza epitelii a v pozd€jSich fazich 1 reparace pankreatické tkané. Zaroven je zfejmé, ze
aktivace PAR-2 se uplatiuje jiz v poCatecnych fazich vyvoje akutni pankreatitidy. NaSe
vysledky jsou tedy plné vsouladu snovym trendem komplexniho pojeti akutni
pankreatitidy jako slozité souhry mnoha u¢innych signalnich faktord, které nejen
modifikuji rozsah a charakter postiZzeni pankreatické tkan€, ale uplatiiuji se i na Grovni
celého organismu. NaSe prace rovnéz doklada, ze aktivace PAR-2 ma v procesu vzniku a
vyvoje akutni pankreatitidy duéalni charakter a Ze se aktivace receptoru se spusténim celé
rady efektorovych drah netcastni pouze progrese onemocnéni, ale je dalezitym faktorem
upravy a hojeni. Je zfejmé, ze latky schopné aktivovat/inhibovat protedzové receptory, jsou
perspektivni pro budouci Siroké vyuziti k modifikaci rozvoje akutni pankreatitidy i

naslednych reparativnich procest. Dosud ne zcela jasné definovany charakter Gcinku
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aktivace PAR-2 vsak zatim brani $irSimu vyuziti agonistli/antagonistd trypsinu v protekci a

1€¢be akutni pankreatitidy.

4.2 Vyhodnoceni zmény exprese PAR-2 vradiaéni lézi - Imunohistochemicka
lokalizace PAR-2 na strukturach tkani CNS v ¢asném postiradiaénim obdobi u mysi

kmene C57Bl/6.

Vysledky nasi prace dokladaji vyznam aktivace PAR-2 v procesu reparace struktur CNS po
poskozeni radiacni zatézi. Zretelné zvySeni exprese aktivovaného receptoru na
membranovych strukturdich morfologicky postizenych neuroektodermovych elementl je
v souladu s pfedchozimi in vitro studiemi na liniich hipokampélnich neuronidl. ZvySena
imunchistochemickd pozitivita aktivovaného PAR-2 pozorovand zejména na dystrofickych
hipokampalnich neuronech potvrdila vyznam aktivace protedzami aktivovanych receptort
in vivo. Navic uvedené pozorovani koreluje s obecné znamou vnimavosti hipokampalnich
neuronalnich struktur na poskozeni riznymi etiopatogenetickymi agens. ZvySena exprese
aktivovaného PAR-2 byla pozorovana 1 na dalSich strukturach v odliSnych oblastech CNS.
Velmi zajimava a prekvapujici byla napfiklad masivni pozitivita bunék plexus chorioideus
v porovnani s kontrolou. Aktivace PAR-2 nejspiSe souvisi sjiz dfive popsanymi
intraceluldmimi/transcelularnimi  mechanismy, jeZz se wuplatiuji v rdmci regenerace
mozkové tkand po poskozeni riznymi noxami. Ugast PAR-1 receptoru v patogenezi a
progresi mozkové ischemie byla studovana podrobné. Uvedené poznatky 1 vysledky nasi
prace podporuji ptedpoklad vyznamné role PAR v rozvoji poSkozeni mozkové tkané
prostiednictvim ovlivnéni dal§ich etiopatogenetickych mechanismi Tim se rozsifuje

moznost budouciho potencialniho pouziti agonistli/antagonistll protedzami aktivovanych
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receptort v prevenci a 1é¢be natolik epidemiologicky vyznamnych skupin onemocnéni jako

jsou cerebrovaskularni nemoci.

4.3 Vyhodnoceni zmény exprese PAR-2 v nddorové 1ézi - Exprese PAR-2
v infiltrativnim duktdlnim karcinomu mammy a vliv trypsinu na rast a

metabolismus bunééné linie mammamiho karcinomu MDA MB-231.

Pritomnost aktivovaného receptoru PAR-2 ve vSech vysetfenych bioptickych vzorcich
invazivniho duktalniho karcinomu mammy, bez ohledu na expresi prognosticky
vyznamnych proteind ¢i stupen diferenciace 1 ve dvou modelovych liniich mammarnich
karcinomu dokladd vyznam tohoto receptoru v iniciaci a progresi nadorového onemocnéni
mlééné Zlazy. Navic jsme v in vitro modelu specificky ovéfili v nadorovych elementech
pritomnost funkéniho receptoru, ktery ma schopnost po specifické aktivaci ménit jejich
prolifera¢ni aktivitu. Vyznam aktivace PAR-2 pro ovlivnéni migraéni aktivity bun&k
karcinomu mammy byl prokazan v recentni studii stejné jako vyznam PAR-2 v procesu
adheze nadorovych bunék k molekuldm mezibunééné hmoty. Ve vztahu k témto
predchozim vysledklim, jez dokladaji vyznamnou ulohu aktivace trypsinového receptoru
v procesu invazivity rustu nadoru a zaklddani vzdalenych metastaz, naSe pozorovani
prispiva k objasnéni vlivu aktivace PAR na proliferaci bunék karcinomli mlééné zlazy.
Utast PAR-2 v klitovych dgjich kancerogeneze a progrese karcinomti mlééné Zlazy
pfeduruje tento receptor pro budouci potencidlni farmakologické ovlivnéni
aktivatory/inhibitory proteazami aktivovanych receptora. NaSe vysledky vSak zéaroven
ukazuji, Ze toto vyuziti musi respektovat zejména fyziologickou pfitomnost velkého poctu
riiznych sérovych antiprotedz v organismu, které ucinky téchto typti farmak mohou

vyznamné ovliviiovat.
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5. Summary

It was presented that one of the pancreatic enzymes, trypsin, modulates many biological
processes by acting on specific proteinase-activated receptor 2 (PAR-2). PAR-2 belongs to a
family of G protein coupled receptors activated by tethered ligand sequences within the
N-terminal, which is made accessible after the site-specific cleavage of the protein. Trypsin
activates PAR-2 by the mediation of a unique process inhering in the recognition of the
receptor by enzyme, subsequent cleavage at the specific site of NH2-terminal and presentation
of a new NH2 terminal, which behaves as a tethered ligand. This ligand interacts with the
extracellular domain of receptor molecule. Thus, PAR-2 is a receptor, whose ligand is a
physical part of the receptor molecule. This receptor was previously described on normal as
well as malignant immunocompetent cells, on endothelial and muscle cells of major as well as
minor vessels. Its presence was also immunohistochemically demonstrated on intestinal
epithelial cells, epithelial cells of exocrine organs, keratinocytes, fibroblasts and other cell
types in stomach, small intestine, colon, liver and kidney. PAR-2 is expressed on various cells
with a wide spectrum of cellular responses after activation.

[n the first part of this work we focused on the role of PAR-2 during the process of acute
pancreatitis. An animal model of acute pancreatitis induced by taurocholate injection to
ductus choledochus of Wistar rats was used. Much higher positivity for PAR-2 on acinary/
duct cells was observed in APL induced animals than in controls. Similar findings were
noticed on arterial smooth muscle cells. Surprisingly, parallel to the exocrine pancreas and
vessel findings, enhanced Langerhans® islets cell positivity was observed in experimental
animals. Presence of PAR-2 expression on both vascular structures, and acinary and duct
epithelium in acute pancreatitis suggests an important role of trypsin-activated receptors in

induction/development and/or regeneration/repair/cellular protection in acute pancreatitis.
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Recently published data show that PAR-2 plays both beneficial and harmful effect in AP
development. Moreover, PARs contribute to systemic changes in AP development and
leading to multiple organ dysfunction syndrome and eventually death. Despite all the above
described effect of PAR-2 activation, the vascular action leading to the pancreatic ischemic
disturbance could be the leading mechanism starting consequent local changes resulting in
acute pancreatitis development.

The aim of the second part of the study was to characterize the expression of proteinase-
activated receptor-2 (PAR-2) in the brains of Wistar rats after single exposure to radiation at
26 Gy ("Co, 23 min, 15 sec). After irradiation, coronal sections of caudal diencephalons were
investigated using histology and immunohistochemistry. Significant PAR-2 membranous
positivity of scattered swollen neurons in deeper cortical layers was found in irradiated
animals compared with controls. Although this membrane positivity was noticed in all
irradiated animals, the most prominent occurred on day 30. Diffuse cytoplasmic positivity
was also demonstrated on shrunken neurons in the cortex and hippocampus. Increased
cytoplasmic and polarized membrane positivity was also noticed on the neurons of
hypothalamic nuclei. The causal relationship between blood-brain barrier damage, PAR-2
activation and neurodegeneration has not yet been verified. However, the present findings
indicate that PAR-2 mediates a certain type of cellular response. It remains to be
demonstrated whether this is a response to higher concentrations of factor Xa, a free pool of
trypsin or other unknown possible proteinases in brain tissue; whether changes in PAR-2
expression are consequences of direct radiation damage to neuronal cells; whether this
reaction is protective; and whether primary PAR-2 activation results in neuronal damage.
Altered function of PAR-2 has been described in different malignant tumours. In the last part
of the study, we investigated the expression of PAR-2 in breast cancer surgical spectmens and

the role of trypsin in breast cancer cell line MDA MB-231 proliferation and metabolism. A
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total of 40 surgical samples of infiltrative ductal breast cancer and breast cancer cell line were
included in this study. We analyzed PAR-2 expression by immunohistochemistry, RT-PCR
and western blot. Activation of PAR-2 on cell line MDA MB - 231 was measured using
calcium mobilisation assay determined by flow cytometry. MTT cell metabolism assay and
cell count analysis were used to assess the trypsin influence on breast cancer cell line MDA
MB - 231 proliferation.

Immunohistochemical examination showed the expression of PAR-2 in all samples of breast
cancer surgical specimens and cell lines in high level, this was confirmed by RT-PCR and
western blot. Calcium mobilisation assay corroborated the activation of PAR-2 on cell line
MDA MB - 231 either by trypsin or by agonistic peptide. Cell metabolism assay and cell
count analysis showed significant differences of proliferative activity of breast cancer cells
dependent on presence or absence of trypsin and serum in culture medium. The results of this
study showed that:

PAR-2 is expressed in a high level in infiltrative ductal breast cancer tissue specimens.

PAR-2 is expressed in studied breast cancer cell lines in a high level.

PAR-2 is activated by trypsin and by agonistic peptide as well in the model of breast cancer
cell line MDA MB-231.

Activation of PAR-2 in vitro influences proliferative and metabolic activity of breast cancer
cell line MDA MB-231.

The action of trypsin is modified by the presence of serum which is a potential source of
protease inhibitors.

In conclusion, we would like to sum up that PAR-2 is an important receptor involved in many
types of essential pathophysiological processes, as inflammation, reactions to radiation
damage or in cancerogencsis. Further studies should be performed in the near future to

complete our understanding of all possible PAR-2 actions. This will enable to utilize the
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knowledge on the effects of activators/inhibitors of PAR that could be used as potential

powerful drugs influencing the course of different pathological processes.
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