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1. UVOD

Jaterni cirhéza je onemocnéni, vznikajici jako odpovéd’ na chronicky zanét jaterniho
parenchymu razné etiologie. Charakterizuje ji destrukce parenchymu a nasledné nadmérné
ukladani mezibunécné hmoty (extracelularni matrix) a poruchy mikrocirkulace. Nejcastéjsi
pfi¢inou je hepatitida B a C, alkoholova i nealkoholova steatohepatitida a steatoza. Celosvétove
je alkohol piiginou az 50 % vsech jaternich cirhoz, v Ceské republice je to 30 %. Roéné u nas
umira na cirhézu 20 ze 100 000 obyvatel (Piibramska, 2007). Kvuli zvySujicimu se vyskytu
obezity ziejmé dojde k nardstu jaterni fibrozy spojené s nealkoholovou steatohepatitidou
(NASH). Celosvétové se udava tiiprocentni prevalence NASH v populaci, v Ceské republice
vSak neni znama (Ptibramska, 2008).

Na pocatku fibrogeneze je nekréza nebo apoptéza hepatocytli ndsledovani zanétlivou
reakci. Ta aktivuje jaterni hvézdicové bunky v subendotelidlnim prostoru, které ztraceji
schopnost skladovat vitamin A a méni se v myofibroblasty produkujici soucasti pojiva
(kolageny, elastin, strukturalni glykoproteiny, proteoglykany a kyselinu hyaluronovou). Zména
fenotypu hvézdicovych bunék a aktivace ostatnich typti myofibroblastti je klicova pfi rozvoji
jaterni fibrozy, umoziuje kvantitativni 1 kvalitativni pfestavbu normalni extraceluldrni matrix.
Tyto zmény ovliviluji chovani vSech typl jaternich bunék. Myofibroblasty neprodukuji jen
soucasti mezibunééné hmoty, ale 1 cytokiny a enzymy jako napf. metaloproteinasy schopné
degradovat extracelularni matrix.

Cely proces aktivace hvézdicovych bunck a jeho regulace se V poslednich desetiletich
intenzivné zkoumd. Fibroza je z dneSniho pohledu dynamicky proces, jeji regrese je spojena
se snizenim poc¢tu myofibroblastli, aktivaci metaloproteinas a snizenim obsahu kolagenu. Neni
zcela jasné, do jaké miry jde o likvidaci myofibroblasti apoptézou a do jaké miry jde o navrat
myofibroblasti ke klidovému fenotypu. Predpokldda se, ze kli€¢ovou ulohu hraji interakce
hvézdicovych bunék a myofibroblasti s extracelularni matrix. Poznatky o cirkulujicich
markerech aktivace hvézdicovych bunék by mohly poskytnout cenné informace vyuzitelné

pro diagnostiku, terapeutické monitorovani fibrogeneze a v budoucnosti i k biologické terapii.



2. CILE PRACE

Cilem nasi prace bylo:

1. Izolovat hvézdicové buniky a myofibroblasty z normalnich a z cirhotickych jater

potkani. Charakterizovat je podle exprese cytoskeletalnich markert.
2. Popsat zmény v expresi genl provazejici aktivaci hvézdicovych bunék a jejich
pfeménu na myofibroblasty. Porovnat expresi gentt hvézdicovych bunék izolovanych

ze zdravych a z cirhotickych jater potkant.

3. Zjistit jak myofibroblasty reaguji na pfitomnost trojrozmérné kolagenni a fibrinové

matrix pti kultivaci in vitro a popsat zda a jakych zpisobem to ovlivni jejich fenotyp.
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3. PREHLED SOUCASNEHO STAVU PROBLEMATIKY

3.1. JATRA

Jatra zaujimaji centrdlni postaveni v intermediarnim metabolismu. Probihd zde
metabolismus sacharidd, lipida, cholesterolu a bilkovin. Jatra metabolisuji dusikaté latky,
zabezpecuji tvorbu moc€oviny a Ucastni se na detoxikaci xenobiotik.

Jaterni parenchym tvofi hepatocyty (60-70 % bunééné populace jater) uspoiadané
do tramct kolem centralni zily protékajici stfedem lalicku. Lalacek je zakladni morfologickou
jednotkou jater (viz Obr. ¢. 1). Ma cylindricky tvar, délku nékolik milimetrd a primér az 2 mm.
Podél tramct hepatocytii probihaji jaterni sinusoidy, prostor mezi sténou sinusoid a hepatocyty
se nazyva tzv. perisinusoidalnim prostor (Disseho prostor). Uprostfed trdmct se nachazeji
ZluCové kapilary ustici do terminalnich Zlu€ovodli uloZenych v septech mezi sousednimi
lalicky. Epitelové bunky intrahepatalnich zlu¢ovych vyvodi se nazyvaji cholangiocyty (tvofi
2-3 % bunécné populace jater).

V misté styku tfi nebo Ctyf sousedicich lalickll se nachéazi portobiliarni prostor vyplnény
fidkym kolagennim vazivem, kudy probihaji terminalni portilni venuly, termindlni jaterni

arterioly a terminalni lymfatické cévy (Ehrmann, Hilek, 2010).

Obrazek €. 1: Schéma jaterniho lali¢ku, tramce hepatocyti s jaternimi sinusoidami a portobiliarnim
prostorem. Ve vyfezu detail Disseho prostoru a HSC (pievzato z Friedman and Arthur, Science &
Medicine, 2002).
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Kromé¢ hepatocytii a cholangiocytt se vSak v jatrech najde skupina tzv. neparenchymovych
bun¢k. Znich 40-60 % tvofi endotelové bunky sinusoid. DalSimi piedstavitely jsou
Kupfferovy bunky - tkanové makrofagy, zakotvené ve sténé sinusoid (25-40 %), jaterni
hvézdicové buiky z Disseho prostoru (5-10 %) a jaterni NK buiiky (natural killer cells), zvané
pitt cells (Alpini, 1994).

3.2. JATERNI CIRHOZA

3.2.1. Patogeneze jaterni fibrozy a cirhézy

Jaterni cirh6za je onemocnéni, vznikajici jako odpovéd na chronicky zanét jaterniho
parenchymu vyvolany virovou hepatitidou B a C, onemocnénim Zlucovych cest, metabolickymi
chorobami (nealkoholickd steatohepatitida, Wilsonova choroba, hemochromatéza),
autoimunitnim  procesem ¢i  toxickym  poSkozenim jater nejbézngji  alkoholem
(Ehrmann, Hilek, 2010). Pti chronickém poskozeni jater z vySe zminovanych divodi dochazi
k rozpadu puvodni struktury jaternich lalic¢kt vlivem nekrozy a apoptozy hepatocyti a jejich
nahradou vazivem. Zmény morfologické 1 funkéni se tykaji nejen hepatocyti, ale i ostatnich
jaternich bunék. Pro cirhozu je charakteristickd tvorba regeneracnich uzlii ohrani¢enych
vazivem. Hromadéni vaziva je nasledkem posunu rovnovadhy mezi akumulaci proteini ECM
a jejich degradaci ve prospéch fibrogeneze. Dochazi k akumulaci zejména kolagenu typu I a 111,
proteoglykanti a glykoprotein. Zmény ECM jsou nejen kvantitativni, ale i1 kvalitativni.
Normalni ECM pfipominajici svym slozenim bazdlni membrinu se méni na ECM
S pfevazujicim fibrildrnim kolagenem typu I.

Cesta od prvotniho zanétu k chronickému zanétu a fibréze je velmi slozitd. Pokusim se zde
popsat alesponi zdkladni aspekty tohoto procesu. Podivame-li se na bunécnou troven piicin
vzniku fibrézy, tak hepatocyty mohou byt akutné poskozeny hypoxii, oxidaénim stresem
ze zvysené tvorby reaktivnich forem kysliku a dusiku (RONS), Zlu€ovymi kyselinami
pii cholestaze, nebo faktorem nadorové nekrozy (TNF) u virovych onemocnéni. Hepatocyty
pak jdou bud’ do apoptozy nebo nekrotizuji. Nekroza je provazena zanétem, aktivuje se proces
hemokoagulace a antifibrinolyticky systém. Degranulace desticek pfispiva k vasodilataci
a zvySeni permeability kapildar (Wynn, 2008). Na aktivovany cévni endotel (Volpes, 1991)
adheruji leukocyty, které prostupuji do mezibunééného prostiedi. Apoptdza hepatocytli
anasledna fagocytéza apoptickych fragmentd Kupfferovymi bunkami vede k produkci
chemokinli a cytokint. Jaterni hvézdicové bunky (HSC) se spolu s myofibroblasty (MF)

a endotelovymi buitkami aktivuji, coz vede k produkci metaloproteinas (MMP) schopnych
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degradovat slozky bazalni membrany. Tim se usnadni pfistup k poskozené tkéni fagocytujicim
makrofagim a neutrofilnim granulocytim (Yang, 2003). Poskozena tkan se nahrazuje, a to v
prvnich dnech plasmatickym fibrinem. HSC a MF vyuzivaji své schopnosti kontrakce pro
migraci podél fibrinovych vldken do mista postizeni, kde produkuji cytokiny a slozky
extracelularni matrix, zejména kolagen typu I, a nahrazuji nepfiili§ pevnou provizorni fibrinovou
matrix jizvou s pfevahou kolagenu.

Po akutnim poskozeni dochazi pti odeznéni zanétu k reparaci poskozené tkané. V ptipade,
ze pusobeni noxy trva, dochdzi k nadmérné akumulaci patologické matrix, HSC a MF
proliferuji, dochazi k parakrinni i autokrinni aktivaci bunék predevsim diky transformacnimu
rastovému faktoru Bl (TGF-B1), k podpofe jejich déleni a dalsi produkci kolagenu typu I
(Olaso, 1998). Vysledkem je porucha homeostizy ECM, pii ¢emz produkce pievazuje
nad degradaci proteinit ECM. Dochazi ke zméné uspotfadani bunék sinusoid, k tzv. kapilarizaci,
zméné fenotypu a ztraté fenestrace endotelovych bunek, coz vede ke zhorSené vyméné latek
mezi krevnim ob&hem a hepatocyty (Ramadori, 1998).

Rozvinuta jaterni fibroza prechazi do cirhozy, zvysuje se odpor v jaternim fecisti a vznika
portalni hypertenze. Vysledkem je pfestavba jaterni tkané s typickymi regeneracnimi uzly
obklopenymi vazivovymi septy.

Dtive se jaterni fibréza povazovala za nevratny proces. V poslednim desetileti
experimentalni prace i klinické studie hovoii o opaku. V roce 1998 Iredale publikoval zésadni
praci, naznacujici moZnost castecné reparace jaterni fibrézy. U potkanli navodil fibrozu
opakovanym podavani CCly, coz prokazal histologicky, jatra ¢asti zvitat pak analyzoval mésic
po ukonceni podavani CCly a zjistil CasteCnou regresi poskozeni. Histologicky obraz byl
normalni, obsah hydroxyprolinu se snizil na hladinu srovnatelnou se zdravymi zvifaty, stejné
tak doSlo k poklesu mRNA kolagenu typu 1, tkdiiového inhibitoru metaloproteinas 1 a 2
(TIMP-1 a -2). Prokazan byl také tibytek a-SMA (a-aktin hladké svaloviny) pozitivnich bunék
a jejich apoptdza. Podobné vysledky publikoval i Issa (2001, 2004) u potkant po zprichodnéni
zluGovodu. Regrese fibrozy — na rozdil od pokrocilé cirhdézy - byla zdokumentovana
I Upacientd s hepatitidou C, autoimunitni hepatitidou, alkoholickou 1 nealkoholickou

steatohepatitidou po Gspeésné 1écbé nebo odstranéni priciny (Povero, 2010).

3.2.2. Morfologicka klasifikace jaternich cirhéz
Jaterni cirh6zu muzeme rozdélit dle morfologie, etiologie a funkce. Z morfologického
hlediska rozeznavame tfi zakladni druhy cirhdz: portdlni, postnekrotickou a bilidrni. Lisi se

od sebe histologickym obrazem a etiologii (Pelikan, 1973). Portalni cirhdza je charakterizovana
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Vv pocatku velkym mnozstvim tuku v jaternich bunikach, vznikem pseudolobuli, u kterych neni
vena centralis uprostfed, je zatlatend k okraji lalicku nebo Upln€é chybi. Regeneracni
hyperplastické uzly jsou ohrani¢ené riizn¢ Sirokymi pruhy vaziva, které obsahuji zménéné
portobiliarni prostory a pseudoduktuly. Ve vazivu se nachazi lymfocytarné¢ - plazmocytarni
infiltrat. V klidovych féazich je vazivo maélo bunécnaté, tvoii tenké pruhy, které neostie
ohranicuji hyperplastické pseudolobuly.

Postnekrotickd cirh6za se vyviji po masivni difuzni nekréze jater, mize se vyvinout
i po opakovanych loziskovych nekrézach, napi. pii virové hepatitidé. Po masivni nekroze
regeneruji zbylé hepatocyty a vytvareji se multilobularni uzly s nepravidelnymi rtizné Sirokymi
jizvami. Pfi chronické hepatitidé postupné ubyva jaterni parenchym a zmnoZuje se vazivo.
Proces progreduje a casto konci selhanim jaternich funkci.

Biliarni cirhéza se vyviji pifi obstrukci extra- ¢i intrahepatdlnich Zzlucovych cest.
Mimo méstnani ZluCe se jako patologicky faktor uplatiuje chronicky zanét Zlucovodd.
V mikroskopickém obrazu vidime rozsifené portobilidrni prostory s novotvoienymi zlu¢ovody,
zanikly jaterni parenchym je nahrazen vazivem. Ubytek parenchymu nikdy nedosahuje
takového stupné jako u portalni cirh6zy. V centralnich oblastech jsou viditelné hrudky
zahus$téné ZluCe, tzv. Zluové valce, Castecné fagocytované Kupfferovymi buikami (Brozman,
Ondrus, 1976).

Z divodl nejednoznacnosti diagnozy byla v roce 1974 navrZzena nova klasifikace, kterd déli
cithozu z morfologického hlediska na mikronoduldrni, makronodularni, smiSenou
a multilobularni (Galambos, 1975). Mikronodulérni cirh6za se vyznacuje pravidelnymi septy
amalymi regeneracnimi uzly. Makronodularni cirhéza je casto pozdnim typem cirhozy
mikronodularni, charakteristické jsou pro ni nestejnd tloustkou sept i noduli a vyskyt
normalnich lalt¢kd uvnitt vétsich uzlt (Ptibramska, 2007).

Popis jaterni cirh6zy na zdkladé velikosti uzli neni v dneSni dobé dostatecny, cilem je
stanoveni diagnozy na zakladé etiologie. Krom¢ jaterni biopsie, kterd je zlatym standardem,
se pro hodnoceni stavu fibrozy vyuzivaji i neinvazivni metody - biochemicka vySetieni
sérovych biomarkert fibrozy a radiologické metody. K hodnoceni funkéniho stavu jater
se bézné pouziva Child-Pughova klasifikace, zohlediujici laboratorni ukazatele - hladiny
albuminu, bilirubinu a protrombinovy ¢as a klinické parametry - pfitomnost ascitu,

encefalopatie (Ehrmann, Hulek, 2010).
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3.2.3. Experimentilni modely jaterni fibrézy a cirhézy

Pro zkouméni patofyziologie jaterni fibrozy a latek s antifibrogennim potencidlem
se vyuziva pfevazné potkanti kmeni Wistar a Sprague Dawley, V poslednich letech se stale vice
objevuji studie vyuzivajici transgenni mysi modely.

Toxické poskozeni jater se navozuje naptiklad tetrachlormethanem, jehoz podani modeluje
postnekrotickou fibrézu. Thioacetamid, dimethylnitrosamin nebo podvazani zlu¢ovodu slouzi
k vyvolani sekundarni biliarni fibrézy. Nevyhodou podvazani ZzluCovodu je reverzibilita
histologickych zmén po rekanalizaci zlucovych vyvodii a vysoka mortalita zvifat. Autoimunni
hepatitidu lze vyvolat podanim heterologniho séra, nealkoholové ztukovaténi jater dietou bez
cholinu a methioninu (Brenner, 2009).

V nasi praci jsme pouzili tetrachlormethan (CCls). Ten je metabolizovan v jatrech
cytochromem P450 na toxicky volny radikal CCls. Reakei radikalu CCls s kyslikem vznika
jesté reaktivngjsi radikdl CCl300'. Tyto radikdly mohou pifimo reagovat s nenasycenymi
mastnymi kyselinami bunéénych membran nebo organel ¢i S jinymi bunéénymi komponentami,
coz vede k dalsi tvorbé volnych radikalt a produktd peroxidace, k poSkozeni lipidl, nukleovych
kyselin a dalsich dulezitych molekul. Hepatotoxicita tetrachlormethanu je potencovana latkami,
kter¢ indukuji izoenzymy cytochromu P450, napf. fenobarbital. Zmény v jaterni tkéni
pfipominaji alkoholové poskozeni jater u Clovéka. V pocatku jde o zanét a masivni nekrozu
hepatocytil prechazejici v steatézu a centrilobularni nekrézy, pozdéji septalni fibrézu az rozvoj
cirhozy po opakovaném podavani tetrachlormethanu (Tamayo, 1983). V posledni fazi jsou tyto
zmény do znacné miry ireverzibilni. Intragastrické podavani je nejefektivnéj$i v porovnani

S podavanim podkoZnim, intraperitonealnim nebo inhala¢nim.

3.3. JATERNI MYOFIBROBLASTY

Poskozeni tkan€ vede k zanétlivé odpovédi a k jeji nahradé¢ provizorni ECM. Nejprve
se formuje se granulacni tkan, ktera slouzi k vyplnéni defektu, skladd se z kapilar,
proliferujicich fibroblastii a zanétlivého infiltratu. Fibroblasty se meéni, nabyvaji charakteru
bun¢k hladkého svalu, cytoplasmé& se objevuji svazky mikrofilament a stresovych vlaken
dualezitych pro kontrakci a migraci bun¢k. Takové buniky se nazyvaji myofibroblasty. Zména
Vv zastoupeni cytoskeletalnich proteint se vyuziva k jejich charakterizaci. Prvni typ bunék, ktery
byl popsan jako zdroj myofibroblastt v jatrech, byly HSC. Dosud jsou také nejvice studovanou

populaci MF.
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3.3.1. Historie, nomenklatura HSC a MF

Ito v roce 1952 popsal neparenchymovy typ bunék a nazval je ,fat storing cells®.
Bronfenmajer v roce 1968 piejmenoval tyto buniky na lipocyty na zdklad¢ jejich role v
metabolismu vitaminu A a tukti. V soucasné dob¢ se pouziva jednotny nazev jaterni hvézdicové
bunky (hepatic stellate cells - HSC) namisto diive pouzivanych termint Itovy butiky a jaterni
lipocyty (Ramadori, 2002). Aktivovanym HSC (tzn. o-SMA pozitivnim) se také ftika
myofibroblasty. V poslednim desetileti se zacaly objevovat prace zabyvajici se jaternimi MF,
které¢ se od HSC lisi lokalizaci v jaternim lalicku a také expresi cytoskeletalnich markeri.
Jedna se o portalni, septalni atzv. interface myfibroblasty. Jejich lokalizaci schematicky
znazornuje Obr. €. 2.

Portalni fibroblasty (pMF) se nachazeji v ECM portobilidarnim prostoru jaterniho laltcku,
aktivuji se pti ischemii a méstnani zluci. Exprimuji stejné cytoskeletalni antigeny jako septalni
MF (sMF), které se nachazeji uvnitt vznikajicich vazivovych sept. Interface MF (iMF)
se vyskytuji na rozhrani portobilidrniho prostoru a parenchymu nebo na rozhrani vazivovych

sept a parenchymu (Cassiman, 2002).

Obrazek ¢. 2: Schéma jaterniho lalii¢ku s vazivovym septem mezi v. centralis (CV) a portobiliarnim
prostorem (PP). Mod¥e jsou znazornény iMF, Zluté p,sMF a oranZové HSC/MF.

Z hlediska fibrogeneze nas nejvice zajimaji myofibroblasty pochazejici z HSC - nékdy
oznacované jako HSC/MF. Nachazeji se v okoli sinusoid, povaZuji se za hlavni fibrogenni
bunky jater, i kdyz i ostatni typy MF maji tento potencial (Ijzer, 2006). Je tfeba zminit i prace
popisujici ve fibrotickych jatrech vyskyt MF s extrahepatalnim plivodem; at” uz z fibrocytl
z kostni dien¢ - cirkulujicich prekurzord mezenchymalnich bun¢k (Kisseleva, 2006) anebo
mezenchymalnich kmenovych bunék (Forbes, 2004). Diskutuje se i vznik MF pfeménou

z hepatocytd, tzv. epitelial-mesenchymal cell transition (Zeisberg, 2007), kterou vsak jini autofi
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nepovazuji za moznou (Taura, 2010). Relativni zastoupeni MF vzniklych jinou cestou nez

aktivaci HSC je stale pfedmétem zkoumani.
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Obrazek ¢. 3: Mozné bunééné zdroje MF v jatrech jsou HSC, hepatocyty (diky preméné epitelu na
mesenchymovou buiiku tzv. epitelial-mesenchymal cell transition), pMF, buiiky kostni difené.

3.3.2. Funkce HSC v normalnich jatrech

v nich ulozeno az 85 % celkovych zasob vitaminu A (Gressner, 2008). Estery retinolu
rozpusténé v tucich potravy jsou emulgovany zZlu¢ovymi kyselinami, hydrolyzovany ve stfevni
sliznici a nasledné vstfebany do stfevniho epitelu, kde je pfijimany retinol opét esterifikovan
a transportovan v chylomikronech lymfatickymi cévami do krevniho ob&hu. Chylomikronové
zbytky i s estery retinolu jsou vychytavany jatry. V jatrech je vitamin A ukladan do zasoby
do HSC (v malém mnozstvi i do hepatocyti) pravdépodobné jako lipoglykoproteinovy
komplex. Pro transport do tkani je komplex hydrolyzovan a retinol navazan na retinol vazajici
protein (RBP) a vylu¢ovéan do plasmy. V plasmé se také v malém mnoZstvi vyskytuje retinova
kyselina vazana na albumin (Blaner, 2009). Periferni bunky vychytavaji komplex retinol-RBP
pomoci receptorit STRA6 (Blaner, 2007), které retinol oddéli a pfenesou do nitra buiiky, kde
je enzymaticky oxidovan na retinal a retinovou kyselinu. Faktu, Ze HSC obsahuji tukové
kapénky, poprvé vyuzil k izolaci bun¢k De Leeuw (1984). Po rozruSeni jaterni struktury perfuzi
pronasou a kolagenasou vyuzil centrifugaci v hustotnim gradientu.

Aktivace HSC na MF je provazena ztratou tukovych kapének obsahujicich retinol. Masivni
uvolnéni retinoidli z bunéénych zisob milze diky transkripénim faktorim, receptorim
pro kyselinu retinovou (RAR a RXR) a jejich vazbé na promotory oznaované jako RARE
(retinoic acid response element), ovlivnit expresi celé fady geni v HSC napt. prokolagenu typu
I, III, IV a lamininu (Hellemans, 1999). Neni dosud zcela jasné, zda je ztrata retinoidi nezbytna

pro aktivaci HSC nebo naopak je jejim disledkem.
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HSC se fadi mezi tzv. buiiky prezentujici antigen (APC). Maji téz schopnost diferencovat se

Vv progenitorové buiiky endotelu a hepatocytti (Gressner, 2008).

3.3.3. Aktivace HSC

Proces aktivace HSC je klicovym bodem fibrogeneze v jatrech. Rozumime jim zvysSenou
proliferaci HSC a zménu jejich fenotypu. Z HSC se stanou MF schopné syntetizovat ECM, pro-
i protizanétlivé cytokiny a rastové faktory, metaloproteinasy a jejich inhibitory.
Pro zjednoduseni popisu tohoto sloZitého procesu Friedmann zavedl jeho rozd¢leni na dvé faze:
iniciaci, kdy zmény fenotypu HSC jsou zavislé na stimulaci okolnimi bunikami a signalnimi
molekulami a perpetuaci, kdy se samy HSC udrzuji v aktivovaném stavu.

Iniciace

Iniciace, ktera piedchazi zanétlivé reakci, vede k rychlym zménam v genové expresi
azméné fenotypu HSC diky parakrinni stimulaci. Hepatocyty a Kupfferovy buiky
jsou vyznamnym zdrojem ROS (Gressner, 1995), diky indukci monooxygenasy cytochromu
P450 (CYP 2E1) v hepatocytech a NADPH oxidasy fagocytujicich Kupfferovych bun¢k a HSC
(De Minicis, 2007). Jejich aktivita je v poSkozenych jatrech navic zesilena absenci pfirozenych
antioxidantl (napf. glutathion). ZvySena exprese cytochromu CYP 2E1 v HSC stimuluje
expresi genu pro kolagen I (Baroni, 1998).

Kupfferovy butiky, hepatocyty, endotelidlni bunky a krevni desticky vytvateji TGF-81,
ktery stimuluje produkci ECM proteint, kolagenu typu I, III, IV (Gressner, 2002)
i nekolagennich makromolekul ECM elastinu, tenascinu, osteonektinu, biglykanu a dekorinu.
Snizuje  jejich degradaci metaloproteinasami, intersticialni  kolagenasou (MMP-1)
a stromelysinem (MMP-3), zvysenim tvorby tkanového inhibitoru metaloproteinas TIMP. Brzdi
regeneraci hepatocytli snizenim produkce riistového faktoru hepatocytii (HGF).

Poskozeni endotelovych bunék stimuluje produkci tkédniového fibronektinu, ktery nasledné
stimuluje HSC (Jarnagin, 1994). Endotelie také pomdahaji konvertovat latentni formu TGF-81
v aktivni, fibrogenni formu, pomoci aktivace plasminem (Friedman, 2000). Desti¢ky produkuji
destickovy riastovy faktor (PDGF), TGF-B1 a epidermalni rustovy faktor (EGF)
(Bachem, 1989).

Perpetuace

Jiz aktivované HSC podléhaji dalS$im zménam souhrnné oznacovanym jako perpetuace.
Ta zahrnuje proliferaci, zvySeni kontraktility, fibrogenezi, chemotaxi, degradaci matrix, ztratu

retinolu a produkci cytokini.
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Aktivované HSC exprimuji na svém povrchu fadu specifickych membranovych receptora,
napt. receptor pro TGF-a, TGF-B1 a EGF (Li, 2001), dale pak receptor pro PDGF a cévni
endotelialni rastovy faktor (VEGF). Efekt dals$iho z receptor, receptoru pro endotelin 1 (ET-1),
je zprosttedkovan dvéma s G-proteinem spojenymi receptory ETA a ETB pfitomnymi jak
v klidovych, tak i v aktivovanych HSC (Kawada, 1995). ET-1 ma v klidovych HSC
prosttednictvim ETA receptoru proliferativni efekt (Pinzani, 1996), zatimco ETB
zprostiedkovava kontrakci a inhibici ristu (Rockey, 1995).

Pocet HSC stoupa diky uc¢inkim mitogennich faktori, které plisobi pies receptory spojené
s tyrosinkinasou. Nejvyznamng&j$im rustovym faktorem je PDGF, aktivované HSC exprimuji
PDGEF receptor (Friedman, 2000). Dalsimi mitogennimi faktory jsou VEGF (Yoshiji, 2003),
trombin, EGF, TGF-a a rustovy faktor fibroblastu (bFGF) (Bataller, 2005). Lokaln¢ se pocet
HSC zvysuje proliferaci a také jejich migraci smérem k poskozenym mistim. PDGF byl popsan
také jako hlavni chemoatraktant aktivovanych HSC (Kinnman, 2000), mezi dal$imi to jsou
napt. faktor stimulujici kolonie (CSF) a monocytarni chemotakticky peptid (MCP-1)
(Marra, 1999).

HSC produkuji celou fadu slozek ECM, nejvyznamnéjSim proteinem fibrotickych jater
je kolagen typu I. Exprese mRNA prokolagenu typu I vzrista az 60 nasobné a je regulovana
transkripénimi faktory jako jsou NF-kB ¢i KLF (Kruppel-like factor). Mezi profibrogenni
cytokiny patii kromé zminovaného TGF-B1 ristovy faktor pojivové tkané (CTGF), jehoZz
hlavnim zdrojem v jatrech jsou hepatocyty a také aktivované HSC. Zatimco v hepatocytech
je exprese CTGF zavisla na TGF-B1, v HSC ma klicovy vliv endotelin ET-1 (Gressner, 2007).

Zanik

Bé&hem faze hojeni se snizuje absolutni poc¢et HSC, pfic¢emz jednou z moznych cest zaniku
HSC je apoptoza. Apoptoza je fizend bunétna smrt, pii které dochazi intracelularné
Kk proteolyze diky aktivaci enzyml kaspas. Vysledkem je fragmentace DNA a morfologické
zmény jako je kondenzace jadra, bobtnani cytoplasmatické membrany a vznik apoptotickych
télisek, které jsou pohlcovany okolnimi fagocytujicimi buikami. Vnéj$i cesta aktivace apoptdzy
vede ptes repceptory smrti (Fas a TNFR-1). Aktivované HSC exprimuji na svém povrchu Fas
receptor 1 Fas ligand, mize u nich dochazet k autokrinni aktivaci apoptézy (Saile, 1997).
Aktivované HSC jsou nachylnéjsi k apoptdze vyvolané in vitro nedostatkem séra ve srovnani
s klidovymi HSC (Murphy, 2002). HSC béhem aktivace podléhaji apoptdze paralelné s expresi
p53, Bcl-2, CD 95L (Fas ligand).
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Obrazek 4: Schéma: vliv cytokini a chemokini Kupfferovych bunék, hepatocytii, endotelidlni bunék,
krevnich desticek na aktivaci HSC na MF. Autokrinni stimulace MF.

Nékteré profibrogenni cytokiny piisobi jako tzv ,surviving factors®. Pfi poSkozeni jater
hepatocyty a HSC produkuji IGF, diky jeho antiapoptickému vlivu je zajiSténo preziti HSC.
Antiapopticky pasobi i TNF-a a TGF- (Saile, 1999), o které také neni v poskozenych jatrech
nouze, ziejm¢ diky snizené expresi CD95SL a zasahem do exprese bcl, p53 a NF-xB
(Saile, 2001).

MMP se Ucastni regulace apoptozy diky své schopnosti Stépit extracelularni domény
bunéénych receptorti (pro i protiapoptickych). MMP se mohou inhibovat prostfednictvim
TIMP-1, jehoz hladina je pfi fibréze zvysend, coz mize pusobit antiapoptopicky na aktivované

HSC (Murphy, 2002). Také slozeni ECM ovliviiuje apoptozu HSC.

3.3.4. Morfologie a imunocytochemicka charakterizace HSC a myofibroblasti

HSC maji vietenovita téla s ovalnym podlouhlym jadrem, mirné¢ vyvinutym drsnym
endoplasmatickym retikulem, malym Golgiho komplexem a napadné dlouhymi rozvétvenymi
cytoplasmatickymi vybézky. Ty sahaji az pod endotelové bunky a obtaceji se kolem sinusoid.
Na lumindalni strané prochazeji vybézky Disseho prostorem az k hepatocytim. Vybézky sahaji
k nervovym zakoncenim, ktera se ¢astecné podili na vazoregulaci (Li, 2001). B€hem jaterniho
poskozeni se struktura HSC méni, s aktivaci se zvySuje produkce proteinll, s tim souvisi
zvétSeni drsného endoplasmatického retikula a Golgiho aparatu.

Ve zdravych jatrech lze HSC prokéazat perisinusoidalné pomoci imunocytochemického
barveni na kysely gliovy fibrilarni protein (GFAP), fibulin 2 a také nespecificky na desmin.
Desmin obsahuji i MF, v lidskych jatrech desmin detekovan nebyl. Po aktivaci se HSC/MF
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barvi na a-SMA a neuralni adhezni protein (N-CAM). a-SMA ve zdravych jatrech mizeme
detekovat jen v pMF, které jsou na rozdil od HSC GFAP negativni (Knittel, 1999). Pro uplnost

uvadim piehlednou tabulku exprese cytoskeketdlnich markeri HSC a MF ve zdravych

a cirhotickych jatrech.

Zdrava jatra Cirhoticka jatra
Marker HSC pMF HSC/MF p,sSMF
Desmin +++ +++ +++ ++
GFAP +++ 0 ++ +
a-SMA 0 +++ ++ +++
N-CAM 0 + ++ +++
Fibulin 2 + +++ + +++

Tabulka €. 1: Exprese cytoskeketalnich markeri HSC a MF ve zdravych a cirhotickych jatrech
potkani (podle Knittel, 1999, a Cassiman, 2002, zkraceno).

Prozatim neni vyfeSena otazka pivodu HSC. Na zdkladé¢ exprese GFAP, nestinu
a synaptofyzinu se polemizuje o HSC jako o buikach splvodem Vneurdlni listé
(Buniatin, 1996; Niki, 1999; Cassiman,1999). HSC vsak exprimuji markery typické pro bunky
kostni dfen¢ ICAM, CD-40 (Baba. 2004). Tato otazka zlstava zatim nevytesena.

Izolace HSC s pouzitim hustotniho gradientu je obecné piijimanou metodou
(Ramadori, 2002). Neparenchymova bunécna frakce kromé klidovych HSC obsahuje i MF
(Knittel, 1999; Ogawa, 2007). HSC se kultivaci aktivuji, ale jejich proliferacni potencial je
omezeny, udava se, ze jsou schopné piezit 2 pasaze. Naopak MF lze kultivovat i po opakované
pasazi (Kim, 2005). Pouze klidové HSC exprimuji GFA. HSC po aktivaci obsahuji a-SMA
a vétsinou i desmin. MF exprimuji také a-SMA, fibulin-2 ale desmin jim chybi (Knittel, 1999;
Ogawa, 2007).

3.3.5. Vliv kultiva¢niho prostiedi na HSC a jaterni myofibroblasty

Podrobné studium chovani HSC bylo umozZnéno po zavedeni enzymatické perfuze jater, kdy
dojde krozruseni tkané pronasou a kolagenasou, s naslednou izolaci HSC na hustotnim
gradientu. Nektera pracovisté vyuzivaji kK separaci frakci neparenchymovych bunek jater
elutriaci (centrifugace, kdy proti odstfedivé sile pasobi prutok analyzovaného materialu
v dostfedivém sméru).

Vseobecné uzndvany model pro aktivaci HSC in vitro je kultivace na plastikovych Petriho
miskach v mediu se sérem, aktivaci lze urychlit pfidanim cytokinti nebo riistovych faktorti jako

napi. PDGF, TGF-B81 (Bachem, 1992). Po n¢kolika dnech dochazi k morfologickym
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a funk¢nich zménam nazyvanym aktivace. Aktivace zahrnuje zménu fenotypu cytoskeletalnich
proteint, expresi a-SMA, ale i podstatnou zménu v expresi fady genli podporujicich fibrogenezi
v jatrech. Aktivaci HSC ovliviiuji nejen cytokiny a ristové faktory, ale 1 proteiny extracelularni
matrix vazbou na integriny a naslednou aktivaci signalizacnich kaskad. Klicova neni jen pouha
ptitomnost proteinti matrix (Kultivace na potazenych miskach) ale i trojrozmérna struktura (gely
rizného slozeni) a jeji mechanické vlastnosti. Z toho divodu se fada studii zabyva vlivem
kultiva¢niho prostiedi na chovani bunék.

Aktivované HSC kultivované na plastu, nebo kolagenem typu I potazenych miskdch maji
polygonalni tvar s viditelnymi stresovymi vlakny. Buiky kultivované v Kolagennim gelu
se vyznacuji dlouhymi vétvenymi vybézky (Sato, 2003). Matrigel, mezibunénd hmota
produkovana bunikami Engelbreth-Holm-Swarmova (EHS) sarkomu, obsahujici mimo jiné
kolagen typu IV a laminin, udrzuje HSC v neaktivovaném stavu (Uemura, 2005) jak
z morfologického hlediska - bunky zdstavaji ovalné (Sato, 2004), tak je utlumena i exprese
markert aktivace a-SMA, prokolagenu I, TIMP-1 (Gaca, 2003). Matrigel snizuje proliferaci
HSC, dokaze je pfechodné deaktivovat, po zpétném vysazeni na plastik se buiky znovu aktivuji
a exprimuji a-SMA a prokolagen typu .

Potazeni kultiva¢nich misek kolagenem typu I zvySuje proliferaci bun¢k a syntézu kolagenu
v HSC (Senoo, 1994), zatimco pfitomnost kolagenu typu IV zvySuje esterifikaci retinolu,
v mensi mife stimuluje produkci kolagenu (Senoo, 1998). Kolagenni gel typu 1 stimuluje
expresi MMP-13 v lidskych fibroblastech (Vaalamo, 1997). HSC v kolagennim gelu exprimuji
vice mRNA metaloproteinas MMP-2, MMP-14 (Théret, 1999; Wang, 2003) a jejich inhibitoru
TIMP-2, ale méné¢ MMP-13 nez bunky na samotném polystyrenu, polystyrenu pokrytém
kolagenem | nebo v Matrigelu (Wang, 2003). Jini autofi detekovali zvySenou expresi mRNA
MMP-3, -9, -13 a snizenou expresi mRNA uPA v HSC v kolagennim gelu typu |, exprese
MMP-9 klesla po piidani protilatky proti integrinu a2B1 nebo inhibitorii tyrosin kinasy
(Takahara, 2003).

Také dalsi slozky extracelularni matrix ovliviiuji chovani rtiznych typii bunék. Elastin byl
studovan hlavné v souvislosti s bunkami hladkého svalstva v arteriich. Bylo zji§téno,
ze ovliviuje proliferaci bunék i jejich fenotyp (Yamamoto, 1993; Li, 1998). Elastin se hromadi
v septech cirhotickych jater (Kanta, 2002). O fibrinu bylo prokézano, ze se nachéazi v lezich
V poskozenych jatrech (Neubauer, 1995) a v podobé¢ trojrozmérného gelu ma schopnost snizit

genovou expresi prokolagenu typu | ve fibroblastech (Pardes, 1995).

22



3.4. SLOZENI JATERNI EXTRACELULARNI MATRIX A JEJI DEGRADACE

Jaterni extracelularni matrix (ECM) tvofi nosné pletivo, které mechanicky udrzuje strukturu
tkané. I kdyz ECM zaujima ve zdravych jatrech méné nez 3 % (vztazeno na relativni plochu
fezu, Bedossa, 2003), jeji kvantitativni i kvalitativni zmény maji pfimy vliv na jaterni funkci.
ECM poskytuje pfitomnym buitkdm mnoho signali nutnych k udrzeni polarity, migraci,
proliferaci a diferenciaci, napfiklad vazbou na integriny a aktivaci signaliza¢nich kaskad. ECM
slouzi také jako rezervoar cytokini a rastovych faktor, které mohou byt pii remodelaci
uvolnény.

Normalni i1 patologickh ECM se skladd z kolagenni a nekolagenni komponenty
(glykoproteiny a proteoglykany). Hlavnim nesolubilnim fibréznim proteinem v tkanich
je kolagen, v cirhotickych jatrech ptevazuje typ I. Nekolagenni komponenty extracelularni
matrix lze rozdélit na proteoglykany, glykoproteiny (fibronektin, laminin, tenascin) a kyselinu
hyaluronovou (Obr. ¢. 5). Hlavnim zdrojem ECM v normalnich i poskozenych jatrech jsou
HSC a MF, do urcité miry se uplatiiuji i jaterni endotelové buniky (zejména v pocatecni fazi

fibrozy tvorbou bunécéné formy fibronektinu) a moznd i hepatocyty.

3.4.1. Kolageny a elastin
Kolagen patii v organismu mezi nejrozsifenéjsi proteiny (tvoii az 25 % vSech bilkovin v
organismu). Vldkno kolagenu vytvéii trojpramennou Sroubovici. Primarni aminokyselinova
sekvence fetézce je GLY-X-Y (celkem 1050 aminokyselinovych zbytkl), kazda treti
aminokyselina je glycin, X je Casto prolin, Y je Casto hydroxyprolin. Nascentni fetézec
kolagenu podléhd fad€ posttranslacnich modifikaci. Prolin je hydroxylovan za ucasti Fe”,
2-oxotoglutaratu a vitaminu C  prolyl-4-hydroxylasou nebo prolyl-3-hydroxylasou
na hydroxyprolin. Hydroxylace prolinu je nutnd pro stabilizaci trojsroubovice. Analogickou
reakci se posttranslacné vytvari na stejné Y pozici 1 hydroxylysin, reakce vyzaduje pfitomnost
enzymu lysyloxidasy. V pribéhu maturace kolagenu dochazi nejen ke glykosylaci nékterych
posttranslaéné vytvorenych hydroxylysintl, ale vznika celd fada pficnovazebnych elementd,
které jsou podstatou starnuti kolagenu. Za zesitovani kolagenu jsou zodpovédné enzymy
tkdnova transglutaminasa, ktera tvorbou e-(y-glutamyl lysinu) zvySuje odolnost kolagenu proti
proteolytickym enzymum. Déle je to lysyl oxidasa, ktera oxidativné deaminuje lysin

a hydroxylysin za vzniku aldehydu.
Dosud bylo identifikovano 19 riznych typt kolagent (typ I az XIX). Typy I, Il a Il jsou

zastoupeny nejvice, jejich sdruzené molekuly vytvareji fibrily. Kolagen typu IV je soucasti
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bazalnich membran. Zakladni strukturalni jednotkou kolagenu je trojita Sroubovice. Tti fetézce
v kolagenu jsou bud’ identické, vznika homotrimer, pfipadné jsou fetézce odlisné, vznika
heterotrimer, kde jsou dva identické fetézce al a jeden odlisSny fetézec a2. Kolagen typu |
(80-90 % vsech kolagenti) tvofi v téle heterotrimer [(a 1(I); (a0 2)](Masopust, 2003).

Hlavnim strukturdlnim proteinem ECM v normalnich i cirhotickych jatrech je kolagen.
Zastoupeny jsou jak fibrilarni kolageny (typ L, III, V), tak nefibrilarni kolagen typu IV, ktery
spolu s lamininem a entaktinem tvoii podél sinusiod mezibunécnou hmotu o nizké hustoté
piipominajici slozenim bazalni laminu. Nizka hustota mezibunééné hmoty ve zdravych jatrech
umoznuje efektivni vyménu latek mezi buiikami a krvi.

Elastin je zodpovédny za hydrofobni elastické¢ vlastnosti tkan¢. Amorfni elastin vznika
polymeraci tropoelastinu, ktery agreguje tvorbou piicnovazebného elementu desmosinu.

Elastinova vlakna jsou pokryta mikrofibrilami, tvofenymi ruznymi glykoproteiny, piedevsim

fibrilinem.
‘ Extracelularni matrix ‘
| { Glykosaminoglykany
[ Glykoproteiny ]
{ Froteoglykany ] - i
m * perlekan » fibronektin
+ dekorin * tenascin
kolagen * biglykan . entak?in
2 * syndekan * undulin
‘ | * lumikan » vitronektin
fibrilami o FACIT : ?Etﬁ_onektm
ctyp | nefibrilarni . typ XIV ibrilin _
« typ Il typ IV P » trombospondin

Obrazek €. 5: SloZeni extracelularni matrix. (upraveno podle Gressnera, 2004).

3.4.2. Proteoglykany a glykoproteiny

Proteoglykany (PG) jsou velmi rtiznoroda skupina proteinti, které maji kovalentné navazané
glykosaminoglykanové zbytky. Glykosaminoglykany (GAG) se skladaji z opakujicich
se disacharidovych podjednotek, které obsahujici uronovou kyselinu (D-glukuronovou nebo
L-iduronovou) a aminocukry (N-acetyl-D-glukosamin nebo N-acetyl-D-galaktosamin).
Sulfatové skupiny modifikujici cukerné zbytky a spolu s karboxylovymi skupinami poskytuji
silné negativni ndboje, coz zplsobuje pfitahovani osmoticky aktivnich kationtli a posléze vody
diky cemuz proteoglykany a GAG vytvafi siln¢ hydratovany gel.

Nomenklatura proteoglykanii je zaloZena bud’ na prevladajici GAG slozce, nebo podle

vyskytu. V jatrech jsou zastoupeny proteoglykany (PG) v podobé heparan sulfatu (HSPG),
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dermatan sulfatu (DSPG) a chondroitin sulfaty (CSPG). HSPG bazalni laminy se oznacuje jako
perlekan, HSPG na povrchu bun¢k jako syndekan. Vyznamny je i dekorin, na leucin bohaty
CSPG a DSPG, asociovany s kolagenem. Podobnou strukturu mé i biglykan. Heparan sulfat
interaguje s celou fadou proteini na povrchu bunék, proteinit ECM, rastovych faktora
a cytokint a ovlivituje bunéénou adhezi, proliferaci, migraci a diferenciaci.

Kyseliny hyaluronova (HA) patfi mezi GAG, je dilezitou soucasti vétSiny tkani. Jeji
produkce Vv jatrech se zvySuje pfi zanétu, stejné tak je to s produkci kolagenu. Roste také jeji
koncentrace Vv séru, to miize byt zpisobeno snizenim poétu receptorti pro HA na endotelovych
buiikach sinusoid (postizennych tzv. kapilarizaci), které za normalnich okolnosti HA
vychytavaji a degraduji ji v lysozomech (Suzuki, 2005). Mé&feni sérové hladiny HA se vyuziva
jako jeden z neinvazivnich markert jaterni fibrozy.

Z glykoproteinii  jsou zastoupeny laminin, fibronektin, tenascin, entaktin, fibulin
a osteonektin. Fibronektin vytvaii granule nebo tenka filamenta asociovana s kolagennimi
vlakny.

Pro trombospondin, osteonektin, tenascin a proteiny z rodiny CCN se uzivad nazev
matriceluldrni proteiny. Jsou to proteiny ECM, které¢, jak se zd4, neplni ani tak strukturdlni roli
jako spise roli signalizacni. Vazi se na bunécné receptory, interaguji s proteasami, hormony
ise strukrutalnimi proteiny ECM. Jejich exprese je vysokd béhem embryonalniho vyvoje
a v dospélosti za patologickych okolnosti (Bornstein, 2009).

Ve zdravych jatrech se HSC vyskytuji perisinusoidalné v Disseho prostoru obklopené
matrix obsahujici kolagen typu IV, laminin a fibronektin. Zména zastoupeni jednotlivych
slozek ECM ve fibroznich jatrech se odrazi i na zméné fenotypu HSC a ostatnich bunék (bunky
endotelu sinusoid, epitelové bunky zluCovych kanalkll). V pocatecni fazi fibrogeneze
se Vv oblastech postiZenych zanétem a nekrdzou hromadi fibrin, fibronektin a tenascin a tvoti
provizorni matrix, ktera je ¢innosti synteticky aktivnich bun¢k pfeménéna na septa s prevahou
kolagenu. Fibroticka jatra obsahuji tfi az pétkrat vice mezibunééné hmoty tvofené z velké Casti
siti fibrilarnich kolagenii I a III. Fibroticka septa také obsahuji laminin, entaktin a kolageny

typy IV, V, VI. Mezi glykosaminoglykany ztraci hyaluronan pievahu (Ramadori, 1998).

3.4.3. Receptory proteini ECM - integriny
VétsSina molekul ECM vytvari signaly, které jsou pomoci specifickych bunécnych receptorii
integrint pfevadény do nitra buiky, kde aktivuji fadu proteinkinas, nasledné ovliviiuji

transkripci genti a tim proliferaci, diferenciaci a pfeZziti bunck.
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Integriny jsou heterodimery prochézejici bunéfnou membranou. Jsou tvofené
podjednotkami a a B, které piipojuji makromolekuly ECM pfes membrany k bunéénému
skeletu. Dosud bylo popsdno 16 typti podjednotek a a 9 typt podjednotek B, které se kombinuji
do 24 typi integrini (Imai, 2000). Extracelularni casti integrinii jsou schopny rozpoznat
a navazat se na adhezivni sekvence riznych makromolekul ECM (napf. sekvence RGD - Arg-

Gly-Asp) a naopak proteiny ECM reaguji hned s nékolika typy integrind (Tab. ¢. 2).

Integriny
podjednotky ligandy
B, qQ, kolageny, faminin
a, kolageny, faminin
a, fibronektin, faminin
a, fibronektin, VCAM-1
as fibronektin
a. faminin
a, faminin
a, fibronektin, vitronektin
B, ar ICAM-1, ICAM-2
Ay C3b, fibrinogen, ICAM-1
ay fibrinogen, C3b
B, ap, fibrinogen, fibronektin,
vitonektin, trombospondin
a, Jako a, osteopontin, kolagen

Tabulka €. 2: Piehled integrini a jejich ligandi.

Bez zakotveni pies integriny a jiné receptory buniky nemohou pteZivat. Integriny aktivuji
nereceptorové tyrosinkinasy, napt. fokalni adhezivni kinasu (FAK) a kinasy rodiny Src
(Mitra, 2006). FAK je propojena s B-podjednotkou integrinu, navazani proteinu ECM
na integrin vede K jeji ativaci, ta mize byt podpofena stimulaci receptord rustovych faktort
jako napt. bFGF, EGF nebo PDGF. FAK je spojena s proteiny talinem a paxilinem, sama
ostatni proteiny nefosforyluje, po aktivaci dojde k autofosforylaci a vaze Src kinasu (Imai,
2000). Signaliza¢ni kaskada ECM — integrin — FAK usti v aktivaci fosfatidylinositol kinas (PI3)
a mitogenem aktivovanych proteinkinas (MAPK).

HSC exprimuji fadu integrin af3;, napt. a3, je receptorem pro kolagen typu IV a laminin,
azl3; pro kolagen, laminin a fibronektin (Carloni, 1996). Vazba ligandu na integrin o, vede
k indukci exprese MMP-9 v HSC kultivovanych v kolagennim gelu (Takahara, 2003).

V souvislosti s jaterni fibrozou se zkoumaji také dalsi typy tyrosinkinasovych receptortu
pro kolageny, a to tzv. DDR receptory (discoidin domain receptors). Byly popsany dva typy
DDR receptorii: DDR 1, vyskytujici se na povrchu bunék epitelu rtiznych tkani, a DDR 2,

ktery exprimuji buiikky mezenchymalniho ptavodu. Autofosforylaci DDR 2 receptoru stimuluje
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ptevazné fibrilarni kolagen typu I, v mensi mite také kolagen typu IL, III, V. DDR 1 mohou byt
aktivovany navazanim kolagent typu I IV, V (Vogel, 2006). Receptory rozpoznaji
trojSroubovicovou strukturu nativniho kolagenu, denaturovany kolagen kinasovou aktivitu
neindukuje. Aktivované HSC jako jediné mezi jaternimi buitkami exprimuji DDR 2 receptory.
Fosforylovana forma DDR2 receptoru nebyla ve zdravych jatrech detekovéana. Zvysend hladina
MRNA i proteinu byla ale nalezena u potkanti v HSC aktivovanych in vivo po podani CCly
i v HSC aktivovanych in vitro kultivaci na plastu. ZvySena exprese i fosforylace DDR 2
se objevuje ve srovnani s pfenosem signali pomoci integrini pomaleji (integriny reaguji
na cytokiny a rustové faktory, které predchazeji syntéze kolagenu) a ma trvalejsi charakter.
vliv na proliferaci HSC a také na aktivaci MMP-2, ktera degraduje kolagen typu IV a urychluje

ptestavbu subendotelidlni matrix (Olaso, 2001).

3.4.4. Degradace ECM — matrix metaloproteinasy a jejich inhibitory

Syntéza a degradace ECM je ve zdravych jatrech udrzovana Vv rovnovaze pomoci matrix
metaloproteinas (MMP), enzymti s omezenou a kontrolovanou proteasovou aktivitou, a jejich
inhibitort (TIMP). MMP patii spolu se serinovymi, aspartitovymi a cysteinovymi proteasami
mezi endopeptidasy. MMP maji doménovou strukturu obsahujici N-terminalni signalni peptid,
propeptid, katalytickou doménu zodpov&dnou za substratovou specifitu MMP obsahujici
vazebné misto pro Zn** a hemopexinovou doménu obsahujici vazebné misto pro TIMP. VétSina
MMP je ve formé neaktivniho propeptidu vylucovdna do mezibunécného prostoru, nékteré
tzv. membranové typy (MT-MMP) ziistavaji ukotveny v bunééné membrané (Sternlicht, 2001).
Podle substratové specifity a podobnosti doménové struktury se déli do nékolika skupin
na kolagenasy, zelatinasy, elastasy, stromelysiny a membranové MMP. Piehled MMP a jejich
substratli je uveden v tabulce ¢. 3, kde jsou kromé strukturnich molekul ECM uvedeny
cirkulujici povrchové proteiny (Folgueras, 2004). U potkani nebyla objevena homologni
sekvence pro lidskou MMP-1, jejim funkénim ekvivalentem je MMP-13 (Okazaki, 2001).
Aktivita MMP je regulovana na urovni transkripce i translace, na urovni proteinli aktivaci
zymogenu a pomoci aktivatorti a inhibitord MMP.

MMP hraji kli¢ovou roli pti poskozeni jater a progresi jaterni fibrozy. Na expresi MMP
a TIMP se podileji hepatocyty, Kupfferovy bunky predevsim piti akutnim poskozeni a HSC
a MF pfi akutnim a chronickém poSkozeni pfechazejicim do fibrozy. HSC in vitro exprimuji
celou fadu MMP a jejich inhibitort TIMP. Produkce jednotlivych MMP se méni béhem

kultivace. V primarni kultufe neaktivované nebo ¢aste¢né aktivované HSC (viz exprese
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a-SMA) exprimuji MMP-3 a MMP-13, zatimco TIMP-1, 2 nejsou detekovatelné. Hovoiime
tedy o fenotypu HSC podporujicim degradaci matrix. Po akutnim toxickém poskozeni jater
jednou davkou CCly stoupa exprese MMP-2, 3, 9, 13, MT-1 MMP a TIMP-1, 2. Béhem procesu
hojeni se exprese MMP dramaticky snizuje s vyjimkou MMP-2 a TIMP. Exprese MMP-13
je bifazicka, ke stimulaci dochazi v prvnich hodinach akutniho poskozeni. Jejimi producenty
jsou ¢astecné aktivované desmin pozitivni a a-SMA negativni HSC. Po ¢tyitydennim podéavani
CCly pii vznikajici fibroze jater je pak produkce jen Casteéna v a-SMA pozitivnich burnikach
(Watanabe, 2000).

NaruSeni homeostdzy matrix - at’ uz se jedna o zménu kvantitativni nebo kvalitativni —
ma dalekoséahlé dusledky. Proto MMP musi podléhat n€kolikastupiiové regulaci, a to na Grovni
transkripce, aktivace proenzymu a blokovani aktivity pomoci TIMP. Transkripéni faktory
NF-«B a AP-1 vazbou na promotor genu pro MMP-9 zvysuji jeho expresi v aktivovanych HSC
kultivovanych v kolagennim gelu, naopak Sp1 ji snizuje (Takahara, 2004).

Cela tada cytokint a rastovych faktor ovliviiuje expresi geni pro MMP. TNFa stimuluje
expresi MMP-3, 13, 10, v mensi mife také MMP-9, 14 a TIMP-1 v HSC, klidové nebo pouze
castecné aktivované HSC jsou na tuto stimulaci citlivéj$i. TGF-B1 nema vliv na expresi MMP
(krom& MMP-14 u které byla zjisténa upregulace) avsak expresi TIMP-1, 2 stimuluje (Knittel,
1999). TNFa se tedy uplatiiuje v ¢asné fazi odpovédi organismu na probihajici poskozeni jater,
kdy dochazi ke zvySeni exprese MMP jako napi. u alkoholového poSkozeni jater (ALD).
Srozvojem onemocnéni a pifechodem k fibréze exprese MMP klesa a uplatiiuji se TIMP,
ziejmé také pod vlivem TGF-81 (McClain, 2004). Také IL-6 ma vliv na expresi MMP,
na imortalizované bunééné linii HSC-T6 doSlo ke snizeni exprese MMP-2 po piidani
rekombinantniho IL-6 a IL-6 deficientni mysi vykazovaly signifikantné vyssi expresi MMP-2
na trovni mRNA i proteinu (Bansal, 2004).

Aktivatory plasminogenu (PA) jsou serinové proteinasy schopné stépit nejen plasminogen,
ale také nékteré slozky ECM a MMP. PA aktivuje intersticialni prokolagenasu, prostromelysin
a proelastasu. Tento proces mize byt zablokovan inhibitory PA (PAI). Exprese PAI-1 roste
s aktivaci HSC v bunétné kultufe, u PAI-1-deficientnich my$i byla prokazéna zlepSena
regenerace jater (Benyon, 2001).

Aktivita MMP je regulovana dvéma hlavnimi endogennimi inhibitory a2-makroglobulinem
(A2M) a tkanovymi inhibitory metaloproteinas (TIMP). A2M je glykoprotein o molekulové
hmotnosti 725 kDa. Tato endopeptidasa je ptitomna v krvi a tkanové tekutin€ a inhibuje rtizné

typy proteinas. Vytvaii s nimi komplex, ktery je nasledné vychytavan endocytéozou pomoci
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LRP (LDL receptor related protein 1) na makrofagach, hepatocytech a fibroblastech (Murphy,
2008).

Dosud zname ¢tyii typy TIMP. TIMP-1 a TIMP-3 jsou glykoproteiny, TIMP-2 a TIMP-4
sacharidovou ¢ast v molekule neobsahuji. Jsou to proteiny o molekulové hmotnosti 21 kDa
(TIMP-2,4), 28 kD (TIMP-1) a 23 kDa (TIMP-3) slozené z dvou domén - N a C terminalnich
(Benyon, 2001). TIMP inhibuji $iroké spektrum MMP a také jiné proteasy. V aktivnim misté
katalytické domény MMP tvofi Zn** koordina¢ni vazbu s dusikem aminoskupiny a kyslikem
karboxyskupiny cysteinu na N-termindlni doméné molekuly TIMP (Visse, 2003). Spektrum
ucinkdt TIMP a jejich uplatnéni pfi fyziologickych i patologickych procesech je velmi Siroké.
Maji nezastupitelnou roli pfi morfogenezi tkani (napt. plice, kost, mlécna zlaza) pii rustu,
hojeni ran, ale také pii kardiovaskuldrnich chorobach, artritidé a rakoviné (Murphy, 2008).
TIMP inhibuji rizné typy MMP s rozdilnou ucinnosti, TIMP-1 ma nizsi afinitu k MT1-MMP,
MT3-MMP a MMP-19. TIMP-3 inhibuje také metaloproteinasy z rodiny ADAM a ADAMTS
(Murphy, 2008). Na regulaci transkripce se podileji cytokiny a ristové faktory TGF-B1 a TNFa
(Knittel, 1999b).

Vzestupem TIMP-1 a TIMP-2 jak na trovni mRNA, tak proteinu jsou provazena chronicka
onemocnéni jater - primdrni biliarni cirh6za, chronickd HCV infekce, sklerotizujici cholangitis,
chronicka auitoimunitni hepatitida (Hemmann, 2007). Sérové hladiny TIMP-1 u pacientd
s chronickou HCV infekei koreluji s hladinami proteinu v jatrech (Muravaki, 2001). Hladina
mRNA lokalizované ptevdzné¢ v HSC (Yata, 1999) odraZzi stupen fibrozy jater (Leroy, 2004).
Zminéné poznatky o expresi TIMP ziskané z krve a jaternich biopsii pacientl se shoduji s daty
z experimentalné navozeného poSkozeni jater toxicky nebo podvazem zluCovodu. Hlavnim
zdrojem TIMP-1 a 2 jsou aktivované HSC. Neaktivované HSC izolované ze zdravych jater maji
velmi nizkou hladinu mRNA pro TIMP-1, 2, pfi aktivaci kultivaci na plastiku se exprese
n¢kolikanasobné¢ zvysi. Pri akutnim poskozeni jater k produkci TIMP-1 prispivaji také
Kupfferovy bunky (Iredale, 1997). Hladina mRNA pro TIMP roste v prvnich dnech

po toxickém poskozeni jater a pietrvava nékolik tydnt az do rozvoje fibrozy (Iredale, 1996).
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Enzym Substraty
Kolagenasy
Kolagenasa1l MMP-1  Kolageny I, II, III, VII, VIII, X, XI, Zelatina, glykoproteiny, proMMP-1,2, proTNF«, API, A2M
Kolagenasa 2 MMP-8  Kolageny I, II, 111, Zelatina, proMMP-8, proTNFa, API, A2M
Kolagenasa3 MMP-13 Kolageny I, IL, III, VI, IX, X, Zelatina, proMMP-9, 13, proTNFua, A2M
Zelatinasy
zelatinasa A MMP-2  Kolageny L, III, IV, V, VII, X, XI glykoproteiny, elastin proMMP-1, 2, 13, proTNFa, API, A2M, PLG
Zelatinasa B MMP-9  Kolageny IV, V, glykoproteiny, elastin proMMP-2, 9, 13, proTNF
Stromelysiny
Stromelysin 1 MMP-3  Kolageny 111, IV, V, VII, IX, X, XI, glykoproteiny, elastin proMMP-1, 3,7, 8,9, 13, proTNFa«, API, A2M, PLG
Stromelysin 2 MMP-10 Kolageny III, IV, V, elastin proMMP-1, 8, 10
Stromelysin 3 MMP-11 API, A2M
Matrilysiny
Matrilysin 1 MMP-7  Kolageny I, IV, elastin, glykoproteiny proMMP-1, 2, 7, 9, Fas ligand, proTNF«, API, A2M
Matrilysin 2 MMP-26  Kolagen IV, fibronektin, Zelatina, proMMP-9, API, A2M
Membranové MMP
MT1-MMP MMP-14  Kolageny I, 11, 111, proMMP-2, 8, 13, proMT1-MMP, proTNFa, API
MT2-MMP MMP-15 proMMP-2, 13, proTNF«
MT3-MMP MMP-16  Kolageny III, fibronektin, proMMP-2, 13, proTNF«
MT5-MMP MMP-24 proMMP-2, 13
MT4-MMP MMP-17 proMMP-2, proTNFu
MT6-MMP MMP-25 proMMP-2, 9, API
Dalsi MMP
Metaloelastasa MMP-12  Elastin API, A2M, proTNFa«, PLG
Enamelysin MMP-20 Amelogenin
MMP-27 Zelatina, kasein

Tabulka €. 3: Piehled MMP a jejich substratii. (Upraveno kraceno podle Sternlicht, 2001 a Folgueras, 2004).
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4. METODICKA CAST

4.1. Laboratorni potkani

Projekt pokusii byl schvalen odbornou komisi Lékaiské fakulty UK v Hradci Kralové.
Veskeré prace se zviraty byly provadény ve vivariu LF HK. Zvifata byla chovéna
v klimatizovanych mistnostech s teplotou 22 °C a cykly svétla a tmy po 12 hod. Standardni
laboratorni dieta byla potkaniim poskytnuta ad libitum.

Pro experiment byli pouziti samci potkanti Sprague-Dawley (Anlab, Praha), o hmotnosti
450 — 550 g. Prvni skupinu tvofili kontrolni samci, druhé pokusné skupiné bylo podavano
intragastricky 17 davek tetrachlormethanu (1ml/kg, ziedény olivovym olejem 1:1) pro navozeni

jaterni cirhdzy. Jatra byla perfundovéna tfeti den po posledni davce tetrachlormethanu.

4.2. Perfuze jater a izolace bunééné frakce obsahujici HSC

HSC byly izolovany podle postupu, ktery je podrobné popsan Vnasi publikaci
(Jiroutova, 2005). Do portalni vény byla zavedena kanyla. Jatra byla perfundovana postupné
Hanksovym roztokem bez vapniku, 0,2% roztokem pronasy (Roche) a 0,01% roztokem
kolagenasy (Roche) v kompletnim Hanksové roztoku (HBSS). Roztoky byly temperovany
na 37 °C. Perfuze byla ukoncena, jakmile bylo ziejmé, Ze struktura jater byla rozruSena.
Bunééna suspenze byla inkubovana s 0,001% roztokem DNasy (Roche) a potom centrifugovana
s vyuzitim centrifuga¢niho media Optiprep (Axis-Shield, Oslo). Ve zkumavce jsme navrstvili
nejdiive bunéCnou suspenzi obsahujici 17% Optiprep, nasledné¢ vrstvu 11,5% Optiprepu
v HBSS a vse nakonec pievrstvili HBSS. Bunky migruji pii centifugaci ze spodni vrstvy
do stiedni vrstvy a posléze se shromazd'uji na rozhrani stfedni vrstvy se samotnym HBSS

(Graham, 2002).

4.3. Kultivace hvézdicovych bunék a myofibroblasti
Cistota izolovanych HSC byla posuzovana na zékladé fluorescence vitaminu A pii 325 nm,
coz umoziuje vysoky obsah retinoida v HSC (Kinnman, 2000). Bunky byly kultivovany
v médiu (DMEM) s piidavkem 10% hovéziho fetalniho séra po dobu 2 a 7 dnt. MF byly
ziskany opakovanou pasazi primarni kultury (Kinnman, 2000). Vedle bézného zpusobu
kultivace na polystyrenovych Petriho miskach byly bunky kultivovany v gelu piipraveném bud’

z kolagenu typu I nebo polymeraci fibrinu (Sigma).
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4.4. Priprava polymeri pro kultivaci bunék

Piiprava kolagenniho gelu

Kolagen typu | byl extrahovan z ocasnich §lach potkani 0,25 M kyselinou octovou pii 4 °C,
dialyzovan proti 0,02 M kyselin¢ octové, nafedén na koncentraci 1,33 mg/ml, sterilizovan
filtraci a pouzit okamzité nebo skladovan pii -70 °C. Tento postup je Upravou ptivodni metody
Elsdala a Barda (1972). Zasobni roztok kolagenu typu I v kyseliné octové byl smichan
se DMEM v takovém poméru, aby vysledna koncentrace kolagenu byla 0,1%. Dva ml roztoku
byly ihned pipetovany do Petriho misek o ploge 8 cm? a ponechany 1 - 2 hodiny polymerovat.
Gel byl ptekryt médiem. Nasledujici den byla na gel napipetovana suspense bunék. Adherujici
bunky byly pak prekryty 0,4 ml kolagenu.

Priprava fibrinového gelu

Roztok fibrinogenu byl pfipraven rozpuSténim substance v PBS o pH 7,41 a napipetovan
do Petriho misky o ploge 8 cm? Thrombin byl pfidan do koncentrace 0,092 U/1,4 ml gelu.
Smés obsahujici 1 mg fibrinogenu/ml se nechala polymerovat 1 - 2 hodiny v CO; inkubatoru.
Poté byl gel prekryt médiem. Dalsi den bylo medium odsato a na gel byla pipetovana bunécna
suspense. Buiky b&hem noci adherovaly ke gelu. Byly piekryty 0,4 ml roztoku fibrinogenu

a polymerace probé&hla, jak je popsano shora.

4.5. Histologické zpracovani tkané

Jaterni tkan byla ziskana pfed enzymatickou perfuzi jater z levého lateralniho laloku,
fixovana 24 h formaldehydem a zalita do parafinovych blo¢ka. Histologické fezy pfipravovala
pani laborantka Svétlana Kopecka v laboratofich Neurochirurgické kliniky Fakultni nemocnice
Hradec Kralové.

Histologické fezy o tloust’ce 5 um se po odparafinovani v xylenu a zavodnéni ethanolovou
fadou obarvily hematoxylinem — eozinem dale barvenim dle Gomoriho, a kombinaci barveni
elastickych vlaken a Weigert - van Giesonovym barvenim. Pro imunohistochemickou detekci
jsme preparaty barvili pomoci specifickych protilatek na a-SMA, desmin, vimentin a GFAP.
K odmaskovani epitopti po fixaci jsme pouzili vafeni v citratovém pufru o pH 6. Endogenni
peroxidasa byla zablokovana 3% roztokem peroxidu vodiku. Po blokovani nespecifické reakce
pozadi neimunnim sérem jsme bunky inkubovali s primarni protilatkou, vyrobce a fedéni jsou
uvedeny Vv tabulce ¢. 4. Nasledovala detekce pomoci biotinylované sekundarni protilatky a
streptavidinu s navazanou kienovou peroxidasou (Dako) se substratem diaminobenzidinem.

Jako negativni kontrolu jsme pouzivali bilkoviny daného zivo¢isného druhu.
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4.6. Imunocytochemie HSC a MF

Pro charakterizaci bun€k jsme pouzili imunocytochemickou detekci vybranych bilkovin
cytoskeletu - a-SMA, desmin, vimentin a GFAP (Jiroutova, 2005).

Adherentni buiiky na Petriho misce jsme fixovali paraformaldehydem, permeabilizovali
Tritonem X100. Dalsi zpracovani bylo analogické jako v pfipad¢ histologickych preparati
(kap. 3.5).

Buriky narostlé ve fibrinovém a kolagennim gelu jsme i s gelem fixovali ledovym
acetonem. Specifikace primarnich protilatek jsou uvedeny v tabulce ¢. 4. V tomto piipadé jsme
vyuzili fluorescenc¢ni detekci antigenti a dobarvenim jader pomoci DAPI. Jako sekundarni
protilatku jsme pouzili Cy3-conjugated AffiniPure Donkey Anti-Rabbit IgG nebo FITC-

conjugated AffiniPure Donkey Anti-Mouse IgG (Jackson ImmunoResearch).

Antigen Typ Vyrobce Redéni
aSMA mysi monoklonalni Sigma 1:400
Desmin my$i monoklonalni Dako 1:100
GFAP mysi monoklonalni Sigma 1:400
Vimentin my$i monoklonalni Dako 1:100
MMP 2 krali¢i polyklonalni Santa-Cruz 1:100
MMP 3 kozi polyklonalni Santa-Cruz 1:100
MMP 9 krali¢i polyklonalni Santa-Cruz 1:100
MMP13 krali¢i polyklonalni Santa-Cruz 1:100

Tabulka ¢. 4: Piehled pouzitych primarnich protilatek.

4.7. 1zolace RNA
Ze vSech skupin bunék jsme vyextrahovali RNA fenol-chloroformovou extrakci
(Chomczynski, 1987). Bunky kultivované v gelech byly sklizeny bez pouziti enzymi a RNA
izolovana pomoci RNeasy mini kitu (Qiagen). Jeji Cistotu jsme urcili spektrofotometricky

méfenim pii 280/260 nm a jeji integritu si ovéfili elektroforézou na agar6zovém gelu.

4.8. Inkorporace thymidinu znaceného triciem do DNA délicich se bunék
[methyl-3H] thymidin o specifické aktivité 1.7 Tbq/mmol (Lacomed) byl ptidan do média
tieti den po vysazeni bun¢k v koncentraci 37 kBq (1uCi) 3H-thymidin/ml. Po 18 hodinach
inkubace jsme bunky oplachli vychlazenym PBS, sklidili a nechali hydrolyzovat v 5% HCIO,
pii 70 °C po dobu 30 min. V hydrolyzatu jsme stanovili mnozstvi DNA (Burton, 1956)
a specifickou aktivitu automatickym spektrometrem Beckman LS6000 LL (Beckman Coulter,
Inc. USA).

33



4.9. Microarray analyza

Postup pro navrh sond vypracovany Ing. Rastislavem Slavkovskym jsme ptevzali od firmy
CPN. Pro navrh sond jsme pouzili program OligoArray 2.0. Vstupni celogenomovou databazi
MRNA Rattus norvegicus jsme ziskali z webovych stranek The National Center for
Biotechnology Information (NCBI). Vstupni parametry pro vybér sond jsou uvedeny v tabulce
¢. 5. Metodika array analyzy vychéazi z postupu doporuc¢eného vyrobcem (Bioscience, Jena).
RNA se v reakci s nahodnymi primery, ktera je katalyzovana reverzni transkriptasou MuMLV
(Fermentas), pfevede na cDNA. Do reakce se kromé 4 deoxyribonukleotidii piida
deoxyuridintrifosfat s navazanym biotinem (Fermentas). Vznikla cDNA se pak hybridizuje
s Cipy, které obsahuji sondy (iseky DNA o délce kolem 50 basi) pro jednotlivé geny.

délka sondy 48-52 bp
procentualni obsah GC paru 30-70 %
teplota tani proby 86 —90 °C
teplota tani sekundarnich struktur proby - limit pro odmitnuti 65 °C
max vzdalenost nasednuti proby od 3’ konce 4000-10000 bp
minimalni vzdalenost mezi navrhnutymi sondami 50 bp
zakazané sekvence AAAAATTTTT,CCCCC,GGGGG

Tabulka €. 5: Vstupni parametry pro vybér sond.

Po zablokovani nespecifickych vazebnych mist kaseinem (Pierce) se na biotinové zbytky
navaze konjugat streptavidinu s peroxidasou (Pierce). Jako substrat pro peroxidasu se pouZziva
barvivo True Blue (KPL). Obraz nahybridizovaného ¢ipu jsme pies ctecku (AT reader 3,
Clondiag) snimali do pocitae, zpracovani dat probcéhlo pomoci programu Iconoclust
(Clondiag). Vysledky exprese genl jsme normalizovali vztazenim na vSechny geny v souboru

(Jiang, 2004). Primér jejich exprese jsme polozili roven 1.

4.10. Reverzni transkripce a real-time RT- PCR
Zmény v expresi vybranych gend jsme si ovéfili pomoci real time RT-PCR analyzy. Pro
reverzni transkripci celkové bunécné RNA jsme pouzili High-Capacity cDNA Archive Kit
s ndhodnymi primery. Pro stanoveni relativniho mnozZstvi ¢cDNA jsme pouzili TagMan
Universal PCR Master Mix. Sondy a primery obsazené v Tagman gene expression assay byly
navrzené firmou Applied Biosystems, jejich specifikace je uvedena v tabulce €. 7. Pfi stanoveni
jsme postupovali podle pokynit vyrobce. Normalizaci vysledkli pro specifické geny jsme

provedli vztazenim na 18s RNA.
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Nazev |  Zkratka | Referencni &islo Nazev | Zkratka | Referencni &islo
Bunééné markery Proteiny ECM
Desmin Des NM 022531 Elastin Eln XM 341061
Fibulin 2 Fbin-2 XM 232197 Fibrilin 1 Fbnl NM 031825
Fibulin 5 Fbin-5 NM 019153 Fibronektin Fnl NM 019143
Kysely gliovy fibrilarni protein GFAP NM 017009 Laminin bl Lambl XM 216679
Reelin Rin NM 080394 Laminin c1 Lamcl XM 341133
CytoKkiny a riustové faktory Galektinl Lgalsl NM 019904
Endotelin -1 Ednl NM 012548 Galektin 3 Lgals3 NM 031832
Faktor nddorové nekrézy o TNFa NM 012675 Osteonektin SPARC NM 012656
IGF vazebny protein - 5 lgfbp5 NM 012817 Osteopontin Opn NM 012881
Interleukin -1b IL-1b NM 031512 Prokolagen typ I a2 Collo2 NM 053356
Interleukin - 4 1L-4 NM 201270 Prokolagen typ III al Col3al XM 343563
Interleukin - 6 1L-6 NM 012589 Prokolagen typ IV al Col4 XM 343607
Interleukin -10 1L-10 NM 012854 Prokolagen typ V_al Col5 NM 134452
Interleukin -12b 1L-12b NM 022611 Procollagen typ XVIII al Col18 XM 241632
Inzulinu podobny rustovy faktor-1 Igfl NM 178866 Reelin Reln NM 080394
Kostni morfogeneticky protein Bmp4 NM 012827 Trombospondin 1 Tsp-1 AF309630
Neurotrofin-3 NT-3 NM 031073 Trombospondin 2 Tsp-2 XM 214778
Relaxin Rinl NM 013413 Vitronektin Vin NM 019156
Rustovy faktor desticek o PDGFa NM 012801 Proteoglykany
Rustovy faktor desti¢ek B PDGFR XM 343293 Agrekan Agcl NM 022190
Ruiistovy faktor fibroblastii-2 FGF2 NM 019305 Betaglykan Beg NM 017256
Ristovy faktor pojivové tkané CTGF NM 022266 Biglycan Ban NM 017087
Transformujici ristovy faktor B1 TefB1 NM 021578 Dekorin Dcn NM 024129
Transformujici ristovy faktor 32 TgfB2 NM 031131 Lumican Lum NM 031050
Transformujici ristovy faktor 83 TGFB3 NM 013174 Syndecanl Sdcl NM 013026
Vaskuldrni endotelovy riistovy faktor VEGF NM 031836 Syndecan3 Sdc3 NM 053893
Metaloproteinasy a jejich inhibitory Syndecan4 Sdc4 NM 012649
Metaloproteinasa 2 Mmp-2 NM 031054 Perlecan Plc XM 233606
Metaloproteinasa 3 Mmp-3 NM 133523 Provozni geny
Metaloproteinasa 7 Mmp-7 NM 012864 Aktin beta Actb NM 031144
Metaloproteinasa 9 Mmp-9 NM 031055 GADP GAPDH NM 017008
Metaloproteinasa 13 Mmp-13 XM 343345 18S RNA 18S RNA X01117
Metaloproteinasa 12 Mmp-12 NM 053963 Receptory
Metaloproteinasa 14 Mmp-14 NM 031056 Integrin a5 Itgo5 XM 235707
02 Makroglobulin A2m NM 012488 Integrin o 6 Itga6 XM 215984
Inhibitor aktivatoru plasminogenu PAI-1 NM 012620 Integrin o 8 Itga8 XM 344634
Serinova proteasa vasajici manan p100 NM 022257 Integrin beta 1 TteB31 NM 017022
Tkafiovy inhibitor MMP1 TIMP1 NM 053819 Integrin beta 3 ItgR3 NM 153720
Tkanovy inhibitor MMP2 TIMP2 NM 021989 Laminin receptor Lamrl NM 017138
Tkanovy inhibitor MMP3 TIMP3 NM 012886 Mezibuné¢na adhezni molekula ICAM-1 NM 012967
Adhezni molekula nervovych bunék N-CAM NM 031521
VLDL receptor VLDLr NM 013155

Tabulka ¢. 6: Pirehled stanovovanych geni, jejich zkratKky a referenéni ¢isla dle NCBI.
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Gen

18S RNA
Catenin beta 1
Ctgf

Early growth response
Lumikan
MMP-13
MMP-14
MMP-2

MMP-3

MMP-7

MMP-9
Osteopontin
Pai-1
Prokolagen (1)
Prokolagen (1V)
Prokolagen (XII)
TGF-B1

TGF-B2

TGF-B3

TIMP1

TIMP-2
Trombospondin 2

Katalogové Cislo
Hs03003631_g1
Rn00670330_m1
Rn00573960_g1
Rn00561138 m1l
Rn00579127_m1
Rn01448194 ml
RN00579172_m1
Rn02532334 sl
RN00591740_m1
Rn00563467_m1
Rn00579162_m1
RNn00563571_m1
Rn00561717_m1
Rn00584426_m1
Rn01482925 ml
Rn01521249 ml
Rn00572010_m1
Rn00676060_m1
Rn00565937_m1
Rn00587558_m1
Rn00573232_m1
Rn01513690_m1

Tabulka €. 7: Katalogova Cisla Tagman gene expression assay firmy Applied Biosystems.

4.11. Méreni ubytku hmoty geld
MF byly vysazeny na zvézené Petriho misky o priméru 35 mm do fibrinového a
kolagenniho gelu. Kontrolni misky byly inkubovany bez bun¢k. Po sedmi dnech jsme odsali

médium, misky oplachli, vysusili pii 80 °C a zvazili.

4.12. Statisticka analyza
Vysledky byly vyhodnoceny v programu NCSS 2004 (Number Cruncher Statictical
Systems, USA). Pouzité testy jsou uvedeny ve vysledkové Casti. Statistickou analyzu provedla
RNDr. Eva Cermakova z Oddéleni vypodetni techniky LFHK.

4.13. Pristrojové vybaveni
Laboratorni potkani byli chovdni ve vivariu Lékatské fakulty. Bunky byly izolovany a
kultivovany na Ustavu 1ékatské biochemie. Zatizeni pro analyzu arrayi nam zpo&atku bezplatné
poskytla firma CPN, Dolni Dobrou¢, nyni jiz mdme vybaveni na Ustavu lékaiské biochemie.
V piipadé metody rRT-PCR méfeni probihalo na Ustavu klinické biochemie Fakultni

nemocnice v Hradci Kralové a posléze na Ustavu farmakologie LFHK.
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5. VYSLEDKY

Pied zahajenim perfiize jater jsme si povsimli viditelnych rozdild v morfologii jater
z kontrolnich zvifat a téch, ktefi byli vystaveni osmnacti davkam tetrachlormethanu.
U intoxikovanych zvifat se vyvinula pokrocild jaterni cirhdza, jatra byla zvétSend, na pohled
zIutsi, na pohmat tvrdsi.

5.1. Histologie a imunohistochemie normalnich a cirhotickych jater

Pied perfuzi jater jsme odebrali jeden z lalokil pro histologickou analyzu. Rezy jsme
obarvili standardnimi histologickymi barvenimi, pomoci hematoxylinu — eosinu a kombinaci
van Giesonova barveni s barvenim na elastickd vldkna. Dale jsme pomoci
imunohistochemickych barveni a aktinu z hladkého svalu (a-SMA), desminu, kyselého
glialniho fibrilarniho proteinu (GFAP) a vimentinu zviditelnili neparenchymové jaterni buiky —
jaterni hvézdicové buiky a myofibroblasty.

Na obrazku ¢. 6 vidime srovnani normalni jaterni tkané (A, C) a cirhotické tkané (B, D).
Ve zdravych jatrech je parenchym je neporuseny. Po obarveni hematoxylinem (A) - eosinem
jsou jadra hepatocytli obarvena modfe. Na obrazku vidime jaterni lalicek s v. centralis,
portobilidrnimi prostory a sinusoidami prochazejicimi mezi hepatocyty. Kolagenni vldkna se
barvi van Giesonovym barvenim tieSnove cervené, ve zdravych jatrech jsme je nalezli v malém

mnozstvi v okoli portobiliarniho prostoru (C). V histologickém obrazu cirhotickych jater (B)

Obriazek ¢. 6: Histologicky preparat normalnich potkanich jater (A,C) srovnani s cirhotickymi jatry.

Barveni hematoxylin-eosin (A, B), van Gieson (C, D). ZvétSeni 100x.
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je patrna steatézu hepatocyta a nodularni piestavba jaterni tkané s typickymi regeneracnimi
uzly obklopenymi vazivovymi septy. Kulaté prazdné prostory v hepatocytech jsou poztstatkem
po tukovych kapkach, které vymizely pii zpracovani histologickych fezi. Difuzni uzlovita
piestavba jaterni tkan¢ vznika v diisledku rozsahlého zaniku hepatocyttl, reparativniho jizveni a
hyperplazie zachovaného parenchymu. Hyperplastické uzly hepatocyti maji na rozdil
od normalnich jaternich acini nepravidelny pribéh, mohou obsahovat centralni Zilu,
portobiliarni prostor nebo zddnou z téchto struktur. Uzly jsou vzajemné oddéleny razné silnymi
vazivovymi septy obarvenymi tfeSnové Cervené (D), ve kterych jsou cetné krevni kapilary,
pakanalky a rizn€ hojny kulatobunécny infiltrat.

Imunohistochemie

Pomoci imunohistochemie jsme zjistovali lokalizaci klidovych jaternich hvézdicovych
bunék a portalnich myofibroblastd ve zdravych jatrech a porovnavali vysledky se situaci
v jatrech cirhotickych, kterd obsahuji aktivované HSC a portalni a septalni MF. Pro priikaz
HSC a MF jsme vybrali 4 markery téchto bun¢k: desmin, a-SMA, GFAP a vimentin (viz
Tabulka €. 8 a Obr. €. 7).

Normadlni jatra se barvi pomoci protilatky proti a-SMA pouze V oblasti portobilidrniho
prostoru - v cévach a v pfilehlych buiikach. Jednd se ziejmé o a-SMA pozitivni, desmin
pozitivni a GFAP negativni pMF. Klidové HSC a-SMA neexprimuji. Vyskyt desmin
pozitivnich bun¢k (pMF) jsme kromé portobiliarniho prostoru zaznamenali vyjimeéné i v
parenchymu v okoli sinusoid. Jedna se ziejmé o subpopulaci HSC, které se nachazeji v prostoru
mezi sinusoidami a lze je prokazat ve zdravych i cirhotickych jatrech pomoci GFAP. Pro
cirhoticka jatra jsou charakteristické jizvy s p,s MF pozitivnimi na a-SMA, desmin a vimentin.
Vimentin pozitivni buiiky jsme nasli v parenchymu mezi hepatocyty i v portobiliarni oblasti
zdravych jater, v cirhotickych jatrech pak nejen v parenchymu mezi hepatocyty, ale i
V jizevnaté ¢asti. Vimentin je nespecificky marker, exprimuji jej HSC, HSC/MF i dalsi typy MF

soucasné i jiné bunky mezenchymalniho pivodu jako jsou Kupferovy buiky a bunky endotelu.

Normalni jatra Cirhoticka jatra

HSC pMF HSC p,sSMF
a-SMA - + + +
DES +/- W * *
GFAP + - + _
VIM T + 4+ I+

Tabulka ¢. 8: Vysledky imunohistochemie. Prikaz HSC a MF pomoci barveni na desmin, a-SMA, GFAP a
vimentin ve zdravych a cirhotickych jatrech .
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a-SMA Desmin

GFAP

Vimentin

Obrazek €. 7: Imunohistochemicky prikaz markeri HSC a MF ve zdravych jatrech (A, C, E, G) a jatrech
cirhotickych (B, D, F, H). Desmin (A, B) zvétSeni 600x, ve vyfezu 1000x, o-SMA (C, D), GFAP (E, F),
vimentin (G,H), zvétseni 200x, ve vyfezu 1000x.



5.2. Charakterizace HSC a MF pomoci vybranych cytoskeletalnich markera in
vitro

Stejné cytoskeletalni markery, které jsme prokazovali v jaterni tkani, jsme detekovali
i Vbunééné kulture HSC ziskané ze zdravych a z cirhotickych jater. V pribéhu kultivace
a pasazovani bun¢k dochazi ke zménam fenotypu intermediarnich filament, proto jsme zvolili
dva intervaly v primarni kultuie a to 2 dny a 7 dni od izolace. Jaternich myofibroblasty jsme
ziskali opakovanou pasazi neparenchymové bunééné frakce bohaté na HSC. Vysledky jsou
shrnuty v tabulce ¢. 9 a na obrazku ¢. 8.

Buiky izolované z normalnich jater kultivované 2 dny se daji povazovat za klidové,
neaktivované HSC bez schopnosti kontrakce, exprese a-SMA zcela chybi. Naproti tomu
U dvoudennich bunék z cirhotickych jater je 80 % bunék pozitivnich z divodu aktivace HSC pfti
fibrogennim procesu in vivo. Po aktivaci in vitro béhem sedmi dnt kultivace dosahne pozitivity
pouze 50 % bunék. S kultivaci mnozstvi vldken a-SMA stoupd jak u bun¢k ze zdravych jater,

tak u bunék z jater cirhotickych. MF jsou ve 100 % pozitivni.

Normalni jatra Cirhoticka jatra
HSC2d = HSC7d MF HSC2d = HSC7d MF
++ 4+ ++ 4+ 4+
a-SMA 115 50% 100% 80% 100% 100%
+ ++ ++ 4+
RES 50% 50% 15 60% 95% g
++
GFAP 95% neg. = neg. neg. =
. ++ +++ +++ ++ +++ F++
100% 100% 100% 100% 100% 100%

Tabulka ¢. 9: Imunohistochemicky priikaz markeri HSC a MF izolovanych ze zdravych a cirhotickych
jater potkani kultivovanych 2 a 7 dni po izolaci. MF byly ziskany opakovanou pasazi primarni kultury.

Desmin se vyskytuje u bun¢k jak z normalnich, tak i cirhotickych jater, rozdil je vSak
vV mnoZstvi. V obou piipadech jsou vladkna desminu pfitomna po dvou dnech kultivace ptiblizné
V poloviné bunék v okoli jadra, u bunck z cirhotickych jater jsou vSak mnohem napadné;si.
S kultivaci exprese desminu do 7 dne stoupa, avSak po péti pasazich neni v MF detekovatelny.
Porovname-li a-SMA nebo desmin s GFAP, zjistime, Ze ma opacny trend. Zatimco témeér
vSechny HSC z normaélnich jater po dvoudenni kultivaci GFAP obsahuji, aktivovanym bunikdm
in vivo nebo in vitro zcela chybi. Vimentin se vyskytuje ve srovnatelném mnozstvi u bun¢k

Z normalnich i cirhotickych jater.
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Obrazek 8: Imunocytochemicka detekce a-SMA, desminu, GFAP a vimentinu v HSC kultivovanych 2 dny, 7 dni a MF (5p) z normalnich jater (A) a cirhotickych

jater (B).Obrazek ¢. 8: Imunocytochemicka detekce , a-SMA, desminu, GFAP a vimentinu v HSC kultivovanych 2 dny, 7 dni a MF z normalnich jater (A) a
cirhotickych jater (B).
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5.3. Exprese geniit HSC a MF izolovanych z intaktnich cirhotickych jater potkani
V této Casti experimentu jsme porovnavali expresi vybranych gentt u HSC a MF ziskanych
Z normalnich jater s buiikami izolovanymi z cirhotickych jater. Sledovali jsme také, jak se méni
exprese vybranych gend v ¢ase, a t0 U HSC znormalnich i cirhotickych jater 2 dny

po vysazeni na plastovou kultiva¢ni misku, po 7 dnech kultivace a u MF po péti pasazich.

5.3.1. Oligo cDNA array

Pomoci oligo ¢cDNA arrayi jsme sledovali expresi genti souvisejicich s metabolismem
pojivové tkané. Geny jsme pro piehlednost roziadili do nékolika skupin a to: proteiny ECM,
proteoglykany, metaloproteinasy a jejich inhibitory, cytokiny dilezité v patogenezi jaterni
cirhozy, receptory slozek ECM a dale potom markery HSC a MF a provozni geny.

Vysledné hodnoty exprese gent, jejichZ intenzita byla vyssi nez 0,2 alesponi u jednoho
z interval®, jsou uvedeny v tabulce ¢. 10 (str. 45-46). Pro celkovy nahled na zmény
odehravajici se pfi aktivaci a kultivaci bunék je tabulka doplnéna obrazkem s grafy (obr ¢. 9).
Grafy porovnavaji expresi jednotlivych gent u bunék izolovanych z normalnich a cirhotickych
jater (N HSC, C HSC) a kultur myofibroblast ziskanych opakovanou pasazi obou typu kultur
(N MF, C MF). Do graf byla vynesena normalizovana hodnota exprese jednotlivych gent.
Vpiipadé naprosté shody exprese genli by u porovnavanych skupin bunék lezely vSechny body
na uhlopfic¢ce. Ty z gend, které jsou upregulované, lezi nad diagonalou, downregulované pod
ni, geny lezici v blizkosti diagonaly maji expresni pomér blizky jedné a jejich exprese se tedy
neméni. Skupiny genl jsou v grafech barevné odliSeny. Srovnavali jsme jak ¢asovy vyvoj
exprese HSC 2d vs HSC 7d a HSC 7d vs MF, tak i rozdily mezi neaktivovanymi bunikami
a buiikami aktivovanymi in vivo N HSC 2d vs C HSC 2d a obéma typy myofibroblasti N MF
a C MF. Zajimavé je také porovnani bun¢k aktivovanych na plastiku s buiikami aktivovanymi
in vivo béhem fibrotickych déja N HSC 7d vs C HSC 2d.

V ramci statistického zhodnoceni jsme provedli analyzu rozptylu s naslednym
mnohonasobnym porovnanim Fisherovym LSD testem a Kruskal-Wallisovu analyzu rozptylu
Snaslednym mnohondsobnym porovnanim. Testovani bylo provadéno na hladiné
vyznamnosti p=0,05.

Aktivace HSC in vivo — porovnani N HSC 2d vs C HSC 2d

Klidové HSC izolované ze zdravych jater se pii porovnavani HSC aktivovanych in vivo
patologickych procesem velmi lisi: velikosti a tvarem bunék, zasobou retinoidd,

cytoskeletalnimi bilkovinami — pfedevsim a-SMA.
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Prokézali jsme zvySeni exprese prokolageni I, III, V (expresni poméry 5,8; 5,1; 2,0)
glykoproteinu osteonektinu (2,7), proteoglykanti perlekanu (2,6) a biglykanu (2,0) ale snizeni
syndekanu 4 (0,4). ZvySenou syntézu slozek ECM provazi jejich snizend degradace pomoci
MMP. S aktivaci HSC doslo ke dramatickému snizeni exprese MMP-3, MMP-9, MMP-13,
(0,07; 0,01; 0,09), klesla také exprese MMP-12 (0,4), MMP-14 (0,5) a naopak se zvysila
exprese MMP-2 (2,0). Pro celkovy pichled zmén viz obr. 9 a.

Aktivace HSC in vitro na plastiku — porovnani N HSC 2d vs N HSC 7d

Klidové HSC izolované ze zdravych jater se na plastiku béhem sedmidenni kultivace tzv.
aktivuji. Pfi jejich porovnavani s HSC aktivovanych in vivo patologickych procesem jsme si
povsimli analogickych zmén v expresi, které jsme popsali v pfedchozim odstavci.

Dochézi opét zejména k dramatickému nartGstu exprese prokolagent I, Ill, V (expresni
poméry 5.4; 4,6; 2,9) dale pak fibronektinu (3,7) a osteonektin (2,8). Exprese integrint
se neméni, pouze N-CAM se zvySuje (2,6). Z proteoglykani jsme zaznamenali zvySeni
u perlekanu (2,3) a biglykanu (2,1), naopak syndekan 4 se snizil (0,5).

| v tomto pridadé klesla exprese MMP a to MMP-3, MMP-9 a MMP-13 (0,07; 0,05; 0,06).
Exprese MMP-2 a MMP-7 se nezménila. S aktivitou metaloproteinas jednoznacné souvisi
produkce jejich inhibitort. Exprese nespecifického inhibitoru o-2 makroglobulinu vzrostla
(1,8) stejné jako exprese tkanového inhibitoru metaloproteinas 1 (TIMP-1) (1,5). Pro celkovy

ptehled zmén viz obr. 9 b).

Porovnani aktivace HSC in vitro a in vivo

Dalo by se fici, Ze se proces aktivace in vivo a in vitro doprovazeji podobné zmény
vV expresi nami sledovanych genli. Z obrazku ¢. 9 d, kde vidime porovnéani aktivovanych
sedmidennich HSC ze zdravych jater s aktivovanymi dvoudennimi HSC z cirhotickych jater,
je patrné, ze expresni poméry mnoha gend se piiblizili jedné, stale se vSak ukazuji co do
intenzity mensi zmény. Statisticky vyznamné rozdily jsou pouze u geni pro MMP-2, integrin
a5 a NCAM.

Aktivované HSC a MF — porovnani N HSC 7d vs N MF
Mpyofibroblasty jsou buiiky pochazejici zfejme z portalnich myofibroblastl, které maji

narozdil od HSC schopnost dé€lit se v bunécné kultufe déle nez po tii pasdze. Jednim
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z popsanych markertit myofibroblasti je fibulin-2 (Knittel, 1999) v nasem ptipad¢ zvyseny
3,7krat respektive 9,5krat pti srovnani s neaktivovanymi HSC.

Pti srovnani aktivovanych HSC izolovanych z normalnich jater s jaternimi myofibroblasty
jsme zjistili mnoho rozdilt v expresi gend, které do jisté miry kopiruji a prohlubuji zmény
nastartované aktivaci HSC vysazenim na plast. Opét nachazime zvySeni exprese prokolagenu
typu I, Il (expresni poméry 1,3), fibronektinu (1,7), osteonektinu (1,4) a trombospondinu
(3,5). Osteopontin se snizuje (0,2). Exprese integrinu a5 se zvySila 1,5krat, integrin B3
a N-CAM klesaji expresni poméry (0,1 a 0,7).

Z proteoglykant se zvysuje perlekan (1,2) a biglykan (1,4) naopak betaglykan a syndekan 4
se snizili (oba maji expresni poméry 0,6), statisticky vyznamné je vSak v tomto piipadé az
zmény v expresi maji aktivované sedmidenni HSC jiZ za sebou.

Zatimco exprese metaloproteinas MMP-3, 7, 9, 12, 13 u myofibroblasti je pod detekénim
limitem a v porovnani sklidovymi HSC doslo ke statisticky vyznamnému sniZeni,
U metaloproteinasy 2 a 14 jsme nezaznamenali vyznamné zmény Vv expresi. Stejné tak
inhibitory metaloproteinas TIMP-1 a 2 se neméni. Exprese a-2 makroglobulinu klesla (0,25).

Z cytokint a rstovych faktorii se méni CTGF (4,5) a PDGF (0,5), v porovnani s klidovymi
HSC klesa hladina profibrogenniho TGF81 (0,4).

Porovnani aktivovanych HSC a MF z normalnich a cirhotickych jater
Z pokust vyplyva, ze po sedmidenni kultivaci se stiraji rozdily v expresi ndmi sledovanych
gentl (Obr. €. 9 ¢) mezi HSC izolovanych z normaélnich a cirhotickych jater. Také mezi obéma

populacemi MF jsme nenasli vyznamné rozdily (Obr. €. 9 f).
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NHSC 7d

N HSC 2d N HSC 2d

c)

CHSC7d
CHSC 2d

N HSC 7d N MF
Proteiny ECM Receptory
Proteoglykany Markery myofibroblastl
Metaloproteinasy a jejich inhibitory Provozni geny
B cytokiny

Obrazek 9: Vysledky oligo cDNA arrayi. Normalizované hodnoty exprese genu v klidovych HSC (2d),
aktivovanych kultivaci na plastu (7d), MF z normalnich jater (N MF) nebo cirhotickych jater (C MF)
byly vyneseny proti sobé do grafii. V piipadé naprosté shody exprese
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XM-341061
Fibrilin-1
NM-031825

Fibronektin
NM-019143

Osteopontin
NM-012881

Prokolagen (I) a2
NM-053356

Prokolagen (IIT ) al
XM-343563
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XM-343607
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NM-134452
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Trombospondin-1
AF309630

Trombospondin-2
XM-214778
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Biglykan
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Perlekan
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Syndekan-1
NM-013026

Syndekan-3
NM-053893

Syndekan-4
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MMP-2
NM-031054
MMP-3
NM-133523
MMP-7
NM-012864
MMP-9
NM-031055

MMP-12
NM-053963

MMP-13
XM-343345
MMP-14 MTP-1
NM-031056

N-HSC 2d

0.28
0.07
3.82
0.72
0.44
0.10
1.15
0.31
0.52
0.17
0.56
0.09
0.20
0.04
0.52
0.04
0.98
0.18
2.02
0.22
0.22
0.04
0.65
0.12

1.74
0.21
0.65
0.05
1.55
0.27
0.57
0.06
1.10
0.44
1.32
0.23

1.07
0.05
2.26
0.50
0.64
0.16
1.11
0.20
2.13
0.35
2.82
0.68
1.33
0.31

C-HSC2d | N-HSC7d
Proteiny ECM

0.65 0.31
0.12 0.16
3.75 2.64
0.35 0.16
1.10 1.43°
0.21 0.25
1.49 1.78
0.33 0.49
3.012 2.45°
0.17 0.38
2.87 2.62
0.28 0.47
0.22 0.14
0.07 0.06
1.052 1.48°
0.11 0.25
2.67°2 2.75°
0.18 0.35
1.54 1.02
0.16 0.32
0.50 0.79
0.11 0.27
0.55 0.65
0.15 0.14

Proteoglykany
1.93 1.64
0.08 0.09
1.31 1.37
0.18 0.38
4.052 353"
0.38 0.68
0.43 0.46
0.06 0.09
0.43 0.73
0.17 0.29
0572 0.62°
0.17 0.16

Metaloproteinasy
2.162 0.95
0.14 0.20
0.18 0.16
0.04 0.07
0.44 0.71
0.08 0.16

0.002 0.05
0.00 0.03
0.762 1.54
0.24 0.30
0.26 0.16°
0.07 0.07
0.68°2 0.94
0.16 0.23
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0.32
0.08
2.66 ¢
0.10
1.61
0.34
1.87
0.41
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0.15
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0.17
0.12
0.06
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a2-makroglobulin
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TIMP-1
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TIMP-2
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IGF 1
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GAPDH
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18S RNA
X01117

N-HSC 2d

1.30
0.27
1.53
0.22
3.72
0.47

0.39
0.08
0.26
0.05
0.60
0.23
0.34
0.07
2.05
0.17
2.10
0.35
0.20
0.03
1.49
0.13

2.93
0.44
0.31
0.04
1.23
0.19
0.56
0.15
1.63
0.32
0.76
0.19

4.32
0.68
0.11
0.00
0.45
0.02
0.35
0.07

3.77
0.34
1.73
0.61
3.51

C-HSC2d | N-HSC7d
Inhibitory metaloproteinas

1.47 2.23
0.17 0.07
2.40 2.33
0.37 0.15
3.47 3.82
0.39 0.76
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0.50 0.39
0.15 0.23
0.20 0.30
0.05 0.04
0.34 0.54
0.09 0.18
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0.04 0.04
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0.20 0.53
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0.24 0.25
0.05 0.16
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0.06 0.28
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3.27 2.03
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2.08 1.96
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0.19 0.09
Markery

3.81 3.71
0.37 0.70
0.17 0.28
0.03 0.10
0.67% 0.80
0.09 0.11
0.24 0.25
0.11 0.09

Provozni geny

3.35 3.53
0.20 0.76
0.83 2.26
0.23 0.49
3.05 3.46
0.35 0.78

0.38
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2.39
0.03
2.22
0.29
3.80
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0.72
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0.25
0.11
0.28
0.12
0.13
0.05
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0.49
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0.22
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0.18
0.39
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0.34
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Tabulka 10: VysledKky oligo cDNA arrayi. Normalizované hodnoty exprese geni v klidovych HSC (2d),
aktivovanych kultivaci na plastu (7d), jaternich myofibroblasti z normalnich jater (N MF) nebo
cirhotickych jater (C MF). V tabulce jsou uvedeny pruméry a smérodatné o odchylky priiméru ziskané ze
étyr méreni Statisticka vyznamnost (p<0.05): a C-HSC 2d vs. N-HSC 2d, b N-HSC 7d vs. N-HSC 2d, ¢ N-
MF vs. N-HSC 2d, d N-MF vs. N-HSC 7d, e C-MF vs. C-HSC 2d, f C-MF vs. C-HSC 7d, g C-HSC 7d vs. C-
HSC 2d, h C-HSC 7d vs. N HSC 7d.

5.3.2. Validace vysledki arrayi pomoci rtRT-PCR

Array v tomto metodickém provedeni je metodou semikvantitativni, detekce hybrida je
zaloZzena na odectu intenzity stupné Sedi. Jeji vyhodou je multiplexnost, umoznuje rychlou
orientaci v expresi fady genli béhem jedné analyzy. Vyzaduje vSak potvrzeni vysledka jesté
dalsim postupem, nejlépe rtRT-PCR, tedy metodou, ktera je citlivéjsi a presnéjsi
S nesrovnatelné vétsim dynamickym potencidlem.

Cenné vysledky ziskame, pracujeme-li také s jinym designem sond specifickych pro dany
gen. Ob¢é metody maji odlisné zpisoby normalizace, hodnoty exprese ziskané rtRT-PCR jsme
normalizovali na provozni gen 18s mRNA, kdezto oligo cDNA array vyuzivala normalizace
exprese genu tak, aby primeér intenzity zabarveni vSech spotl, na kazdém cipu byl roven 1
(Jiang, 2004).

Pro validaci vysledkd jsme vybrali 5 ze 49 geni z riznych skupin, a to proteiny ECM,
MMP, bunééné markery a cytokiny. Vysledky normalizovanych hodnot exprese geni
ziskanych metodou rtRT-PCR jsou shrnuty v tabulce €. 11. Zaméfili jsme se na vzorky
izolované pouze z normdlnich jater. Myofibroblasty vykazuji statisticky vyznamné snizenou
expresi MMP-13, TGFB1 a desminu v porovnani s klidovymi HSC a zvySeni exprese CTGF
oproti aktivovanym HSC.

V ramci statictického zhodnoceni jsme provedli analyzu rozptylu s naslednym
mnohonasobnym porovnanim Fisherovym LSD testem a Kruskal-Wallisovu analyzu rozptylu
Snaslednym mnohonidsobnym porovnanim. Testovani bylo provadéno na hlading

vyznamnosti p=0,05.

N-HSC 2d N-HSC 7d N-MF
Prokolagen typ | 1.75+0.54 35.15+9.84° 18.64 £2.5
MMP13 886.64 +439.54 0.42+0.24 0.1+0.07°
TGFB1 5.15+0.54 1.77+0.19 2 0.7+0.07°
CTGF 4.27+1.28 3.15+0.83 885+121°
Desmin 179.13 £59.63 170.04 + 19.6 13.53 + 8.48 ¢

Tabulka 11: Vysledky normalizovanych hodnot exprese geni ziskanych metodou rtRT-PCR.
Statisticka vyznamnost (p<0.05): a N-HSC 7d vs. N-HSC 2d, b N-MF vs. N-HSC 2d, ¢ N-MF wvs.
N-HSC 7d (n=3).
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Pro porovnani obou metod jsou v grafu ¢. 1 znazornény expresni poméry jednotlivych genti
u klidovych HSC Vv porovnani s aktivovanymi HSC (A) a u klidovych HSC Vv porovnani
s myofibroblasty (B). U vSech sledovanych gent (s vyjimkou Ctgf) se vysledky arrayi

potvrdily.
Mmp13 B tRT-PCR Mmp13 =] ZRT—PCR
O Array O Array

Tgfol Tgfbl

Ctgf Ctgf

Coll cort

Des H Des

0:00 oot 1.00 100.00 0.00 0.01 1.00 100.00

Graf ¢ 1: Porovnani expresnich poméria ziskanych z arrayi (zelené) a rtRT-PCR (modie). Pomér
exprese geni N HSC 7d/2d (A) a N MF/ N HSC 2d (B). Logaritmické vyneseni.

Jak jsme predpokladali, rtRT-PCR je o n¢kolik tada citlivéjsi nez array (viz expresni
poméry MMP-13), kterou nelze v jednom experimentu postihnout zmény genti 0 velmi vysoké
¢i nizké relativni koncentraci. V prvém piipadé dojde k vysyceni kapacity spotu, ve druhém
je signal pro detekci pfili§ nizky a je vyhodnocen jako nespecificka vazba slozek detek¢éniho
systému neboli pozadi. Je tedy metodou specifickou a vhodnou k celkovému nahledu na zmény

exprese probihajici v HSC, nevhodnou vsak pro kvantifikaci zmén.

5.3.3. Imunocytochemicka detekce MMP u HSC izolovanych z normalnich jater
Jak ukazaly piedchozi vysledky, exprese MMP-2, 9, 13 je vysoka v HSC izolovanych
z normalnich jater a kultivovanych 2 dny na plastu. Po aktivaci HSC exprese MMP-9 a 13
klesa a exprese MMP-2 se neméni. Pomoci imunofluorescence (Obr. ¢. 10) jsme detekovali
pozitivitu MMP-2, 9, 13 v obou casovych intervalech. Exprese proteint MMP-9 a 13 v HSC
pretrvava az do jejich aktivace, kdy hladina mRNA klesla. MF nevykazuji pozitivitu
pro MMP-2, 9, 13.
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HSC 2d HSC 7d N-MF

MMP-9 MMP-2

MMP-13

Obrazek ¢. 10: Imunofluorescence MMP-2, MMP-9, MMP-13 u HSC na plastu 2d 7d a MF.

5.3.4. Inkorporace thymidinu — déleni bunék béhem pasazi
Pomoci méfeni inkorporace radioaktivniho 3H-thymidinu do buné¢né DNA jsme sledovali
rozdily v mife syntézy DNA primarni kultury HSC a MF po jedné, tiech a péti pasazich.
U bunék z normalnich jater jsme nezjistili zadné rozdily. Myofibroblasty z cirhotickych jater
po 1 pasazi vykazuji sniZzenou syntézu DNA ve srovnani s primarni kulturou HSC a s MF
po paté pasazi.
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Graf €. 2: Vysledky méfeni inkorporace znaceného radioaktivniho 3H-thymidinu do bunééné DNA.
Srovnani HSC a MF (1, 3, 5 pasaZz) z normalnich a cirhotickych jater (n=4). * znamena statistickou
vyznamnost (p<0.05) porovnani MF 1 pasiaZ s HSC a MF 1 pasaZz s MF 5 pasaZ u bunék izolovanych z
cirhotickych jater (n=4).
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5.4. Ovlivnéni MF kultivaci ve fibrinovém a kolagennim gelu
Druhou ucelenou ¢ast disertaéni prace tvoti vyzkum vlivu slozek extracelularni matrix —
kolagenu typu | a fibrinu na jaterni myofibroblasty, které oznacujeme jako MF. MF jsme
ziskali opakovanou pasazi (5x) neparenchymové bunécné frakce bohaté na HSC, jednd se

0 pln¢ aktivované kontraktilni buiiky ptivodné ze zdravych jater potkand.
MF jsme kultivovali v kolagennim a fibrinovém gelu a sledovali jsme morfologii, rist

a pfedevsim expresi gend souvisejicich s metabolismem pravé ECM.

5.4.1. Morfologie MF v gelech
MF vysazené na plastik jsou velké bunky polygonalniho tvaru s viditelnymi stresovymi
vlakny, které jsou po imunocytochemickém barveni pozitivni a-SMA. Po vysazeni
do fibrinového gelu jsou pro buiiky charakteristické dlouhé vybézky, v kolagennim gelu jsou
vybézky bungk spise kratsi, buiikky maji také tendenci shlukovat se (Obr ¢. 11).

Obrazek ¢. 11: MF na plastu (A), ve fibrinovém (B) a kolagennim gelu (C). 24 h po vysazeni. ZvétSeni 100x.
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5.4.2. Inkorporace thymidinu do bunék ve fibrinovém a kolagennim gelu.
Pomoci méfeni inkorporace radioaktivniho *H-thymidinu do bun&&né DNA jsme nezjistili
statisticky vyznamné rozdily v syntéze DNA u MF kultivovanych ve fibrinovém a kolagennim
gelu v porovnani s plastem (Graf ¢. 3). Pro statistické zhodnoceni byl pouzit dvouvybérovy

t-test. Hladina vyznamnosti byla p=0,05.
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Graf ¢ 3: Vysledky méfeni inkorporace znafeného radioaktivniho 3H-thymidinu do bunééné DNA MF
kultivovanych na plastu, ve fibrinovém a kolagennim gelu (n=4).

5.4.3. Vysledky oligo cDNA arrayi MF ve fibrinovém a kolagennim gelu

Pomoci oligo ¢cDNA arayi jsme porovnavali expresi genl souvisejicich s metabolismem
pojivové tkané. Geny jsme opét pro piehlednost rozfadili do n€kolika skupin: proteiny ECM,
proteoglykany, metaloproteinasy a jejich inhibitory, cytokiny dulézité v patogenezi jaterni
cirhézy, receptory slozek ECM a dale potom markery MF a provozni geny. Vysledné hodnoty
relativni exprese gent jsou uvedeny Vv tabulce ¢. 12. Exprese genl na plastiku byla hodnocena
jako 100%. K dalsimu vyhodnoceni byly opét zatazeny pouze geny, jejichZ intenzita signalu
po normalizaci byla vyssi nez 0,2. Pro statistické zhodnoceni byl pouzit jednovybérovy t-test,
testovala se hypotéza shody hodnot exprese ve fibrinovém nebo kolagennim gelu se stem.
Hladina vyznamnosti byla p=0,05.

Fibrinovy gel: Kultivace MF ve fibrinovém gelu ovlivnila expresi fady gent.
Z proteoglykant se v MF po kultivaci ve fibrinovém gelu zvysila exprese perlekanu naopak
syndekan 4 klesl. Zatimco exprese glykoproteini osteonektinu a trombospondinu 1 se zvysila,
exprese osteopontinu naopak klesla. Exprese kolagent I, 111, IV, V a fibronektinu se nezménila.
Exprese metaloproteinas se vyznamné nezménila, exprese jejich inhibitord TIMP 1 a 2 lehce
vzrostla. Ve skupiné cytokinl a rustovych faktord doslo k poklesu exprese PDGFa, TNFa

a zvySeni exprese BMP4.
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gel
Proteiny ECM

Prokolagen (I) a2 113+4
Prokolagen (III) a1 115£5
Prokolagen (IV) al 101 +6

Prokolagen (V) a3 917
Elastin 110+9
Fibronektin 109 +6
Laminin bl 202+£115
Laminin cl 79 £17
Galektin 1 105+6

Galektin 3 98+9
Osteonektin 117+4%*
Osteopontin 79+6%*
Trombospondin 1 [11+£3%*

Trombospondin 2 101 £3
Vitronektin 97 £12

Proteoglykany

Betaglykan 94 £38
Biglykan 1056
Perlekan 125+4%*
Syndekan 1 102 £ 16
Syndekan 4 85+3%*
Metaloproteinasy

MMP-2 105+9
MMP-3 143 £33
MMP-7 121 £21

MMP-12 83+13
MMP-13 105+17

MMP-14 75+13

Inhibitory metaloproteinas

a2 makroglobulin 1085
PAI-1 106 £6
TIMP1 111+£2%*
TIMP2 109+1%*

TIMP3 73+£13

Tabulka €. 12: Vysledky oligo cDNA arrayi MF kultivovanych ve fibrinovém a kolagennim gelu. Exprese
geni na plastiku byla hodnocena jako 100%. V tabulce jsou uvedeny priméry a smérodatné odchylky

Fibrinovy

Kolagenni

gel

109 +4
106 £7
79+6%*
82+2*
103 + 4
109+5
215+ 96
105 +23
110+3*
113+£27%*
11249
119+17
112+7
83+ 16
104+5

1013
112+4
118+ 12
90 +7
103 +£27

100+ 5
150 £ 48
91+ 10
1056
106 =4
170 + 19*

96+ 7
1036
106 £ 6
107 £7
85+2%*

Fibrinovy Kolagenni
gel gel
Cytokiny a rustové faktory
BMP4 115+3%* 107 +£7
CTGF 87+ 11 84 +5
FGF2 86+ 17 97 +4
IGF1 92 £22 116 +31
IGFBP5 84 +20 63+8%*
IL-6 97+ 10 135+ 39
PDGFa 67+8%* 106 + 8
PDGF B 101 +8 115+£2*
TGF 61 63+ 12 143 £ 19
TGF 32 98 +£2 94+3
TGF B3 82+38 63+£5%*
TNFa 83+£37%* 79+3 %
VEGF 111+£5 104+ 6
Receptory
Integrin a5 116 +£5 110+6
Integrin a6 102+£9 83+3%*
Integrin a8 60+7* 58+6%*
Integrin 61 95+10 101 +3
Integrin 33 99 £ 10 96 £ 15
Laminin recl 99 +8 108 +£3
ICAM-1 82+ 10 82+2
N-CAM 106 +8 102+6
Bunééné markery
Desmin 118+ 6 111+6
Fibulin 2 92+9 90+6
Fibulin 5 71+11 51+5%*
Reelin 94 + 17 115+6
Provozni geny
Aktin 114 +3 105+9
GAPDH 103 +17 95+19
18S RNA 117£8 104 +38

pruméru ¢tyf méfeni. * znadi statistickou vyznamnost v porovnani s expresi na plastiku (p<0.05)
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Kolagenni gel: Pritomnost kolagenniho gelu méla negativni vliv na expresi kolagenu 1V
a'V, exprese integrinti 06 a a8 se také snizila. U galektinti 1 a 3 tomu bylo naopak, jejich
exprese lehce vzrostla. Kolagenni gel stimuloval v MF expresi MMP 14, expresse TIMP 3
se snizila. Ve skuping€ cytokinl a rastovych faktort doslo ke zvySeni exprese PDGFR, TNFa,
IGFBP5 a TGF 3.

5.4.4. Validace vysledkii arrayi pomoci rt RT-PCR

Pro validaci vysledki oligo cDNA arayi a jejich zpfesnéni jsme vybrali 20 genu
a to proteiny, glykoproteiny, metaloproteinasy, cytokiny a transkripéni faktory. Vysledky
normalizovanych hodnot exprese geni ziskanych metodou rtRT-PCR jsou shrnuty
v tabulce ¢. 13. Jedna se o pruméry ze Sesti pokusu, vysledky jsou uvedeny v procentech
vztaZzenych vzdy na kontrolni buniky vysazené na plastik.

Pro statistické zhodnoceni byl pouzit jednovybérovy t-test, testovavala se hypotéza shody
hodnot exprese ve fibrinovém nebo kolagennim gelu se stem. Pro porovnani skupin fibrinovy
a kolagenni gel byl pouzit dvouvybérovy t-test. Hladina vyznamnosti byla p=0,05.

Pti kultivaci bunék ve fibrinovém gelu se proti MF na plastiku signifikantn¢ snizila exprese
metaloproteinas MMP-7 a MMP-9 a také jejich inhibitoru PAI-1. Snizila se exprese TGF-32
a osteopontinu. Kolagenni gel mé¢l na expresi gent vyraznéj$i vliv. Doslo ke dramatickému
zvySeni exprese metaloproteinas MMP-3 a MMP-13, ovSem s vysokou smérodatnou
odchylkou mezi jednotlivymi pokusy. RovnéZ exprese MMP-2 a MMP-14 se zvysila.

Mezi sledovanymi cytokiny se zvysila exprese TGF B1, exprese TGF 2, IL-6 a CTGF
klesla. Z prokolageni jsme zaznamenali zménu pouze u typu Xll, a to ve smyslu snizeni
exprese vV porovnani s MF na plastiku.

Testovali jsme také statistickou vyznamnost rozdili exprese MF ve fibrinovém gelu vici
MF v kolagennim gelu, abychom odpovédéli na otazku, jak rtzné slozeni trojrozmérného
prostfedi ovliviluje expresi genil. Fibrinovd matrix nestimuluje expresi metaloproteinas
MMP-2,9,13,14 tak jako kolagenni, nepotencuje expresi osteopontinu a nesniZuje expresi

trombospondinu-2 a prokolagenu typu XII.
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Nazev genu Fibrinovy gel Kolagenni gel
Metaloproteinasy a jejich inhibitory
MMP-2 92 +21 167 + 11%°
MMP-3 579 £271 1772 + 1333
MMP-7 51+17° 87 +23
MMP-9 20+3° 162 + 65
MMP-13 105 +49 4086 + 3289
MMP-14 80 + 12 298 +41%°
TIMP1 95+10 84 +19
TIMP2 86+ 17 128 £ 16
PAI-1 67 + 10° 30+ 5%
Cytokiny
IL-6 98 +23 49 + 16
TGF Bl 90 + 13 195 +28%°
TGF B2 72+5 22 +2°
TGF B3 53+5° 22+ 5%
CTGF 92+ 16 40 + 32
Proteiny a glykoproteiny
Lumican 251+73 545+167°
Prokolagen (I) a2 149 £ 35 106 £ 11
Prokolagen (IV) al 101 + 14 93 +21
Prokolagen (XII) al 105+ 11 54 + 5%°
Trombospondin 2 97+ 13 44 + 6*°
Osteopontin 55+ 8° 217 +51°
Trankripéni faktor
Early growth response 1 193 £63 150 =49
Marker
Catenin B1 82+24 104 £ 10

Tabulka €. 13: Vysledky oligo ¢cDNA arrayi MF kultivovanych ve fibrinovém a kolagennim gelu po
dobu 5 dni. Exprese genii na plastiku byla hodnocena jako 100%. V tabulce jsou uvedeny priméry a
smérodatné odchylky priméru ze Sesti méfeni. Statistickd vyznamnost: ® znaéi porovnani geld a
plastiku (p<0.05), ® porovnani fibrinového gelu vii¢i kolagennimu gelu (p<0.05)
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Porovnani obou metod mefeni exprese genu je vyneseno v grafu ¢. 4. Znazornény jsou
poméry expresi jednotlivych geni MF na plastu viici fibrinovému gelu (A) a MF na plastu vici
kolagennimu gelu (B). Porovnadme-li obé metody mefeni exprese genti, dospéjeme ke zjisteéni,
7e poméry expresi jednotlivych genid na plastu se ve vétSiné ptipadt shoduji ve smyslu up-

nebo down-regulace. Opét se ukazala vyssi citlivost rt RT-PCR.

Mmp3 . A Mmp-13 e — B
Mmp13 e Mp-3 _—
Colla2 E Mmp14 E
Timp1 f Mmp2 —
Mmp2 / Tgfb1 =
Timp2 f Spp &=
Mmp14 | Timp2 =]
Tsp J Timp1 F
Tgfb1 = Colta2 f
Ctgf = Mmp7 =5 @ Array
. @ Array
Pai-1 — Tsp — ®tRT-PCR
®tRT-PCR
Spp —4 XIS R —
NPT Cof il
0.1 1.0 10.0 1000 || 01 1.0 10.0 100.0

Graf ¢&. 4: Porovnani poméruexpresi ziskanych z arrayi (zelené) a rtRT-PCR (modie). Pomér exprese
geni MF plast / fibrinovy gel (A) plast / kolagenni gel (B). Logaritmické vyneseni.
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5.4.5. Imunocytochemicky priikaz metaloproteinas MF v gelech
V predchozich kapitolach je zdokumentovano, jak trojrozmérné kultivaéni prostiedi
ovlivituje expresi genli. Pro ovéfeni vysledki na tUrovni proteini jsme vybrali
imunocytochemickou detekci metaloproteinas MMP-2, 3, 9, 13 v kolagennim a fibrinovém
gelu a na plastiku. Analyzu jsme doplnili o barveni na a-SMA, abychom zviditelnili tvar
bunék. Bunky na plastiku nebyly pozitivni na zadnou ze zvolenych metaloproteinas. U bun¢k
ve fibrinovém gelu jsme nasli pozitivitu na MMP-2 a slabou pozitivitu MMP-3. Bunky

V kolagennim gelu se barvily pozitivné na vSechny sledované metaloproteinasy (Obr. €. 12).

plastik kolagenni gel

fibrinovy gel

a-SMA

MMP-9 MMP-3 MMP-2

MMP-13

Obrizek ¢. 12: Myofibroblasty na plastu, ve fibrinovém a kolagennim gelu. Imunofluorescence a-SMA,
MMP-2, MMP-3, MMP-9 a MMP-13.
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5.4.6. Meéreni ubytku hmoty geli

Pii kultivaci MF v gelech po dobu jednoho tydne jsme pozorovali vyrazny ubytek hmoty
gelu, zfejmé vlivem zvy$ené exprese metaloproteinas v buiikach. Ubytek jsme kvantifikovali
zvazenim susiny zbylého gelu s bunikami. Myofibroblasty kultivované v gelu po dobu jednoho
tydnu solubilizovaly 51 % hmoty kolagenniho gelu, resp. 15 % fibrinového gelu

(viz Graf ¢. 5). Pro statistické zhodnoceni byl pouzit dvouvybérovy t-test.
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Graf & 5: Ubytek Hmostnosti gelit po sedmidenni Kultivaci s MF. Primér z 9 stanoveni. Statisticka
vyznamnost (p<0.05).
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6. DISKUSE

V prvni Casti prace jsme se zabyvali zménami exprese genti HSC a MF izolovanych
Z normalnich a cirhotickych jater. Nasim cilem bylo popsat aktivaci HSC in vitro a in vivo.
Ptredchazela tomu identifikace a charakterizace izolovanych bun€k pomoci znamych markert

imunocytochemicky a histologicky rozbor jaterni tkan¢.

6.1. Imunohistochemicka a imunocytochemicka charakterizace HSC a MF

Jelikoz bylo nasim cilem sledovat zmény exprese geni spojené s aktivaci HSC in vivo i in
vitro izolovali jsme zdravych i cirhotickych jater potkanti neparenchymovou bunécnou frakci
obsahujici HSC. Izolace HSC s pouzitim hustotniho gradientu je obecné pfijimanou metodou
(Ramadori, 2002). Neparenchymova bun&tné frakce kromé& klidovych HSC obsahuje 1 MF
(Ogawa, 2007). HSC se kultivaci aktivuji, ale jejich proliferaéni potencidl je omezeny, udava
se, ze jsou schopné prezit 2 pasaze. Naopak MF lze kultivovat i po opakované pasazi (Kim,
2005). Domnivame se tedy, Ze na pocatku nami izolovana frakce obsahuje prevazné klidové
HSC — po dvou dnech od izolace. Po sedmi dnech se jedna o aktivované HSC a bunétna
kultura po péti pasazich ptedstavuje bunécnou populaci slozenou z MF. Toto tvrzeni jsme
se snazili dolozit pomoci imunocytochemického prikazu markert jednotlivych typi bunék.

Primarni kultura neparenchymovych bun¢k obsahovala jak HSC tak MF, po péti pasazich
Vv kultufe pfevladly a-SMA pozitivni, desmin negativni MF. Jak je uvedeno v dalsi kapitole,
ovetili jsme si v MF 1 expresi fibulinu-2, ktery slouzi také k odliSeni MF od HSC
(Knittel,1999). Klidové HSC izolované z neposSkozenych byly a-SMA negativni, s jejich
aktivaci exprese roste, coZ je v souladu s publikovanymi pracemi napt. Neubauer (1996). Cast
HSC byla desmin pozitivni, béhem opakovaného pasdzovani desmin pozitivni buiiky vymizely.
Desmin je bilkovina stiednich filament svalovych bunék, jeho pfitomnost v HSC ukazuje
na jejich ptibuznost se svalovymi buiikami.

Abychom se ujistili, Ze byla cirhdza navozena Gspésné, odebirali jsme pied perfuzi vzorek
jaterni tkang€. V histologickém obrazu jsme nalezli steatézu hepatocytii a nodularni pfestavbu
jaterni tkané. V okoli regeneracnich uzli jsme histologickym barvenim prokazali zmozeni
kolagennich, elastickych 1 retikularnich vlaken. Pomoci imunohistochemického barveni jsme
ve zdravych jatrech detekovali portalni MF, lokalizované v portobiliarnim prostoru. pMF jsou

buniky a SMA pozitivni, desmin pozitivni a GFAP negativni. Hvézdicové buiiky se nachazeji
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V prostoru mezi sinusoidami. Narozdil od pMF jsou GFAP pozitivni, & SMA negativni, desmin
negativni.

V cirhotickych jatrech se popisuje nékolik typi myofibroblastickych bunék: portalni,
septalni myofibroblasty a MF, vzniklé aktivaci HSC (HSC/MF). MF se nachazely podél
vazivovych sept v dilatovanych portobiliarnich prostorech i mezi sinusoidami uvnitt
regeneracnich uzlti. MF jsou bunky pozitivni na a-SMA a desmin. HSC/MF se 1isi od pMF
obsahem GFAP. GFAP, navrzeny jako specificky marker pro HSC (Neubauer, 1996), ukazuje
na jejich ptibuznost s nervovymi buikami. Je obsazen ve vybéZcich astrocytd (Weinstein
aspol. 1991). Pii kultivaci bunék GFAP exprimovaly pouze klidové HSC izolované
z normalnich jater. Na histologickych fezech jsme nasli pozitivitu na GFAP klidovych
i aktivovanych HSC, mohlo tedy dojit k vymizeni exprese tohoto antigenu velmi zahy po jejich
izolaci. Normalni i cirhoticka jatra obsahuji vimentin pozitivni buiiky v parenchymu v portalni
oblasti i podél vazivovych sept v ptipadé jater cirhotickych. Barveni na vimentin neni

specifické pouze pro HSC a MF.

6.2. Zmény v expresi genii spojené s aktivaci HSC

HSC a MF jsou oznacCovany za hlavni producenty ECM v jatrech. Aktivaci HSC a MF at’
uz in vitro na plastiku nebo in vivo pfi toxickém poskozeni jater provazi dramatické zmény
v genové expresi (Liu, 2004; Takahara, 2006; Jiroutova, 2007). V nasi préci jsme sledovali
expresi gend, které souvisi s metabolismem ECM a mohou pfispivat k rozvoji jaterni fibrozy.
Genovou expresi jsme sledovali v intervalech 2 a 7 dni, a to jak u HSC izolovanych
z normalnich jater potkant, tak z jater s rozvinutou cirh6zou po opakovaném podavani CCl4.
MF jsme vykultivovali opakovanym pasdzovanim primokultury z normalnich i cirhotickych
jater. Zmény v genové expresi jsme analyzovali s pomoci oligo cDNA arayi.

Mame-li zjednodusené charakterizovat naSe vysledky, tak mezi klidovymi a aktivovanymi
HSC a HSC a MF jsme zaznamenali fadu rozdild v expresi genti, zatimco mezi MF

z normalnich i cirhotickych jater byly rozdily minimalni.

Béhem aktivace HSC doslo k nartistu exprese mRNA proteinl typickych pro fibroticka
jatra jako je prokolagen typu I, I1I, V, fibronektin a osteonektin, coz potvrzuje vysledky diive
publikované v literatufe (Schuppan, 1990; Frizell, 1995). Vysokou hladinu mRNA zminénych
proteini ECM jsme prokazali také v MF, coz je vsouladu spraci Knittela (1999). MF
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v porovnani s HSC vice exprimuji trombospondin-1. Tento glykoprotein interagujici
s povrchovymi receptory bunék, je schopen aktivovat TGFB1 (Chen, 2000; Breitkopf, 2005).

Z literatury je znamo, ze prave rustoveé faktory jako jsou TGFR1, PDGFB a IGF patii mezi
klicové cytokiny fibrozy jater (Bissell, 2001). V naSi praci jsme nezaznamenali rozdily
v expresi TGFB1, PDGFB, IGF mezi klidovymi a in vivo nebo in vitro aktivovanymi HSC;
naopak exprese v MF byla snizena. VySe zminéné rustové faktory jsou produkovany
po poskozeni hepatocyti Kupfferovymi bunkami, buiikami endotelu sinusoid a monocyty
infiltrujicimi zanétlivou tkan. Parakrinné dochazi k stimulaci HSC, které se po aktivaci samy
zapojuji do syntézy cytokini. TGFB1 je produkovan ve formé propeptidu, vazany
na glykoprotein LTBP, k jeho aktivaci je nutna proteolyza serinovymi proteasami
nebo pfitomnost trombospondinu-1 (Gerard, 2000). Sérové koncetrace TGFB1 jsou zvysené
U pacientl s fibrézou (Tsushima, 1999). TGFB se vdze na bunécné receptory (TGFR), indukuje
intracelularni fosforylaci a dimerizaci pfenasSect signalu (Smad2, 3), které v jadfe moduluji
expresi fady genli. TGFB indukuje v jatrech syntézu slozek ECM, fibrilarnich kolagent,
fibronektinu, tenascinu, membranovych proteoglykanti (perlekanu, biglykanu). Negativné
zasahuje do odbouravani ECM tim, ze indukuje syntézu TIMP-1 a PAI-1 (Wells, 2000).
Zvysena endogenni syntéza TGFB1 u transgennich mySi vyvolava jaterni fibrozu (Sanderson,
1995), naopak exprese receptoru schopného tento cytokin eliminovat, dokdze experimentalné
navozenou fibrozu zvratit (Nakamura, 2000). Byla popsana vyssi exprese TGFB1 a jeho
receptord (TGFRI, II, IIT) v aktivovanych HSC. V myofibroblastech v§ak schopnost receptorii
vazat TGFB1 klesa, coz mlze znamenat, Ze exprese kolagenu typu I je v MF nezévisla
na TGFB1, jak navrhuje Dooley (2000).

Se signalizaci TGFB tzce souvisi pfiromnost betaglykanu. V na$i praci jsme zjistili,
ze exprese betaglykanu byla u MF v porovnani s HSC nizsi, pokles exprese jsme zaznamenali
béhem kultivace primokultury HSC izolovanych z cirhotickych jater. Betaglykan je béZzné
se vyskytujici proteglykan, vykazuje vysokou afinitu ke vSem isoformam TGFS a slouzi jako
koreceptor TGFRII. Exprese betaglykanu se snizuje béhem transdiferenciace HSC na MF
(Dooley, 2000). I dalsi izoformy TGFB2 a TGFB3, mohou mit vliv na aktivaci HSC (Wickert,
2002; Wells, 2004).

Exprese CTGF méla opacny trend neZ TGFB1, nalezli jsme zvySenou hladinu mRNA u MF
ve srovnani s klidovymi a aktivovanymi HSC. CTGF je dalsi z cytokinil se zvySenou expresi v
cirhotickych jatrech (Abou-Shady, 2000). Zatimco v hepatocytech je exprese CTGF zavisla a
stimulovand TGFB1, v HSC tomu tak neni (Gressner, 2007). CTGF patii do rodiny CCN

proteinti, jde o CCN2. Stimuluje migraci, proliferaci a syntézu kolagenu v HSC (Paradis,
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2002). V aktivovanych HSC, kterym byla vpravena siRNA namitena proti CTGF, se snizila
exprese o SMA, exprese kolagenu typu I a III (Li, 2008).

Osteopontin ve zvysené miie exprimovaly HSC ve srovnani s MF. Jde o glykoprotein,
ktery obsahuje v molekule RGD sekvence schopné interagovat s integriny a zasahovat
do procesu jako je bunécéna adheze, migrace, proliferace a pusobi jako prozanétlivy cytokin
(Tokairin, 2008). Krom¢ HSC je v jatrech produkovan také Kupfferovymi buitkami (Ramaiah,
2008). Exprese osteopontinu v jatrech roste po toxickém poskozeni a in vitro aktivaci HSC na
plastiku (Lee, 2004).

Pozorovali jsme snizeni hladiny mRNA Syndekanu-4 (Sdc-4) pii aktivaci HSC in vivo i
in vitro, domnivame se, Zze tento fakt muze pfispivat k rozvoji zanétlivé reakce po toxickém
poskozeni jater. U ostatnich sledovanych syndekanii jsme zménu exprese nezaznamenali. Sdc 4
je transmembranovy proteoglykan, fetézci heparan sulfatl je schopen vézat ristove,
antikoagulac¢ni faktory a také Spp. Komplex Sdc-4/Spp znemoznuje Stépeni trombinem
a naslednou vazbu na integriny a4 B1 a a583 (Kon, 2008). Vyznamna role Sdc-4 se ukazala pti
pokusech na mysich s vyfazenym Sdc-4 genem, jatra byla po aplikaci hepatotoxinu
Z histologického 1 funkéniho hlediska vice poSkozena (Kon, 2008). Perlekan, dalsi
z proteoglykant, byl siln¢ exprimovan v aktivovanych HSC i MF.

MF se 1i8i od HSC smizenou expresi podjednotek integrinu a6 - jednoho z receptort pro
laminin a B3 ¢asti integrinu vazajiciho vitronektin a trombospondin, coz mize byt disledek
kultivace se ztratou kontaktu bun¢k s basalni laminou. MF exprimuji vice mRNA fibronektinu
1 vazajiciho integrinu a5 nez HSC. Integriny zprostiedkovavaji komunikaci mezi bunkou
a ECM, proteiny prochazejici bunéénou membranou. Jde o heterodimery slozené
Z podjednotek a a . HSC exprimuji alfl, a2B1, av 1, a6p4, a8B1 (Carloni, 1996; Levine,
2000).

Exprese fibrilinu-1 a elastinu se vyznamné nezvysila u zadné subpopulace sledovanych
bunék. Fibrilin-1 je souc¢asti mikrofibril, spolu s elastinem se vyskytuji v normalnich jatrech (v
Disseho prostoru podél sinusoid i v portalni oblasti) v cirhotickych jatrech jsou soucasti
vazivovych sept (Dubuisson, 2001; Kanta, 2002). Akumulace téchto proteinii mlze byt
zpuisobena principidlné dvéma mechanismy. MuzZe jit o snizeni aktivity metaloproteinas, at’ uz
z divodu nizsi exprese nebo zvySenim aktivity inhibitori MMP. Druhou moznosti je zvySeni
produkce fibrilinu-1 a elastinu jinym typem neparenchymalnich bungk.

Kromé zmén exprese proteintl, proteoglykanii a glykoproteinti v HSC a MF jsme sledovali
zmény v expresi metaloproteinas, a to konkrétné MMP-2, 3, 7, 9, 12, 13, 14. Klidové HSC

exprimovaly vSechny mRNA vSech zminénych MMP, s aktivaci se exprese (krom¢ MMP-2
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a 14) dramaticky snizila, u MF az do pomoci oligocDNA arayi nedetekovatelné¢ miry. Hladina
MRNA pro MMP-2 se s aktivaci HSC na plastu neménila, v HSC izolovanych z cirhotickych
jater byla po dvoudenni kultivaci vyssi nez u bunék pochazejicich z jater normalnich. Expresi
MMP-14 vykazovaly vSechny typy bunék bez statisticky vyznamnych rozdilt, jen v HSC
izolovanych z cirhotickych jater byla po dvoudenni kultivaci niz$i nez u bunék pochézejicich
Z jater normalnich.

MMP-2 a 9 se oznacuji také jako zelatinasy A a B. MMP-2 se podili na degradaci normalni
subendotelové matrix a usnadnuje tim uklddani kolagenu typu 1, zvySena exprese byla
detekovana pfi experimentdlné¢ navozené fibréze i u pacientli s chronickou hepatitidou,
srozvojem cirhdzy klesa (Takahara, 1997). Je znadmo, ze pro MMP-2 produkuji také
aktivované HSC (Théret, 1997). Na povrchu bunék dochazi i interakci s MMP-14 a TIMP-2 za
vzniku trimolekuldrniho komplexu (Strongin, 1995), nezbytného pro aktivaci latentni formy
MMP-2. Aktivovan¢ HSC produkuji vSechny slozky tohoto komplexu. Kolagen typu 1
indukuje aktivaci pro MMP-2 (Theret, 1997). MMP-9 je produkovana ptevazné Kupferovymi
bunkami a také klidovymi HSC (Takahara, 2003), jeji aktivace je zavisld na plasminu a
stromelysinu. MMP-13 je intersticialni kolagenasa potkant. Exprese MMP-9 a 13, detekovana
u HSC po izolaci, klesa s délkou kultivace (Knittel, 1999). MMP-7 a MMP-12 degraduji
nativni a denaturovany kolagen, elastin, proteoglykany a glykoproteiny (Iredale, 1996; Arthur,
1998).

Souhrnem miZeme konstatovat, Ze klidové HSC maji fenotyp podporujici degradaci ECM,
coz je v souladu s pracemi Iredale, 1996; Vyas,1995. Aktivované HSC a MF maji niz$i expresi
MMP s vyjimkou MMP-2 a 14. MMP-2 byla detekovana ve fibrotickych jatrech (Watanabe,
2001), kde pfispiva ziejmé k remodelaci Disseho prostoru a infiltraci MF do tkané. Pro MF
nemame v literatufe patfi€né srovnani, od aktivovanych HSC se v naSich experimentech lisila
pouze nizsi expresi MMP-12.

Jak bylo zminéno vySe aktivita MMP je regulovana dvéma hlavnimi endogennimi
inhibitory A2M a TIMP, dosud byly identifikovany TIMP-1 az 4. Exprese A2M byla u obou
typt MF niz$i nez u aktivovanych HSC. Toto zjisténi je v souladu s obecné pfijimanym
faktem, ze aktivované HSC a MF maji fenotyp podporujici akumulaci ECM. Bylo popséano,
ze s aktivaci se exprese TIMP-1 a 2 zvySuje (Benyon, 1996, Iredale, 1995, 1996). V nasich
experimentech jsme neprokdzali statisticky vyznamné rozdily v hladinich mRNA TIMP.
U TIMP-2 se exprese se vSak pohybuje na horni hranici detekce, kde dochazi k vysyceni

vazebné kapacity spotu a dal§i zmény smérem k vy$§im hodnotam nejsou méfitelné.
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Vysledky ziskané oligo ¢cDNA arayi jsou ptfinosem v celkovém ndhledu na jednotlivé
subpopulace bunék. Metoda sice nema tak vysoky dynamicky rozsah, pro nékteré sledované
geny (ty které jsou na dolni 1 horni hranici detekce) by bylo vhodnéjsi upravit mnozstvi vstupni
mRNA potazmo c¢cDNA. Pii ponechani Sesti typii testovanych buné¢k s danym poctem

opakovani by to bylo vSak finan¢né i z hlediska hodnoceni velmi naro¢né.

6.3.  Vliv kolagenniho a fibrinového gelu na expresi geni MF

Aktivace HSC a jejich naslednd transdiferenciace na MF je slozity déj, kterého se in vivo
ucastni okolni bunky prostfednictvim cytokinti a ristovych faktorti, apoptickych fragmenti a
ROS. Dulezité signaly buitkdm poskytuje i ECM. Zména fyzikalnich vlastnosti (Wells, 2005) 1
zastoupeni slozek ECM, ktera obklopuje HSC ovliviiuje jejich chovani. Rada praci se zabyva
vlivem trojrozmérného kultiva¢niho prostiedi, a to pfedevsim kolagenniho gelu a Matrigelu
na morfologii, proliferaci a expresi geni HSC. Kolagenni gel ptisobi na HSC spiSe aktivacné,
kultivace HSC v Matrigelu ma naopak deaktivujici efekt (Gaca, 2003). Vliv kultivace
ve fibrinovém gelu na HSC nebyl dosud studovan. V literatufe jsme nenasli prace, které by se
zabyvali kultivaci MF v trojrozmérné matrix. Z toho divodu jsme se rozhodli zjistit, zda a jak
trojrozmérny kultivacni systém ovlivni morfologii a expresi genit MF.

I my jsme pozorovali, Ze se po pifenosu MF z plastu do gelt méni morfologie, podobné jak
popsal Li (1999). Na plastu byly MF velké polygonalniho tvaru, v gelech mensi s podlouhlymi
tély. MF v kolagenim gelu mély tendenci se shlukovat, ve fibrinovém gelu rostly izolované a
byly vétsi a s vice vybezky nez v gelu kolagennim.

Expresi gentit MF ve fibrinovém a kolagennim gelu jsme studovali pomoci oligo cDNA
arayi a rtRT-PCR. Nezaznamenali jsme zmény v produkci mRNA fibrilarniho kolagenu typu I
a III ani kolagenu typu IV po ptenosu MF do gelt. Kolagenni gel sniZil expresi kolagenu typu
XII v MF, ktery patii mezi FACIT kolageny, tedy kolageny asociovanymi s fibrildrnimi typy.
Porovname-li s literarnimi udaji o HSC zjistime, Ze 1épe proliferuji a syntetizuji vice kolagenu
na plastu potazeném kolagenem typu I ve srovnani s kultivaci na plastu. Produkce kolagenu
Vv kolagennim gelu je ¢aste¢né utlumena (Senoo, 1996).

Na zéklad€¢ naSich vysledki miZzeme konstatovat, Ze zatimco exprese strukturalnich
proteini ECM jako jsou kolageny, fibronektin a laminin nebyla kultivaci v trojrozmérné matrix
ovlivnéna, exprese matricelularnich proteinii (osteonektin, osteopontin, trombospondin,

galektin) se zménila. Matricelularni proteiny - proteiny schopné vazat bunécné receptory,
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slozky ECM, ristové faktory, cytokiny a proteas - jsou exprimované béhem embryogeneze
nebo za patologickych stavii (Bornstein, 2009).

Kolagenni gel stimuloval expresi osteopontinu, galektini-1 a 3 a snizil expresi
trombospondinu-2. Ve fibrinovém gelu exprese osteopontinu klesla, naopak exprese
osteonektinu a trombospondinu 1 stoupla. Zaujal nas opacny trend v expresi osteopontinu.
Zvyseni exprese osteopontinu v kolagennim gelu koreluje se zvysenim exprese MMP-2, MMP-
9 a MMP-14, kter¢ u MF ve fibrinovém gelu nenastalo. Osteopontin ovliviluje dualezité
bunécné procesy jako adheze, migrace, proliferace, vyznamné se uplatituje pii metabolismu
kosti a angiogenezi. Jak bylo zminéno, vySe exprese osteopontinu v jatrech roste po toxickém
poskozeni a in vitro aktivaci HSC na plastiku (Lee, 2004). ZvySené sérové hladiny
osteopontinu byly nalezeny u pacientl s karcinomem plic, prsu, tlustého stfeva, prostaty a
hepatocelularnim karcinomem (Das, 2005). Osteopontin se vdze na integrin av33, zplsobuje
aktivaci transkripniho faktoru NF-xB a jeho translokaci do jadra a jim podminénou expresi
MMP-2 a uPA v bunéné linii hepatocelularniho karcinomu (Sun, 2008). Piidani
rekombinantniho osteopontinu k bunécné kultuie HSC na plastiku zvySuje expresi i produkei
MMP-2, zvySuje také produkci MMP-14, TIMP-2 a kolagenu typu | (Lee, 2004). TIMP 2,
MMP-14 a MMP-2 tvofi trimolekularni komplex nutny pro aktivaci MMP-2, nasledna lokalni
proteolyza ECM umozZiuje migraci bunék v tkani. Transkripéni faktory NF-xB a AP-1 zvySuji
expresi MMP-9 v aktivovanych HSC kultivovanych v kolagennim gelu (Takahara, 2004).

Zvysena exprese MMP-2, MMP-9 a MMP-14 v MF pfipomina chovani HSC v kolagennim
gelu, kde exprese MMP-2, MMP 14 a TIMP-2 roste (Wang, 2002). Jini autofi uvadeji indukci
exprese MMP-3, 9, 13, 14, zatimco MMP-2 neni ovlivnéna (Takahara, 2003). Domnivame se,
ze zvyseni exprese MMP-2, MMP-9 a MMP-14 v MF v Kkolagennim gelu miZe souviset
se zvySenou expresi osteopontinu. Zda v tomto procesu hraje klicovou roli NFkB nebo jiné
transkripéni faktory bude nutné v budoucnosti osvétlit. Ackoli PAI-1 také patii mezi geny,
jejichZ exprese muze byt stimulovdna NFkB, MF v gelech exprimovaly méné mRNA pro PAI
1 v porovnani s builkami na plastu. Plasmin, jehoz produkce je zavisla na aktivatoru
plasminogenu u-PA a jeho inhibitorech PAI-1 a 2, je proteasa schopna degradovat fibrin,
fibronektin, laminin a kolagen typu IV. Vyznamné reguluje aktivaci proenzymi MMP.
Poruseni rovnovahy mezi sloZkami regula¢niho systému plasminu je spjaté s fibrozou.

Exprese trombospondinu (TSP-2) v MF na kolagennim gelu klesla, u MF ve fibrinovém
gelu nebyla ovlivnéna. TSP-2 plsobi dle literatury opaénym efektem neZ osteopontin,
je povazovan za negativni endogenni regulator angiogeneze a tumorigeneze. Snizena exprese

TSP-2 zvySuje aktivitu MMP-2 in vitro i vivo. TSP-2 se vaZze na MMP-2 a usnadnuje
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endocytézu zprostiedkovanou receptorem pro LDL lipoproteiny LRP-1 a naslednou degradaci
v lyzosomech (Bornstein, 2004). Studie na transformovanych bunikach maligniho melanomu
exprimujicich TSP-2 vysvétluje jejich snizenou invazivitu zvysSenou expresi PAI-1
(Chijiva, 2009). TSP-2 je dulezity pro spravné formovani kolagennich fibril typu I v kiazi
(Bornstein, 2004).

Hmota fibrinovych a kolagennich geld byla po tydnu solubilizovana z jedné Sestiny resp.
jedné poloviny, coz doklada aktivaci metaloproteinas v MF. Domnivame se, ze se MF stejné
jako HSC mohou zapojovat do remodelace jaterni ECM. S vyzravanim kolagenni matrix v
jatrech je vSak spojena jeji stabilizace tvorbou pfi¢nych vazeb — zesitovanim za pomoci
tkanové transglutaminasy, coz zvysuje jeji odolnost vic¢i proteolytickym enzymim (Zhou,
2006).

MF v kolagennim gelu exprimovaly vice mRNA TGFBI1, ale exprese TGF32 a TGFS33
se snizila. V predchozi kapitole byly popsany vliv TGFB1 na aktivaci HSC a rozvoj fibrozy.
HSC exprimuji i ostatni izoformy TGFB, které plsobi opacné. Zatimco zvySena exprese
TGFRB1 je spojena se zvySenou produkci kolagenu typu I, zvySena exprese TGFB3 snizuje
syntézu kolagenu in vitro 1 in vivo a zvySuje expresi MMP-9, ale tlumi expresi TIMP-1
(Zhang, 2010). Mechanismus, jakym trojrozméiny kolagenni gel ovliviiuje jejich expresi,
zatim neni objasnén. V lidskych dermadlnich fibroblastech kultivace v kolagennim gelu
stimuluje traslokaci p50, podjednotky transkripéniho faktoru NF«B, do jadra (Xu, 1998).

Exprese CTGF v MF na kolagennim gelu klesla. CTGF patii do rodiny CCN proteint, jde
o CCN2. Stimuluje migraci, proliferaci a syntézu kolagenu v HSC (Paradis, 2002).
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7. SHRNUTI NEJDULEZITEJSICH VYSLEDKU

HSC jsme izolovali z normalnich a cirhotickych jater potkanti. K aktivaci HSC in vitro
jsme vyuzili obecné piijimany model - kultivaci na plastovém podkladu. Ziskali jsme tak HSC
s odlisSnymi fenotypy — klidové, aktivované in vitro a aktivované in vivo. Dal§im bunécnym
typem, na ktery jsme se zaméfili, byly myofibroblasty. MF tvofi po izolaci minoritni ¢ast
neparenchymové bunécné frakce, nasledkem omezené schopnosti HSC proliferovat v bunécné
kultute po 4 pasazich prevladnou. MF a HSC se lisi morfologicky i pfi imunocytochemickém
barveni, HSC davaji pozitivni reakci na desmin, MF jsou desmin-negativni.

HSC aktivované kultivaci na plastiku ve srovndni s klidovymi HSC exprimovaly
ve vétsi mife geny pro slozky extracelularni matrix (kolageny typu I, Il a V), perlekan,
fibronektin a osteopontin. Naopak niz§i exprese byla patrna predev§im u metaloproteinas
(MMP-3, 9, 13 a 14). Exprese genti v HSC Cerstvé izolovanych z cirhotickych jater se blizila
expresi genll v HSC z normalnich jater aktivovanych kultivaci na plastiku. HSC v cirhotickych
jatrech jsou tedy jiz do znacné miry aktivovany v obdobném smyslu. B&hem nékolikadenni
kultivace se cirhotické HSC v aktivaci uplné vyrovnaly normalnim HSC.

Srovnani MF a aktivovanych HSC naznacilo, Ze jde o dva typy buné¢k s rGznou funkei.
Pozorovali jsme zna¢né zvySeni exprese markeru MF fibulinu-2. Exprese fady proteini a
proteoglykanti (fibronektinu, osteopontinu, kolagenu I, vitronektinu, osteonektinu) byla v MF
vys$i, exprese metaloproteinas (MMP-7, 12) naopak niz$i. Souvisi to mozna s rozdilnou
expresi cytokini (CTGF, PDGF-B). Nebyl nalezen rozdil mezi MF z cirhotickych a
z normalnich jater.

V organismu jsou buiiky uloZeny v trojrozmérné matrix. Kultivovali jsme proto MF ve
fibrinovém nebo kolagennim gelu. Zjistili jsme, Ze jak fibrinovy gel tak zejména gel tvoteny
kolagenem typu I podstatné ovliviiuje expresi genl v téchto bunikach 1 jejich morfologii. V MF
se zvysila exprese metaloproteinas, coz se projevilo zvySenou schopnosti MF solubilizovat
gely, v nichz byly ponotfeny. Trojrozmérna matrix ovlivnila také expresi matricelularnich
proteinit jako jsou osteopontin a trombospondin-2, jez zasahuji do regulace procesu

remodelovani tkéni, a zplisobila vyznamné posuny v expresi cytokinll spojenych s fibrogenezi.
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8. ZAVER

V nasi praci jsme se veénovali studiu jaternich hvézdicovych bunc¢k a jaternich
myofibroblast.

Porovnavali jsme zmény exprese genu, které provazeji aktivaci HSC in vitro s témi,
které se odehravaji v HSC pfi vzniku jaterni cirhdzy u modelu toxického poskozeni jater.
Aktivace in vitro na plastické podlozce je obecné piijimany model pro studium HSC.
Aktivované HSC se vyznaCovaly pozitivitou na a-SMA a profibrogennim fenotypem —
vysokou expresi strukturalnich proteini ECM s pfevahou kolagenu typu I a III a nizkou expresi
enzymi schopnych degradovat ECM - metaloproteinas. Spektrum genti exprimovanych v HSC
izolovanych z cirhotickych jater se do zna¢né miry shodovalo se spektrem gent v HSC
aktivovanych in vitro, coz ukazuje na opravnénost tohoto modelu.

Ze zdravych 1 cirhotickych jater jsme vykultivovali 1 subpopulaci jaternich
myofibroblastii. MF jsou ve srovnani s HSC méné studovany typ neparenchymovych jaternich
bunék Jednim z divodi muze byt jejich heterogenita, absence specifického markeru i
nejednotnost izola¢nich technik. Analyza genové exprese ukazuje, ze jde o bunky s fenotypem,
ktery mize podporovat fibrogenezi, av§ak obraz exprese genu je u téchto bunék jiny, nez je
tomu u aktivovanych HSC. MF mohou tedy v jatrech plnit pon€kud jinou funkci nez HSC.

Pfirozenym prostfedim pro jaterni buniky je trojrozmérnd matrix gelovitého charakteru.
Jako model extracelularni matrix jsme pouzili fibrinovy, respektive kolagenni gel. Kultivace
MF v gelech podstatné ovlivnila jak jejich morfologii, tak expresi genii. Vyrazny vliv mél
zejmény kolagenni gel, ktery byl diky zvySené produkci a sekreci metaloproteinas do zna¢né
miry solubilizovan. Ovlivnéna byla také jinych proteinli extracelularni matrix spolu s expresi
cytokinti a rustovych faktord. Vyzkum chovéani neparenchymovych bunék v trojrozmérném
kultiva¢nim prostiedi by mohl vést k lepSimu pochopeni mechanismii vzniku fibrozy a cirhdzy

jater a k moZnosti aplikovat poznatky v jeji 1écbé.
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9. SEZNAM POUZITYCH ZKRATEK

a-SMA a aktin hladkého svalu

A2M a2-makroglobulin

APC buniky prezentujici antigen

CCly tetrachlormethan

CSF faktor stimulujici progenitorové bunky
CSPG chondroitinsulfat proteoglykan
CTGF rustovy faktor pojivové tkané
DSPG dermatansulfat proteoglykan
ECM extracelularni matrix

EGF epidermalni ristovy faktor

ET endotelin

FAK fokalni adhezivni kinasa

FGF rustovy faktor fibroblastt

GAG glykosaminoglykany

GFAP kysely gliovy fibrildrni protein
HCV hepatitida C

HGF rustovy faktor hepatocytli

HSC jaterni hvézdicové bunky

HSPG heparansulfat proteoglykan
ICAM mezibunécna adhezni molekula
IGF inzulinu podobny rustovy faktor
IL-1 interelukin-1

iIMF interface myofibroblasty

MCP monocytarni chemotakticky peptid
MMP metaloproteinasy

NASH nealkoholova steatohepatitida
NCAM neuralni adhezni protein

NF«kB nuklearni faktor kB

PA aktivatory plasminogenu

PAI-1 inhibitor aktivatoru plasminogenu 1
PDGF destickovy ristovy faktor

pMF portalni myofibroblasty
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RARE
RBP
ROS
sMF
SPARC
TGF-61
TIMP
TNFa
V-CAM
VEGF

responzivni elementy pro kyselinu retinovou
protein vazajici retinol

reaktivni formy kysliku

septalni myofibroblasty

osteonektin

transformujici ristovy faktor B

tkanovy inhibitor metaloproteinas

faktor nadorové nekrézy

vaskularni adhezni protein

rustovy faktor endotelovych bunck
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ABSTRACT

Rat liver myofibroblasts (MFB) were obtained by 4 passages of hepatic stellate cell fraction.
They were embedded in fibrin or in type I collagen sandwich gels for 5 days. MFB were large
and spread on plastic substrate, with prominent a-smooth muscle (a-SMA) fibres. They turned
much smaller and elongated in collagen. The change in cell shape and the rearrangement of the
cytoskeleton was accompanied by a decrease in a-SMA and B-actin as determined by Western
analysis. Glyceraldehyde-3-phosphate dehydrogenase protein level was higher in collagen
while that of cytochrome ¢ decreased. Collagen gels were degraded by 51% after 5 days. Real
time RT-PCR analysis showed that mMRNA expression of a group of metalloproteinases (MMP-
2, -3, -9, -13, -14) increased, but plasminogen activator inhibitor-1 expression decreased.
MMP-13 mRNA and protein showed the highest increase. The expression of collagen types |
and IV did not change. Significant changes in the expression of cytokines IL-6, TGF-B1, -B2, -
B3 and CTGF were found. The effects of fibrin gels on MFB were milder than those of
collagen. MFB assumed to deposit collagen and other ECM components in fibrotic liver
possess a great collagenolytic potential that is revealed when they are grown in
threedimensional collagen gel.

1. Introduction
Excessive accumulation of extracellular matrix (ECM) is a characteristic feature of liver
fibrosis. Various types of myofibroblastic cells are probably responsible for this process
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(Guyot et al., 2006, Parola et al., 2008). Quiescent hepatic stellate cells (HSC) are activated in
injured liver and change their phenotype to myofibroblast-like. HSC that store vitamin A in
normal liver proliferate, become sensitive to PDGF, TGF-B and other cytokines and begin to
synthesize collagen and other ECM components (Pinzani and Gentilini, 1999).

Besides HSC, also myofibroblasts (MFB) participate in the formation of connective tissue
septa in fibrotic liver (Kinman and Housset, 2002). MFB differ from HSC in the expression of
certain antigens and in the localization in the developing fibrotic septa (Knittel et al., 1999a).
HSC can be maintained in culture for two passages while MFB allow prolonged cultivation
(Knittel et al., 1999b). MFB can be isolated by repeated passaging of HSC fraction of liver
cells. Both activated HSC and MFB contain a-smooth muscle actin fibers but MFB are
desmin-negative. The expression of the genes coding for the proteins related to connective
tissue metabolism is also different in these two cell types (Jiroutova et al., 2007).

The adhesion of cells to three-dimensional (3D) ECM differs from that observed in
classical cell culture on two-dimensional substrates such as polystyrene dishes. The
involvement of integrins and the function of cells are changed (Cukierman et al., 2001). Cell
morphology is also greatly affected by ECM (Sechler et al., 1998).

ECM content is increased in all types of hepatic fibrosis. Collagen type 1 is the main
component of scars in fibrotic liver (Brenner et al., 2000). Metalloproteinases and their
inhibitors may contribute to the progression or regression of liver fibrosis (Arthur 2000).
Collagen type | may be an important agent influencing the behavior of fibroblastic cells in this
organ. HSC spread on polystyrene surface and show well-developed stress fibres. However,
when they are cultured in type | collagen gel, their bodies become slender and they extend long
cytoplasmic processes (Kojima et al., 1998).

The expression of ECM components by the cells is also subject to changes. Type | collagen
expression in primary skin fibroblasts is downregulated while the expression of collagenase is
increased when the cells are embedded in 3D collagen gel (Langholz et al., 1995). Down-
regulation of collagen expression in HSC cultured in collagen gel is accompanied by increased
expression of metalloproteinases MMP-3, -13 and -14 (Takahara et al., 2003).

Fibrin deposits are found in the liver after various types of damage (Neubauer et al., 1995,
Luyendyk et al., 2004). Cultivation of cells in fibrin gels changes the expression of type I
collagen and other matrix proteins as shown for smooth muscle cells or keloid fibroblasts
(Ross et al., 2003, Tuan et al.,2003).

Threedimensional protein lattice resembles natural cell environment more closely than hard
plastic surface. This study was designed to examine how the 3D environment affects rat liver
MFB which was not yet done before. The cells were obtained by repeated passaging of the
nonparenchymal liver cell fraction and they were embedded in fibrin or collagen type |
sandwich gels. We have found out that MFB phenotype changes greatly in collagen gels.

2. Materials and methods
2.1. Animals

Male Sprague-Dawley rats (Anlab, Prague, Czech Republic) were fed commercial
pelleted diet ad libitum and were maintained in an air-conditioned room at 22 °C. They were
used when they weighed 450-550 g. The experiments were approved by the Ethics Committee
of the Faculty of Medicine in Hradec Kralove.

2.2. Cell isolation and culture

Liver was perfused in situ through the portal vein with Ca®*-free Hanks balanced salt
solution (Gibco HBSS; Invitrogen, Grand Island, U.S.A.) for 10 min., followed by 100 mL of
0.2% pronase E (w/v) (Roche, Prague) solution and by 250 mL of 0.01% collagenase B
(Roche). The enzymes were dissolved in complete HBSS and the temperature of the perfusion



solution was maintained at 38 °C. The cell suspension was incubated in 0.001% DNase
(Roche) for 30 min. HSC fraction of liver cells was isolated by centrifugation on Optiprep
(Axis-Shield, Oslo, Norway) gradient as described before (Jiroutova et al. 2007). The cells
were cultured in Dulbecco’s modified Eagle medium (DMEM, Sigma, Prague) containing 10%
fetal bovine serum (FBS) (PAA, Célbe, Germany), 4 mM L-glutamine, 100 U/mL penicillin,
and 100 pg/mL streptomycin (Sigma). Myofibroblasts were obtained after 4 passages of the
culture. The numbers of cells used are given in Figures and Tables.

2.3. Collagen gels

A modified procedure of Elsdale and Bard (1972) was used to prepare collagen. Rat tail
tendons were cut to small pieces, extracted with 0.15 M NaCl overnight and then with 0.25 M
acetic acid for 48 hrs with continuous stirring. The suspension was dialyzed against three
exchanges of cold 0.02 M acetic acid and centrifuged at 16,000 g for 40 min. All these
manipulations were done at 4 °C. Collagen concentration was adjusted to 1.33 mg/mL. Filter-
sterilized collagen solution was mixed with 4 x DMEM in the ratio 3:1 (v/v) and 1.6 mL
aliquots were pipetted immediately into Petri dishes 35 mm in diameter. The gels were allowed
to polymerize in the CO; incubator for 1 hour at 37 °C and then they were overlayed with the
same volume of DMEM containing 20% FBS and antibiotics. MFB suspended in the culture
medium were pipetted on each gel on the following day and allowed to attach overnight. They
were overlayed with another layer of collagen (0.4 mL). The medium on the gels was
exchanged daily.

2.4. Fibrin gels

Bovine plasma fibrinogen (Calbiochem Merck, Prague) was dissolved in phosphate
buffered saline (PBS) pH 7.41 at the concentration of 1 mg clottable protein/mL, sterilized by
filtration and aliquots of 1.6 mL were pipetted into 35 mm Petri dishes. Bovine plasma
thrombin (Sigma) was added (6.6 x 10 U/mL fibrinogen solution). After 1 hour in the CO,
incubator the gels were overlayed with the same volume of 2 x DMEM containing 20% FBS
and left overnight. MFB suspension was pipetted on top. For RNA analysis, the cells were
overlayed with 0.4 mL of fibrin gel on the following day. The medium on the gels was
exchanged daily.

2.5. Immunocytochemistry

The cells were fixed in cold acetone after 1 to 7 days in culture. Portions of collagen and
fibrin gels were removed from the dishes before fixation. The cells were permeabilized with
Triton X-100 and preincubated with 1% FBS for 1 hour. They were stained with a monoclonal
antibody against a-smooth muscle actin (a-SMA), clone 1A4, (Sigma), dilution 1:400, or with
polyclonal rabbit antibodies against MMP-2 and MMP-13 (Santa Cruz Biotechnology,
Heidelberg, Germany) diluted 1:100. The incubation was done at 4 °C for 2 hours. The
secondary antibody was Cy3-conjugated AffiniPure Donkey Anti-Rabbit IgG or FITC-conjugated
AffiniPure Donkey Anti-Mouse IgG (Jackson ImmunoResearch Europe, Newmarket, United
Kingdom). The slides were mounted in polyvinyl alcohol mounting medium (Sigma) and
examined by fluorescence microscopy.

2.6. Gel digestion

Petri dishes, 35 mm in diameter, were pre-weighed. MFB were plated on plastic or on 1.8
mL of fibrin or collagen gel. Control dishes were incubated without cells. After 7 days of
incubation, the dishes were washed with PBS, dried at 80 °C and weighed.



2.7. Western blot analysis

The cells were scraped from the plastic, suspended in phosphate buffered saline (PBS)
containing 4 mM EDTA and washed 4fold by this solution. Collagen gel was dissolved by
Clostridium histolyticum collagenase Type VII that was chromatographically purified by the
producer (Sigma). The cells were washed 4fold with EDTA-containing PBS. The proteins were
extracted with cell lysis buffer (Cell Signaling, Danvers, USA). Protein content was
determined with bicinchoninic acid (Sigma). Five or 10 pg protein were applied on Novex
NuPAGE 4-12% Bis-Tris gel (Invitrogen Life Technologies, Prague, Czech Republic) under
nonreducing conditions. The proteins were transferred to 0.2 um Hybond nitrocellulose
membrane (GE Healthcare, Miinchen, Germany). The antibodies used were rabbit antiMMP-2
(H-76, Santa Cruz), rabbit antiMMP-3 (ab 53015, Abcam, Cambridge, United Kingdom),
rabbit antiMMP-9 (H-129, Santa Cruz), rabbit antiMMP-13 (H-230, Santa Cruz), mouse antio-
SMA (1A4, Sigma), mouse antif-actin (AC-74, Sigma), mouse antiGAPDH (6C5, Abcam)
and rabbit anticytochrome ¢ (ab 18817, Abcam). The membranes were incubated with the
antibodies at 4°C overnight. The secondary antibodies were from Santa Cruz. Detection was
done with Western Blotting Luminol Reagent (Santa Cruz).

2.8. RNA isolation and reverse transcription real-time polymerase chain reaction (RT-
rtPCR)

The gels were centrifuged at 12,000 g for 5 minutes and then they were dissolved in
lysis buffer containing mercaptoethanol (Qiagen, Hilde, Germany). Total cellular RNA was
isolated using RNeasy Mini Kit (Qiagen). RNA was reverse transcribed using cDNA Reverse
Transcription Kit (Applied Biosystems, Prague) and quantified with TagMan Gene Expression
Assays (Applied Biosystems). The results were normalized to 18S RNA expression.

2.8. Statistical analysis
One sample t-test or Wilcoxon-Signed-Rank test was used to evaluate statistical
significance of the results. The significance level was p = 0.05.

3. Results
3.1. Cell morphology and immunofluorescence

MFB cultured on plastic substrates under standard conditions were spread with prominent
stress fibers staining for alpha-smooth muscle actin (a-SMA) (Fig. 1la, 2a). The cells on
collagen gel were small but still staining for actin. They extended short processes and had a
tendency to aggregate into star-shaped clusters (Fig. 1c, 2c). MFB cultured in or on fibrin gels
were distributed more evenly (Fig. 2b). The cells growing on fibrin gel were also smaller in
size than the cells on plastic, they were elongated with long processes and contained visible
stress fibers closer to one another (Fig. 1b). For technical reasons, the cell studied by
morphological methods were plated on the gels. Comparable results with the cells embedded in
the gels were found (not shown).

When MFB were cultured on collagen gels for 1 week, they solubilized 51% of the
substrate, while only 15% of fibrin gel was degraded (Fig. 3). The cells on plastic were
negative when stained for metalloproteinases 2 and 13 (Fig. 1 d,g). The cells cultured on fibrin
gel showed very slight positivity for MMP-13 (Fig. 2 e,h). More pronounced staining for
MMP-13 was found in MFB on collagen gel (Fig. 2 f,i). Discernible foci of MMP-2 were
observed in MFB cultured on both gels suggesting formation of secretory granules.

3.2. Western blot analysis

Representative blots are shown in Fig. 4. The changes in the cytoskeleton were not
limited to the morphology of stress fibres; a-SMA and B-actin levels were lower in the cells
embedded in collagen, the decrease in B-actin being much more pronounced. The expression of



the key enzyme of glycolysis, glyceraldehyde-3-phosphate dehydrogenase (GAPDH), was
higher in the cells in collagen while that of mitochondrial protein cytochrome c was lower. The
difference in the MMP-13 (collagenase 3) expression between plastic and gel on protein level
corresponded to that found by immunocytochemistry and by mRNA determination. No
difference was found in the expression of MMP-3 (stromelysin 1). Protein levels of MMP-2
and MMP-9 (gelatinases A and B, respectively) were lower in the cells cultured in the gel. The
bands corresponding to the proforms and activated forms of gelatinases were detected.

3.3. Reverse transcription real-time polymerase chain reaction

RT-rtPCR analyses were focused on the determination of individual MMPs, their substrates
and inhibitors and of cytokines that may play a role in the regulation of gene expression.

The results of the analyses are summarized in Table 1. Collagen gel stimulated the
expression of a group of MMPs, although to different degrees. The greatest increase was found
in MMP-13. The mRNA level of MMP-13 in the cells cultured on a plastic substrate was
hardly detectable and thus the percentage difference from the cells in the gel was more than
fortyfold. MMP-3 was also stimulated but the variability of the stimulation was high and the
result was not significant. MMP-2 and -9 showed a mild increase. The expression of
membrane-bound MMP-14 (MT1-MMP) was increased threefold.

The expression of tissue inhibitors of MMP (TIMP-1 and -2) did not change after
cultivation of MFB in collagen gel. Plasminogen activator inhibitor (PAI-1) mRNA level
decreased to one third. The expression of collagenase substrates, collagen types | and XII, did
not change or decreased, respectively. The expression of the gelatinase substrate, collagen type
IV, did not change. The expression of the ubiquitous extracellular ECM protein, osteopontin,
increased twofold. Thrombospondin 2 is a member of thrombospondin family and plays a role
in the attachment of cells to matrix proteins (Yang et al. 2000). Its expression in MFB
decreased to about one half.

Significant shifts in the expression of cytokines were found in MFB cultured in collagen
gels. TGF-B1 expression increased about twofold while that of TGF-p2 and TGF-33 dropped
to less than one quarter. Connective tissue growth factor (CTGF) and interleukin-6 (IL-6)
expression decreased to about one half of the values on plastic. The expression of p-catenin,
the nuclear protein that reflects the development of HSC into myofibroblastic cells (Kordes et
al., 2008), remained constant during the experiments with gels.

Fibrin caused much smaller increases in MMP expression (Table 1). The expression of
MMP-13 did not change at all, the expresssion of MMP-9 changed in an opposite direction
when compared to the effect of collagen gel. Collagens were not affected and osteopontin
expression was decreased in fibrin. Changes in cytokine expression were not significant, only
that of TGF-B3 decreased to one half.

4. Discussion

Cells surounded by ECM components in 3D cultures respond both to chemical composition
and mechanical stiffness of the environment. Biochemical and mechanical stimuli lead to
changes in cell phenotype and to subsequent remodelling of the matrix (Stegemann et al.,
2005). Cell cytoskeleton plays an important role in the transmission of the ECM signals
(Unemori and Werb, 1986).

Liver MFB have not yet been studied in 3D cultures. Fibrin and collagen sandwich gels
were used in this study to examine their behaviour. MFB cultured on polystyrene dishes were
large and spread, possibly in an effort to endocytose the dish as a foreign body. After they were
transferred to collagen gel they decreased in size and turned slender with short processes.
Myofibroblastic cells isolated from human liver and transferred to type I collagen gel after 5-10
passages had a similar shape (Li et al., 1999). HSC respond differently when embedded in



collagen gel; they acquire a polygonal shape with long processes, reminiscent of HSC in vivo
that possess long processes encircling liver sinusoids (Kojima et al., 1998, Li et al., 2001).
MFB formed clusters in collagen in a similar way as HSC (Senoo et al., 1996).

Prolonged cultivation of MFBs in collagen decreased the expression of both a-SMA and -
actin. Actin isoforms perform distinct functions in the cells, a-actin is responsible for
contractile activity of the cells, B-actin is involved in cell spreading (Khaitlina, 2007). The
expression of a-SMA is greatly influenced by the rigidity of the substrate; it is higher on
collagen-coated plastic than on collagen—coated polyacrylamide gel as shown in human
trabecular cells (Schlunck et al., 2008). The composition of the matrix is also important.
Plating human dermal fibroblasts on collagen inhibits a-SMA synthesis (Ehrlich et al., 2006).
The expression of B-actin in rat hepatocytes depends on the composition of sourrounding
ECM. (Otsu et al., 2001, Pruksakorn et al., 2010).

Also the energy metabolism of MFBs may have been changed as suggested by the relative
increase in GAPDH protein a decrease in cytochrome c. Collagen matrix is likely to decrease
the diffusion of oxygen while its consumption by proliferating cells increases. HepG2 cells
cultured in 3D scaffold composed mainly of collagen | respond to this disproportion by
increased expression of enzymes involved in glycolysis and decreased expression of
mitochondrial proteins (Pruksakorn et al., 2010). Besides glycolysis and oxidative
phosphorylation, respectively, both GAPDH and cytochrome ¢ have important functions in cell
proliferation and in programmed cell death (Barbini et al., 2007, Rytomaa et al., 2000).

It has been shown that the reorganization of actin cytoskeleton associated wih changes in
the cell shape leads to the induction of collagenase in rabbit synovial fibroblasts (Kheradmad et
al., 1998, Unemori et al., 1986). The transfer of liver MFBs into collagen sandwich induced a
change in the expression of a group of proteinases. The expression of MMP-13 in the cells
cultured on plastic was negligible and its increase after transferring the cells into the gel was
dramatic both on mRNA and protein level. The stimulation was specific of collagen, fibrin had
little effect. MRNA levels of gelatinases MMP-2 and MMP-9 showed a mild increase in
collagen gel but Western blotting analysis suggested that the secretion of these enzymes into
the medium might prevail. Immunocytochemistry detected MMPs in the cells cultured on the
gels but these results may have been influenced by the great changes in the size and shape of
MFB. Relocalization of MMP-2 to discernible granules was observed. It may reflect
concentrating the protein in MFB on the gels rather than changes in the amount of protein per
cell.

Each of the proteinases MMP-2, MMP-3, MMP-9 and MMP-13 has a broad spectrum of
substrates. The proteinases are able to degrade native and denatured collagen molecules,
glycoproteins, proteoglycan core proteins and metalloproteinase proenzymes (Somerville et al.,
2003). MMP-14 whose expression increased after transferring MFB to collagen is known to
participate in MMP-2 activation and in cell migration (Hernandez-Barrantes et al., 2000, Even-
Ram and Yamada, 2005). The changes in metalloproteinase mRNA levels found in MFB
embedded in collagen resemble those described for HSC (Takahara et al., 2003). The
expression of MMP inhibitors TIMP-1 and -2 was unchanged in MFB but the expression of
PAI-1 was decreased significantly. In addition to the transcriptional regulation, MMP activity
may be partly regulated on the level of proenzyme activation.

Various metalloproteinases are required for cell migration. Both proteolytic and non-
proteolytic mechanisms may be utilized (Even-Ram and Yamada, 2005). The propeller-like
domains in their molecules may facilitate cellular movement (Dufour et al., 2008). The
expression of active MMPs that are able to digest collagenous matrix, as was shown in this
study, and the cell shape changes suggest that MFB may be able to migrate under in vivo
conditions. However, collagenous matrix in liver may be more difficult to overcome because of
collagen crosslinking that was not present in this ECM model.



PAI-1 inhibits plasmin activator and the conversion of plasminogen to active plasmin, a
protease with broad specificity. It may serve to maintain the integrity of ECM. Collagen |
suppresses PAI-1 mRNA upregulation in keratinocytes (Jones et al., 2002). The expression of
PAI-1 in MFB in collagen gels was decreased to one third.

The increase in the degradative properties of MFB was accompanied by changes in the
expression of some ECM proteins on mRNA level in this study. The expression of fibrillar
type | collagen and of net-forming type IV collagen was not affected by collagen gel. The
expression of type XII collagen belonging to the FACIT group of collagens that adhere to the
surface of collagen fibrils was decreased. This contrasts with the behaviour of human skin
fibroblasts (Langholz et al. 1995).

Osteopontin is a phosphorylated acidic glycoprotein interacting with cell integrins via the
RGD sequence. It is important in the migration of arterial smooth muscle cells (Jalvy et al.,
2007). Osteopontin expression increases in liver fibrogenesis (Lorena et al., 2006) and it was
inreased in MFB transferred to collagen gel. Thrombospondin 2 binds to MMP-2 and inhibits
its activity (Yang et al., 2000). Thrombospondin 2 expression was decreased in MFB after
transfer to collagen.

IL-6 is a cytokine that stimulates collagen synthesis in vivo when injected into rats (Choi
et al., 1994). Its expression in human skin fibroblasts was high in 3D collagen gel when
compared to a monolayer on plastic substrate (Eckes et al., 1992). However, in liver MFB, IL-
6 expression decreased after transferring the cells into collagen gel.

TGF-B1 is known to stimulate ECM production and inhibit cell proliferation in liver and in
other tissues (Gressner et al., 2002). It modulates the expression of collagen I and collagenase
MMP-13 mRNA expression in HSC in a reciprocal manner (Lechuga et al., 2004). In contrast,
TGF-B2 attenuates fibrosis in some animal models (Hill et al., 2001). TGF-B3 is expressed in
cutaneous wounds but it is differently regulated than TGF-B1 and TGF-f2 and reduces scarring
(Frank et al., 1996). The transfer of MFB into collagen gel caused shifts in the expression of
TGF-B isoforms, namely, the ratio of TGF-B1 to TGF-B2 or TGF-B3. The relationship of these
changes to the modification of the expression of ECM components is not clear. Moreover, it
was shown in fibroblasts that 3D collagen lattice may modulate the effect of TGF-B on cells
(Coustry et al., 1990).

CTGF, a member of CCN gene family, is overexpressed in fibrotic liver as well as in HSC.
In some cells, e.g. in hepatocytes, but not in HSC, its expression is induced by TGF-B1
(Gressner et al., 2007). The expression of CTGF in human lung fibroblasts is supported by
increasing stiffness of the environment (Schild and Trueb, 2004). In MFB, the CTGF
expression decreased in collagen gel.

Cell migration plays an important role in the formation of liver fibrotic septa (Carloni et al.,
1997, Li et al., 2009). This study shows that the behaviour of MFB in 3D environment differs
from that on commonly used plastic substrates. When liver MFB were transferred to sandwich-
type collagen gel, they acquired a shape that may facilitate migration and they digested
surrounding gel. The changes in size and shape were accompanied by the rearrangement of the
cytoskeleton. The reciprocal changes in in the expression of GAPDH and cytochrome ¢ suggest
a shift to anaerobic glycolysis. The expression and probably the secretion of a group of
metalloproteinases able to degrade various components of ECM was increased in the cells
transferred to collagen. Modulation by collagen was rather specific as the changes caused by
fibrin gel were much less prominent. Significant shifts in the expression of a number of
profibrotic cytokines and of proteins important in ECM remodelling may be related to the
regulation of the phenotype change of MFB.
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Figures and Table

Fig. 1. Immunofluorescence of MMP. MFB were cultured for 7 days on plastic (a, d, g) on
fibrin gel (b, e, h) or on type | collagen gel (c, f, i). They were stained with antibodies against
a-SMA (a, b, ¢), MMP-2 (d, e, f) and MMP-13 (g, h, i) The antigens were visualized by
immunoflurescence. The cell numbers were 0.05 million/per 35 mm Petri dish.




Fig. 2. MFB in phase contrast. MFB 24 hours after plating on plastic (a), fibrin gel (b) or type |
collagen gel (c). Cell numbers were 0.8 million/100 mm Petri dish, 0.25 million/1.8 mL fibrin
gel in 35 mm Petrish and 0.2 million/2.4 mL collagen gel in 35 m Petri dish.
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Fig. 3. Fibrin and collagen gel digestion by MFB. Petri dishes were preweighed. MFB (0.3
million cells) were plated on plastic or on 1.8 mL of fibrin or collagen gel. Seven days after
plating the dishes were washed with PBS and dried at 80°C. Control dishes were incubated
without cells. The weights of the driedgels are shown. Means £ S.E.M. (n= 8) are given.
Asterisks denote statistically significant results (p < 0.05).
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Fig. 4. The lysates of cells cultured on plastic substrate (left lanes) or in collagen gel (right
lanes) were subjected to Western blotting under non-reducing conditions. Molecular weights in
kDa are indicated. GAPDH — glyceraldehyde-3-phosphate dehydrogenase, cyt c- cytochrome c.
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Table 1. Expression of selected genes in MFB cultured in fibrin or in type | collagen gel
analyzed by RT-rtPCR. MFB were cultured in fibrin or in collagen gels for 5 days. The results
are shown as percentage of the expression on plastic. Cell numbers were 0.8 million/100 mm
Petri dish, 0.3 million/per 2 mL fibrin gel in 35 mm Petrish and 0.3 million per 2 mL collagen
gel in 35 m Petri dish. Statistical significance is indicated (p < 0.05). 2 fibrin or collagen vs.
plastic, "collagen vs. fibrin.
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Abstract

Hepatic stellate cells (HSC) and liver myofibroblasts (MFB) are two cell populations most likely responsible for the
synthesis of most connective tissue components in fibrotic liver. They differ in their origin and location, and possibly in
patterns of gene expression. Normal and carbon tetrachloride-cirrhotic livers from rats were used to isolate HSC. Liver
was perfused with pronase and collagenase solutions, followed by centrifugation of the cell suspension on a density
gradient. HSC were quiescent 2 days after plating on plastic but they became activated after another 5 days in culture.
When the culture was passaged 5 times, its character changed profoundly as HSC were replaced by MFB. Microarray
analysis was used to determine gene expression in quiescent HSC, activated HSC and MFB. The expression of 49 genes
coding for connective tissue proteins, proteoglycans, metalloproteinases and their inhibitors, growth factors and cellular
markers was determined. The pattern of gene expression changed during HSC activation and there were distinct
differences between HSC and MFB. Little difference between normal cells and cells isolated from cirrhotic liver was found.
© 2006 Elsevier GmbH. All rights reserved.
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Introduction

Two cellular populations, hepatic stellate cells (HSC)
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2002). HSC reside in Disse spaces, and in their quiescent
state they synthesize connective tissue that resembles the
composition of basement membranes. HSC store large
amounts of vitamin A in lipid droplets (Li and Fried-
man, 2001). They become activated in damaged liver,
changing the spectrum and quantity of proteins (Rama-
dori and Saile, 2002). Liver tissue can be disrupted by
perfusion with pronase and collagenase solutions. HSC
can be isolated from the resulting cell suspension by
density gradient centrifugation. They express glial
fibrillary acidic protein (GFAP), about half of them
express desmin but they are negative for immunoreactive
o-smooth muscle actin (x-SMA) (Li and Friedman,
2001). After 2 days in culture HSC begin to proliferate
actively, to change their morphology and to express o-
SMA. They lose their positivity for GFAP. This process
is usually called activation. Most of the cells isolated
from cirrhotic liver are already activated on the second
day in culture, they show high expression of x-SMA but
they do not contain GFAP (Jiroutova et al., 2005).
When the culture is passaged, HSC die of apoptosis and
are replaced by proliferating portal MFB that contam-
inate the primary culture. After 2 3 passages, the
character of the cell culture changes greatly. The cells
lose desmin positivity, but most cells express fibulin-2
(Kanittel et al., 1999a; Kim et al., 2005). MFB can also be
obtained as a minor fraction when non-parenchymal
liver cells are subjected to centrifugal elutriation
(Ramadori and Saile, 2002) or they can be derived from
peribiliary cell clusters (Kinnman et al., 2003).

HSC and MFB differ in their origin and location in
liver. In normal liver, HSC are located in the parench-
yma while MFB are found in the portal tracts and in the
walls of the central vein. In fibrotic liver, HSC are
located within the interface of parenchyma and con-
nective tissue septa whereas MFB are situated within the
septa (Ramadori and Saile, 2002). Knittel et al. (1999a)
showed that the two fibroblast populations can be
distinguished by different expression of certain proteins.
We have used a microarray assay to quantify mRNAs
for connective tissue proteins, proteoglycans, metallo-
proteinases (MMP) and their inhibitors, cell receptors
and cytokines. Gene expression in MFB was compared
with that in quiescent and activated HSC. Prolonged
carbon tetrachloride (CCly) treatment is associated with
many changes in hepatic gene expression (Jiang et al.,
2004). Therefore, cells isolated both from normal liver
and from CCly-cirrhotic liver were used.

Materials and methods
Animals

Male Sprague Dawley rats (Anlab, Prague, Czech
Republic) weighing 300 400g were fed commercial

pelleted diet ad libitum and maintained in an air-
conditioned room at 22°C. The experiments were
approved by the Ethics Committee of the Medical
Faculty in Hradec Kralove. Liver cirrhosis was induced
by CCly administration, 1mL/kg by gavage, twice a
week. Seventeen doses of the toxin, dissolved in olive oil
1:1 (volume/volume), were given.

Cell isolation

Liver was perfused through the portal vein in situ with
Ca®"-free Hanks' balanced salt solution (HBSS) for
10min, followed by 100mL of 0.2% pronase solution
and by approximately 200mL of 0.013% collagenase
solution. The enzymes were dissolved in complete HBSS
and the temperature was maintained at 38°C. The
perfusion was stopped when the liver looked digested.
Cirrhotic livers were perfused 3 days after the last CCly
dose. The cell suspension was incubated with 0.01%
DNase at 37°C for 30min. The enzymes were from
Roche, Prague, and HBSS from Invitrogen, Prague. The
cells were then filtered through 42 um nylon mesh (Silk
& Progress, Moravska Chrastova, Czech Republic) and
centrifuged at 400g for 7min. Optiprep (Axis-Shield,
Oslo, Norway) was used to make a discontinuous
centrifugation gradient as described by Graham (2002)
but Gey’s solution was replaced with HBSS. HBSS was
added to commercial 60% Optiprep to prepare 40%
working solution that was mixed with the cell suspen-
sion. Optiprep concentration was adjusted to 17%. Six
milliliters of this mixture in a 15mL test tube were
overlaid with 6mL of 11.5% Optiprep in HBSS and
2mL of HBSS were placed on top. The tubes were
centrifuged at 1400g for 17 min. All centrifugations were
undertaken at 20 °C. The cells at the boundary between
11.5% Optiprep and HBSS were collected.

Cell culture and immunocytochemistry

The cells were cultured in Dulbecco’s modified Eagle
medium (DMEM) containing 10% fetal bovine serum,
4mM glutamine, 100 U/mL penicillin, and 100 pg/mL
streptomycin. MFB were obtained after 5 passages of
the culture (Kim et al., 2005). HSC were harvested 2 or 7
days after plating. These cells were regarded as quiescent
and activated, respectively. MFB were harvested 7 days
after the last passage.

Cells were fixed in 4% paraformaldehyde and stained
for o-smooth muscle actin (x-SMA), desmin and
vimentin, as described previously (Jiroutova et al.,
2005). Antibody against «-SMA, clone 1A4, (Sigma,
Prague) was diluted 1:400, anti-desmin (DE-R-11) and
anti-vimentin (V9) antibodies (both from Dako, Glostr-
up, Denmark) were diluted 1:100. All antibodies used
were mouse monoclonal ones reactive against rat
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proteins. The secondary antibody conjugated with horse
radish peroxidase was from Dako.

3H-thymidine labelling and determination of DNA
radioactivity

[methyl->H] thymidin, specific activity 1.7 Tbq/mmol,
was obtained from Lacomed, Prague. The label was
added to the cell medium on the third day of culture in
the concentration of 37kBq (1 pCi) *H-thymidine/mL.
The cells were harvested after 18 h of incubation. They
were thoroughly washed with cold PBS, centrifuged and
hydrolyzed in 5% HCIO,4 at 70 °C for 30 min. Aliquots
of the hydrolyzate were used to determine DNA content
(Burton, 1956) and radioactivity.

RINA isolation and microarray analysis

Repeated chloroform phenol extraction (Chomczyns-
ki and Sacchi, 1987) was used to isolate total cellular
RNA from the cells. Its integrity was checked by
agarose electrophoresis and its quality by spectro-
photometry at 260/280 and 260/230 nm, respectively.
Seven micrograms of RNA were analyzed. RNA was
reverse-transcribed and directly labeled with biotin-
dUTP (Fermentas, Vilnius, Lithuania) using H Minus
M-MuLV reverse transcriptase (Fermentas). Labelled
cDNA was purified and concentrated by passing
through Microcon YM-30 columns (Millipore, Prague).
Microarray chips were manufactured by Clondiag, Jena,
Germany, and contained ~50 bp oligonucleotide probes
for 92 genes. Denatured cDNA was hybridized in
array tubes at 50 °C overnight followed by incubation
with streptavidin-horse radish peroxidase conjugate
(Pierce, Rockford, USA). After reaction with True Blue
peroxidase substrate (KPL, Gaithersburg, USA), the
intensities of staining were determined in ATR 01
Reader (Clondiag). After correction for background,
the gene expression intensities were normalized with all
the genes on the array. The mean expression was made
equal to 1.

Reverse transcription real-time polymerase chain
reaction (RT-rtPCR)

Two micrograms of total cellular RNA were tran-
scribed to cDNA with Multiscribe RT enzyme and
random primers contained in the High-Capacity cDNA
Archive Kit (Applied Biosystems, Foster City, USA).
cDNAs were quantified with TagMan Gene Expression
Assays and TagMan Universal PCR Master Mix, using
the ABI PRISM 7900HT Sequence Detection System
(Applied Biosystems). The results were normalized to
18S RNA.

Statistical analysis

One-way analysis of variance with Fisher’s LSD
multiple-comparison test was used. When the assump-
tions of normality were not met, nonparametric
Kruskal Wallis one-way ANOVA on ranks with Krus-
kal Wallis multiple Z-value test was used. The sig-
nificance level was p = 0.05.

Results

Immunocytochemistry

Fig. 1 shows MFB from normal liver after 5 passages
of the culture. All cells were positive for «-SMA and
vimentin, but 96 100% cells were negative for desmin in
different isolations. The morphology of normal cells did
not differ from the morphology of cirrhotic cells (data
not shown).

DNA synthesis

The results of >H-thymidine incorporation into
cellular DNA are shown in Fig. 2. Normal cells, when
passaged, synthesized DNA at the same rate as the
primary culture. The cells isolated from cirrhotic liver
incorporated less thymidine after the first passage but
DNA synthesis was accentuated later on.

Gene expression

Table 1 lists the 49 genes, out of 92 tested, that yielded
a relative expression higher than 0.2 after normalization.
These included connective tissue proteins, proteogly-
cans, MMP and their inhibitors, cellular receptors and
proteins used as cell markers. Three house-keeping
genes are shown. GAPDH expression varied greatly,
while f-actin and 18S RNA fluctuations among groups
were much smaller.

Activation of HSC by culture on plastic

The genes representative of each analyzed protein
group were used to draw Figs. 3a c. GenBank
abbreviations used in Fig. 3 are listed in Table 2.
Fig. 3a shows changes in selected genes expression in
cultured normal HSC. The expression of each gene in
quiescent HSC after 2 days in culture was plotted
against the expression of the genes in cells cultured for 7
days. The genes up-regulated during culture are above
the diagonal (the expression ratio is >1) and the down-
regulated genes are below the diagonal (the expression
ratio is <1). When the expression did not change, the
symbol of the protein is situated on the diagonal.
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® ) \g

Fig. 1. Myofibroblasts isolated from normal liver: (a) phase
contrast, (b) staining with anti-z-SMA antibody, (c) staining
with anti-desmin antibody. Magnification: (a) 100 x, (b,c)
200 x .

Procollagens I, IIT and V showed the highest increases
in expression (ratios 4.7, 4.7 and 2.9, respectively).
Fibronectin expression was increased 3.3-fold, SPARC
(secreted protein, acidic and rich in cystein) increased
2.8-fold. Elastin expression was low and almost did not
change (1.1). The expression of fibrillin-1 decreased to
0.7. Thrombospondin-2 level was lower than that of
thrombospondin-1 in HSC at 2 days but grew with time
in culture (ratio 3.6) in contrast to thrombospondin-1
(0.5). Osteopontin expression increased (1.5). The
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Fig. 2. DNA specific activity in primary cultures and in
passaged cells. White columns indicate normal cells, black
columns indicate cells from cirrhotic liver. Means+ S.E.M. are
shown. “Statistically significant result (p<0.05) with respect to
the primary culture.

expression of proteoglycans perlecan and biglycan
increased 2.3- and 2.1-fold, respectively, but the expres-
sion ratios of syndecan-3 and -4 decreased to 0.7 and
0.5, respectively.

In contrast to connective tissue proteins, the expres-
sion of metalloproteinase MMP-9 (gelatinase B), MMP-
3 (stromelysin) and MMP-13 (collagenase) decreased in
the process of HSC activation to values close to zero.
MMP-12 (elastase) and MMP-14 (membrane-type 1
metalloproteinase) had expression ratios of 0.7. The
expressions of MMP-2 (gelatinase A) and MMP-7
(matrilysin) were little affected (ratios 0.9 and 1.1,
respectively). The expression of the unspecific proteinase
inhibitor x-2 macroglobulin was increased 1.7-fold and
the expression of tissue inhibitor of metalloproteinase-1
(TIMP-1) 1.5-fold. TIMP-2 did not change.

Of the receptors tested, the greatest change was found
in the expression of integrin 3 (ratio 1.8) and of neural
cell adhesion molecule, N-CAM, (2.6).

Differences between activated HSC and MFB

The two cell populations isolated from normal liver
are compared in Fig. 3b. The expression of fibulin-2, a
marker of MFB (Kanittel et al., 1999a), was 3.7-fold
higher in MFB. When compared with the starting
culture, quiescent HSC, the expression of fibulin-2 was
9.5-fold higher in MFB.

The expression of most connective tissue proteins was
slightly higher in MFB that of procollagens I and IIT
(ratios 1.3), fibronectin (1.7), fibrillin-1 (1.3) and
SPARC (1.4). Elastin showed a negligible difference.
The expression of thrombospondins-1 and -2 was
increased (ratios 3.5 and 1.7, respectively). On the other
hand, osteopontin expression decreased greatly (0.1).
The expression of perlecan was prominent in both cell
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Table 1. Gene expression in quiescent HSC (2d), activated HSC (7d) and in liver myofibroblasts (MFB) isolated from normal (N)
or cirrhotic (C) rat liver

N-HSC 2d C-HSC 2d N-HSC 7d C-HSC 7d N-MFB C-MFB
Extracellular matrix proteins
Elastin 0.28 0.65 0.31 0.32 0.35 0.26
XM_341061 0.07 0.12 0.16 0.08 0.09 0.07
Fibrillin-1 3.82 3.75 2.64 2.66% 3.43 3.95
NM_031825 0.72 0.35 0.16 0.10 0.35 0.81
Fibronectin 0.44 1.10 1.43° 1.61 2.44%4 2,465
NM_019143 0.10 0.21 0.25 0.34 0.26 0.31
Osteopontin 115 1.49 1.78 1.87 0.18%¢ 0.14%F
NM_012881 0.31 0.33 0.49 0.41 0.11 0.03
Procollagen (I) x2 0.52 3.01* 2.45° 2.83 3.25%4 3.67F
NM_053356 0.17 0.17 0.38 0.15 0.19 0.40
Procollagen (IIT) a1 0.56 2.87 2.62 2.60 3.49° 4.04%%
XM_343563 0.09 0.28 0.47 0.17 0.16 0.12
Procollagen  (IV) «l 0.20 0.22 0.14 0.12 0.10 0.05°
XM_343607 0.04 0.07 0.06 0.06 0.02 0.02
Procollagen (V) ol 0.52 1.05* 1.48° 1.22 1.06° 0.93
NM_134452 0.04 0.11 0.25 0.16 0.16 0.22
SPARC 0.98 2.67 2.75° 2.79 3.82%¢ 4,145
NM_012656 0.18 0.18 0.35 0.23 0.26 0.13
Thrombospondin-1 2.02 1.54 1.02 1.60 3.53¢ 3.62%%
AF309630 0.22 0.16 0.32 0.43 0.08 0.21
Thrombospondin-2 0.22 0.50 0.79 1.04 1.36 1.15
XM_214778 0.04 0.11 0.27 0.32 0.71 0.53
Vitronectin 0.65 0.55 0.65 0.56 0.27%¢ 0.17%f
NM_019156 0.12 0.15 0.14 0.15 0.05 0.05
Proteoglycans
Betaglycan 1.74 1.93 1.64 1.2682 1.00%¢ 0.72%F
NM_017256 0.21 0.08 0.09 0.12 0.11 0.09
Biglycan 0.65 1.31 1.37 1.38 1.96° 1.41
NM_017087 0.05 0.18 0.38 0.39 0.34 0.30
Perlecan 1.55 4.05% 3.53° 4.03 4.14° 4.74
XM_233606 0.27 0.38 0.68 0.90 0.35 0.58
Syndecan-1 0.57 0.43 0.46 0.35 0.34 0.26
NM_013026 0.06 0.06 0.09 0.10 0.06 0.08
Syndecan-3 1.10 0.43 0.73 0.25 0.34 0.17
NM_053893 0.44 0.17 0.29 0.12 0.11 0.03
Syndecan-4 1.32 0.57* 0.62° 0.43 0.35° 0.25
NM_012649 0.23 0.17 0.16 0.11 0.12 0.15
Metalloproteinases
MMP-2 gelatinase A 1.07 2.16* 0.95 1.20¢ 1.50 1.79
NM_031054 0.05 0.14 0.20 0.29 0.40 0.19
MMP-3 stromelysin-1 2.26 0.18 0.16 0.05 0.02¢ 0.01
NM_133523 0.50 0.04 0.07 0.05 0.02 0.01
MMP-7 matrilysin 0.64 0.44 0.71 0.56 0.23%¢ 0.1
NM_012864 0.16 0.08 0.16 0.07 0.10 0.04
MMP-9 gelatinase B 1.11 0.00* 0.05 0.01 0.01° 0.00
NM_031055 0.20 0.00 0.03 0.01 0.00 0.01
MMP-12 metalloelastase 2.13 0.76* 1.54 1.19 0.17%¢ 0.07°
NM_053963 0.35 0.24 0.30 0.33 0.14 0.03
MMP-13 collagenase-3 2.82 0.26 0.16° 0.19 0.13° 0.09
XM_343345 0.68 0.07 0.07 0.08 0.05 0.03
MMP-14 MTP-1 1.33 0.68 0.94 0.81 0.88 0.41
NM_031056 0.31 0.16 0.23 0.19 0.13 0.13
Proteinase inhibitors
#2-macroglobulin 1.30 1.47 2.23 2.39 0.55¢ 0.32f
NM_012488 0.27 0.17 0.07 0.03 0.16 0.09

TIMP-1 1:53 2.40 2.33 222 1.97 1.57
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Table 1. (continued)

N-HSC 2d C-HSC 2d N-HSC 7d C-HSC 7d N-MFB C-MFB
NM_053819 0.22 0.37 0.15 0.29 0.19 0.46
TIMP-2 3.72 3.47 3.82 3.80 3.12 2.93
NM_021989 0.47 0.39 0.76 0.82 0.18 0.32
Cytokines
CTGF 0.39 0.50 0.39 0.72 192 1.38°
NM_022266 0.08 0.15 0.23 0.41 0.20 0.14
FGF 2 0.26 0.20 0.30 0.25 0.15 0.06"
NM_019305 0.05 0.05 0.04 0.11 0.04 0.02
IGF 1 0.60 0.34 0.54 0.28 0.15 0.05°
NM_178866 0.23 0.09 0.18 0.12 0.02 0.03
1L-10 0.34 0.20°* 0.11° 0.13 0.06° 0.01°
NM_012854 0.07 0.04 0.04 0.05 0.03 0.01
PDGF § chain 2.05 1.70 2.57 228 1162 0.82f
XM_343293 0.17 0.20 0.53 0.49 0.32 0.22
TGF-$1 2.10 1.36 1.31 1.13 0.77° 0.63
NM_021578 0.35 0.40 0.24 022 0.20 0.11
TGF-83 0.20 0.24 0.25 0.40 1.09 0.44
NM_013174 0.03 0.05 0.16 0.21 0.34 0.11
VEGF 1.49 2.29 135 1.43 1.36 171
NM_031836 0.13 0.06 0.28 0.35 0.15 0.53
Receptors
Integrin o5 2.93 3.27 2.03 2348 3.03¢ 3.16
XM_235707 0.44 0.21 0.12 0.18 0.39 0.37
Integrin o6 31 0.40 0.23 0.39 0.16 0.06%
XM_215984 0.04 0.12 0.08 0.20 0.06 0.02
Integrin §1 1.23 1.04 1.12 1.24 1.14 0.73
NM_017022 0.19 0.15 0.21 0.34 0.25 0.13
Integrin 83 0.56 0.55 0.99 0.58 0.12¢ 0.05%
NM_153720 0.15 0.12 0.29 0.16 0.03 0.02
Laminin receptorl 1.63 2.08 1.96 1.64 1.25 1.04°
NM_017138 0.32 0.30 0.21 0.29 0.09 0.17
N-CAM 1 0.76 1.12 1.96° 1.75 1.44%4 1.24F
NM_031521 0.19 0.19 0.09 0.07 0.12 0.22
Cellular markers
Desmin 4.32 3.81 3.71 3.68 3.93 4.97
NM_022531 0.68 0.37 0.70 0.69 0.32 0.39
Fibulin-2 0.11 0.17 0.28 0.45 1.04%4 1.10°
XM_232197 0.00 0.03 0.10 0.12 0.18 0.25
P100 0.45 0.67 0.80° 0.66 0.49 0.46
NM_022257 0.02 0.09 0.11 0.11 0.06 0.17
Reelin 0.35 0.24 0.25 0.18 0.12¢ 0.17
NM_080394 0.07 0.11 0.09 0.07 0.05 0.04
House-keeping genes
Actin 8 3.77 3.35 3.53 3497 3.85 4.72°
NM_031144 0.34 0.20 0.76 0.81 0.39 0.32
GAPDH 1.73 0.83 2.26 2.42 2.45 3.15¢
NM_017008.2 0.61 0.23 0.49 0.65 0.83 1.03
188 RNA 3.51 3.05 3.46 3.64 3.88 5.12¢
X01117 0.38 0.35 0.78 0.94 0.32 0.49

Each result is the mean of four determinations. Means and S.E.M. are shown. Statistical significance (p <0.05).
*C-HSC 2d vs. N-HSC 2d.

PN-HSC 7d vs. N-HSC 2d.

°N-MFB vs. N-HSC 2d.

N-MFB vs. N-HSC 7d.

°C-MFB vs. C-HSC 2d.

fC-MFB vs. C-HSC 7d.

EC-HSC 7d vs. C-HSC 2d.

®C-HSC 7d vs. N-HSC 7d.
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Fig. 3. (a) Changes in HSC gene expression after cultivation of the cells on plastic. (b) Comparison of gene expression in MFB and
in plastic-activated HSC. (¢) Comparison of gene expression in MFB cultured from normal cells and MFB from cirrhotic cells.
Normal cells (N), cirrhotic cells (C). GenBank abbreviations are used (Table 2).

types (this proteoglycan is located in the top right
corner of the graph), the expression of biglycan was
higher in MFB (1.4). In contrast, the expression of
syndecans-3 and -4 was lower (ratios 0.5 and 0.6,
respectively).

The expression of MMP-9 and MMP-13 was negli-
gible in both cell populations (the proteinases are
located in the lower left corner of the graph). MMP-3
and MMP-12 were much less expressed in MFB (ratios
0.1). The expression of MMP-2 and MMP-14 (ratios 1.6
and 0.9, respectively) differed substantially from that of
the other MMP. The expression of a2-macroglobulin
was much lower in MFB than in activated HSC (0.25),
the expression of TIMP-1 and TIMP-2 was about the
same (0.8).

Transforming growth factor-f1 (TGF-f1), the main
profibrotic cytokine, was less expressed in MFB (ratio
0.6). On the other hand, the expression of CTGF
(connective tissue growth factor) increased considerably
(ratio 4.5).

There was not much difference between the cells
isolated from normal liver and the cells from cirrhotic
liver, when either HSC activated on plastic or MFB
were compared (Table 1, Fig. 3c).

Validation of microarray results by RT-rtPCR

The expression of 4 genes was studied both by
microarray analysis and by real-time PCR (Table 3).
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TGF-f1 expression was highest in quiescent HSC, less in
activated HSC and lowest in MFB. CTGF showed an
opposite tendency. Procollagen I expression was low in

Table 2. GenBank abbreviations of proteins included in
Fig. 3
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quiescent HSC and high in activated HSC and in MFB.
The increase during HSC activation was 6-fold in the
microarray assay and 20-fold by the PCR assay. A wider
range of cDNA concentrations can be determined by
real-time PCR than by microarray analysis. Microarray
assay of desmin mRNA did not detect further increase
when mRNA concentrations exceeded a certain limit.

A2m Alpha-2-macroglobulin
Bgn Biglycan
Colla2 Procollagen, type I, alpha 2 Discussion
Col3al Procollagen, type IIL, alpha 1
Coldal Procollagen, type IV, alpha 1 HSC-containing fraction of liver cells underwent
Col5al Procollagen, type V, alpha 1 profound changes when the cells were passaged. As
Ctef Connf:cuve tissue growth factor described by others (Kinnman et al., 2003; Kim et al.,
EDlenS glzsmnin 2005) liver MFB were obtained after repeated passages
Fbln? Fibulin 2 of the primary culture. They showed a specific pattern of
Fbnl Fibrillin 1 gene expression when compared with activated HSC in
Fnl Fibronectin, i the primary culture. Sinusoidal endothelial cells that
Igfl Insulin-like growth factor may contaminate the preparations of nonparenchymal
Itgb3 Integrin beta 3 cells express collagen types I and III and basement
Mmpl2 Matrix metalloproteinase 12 membrane proteins, collagen IV, laminin and entactin
Mmpl3 Matrix metalloproteinase 13 (Friedman et al., 1985, Neubauer et al., 1999). However,
Mmpl4 Matrix metalloproteinase 14 HSC are the major source of matrix components in liver.
Mmp2 Matrix metalloproteinase 2 The amount of collagen synthesized by HSC is over 20-
Mmp3 Mt metalloprote{nase 2 fold greater than that produced by endothelial cells per
M7 Matr{x metall()pmte%nase 7 ug of DNA (Friedman et al., 1985).
Mmp9 Matrix metalloproteinase 9 K 7 3 4 @
Pdgfb Platelet-derived growth factor, B polypeptide The relative expression of important connectlvg tissue
Plc Perlecan components  procollagens I and III, fibronectin and
Sdc3 Syndecan 3 SPARC increased in HSC during their activation and
Sdcd Syndecan 4 was also very high in MFB. All these proteins are found
Sparc Secreted acidic cysteine rich glycoprotein in high amounts in fibrotic livers (Schuppan, 1990;
Sppl Secreted phosphoprotein 1 Frizell et al., 1995). Both HSC and MFB may thus
Tgtbl Transforming growth factor, beta 1 contribute to fibrosis development in liver. The expres-
Tgfbr3 Transforming growth factor, beta receptor III sion of thrombospondin-1 and osteopontin was differ-
Timpl Tissue inhibitor of metalloproteinase 1 ent in activated HSC and in MFB. Thrombospondin-1
Timp2 Tissue mhlbltor. ot mesalloproteuase 2 is a matricellular glycoprotein interacting with cellular
Tspl Thrombospondin 1 7 s .
Tep2 Thrombospondin 2 receptors and matrix components. It is an important
Vin Vitronectin activator of TGF-f1 (Chen et al., 2000; Breitkopf
et al., 2005). It decreased in cultured HSC but it was

Table 3. Validation of microarray analysis by real-time RT-PCR analysis of selected genes

MICROARRAY PCR

N-HSC 2d N-HSC 7d N-MFB N-HSC 2d N-HSC 7d N-MFB
TGF-$1 2.00 1.41 0.93 5:15 1.76% 0.69°

0.48 0.30 0.16 0.65 0.22 0.08
CTGF 0.36 0.49 1.825¢ 4.27 3.14 8.84°

0.10 0.29 0.27 1.56 1.02 1.48
Procollagen I 0.45 2.47% 3.09° 1.74 35:15° 18.64

0.22 0.33 0.15 0.66 12.05 3.05
Desmin 4.40 3.29 4.01 179.12 170.03 13.53b¢

0.78 0.65 0.36 59.63 19.59 8.47

Three samples were analyzed both by microarrays and by RT-PCR. Samples for RT-PCR were analyzed in duplicates. The results of RT-PCR are in
arbitrary units. Means and S.E.M. are shown. Statistical significance (p<0.05): *N-HSC 7d vs. N-HSC 2d, ®N-MFB vs. N-HSC 2d, °N-MFB vs.

N-HSC 7d.
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prominent in MFB. Osteopontin is a phoshorylated
acidic glycoprotein implicated in inflammation and
tissue repair (Denhardt et al., 2001). Its expression is
increased in some liver diseases (Whitington et al.,
2005). It was rather low in MFB when compared to both
activated and quiescent HSC. Fibrillin-1 is the main
component of microfibrils. Together with elastin it is
present in connective tissue septa of cirrhotic liver
(Dubuisson et al., 2001; Kanta et al, 2002). The
expression of these proteins was not increased in either
cell subpopulation. However, their deposition in tissue
may be facilitated by low metalloproteinase activity.
Alternatively, other cells may be responsible for
increased elastin synthesis in cirrhotic liver. NFSC and
CFSC are immortalized liver cell lines established by
Greenwel et al. (1991). The expression of tropoelastin
mRNA was by one or two orders of magnitude higher in
CFSC derived from CCly-fibrotic rat liver than in NFSC
derived from normal rat liver (Kanta and Rojkind,
unpublished results).

Among the proteoglycans studied, perlecan was
highly expressed both in activated HSC and in MFB.
Perlecan, a heparan sulfate proteoglycan whose protein
core has a molecular weight 400 470kDa, is a compo-
nent of basement membranes. It can bind fibronectin
and other extracellular matrix proteins and growth
factors such as bFGF (lozzo et al., 1994). In human
cirrhotic liver, perlecan is abundant in fibrotic septa and
coexpresses with CTGF (Ozaki et al., 2005). A novel
function for perlecan in human fibroblasts was sug-
gested by Laplante et al. (2005). A fragment of perlecan
core protein inhibits apoptosis and supports myofibro-
blast differentiation.

In contrast to their potential substrates, the expres-
sion of MMP-3, MMP-9 and MMP-13 was drastically
reduced in activated HSC in agreement with the findings
of Knittel et al. (1999b). The expression of these three
enzymes in MFB was even smaller than that in activated
HSC and it was negligible when compared with the high
expression of collagens and other matrix components in
MFB. MMP-7 and MMP-12 were less affected in
activated HSC but their expresssion in MFB was very
low. These enzymes are responsible for the degradation
of native and denatured collagen, elastin, glycoproteins
and proteoglycans (Iredale, 1996; Arthur, 1998). The
removal of these proteins from the tissue may be slowed
down when the expresion of MMP is low.

In contrast to the other MMP, the expression of
MMP-2 in MFB did not decrease and the expression of
MMP-14 decreased only slightly. Membrane-bound
MTI-MMP/MMP-14 is able to degrade collagens I
and IIT as well as proteoglycans and glycoproteins
(Arthur, 1998). Mice deficient in MMP-14 develop
fibrosis in many tissues (Holmbeck et al., 2004).
MMP-14 can also activate latent MMP-2. Together
with MMP-2 and TIMP-2 it forms a trimolecular

complex at the cell surface (Worley et al., 2003). MMP-
2 may degrade subendothelial matrix in damaged liver
(Arthur et al., 1992, Lee et al., 2004) and facilitate its
replacement with collagen I. This type of collagen, in
contrast to complete matrix extracted from EHS tumours,
supports HSC activation (Friedman et al., 1989). MMP-2
is required for lens and kidney epithelial cells to acquire a
myofibroblast-like phenotype characterized by «-SMA
expression (Seomun et al., 2001, Cheng and Lovett, 2003).
As far as MMP inhibitors are concerned, the expression
of TIMP-2 was high both in activated HSC and in MFB,
the expression of TIMP-1 was somewhat less prominent.
Both TIMPs have other biological activities besides MMP
inhibition (Nagase and Woessner, 1999).

TGF-p1 is a multifunctional cytokine, produced by
numerous cell types, that plays a key role in liver fibrosis
(Bissell et al., 2001). It induces procollagen «1(I) mRNA
expression in HSC (Cao et al., 2002). On the other hand,
the expression of collagen type I mRNA in the liver of
mice treated with CCly can be reduced by the admin-
istration of a TGF-f soluble receptor to the animals
(Yata et al., 2002). TGF-f1 level is increased in liver of
patients with active liver disease (Annoni et al., 1992).
We found that the relative expression of TGF-§1 was
highest in quiescent HSC. It decreased during cell
culture, in agreement with findings of Wickert et al.
(2002). It was lower in cirrhotic cells than in normal cells
and the lowest expresssion was found in MFB. How-
ever, TGF-$3 isoform may also be involved in the
activation of HSC (Wickert et al., 2002). Wells et al.
(2004) reported that portal fibroblasts produce large
amounts of TGF-§2 that may stimulate their prolifera-
tion by autocrine mechanism.

CTGF is considered as a downstream mediator of a
part of TGF-§1 fibrogenic effects although a direct
regulatory role of TGF-§ for CTGF has not been found
in HSC (Gressner et al., 2002; Rachfal and Brigstock,
2003). Both CTGF and TGF-f1 mRNA levels are
increased in human cirrhotic liver. CTGF mRNA can be
detected in connective tissue septa and in HSC within
cirrhotic nodules (Abou-Shady et al., 2000). CTGF
stimulates HSC migration, proliferation and collagen
gene transcription (Paradis et al., 2002). In our
experiments, the expression of CTGF in MFB was
much higher than in HSC, in relation to TGF-f1.

Microarray analysis and mathematical methods we
used allowed us to detect the shifts in gene expression
accompanying the activation of HSC and to show the
differences between MFB and culture-activated HSC. In
the future, these methods may be used to study the
effects of treatment designed to suppress HSC activation
or connective tissue production by MFB. The advantage
of the microarray analysis is a large number of genes
that can be studied. A limitation of the method is a
relatively low range of mRNA/cDNA concentrations
that can be determined.
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In the present experiments we used MFB obtained by
passaging HSC cultures isolated from normal or
cirrhotic rat liver. The results obtained in this study
and the results published previously (Jiroutova et al.,
2005) suggest that HSC from cirrhotic liver are already
partially activated at the time of isolation, as far as the
expression of connective tissue components and im-
munocytochemical markers is concerned. The cirrhotic
cells differed from normal ones in the rate >H-thymidine
incorporation. When the cells were cultured on plastic,
most differences disappeared. The conversion of the
culture character after 5-fold passaging was demon-
strated by an increase in fibulin-2 expression. MFB
obtained in this way strongly expressed collagen and
several other connective tissue proteins. Perlecan ex-
pression dominated among proteoglycans we examined.
Most MMPs were suppressed except those possibly
involved in myofibroblastic trandifferentiation. The
expression of tissue inhibitors of MMP remained high.
A remarkable difference in the expression of thrombos-
pondin-1 and osteopontin was found between HSC and
MFB. All these changes may be influenced by different
expression of profibrotic cytokines TGF-f and CTGF.
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EXPRESSION OF CYTOSKELETAL PROTEINS IN HEPATIC STELLATE
CELLS ISOLATED FROM NORMAL AND CIRRHOTIC RAT LIVER
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Biochemistry

Summary: Hepatic stellate cells (HSC) are located in Disse spaces of normal rat liver. In their quiescent state they serve
as a storage site for vitamin A. In fibrotic liver they become activated, proliferate and they undergo transdifferentiation
into myofibroblast-like cells. Changes in the cell phenotype are accompanied by changes in the cellular cytoskeleton. We
have studied the expression of o-smooth muscle actin and intermediate filament proteins vimentin, desmin and glial fibril-
lary acidic protein (GFAP) by immunocytochemistry in HSC cultured for 2 or 7 days after isolation. Normal or cirrhotic
rat liver was perfused with solutions of pronase and collagenase and HSC were isolated by density gradient centrifugation
of the resulting cell suspension. Liver cirrhosis was produced in rats by repeated carbon tetrachloride administration.
Vimentin was detected in all cells from normal and cirrhotic liver. The concentration of desmin in the cells from cirrhotic
liver was slightly higher than that in normal cells and it increased with time in culture. GFAP could be detected only in
normal cells 2 days after their isolation. In contrast, alpha smooth muscle actin (0-SMA) was absent from normal cells at
this time but its expression was pronouced later. In most cells from cirrhotic liver this antigen was already present on the

second day of culture and its expression further increased.

Key words: Liver cirrhosis; Carbon tetrachloride; Hepatic stellate cells; Vimentin; Desmin; Glial fibrillary acidic protein;

o=smooth muscle actin

Introduction

Hepatic stellate cells (HSC) are localized in the spaces
of Disse and their long cytoplasmic processes are in close
contact with neighbouring cells, sinusoidal endothelial cells
and hepatocytes. In normal liver, an important function of
HSC is storing vitamin A, mainly in the form of retinyl es-
ters. HSC synthesize various types of extracellular matrix
(ECM) components, fibrillar collagen types I, III and V,
netforming collagen type IV, glycoproteins laminin and
fibronectin, hyaluronic acid and proteoglycans containing
heparan, dermatan and chondroitin sulfate. The composi-
tion of normal liver ECM resembles that of basement mem-
branes but no continuous membrane is present. Together
with the fenestrations of endothelial cells it allows the ex-
change of metabolites between hepatocytes and blood.
Some ECM proteins are synthesized by liver endothelial
cells (10, 16, 19).

In the process of fibrogenesis, HSC are stimulated to
proliferate and to undergo phenotypic transformation to
contractile cells that are thought to produce majority of
connective tissue in diseased liver. In damaged liver, HSC
secrete a number of cytokines and growth factors, while
their ability to degrade ECM is decreased. This process is
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called activation or transdifferentiation and is accompanied
by changes in the cellular cytoskeleton. HSC cultured on
plastic for 2 days are regarded as quiescent. The quiescent
phenotype can be maintained when the cells are cultured
on basement membrane-like substrate. When they are cul-
tured on plastic substrate for 5 to 7 days, they acquire
activated, myofibroblast-like phenotype (4,8,16). They syn-
thesize and secrete increasing amounts of ECM proteins
and they are used to study the processes leading to ECM
deposition in liver fibrosis (4,6).

Stress fibres containing orsmooth muscle actin (o
SMA) are a characteristic feature of activated HSC (17).
Intermediate filaments also contain proteins that can be
used as markers for HSC. Isolated HSC are positive for vi-
mentin when cultured for 3 or 7 days on plastic (2,17).
Desmin can be detected both 3 and 7 days after isolation
and its expression in HSC increases during cultivation (7).
Expression of glial fibrillary acidic protein (GFAP) is high
after isolation but decreases quickly in culture (12).

The properties of HSC isolated from normal liver and
activated by culture on plastic substrate may be different
from the properties of HSC present in cirrhotic rat liver.
However, the characterization of the four cytoskeletal anti-
gens in the cells from cirrhotic liver in the literature is in-
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complete and the way of fibrosis and cirrhosis induction as
well as the length of treatment vary. We have compared the
expression of these antigens in normal HSC and in HSC
isolated from cirrhotic liver. Cirrhosis was induced in rats
by repeated application of carbon tetrachloride and the ex-
pression of the four markers, 0-SMA, vimentin, desmin and
GFAP was determined by immunocytochemistry. The cells
were examined at two time intervals, 2 days after isolation
when they attached to the substrate and at 7 days when
they were spread and reached confluency.

Materials and Methods

Chemicals

Carbon tetrachloride was obtained from Riedel-de
Haen (Seelze, Germany), collagenase B, pronase and
DNase [ from Roche (Mannheim, Germany), Hank’s ba-
lanced salt solution (HBSS) from Gibco (Karslruhe,
Germany), Optiprep from Nycomed Pharma (Oslo, Not-
way), bovine serum albumin and Oil Red O from Fluka
(Buchs, Switzerland). Fetal bovine serum was obtained
from PAA Laboratories (Colbe, Germany). Dulbecco me-
dium, fish gelatin and monoclonal antibodies against
GFAP (clone G-A-5) and o-SMA (clone 1A4) were from
Sigma-Aldrich (Prague, Czech Republic). Monoclonal anti-
bodies against vimentin (clone V9) and desmin (clone DE-
R-11) and secondary antibody coupled to horseradish
peroxidase and diaminobenzidine were obtained from
Dako (Glostrup, Denmark), mouse gamma globulins from
Jackson ImmunoResearch (West Grove, USA). Other che-
micals were from Serva (Heidelberg, Germany).

Animal treatment, cell isolation and culture

Male Wistar rats weighing 250-300 g were obtained
from VUFB breeding station (Kondarovice, Czech Re-
public). The rats received humane treatment in accordance
with Czech laws. Cirrhosis was produced by giving the rats
1 ml/kg CCl, by gavage twice a week for 9 weeks. The toxin
was disolved in olive oil 1:1 (v/v).

Hepatic stellate cells were isolated from normal liver or
from cirrhotic liver 3 days after the last CCI4 dose and the
procedure described by Knook et al. (9) was adapted. The
liver was perfused through the portal vein in situ successi-
vely with Ca?*free HBSS for 10 min., with 100 mi1 0.2% pro-
nase solution and with 0.013% collagenase solution. The
enzymes were dissolved in complete HBSS and the rate of
perfusion was 10 ml/min. It was stopped when the liver
looked digested. The resulting cell suspension was incu-
bated with 0.01% DNase for 15 min. at 37 °C in a shaking
water bath and then filtered through 42 um nylon mesh (Silk
& Progress, Moravska Chrastova, Czech Republic). The
cells were centrifuged at 400 g for 7 min. and washed with
HBSS. Commercially available 60 % Optiprep was added to
the final concentration 11.5% (3) and the suspension over-
laid with 0.5 m1 HBSS was centrifuged at 1400 g for 22 min.
The cells on the top of Optiprep layer were collected.
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The cells were cultured in Dulbecco medium containing
10% fetal calf serum, 4 mM L-glutamine, 100 U/ml penicil-
lin and 100 pg/ml streptomycin. They were harvested 2 and
7 days after plating, respectively. They were fixed in 4 %
paraformaldehyde dissolved in phosphate-buffered saline
(PBS) and kept in PBS at 4 °C until use.

A portion of the right lateral liver lobe removed at the
beginning of the perfusion was fixed in 4 % formaldehyde,
embedded in paraffin and saved for histological examina-
tion.

Oil Red staining, immunocytochemistry
and immunohistochemistry

The cells fixed in paraformaldehyde were incubated
with saturated Oil Red O solution in 70 % ethanol for 15
min. and washed with 50 % ethanol and water.

For immunocytochemistry, the cells were permeabili-
zed on ice by cold solution of 0.1 % Triton X-100 in 0.1 %
sodium citrate for 2 min. Endogeneous peroxidase was
blocked by 3% hydrogen peroxide for 30 min. Nonspecific
binding sites were blocked by 50 % fetal calf serum in PBS
and by a solution of 0.1 % fish gelatin and 0.5 % bovine se-
rum albumin in PBS. The cells were incubated with the
primary antibody at room temperature for 2 hours. Anti -vi-
mentin antibody was diluted 1:100, anti-desmin 1:50, anti-
GFAP 1:400 and anti-0-SMA 1:400. The kit containing the
secondary antibody and peroxidase was used according to
the instructions of the manufacturer.

Histological sections of liver tissue were deparaffinized
and stained with haematoxylin-eosin, van Gieson stain and
by silver impregnation according to Gomori.

Results

The livers of rats treated with CCl, for 9 weeks had no-
dular appearance and some of the rats had ascites. When
examined under microscope, liver architecture was dis-
torted with broad connective tissue septa separating rege-
nerative nodules. Hepatocyte degeneration was seen.
Argyrophilic material was found in the sinusoids of normal
liver but in cirrhotic liver mainly the septa gave a positive
reaction (Fig. 1 a-f).

Hepatic stellate cells from both normal and cirrhotic
livers contained fat droplets stained with Oil Red O. They
were present in both cell types 2 days after isolation and
persisted for 7 days of cultivation (Fig. 2 a-d).

HSC from normal liver did not contain o-SMA 2 days
after isolation but about one half of them were positive
when they were cultured for 5 more days. Eighty percent of
HSC from cirrhotic liver expressed o-SMA as early as 2
days after isolation and almost 100% cells showed strong ex-
pression of 0-SMA at 7 days. The cells also increased in
size (Fig. 3 a-d).

Vimentin was detected in both cell types at the two time
intervals examined. It was present in all HSC and its ex-
pression increased during cultivation (Fig. 4 a-d). Desmin
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Fig. 1e: Normal liver, Gémo1i‘s silver impregnation. Fig. 1f: Cirrhotic liver, Gémori‘s silver impregnation.
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Fig. 2a: H3C from normal liver, 2 daysin culture, QilRed O.  Fig. 2b: HSC from normal liver, 7 days in cdlture_, Oil Red.

Fig. 2¢: HSC from cirrhotic liver, 2 days in culture, OilRed O.  Fig. 2d: HSC from cirrhotic liver, 7 days in culture, Qil Red 0.

Fig. 3a: HSC from normal liver, 2 days in culture, ®-3MA.  Fig. 3b: HSC from normal liver, 7 days in culture, o-SMA.
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Fig. 3¢: HEC from cirthotic liver, 2 days in culture, o-SMA.
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Fig. 4a: HSC from normal liver, 2 days in culture, vimentin, Fig. 4b: HSC from normal liver, 7 days in culture, vimentin.
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Fig. 4c: HSC from cirrhotic liver, 2 days in culture, vimentin,  Fig. 4d: HSC from cirthotic liver, 7 days in culture, vimentin,
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Fig. Sa: HSC from normal liver, 2 days in culture, desmin.  Fig. Sh: HSC from normal liver, 7 days in culture, desmin,

Fig. Se: HSC from cirthotic liver, 2 days in culture, desmin,  Fig. 5d: HSC from cirrhotic liver, 7 days in culture, desmin.

Fig. 6a: HSC from normal liver, 2 days in culture, GFAP, Fig. 6b: HSC from normal liver, 7 days in culture, GEAP.
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Fig. 6¢: HSC from cirrhotic liver, 2 days in culture, GFAP.

Fig. 6d: HSC from cirrhotic liver, 7 days in culture, GEAP.

Tab. 1: The expression of cytoskeletal antigens in HSC from normal and cirrhotic liver.

N C N C
Days in

culture 2 2 7 7

++ ++ ++
o-SMA - g0% | so% | 100%
Vi y ++ +++ +++ +++
tmentin | 4000 | ooy | 100% 100 %
D , + ++ ++ +++
esmin | 4s5.60% | 60% |45-60% | 95-100%
++
GFAP | g0y - - -

The intensity of staining is indicated (- no staining, +, ++, +++ increasing intensity).
N - normal liver, C - cirrhotic liver, The percentage of positive cells was determined by counting HSC in the cultures
originating from 3 normal and 3 cirrhotic liver. Three hundred cells were counted in each culture and the range of the re-

sults is shown.

was poorly expressed in normal cells 2 days after isolation
but its expression increased in culture. About S0 % cells
were positive and this number did not change during culti-
vation. In contrast, desmin expression in the cells from cirr-
hotic liver was prominent in more than a half of cells at 2
days and the number of positive cells increased to 95-100%
at 7 days (Fig. $ a-d). The expression of GEAP was found
in normal cells at 2 days when all cells were labelled. The
marker was lost during cultivation. The HSC from cirrhotic
livers were negative at both time intervals (Fig. 6 a-d). The
results of antigen analysis are summarized in Table 1.

Discussion
Carbon tetrachlorideinduced cirrhosis in rats resembles

human disease in some features: extensive necrosis, nodules
of regenerating hepatocytes surrounded by connective tissue

septa and a severalfold increase in collagen content (14).
Nineweek treatment of rats with carbon tetrachloride with
2 intragastric doses of the toxin per week results in fairly re-
producible fully developed liver cirthosis (1).

Quiescent HSC found in normal liver do not express
o-SMA, the marker of HSC activation. Cytoplasmic immu-
noreactivity against this antigen appears when isolated
HSC grow on plastic substratum and spontaneously trans-
form to myofibroblast-like cells (11, 18). In agreement with
this theory, the HSC from normal liver were negative for
o-SMA early after isolation. Judging by their t8MA con-
tent, a majority of HSC obtained from cirrhotic liver were
already activated 2 days after isolation and after 7 days of
culture the number of activated, strongly positive cells
reached 100 %.

Vimentin, desmin and GEAP are intermediate filament
proteins. Vimentin is consistently found in normal HSC
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and other mesenchymal cells (10, 18). It was also strongly
expressed in the HSC we isolated from the cirrhotic liver.

Desmin is a protein necessary for proper functioning of
muscle (13). It is also found in HSC of rat origin and sug-
gests their relationship to muscle cells. Only a part of nor-
mal HSC express this antigen (11) which was also reflected
in our results. However, almost all HSC from cirrhotic liver
were strogly positive for desmin. It is still an open question
if there is a functional difference between desmin-positive
and desmin-negative HSC (10).

GFARP is a glial-specific protein found in long processes
of astrocytes (20). It was suggested as a specific marker for
HSC (12). It seems to be expressed in quiescent cells only.
It disappeared in normal cells after a week of culture and
was not found in HSC from cirrhotic liver.

The loss of lipid droplets is considered by some authors
a sign of HSC transdifferentiation into myofibroblast-like
cells (5, 15). We did not observe any significant change in
QOil Red staining in the course of HSC activation.

As an introduction to our studies of gene expression in
hepatic stellate cells in liver cirrhosis we used four cytoske-
letal antigens to characterize these cells isolated from cir-
rhotic liver and to compare them with HSC isolated from
normal rat liver. Using immunocytochemical methods we
have found that the cells from cirrhotic liver show similar
tendencies in cytoskeletal antigen expression as normal
HSC activated on plastic but the changes are more pro-
found. Both the intensity of antigen expression and the
number of cells involved are usually larger in cirrhotic cells
than in normal ones.
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