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1.UVOD

Prase domaci je jednim z nejdilezitéjsich hospodaiskych zvitat. V Ceské republice je
chovano kolem 3.5 mil. prasat a kazdoro¢ni spotfeba vepfového masa ¢ini 40.9 kg na rok a na
osobu (udaje za rok 2002. zdroj — Ministerstvo zemédélstvi CR). Masova produkce jate¢nich
vepiu vsak s sebou nese vsechny nevyhody velkochovi. zejména mohutné horizontalni Sifeni
patogeni. Tyto mikroorganismy pusobi velké ztraty predevsim v chovech selat. Nové
narozena selata maji nedostate¢né vyvinuty imunitni systém. zejména jeho specifickou
slozku. Z hlediska humoralni imunity jsou zcela odkazana na protilatky obsazené v kolostru.
Pokles hladiny matefskych protilatek v dobé odstavu muze vést k rliznym infekcim a
naslednym ekonomickym ztratam v chovech. Tyto skute¢nosti podnécuji intenzivni vyzkum
imunity a jejiho vyvoje u selat, stejné jako snahu o vyvinuti u¢inn¢jsich vakcin.

Kromé¢ hospodarského vyznamu je prase 1 vyznamnym biologickym modelem,
zejména z hlediska srovnavaci imunologie. Spolu s ostatnimi kopytniky maji prasata
vkrevnim obéhu vysoké zastoupeni T lymfocytid nesoucich T receptor yd typu (TCRyd).
Pochopeni funkce TCRyd lymfocytil u téchto druht muze prispét k obecnému poznani funkci
této u ¢lovéka malo prozkoumané a ne prili§ pocetné subpopulace bunék. Dals§i vyznamnou
populaci T bunék jsou u prasat dvojité pozitivni CD4"CD8" lymfocyty. Dvojité pozitivni
lymfocyty jsou negativni v CDI1 znaku a bé€zné se vyskytuji v periferni krvi prasat. kufat a
opic (Zuckermann. 1999), vzacné i u lidi a hlodavcl. aniz by vSak byly znamy pficiny a
zakonitosti jejich vyskytu. U prasat miize pomérné zastoupeni CD4"CD8" bunék na periferii
dosahnout az 60%. pficemz jejich mnozstvi roste s vékem. Vzhledem k tomu a k fenotypu
téchto bunék jsou vétsinou autori pokladany za pomocné pamétové bunky. Navic je to praveé
tato subpopulace bunék. ktera in vifro odpovida na restimulaci jiz dfive podanym antigenem
(Saalmuller et. al. 2002). Jejich presna uloha a detaily jejich fungovani v imunitni odpovéd:
vSak zustavaji stale nejasné. Unikatni je také architektura imunitniho systému prasat. Ve
srovnani s ostatnimi dosud studovanymi druhy mé prase zcela obracenou strukturu
lymfatickych uzlin a témeét bezbuné¢nou eferentni lymfu.

Prase¢i imunoglobuliny byly v soucasné dob¢ jiz detailn¢ prostudovany na genové
urovni. Jakkoli je primarni sekvence lidskych a prasec¢ich imunoglobulinii vysoce podobna.
organizace oblasti kddujici segmenty genil pro imunoglobuliny se u prasat zna¢né li8i. Navic
stdle nebyla zcela uspokojivé zodpovézena otazka. zda prasata nepouzivaji ke zvySovani
variability Ig repertoaru mechanismus genové konverze. tak jak jej zname naptiklad od

kraliku a kurat.



Z hlediska vyvoje imunitniho systému je prase zcela unikatnim modelem. U lidi 1
laboratornich hlodavcu prochazi imunoglobuliny placentou. U novorozenych mladat tudiz
nelze studovat oddélené imunoglobuliny vzniklé postnatalné od imunoglobulinti matetskych.
U prasat jsou féty od matefského organismu oddéleny Sestivrstevnou epitelochorialni
placentou. Ta je zcela nepropustna pro vysokomolekularni latky vcetné imunoglobulint.
Fetdlni imunitni systém prasat se tudiz vyviji prakticky bez interakci s cizorodymi
molekulami a tkanémi - prvni cizorodé imunitni molekuly dostavaji selata az v kolostru.
Z experimentalniho hlediska ma toto uspofddani zna¢nou vyhodu. Jsou-li selata odebrana
ihned pfi porodu (nebo hysterektomii tésné pied porodem pii odchovu bezmikrobnich zvitat)
ziskavame imunologicky naivni modely. V konven¢nich podminkach tato zvitata neptezivaji
prvni setkani s patogeny, vcetné jinak neSkodnych komenzalnich mikroorganismu. Pri
odchovu ve sterilnich podminkach izolatorti vsak ziskavame bezmikrobni (germ free — GF)
selata. kterd jsou unikatnim modelem pro studium postnatalniho vyvoje imunitniho systému a
jeho interakcei s riznymi typy patogenl.

Laboratorni hlodavci, ktefi jsou nec¢astéj$im imunologickym modelem. s sebou nesou
nékteré nevyhody pii studiu prenatdlniho vyvoje imunitniho systému. Mlad’ata laboratornich
mySi se rodi v mnohem niz8im stadiu vyvoje. nez je typické pro primaty. V dobe narozeni je
hlavni hematopoeticka aktivita u mySich mlad’at soustfedéna v jatrech. Naproti tomu u selat
se hematopoetickd produkce z jater presouva do kostni dren¢ kolem poloviny gestace. coz
mnohem lépe odpovida situaci. kterou nachdzime i u lidi. Kromé toho doba gestace prasat
(115 dni) je mnohem blize gestaci u ¢lovéka (cca 252 dni). Naopak mysi jsou brezi pouze 21
dni. Navic je prase vyhodnéjsi z hlediska mnozstvi ziskatelného materidlu (novorozené prase
vazi kolem 400 g. mys pouze 2 g).

V souladu se stoupajicim vyznamem prasat jako biologického a imunologického
modelu se stavaji komerc¢né dostupnymi 1 monoklonalni protilatky proti povrchovym
molekulam prasecich lymfocytli a jinym imunologicky a biologicky aktivnim molekulam.
Navic bylo zji§téno, Zze nékteré intraceluldrni molekuly jsou konzervované napti¢ druhy a
protilatky puvodné urcené proti lidskym molekulam kiizoveé reaguji s molekulami jinych
druhu (napf. prasat nebo pst). To umoznuje rychlé a snadné zkoumani prasecich imunocytl
metodou prutokové cytometrie.

Vyznam studia prasat a jejich imunitniho systému se dale zvysil. kdyz - vzhledem
k dostupnosti a fyziologickym parametrim - bylo prase ur¢eno jako vhodny darce
xenotransplantati  pro clovéka. V soucasné dob¢ vzniklo nekolik linii prasat stzv.

.humanizovanymi® geny. Pfes znaCny pokrok v této oblasti se vSak stale nepodafilo



dosahnout prijatelné miry tolerance téchto §tépu. Proto je pottebné dalsi zkoumani praseciho
imunitniho  systému a jeho molekul. Dalsi komplikaci, ktera brzdi vyuzivani
xenotransplantatli. je moznost prenosu endogennich retrovird zabudovanych v prase¢i DNA
do lidské populace a jejich nasledna reaktivace. Tomuto nebezpeci lze ¢elit jednak dikladnou
sekvenaci pfislusné DNA. jednak studiem téchto endogennich sekvenci a zplisobu. jakym jsou

v hostitelském organismu kontrolovany.

2. CILE PRACE

Ackoli se v poslednich letech stdva prase vyznamnym experimentalnim zvifetem.
mnozstvi dostupnych specifickych reagencii uréenych pro tento model je stale nizké. Stejné
tak poznani zakladnich elementli imunitniho systému a jejich funkci pokulhava ve srovnani
s mnozstvi poznatkt ziskanych na jiz dfive zavedenych hlodavéich modelech. Informace
ziskané na hlodavc¢ich modelech pfitom nelze beze zbytku extrapolovat na ostatni sav¢i druhy.
Naopak. pfi studiu imunitniho systému riznych zvifecich druhi se ukazalo. Ze existuje celd
rada individualnich odli$nosti. typickych pro jednotlivé druhy, nebo skupiny druht. Piikladem
takovych rozdild je vyvoj protilatkového repertoarii obratloved. Zatimco u c¢lovéka a
laboratornich hlodavcu (tzv. PR druhy) vyvoj novych B bunék probiha po cely zivot jedince a
protilatkova diverzita je generovana preskupovanim gend pfimo v primarnich krvetvornych
organech. u mnoha dalSich zvifecich druhQ (kralik. ovce. kur: tzv. GALT druhy) je B
lymfopoéza casové omezena. tvorba protilatkového repertoaru je mistné oddélena od
primarnich center hematopoézy a dochazi k ni procesem genové konverze. Tento zasadni
rozdil se pak dale zrcadli v interakcich jednotlivych druhd s mikrofloru (jak komenzalni. tak
patogenni). Postaveni prasete na pomyslném Zebficku PR vs. GALT druhy nebylo dosud
zcela objasnéno. Ma-li ovsem byt prase posuzovéano z hlediska srovnavaci imunologie. je
treba mit napied dostatek informaci o chovani. fenotypu. vyvoji a funkci zakladnich elementt
imunitniho systému. Cily této prace bylo najit odpovédi na nekteré z téchto problému:

1. Vytvofit nové druhove specifické monoklonalni protilatky s unikatni specifitou.

2. Prostudovat B lymfopoézu a jeji zmény v pribéhu ontogeneze prasat. tj.:

- co nejlépe definovat fenotyp bun¢k v riznych stadiich B lymfopoézy
- definovat vztah téchto bunék k hematopoetickym centrim

3. Srovnat vyvoj B bunék prasat s jinymi druhy
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3. LITERARNI PREHLED

3.1. PRIMARNIi CENTRA KRVETVORBY

Krev zastava u obratlovc primarné funkci ptenaSe¢e Zivin a kysliku. V pribéhu
tvlogeneze se k této uloze postupné pridavaly i dalsi role. Jednou z nejdilezitéjSich je u
vySSich obratloved imunita, zajiStovana bilymi krevnimi bunkami — leukocyty. Piisné vzato
jsou leukocyty u vétSiny savcil i jedinymi bunéénymi elementy v krvi — erytrocyty jsou
bezjaderné a trombocyty jsou fragmenty matefského megakaryocytu. VSechny tyto krevni
elementy vSak pochazeji zjedné plvodni pluripotentni matefské hematopoetické bunky
(HSC). Mista. kde dochazi k proliferaci HSC a diferenciaci dcefinnych bunék nazyvame
primarni centra krvetvorby. V prubéhu ontogeneze. zejména v embryonalnim stadiu vyvoje.
neni hematopoetické centrum jasné lokalizovano a jeho funkci piebiraji postupné jednotlivé
organy. U dospélych jedinct je primarnimi krvetvornym orgdnem predevsim kostni dren.

Prvni krevni bunky vznikaji z pluripotentnich hematopoetickych bunék v paraaortalni
splanchnopleute (PAS). ktera se pozdéji diferencuje jako oblast aorty, gonad a mezonefru
(AGM). O néco pozd¢ji nalézdme krevni buniky ve Zloutkovém vaku (YS). Jednda se jak o
ervtrocyty (Moore and Metcalf. 1970). tak lymfocyty, respektive jejich prekurzory.
identifikované pomoci panleukocytarniho antigenu CD45. K dal§imu ptesunuti krvetvorby
dochazi po zalozeni fetalnich jater (u mysi asi 9. den gestace). U laboratornich hlodavcii.
jejichz gestace je kratka, si fetdlni jatra drzi tuto ulohu az do narozeni. Naopak u vétSich
druhu savci (vcetn¢ prasete a ¢lovéka) je v posledni tfetiné gestace krvetvornymi buiikami
osidlena kostni dfen. Ta =zuastdva pro vSechny savce hlavnim krvetvornym organem
Vv postnatalnim obdobi Zivota.

Stejné jako u jinych druhi, 1 u prasat se prvni lymfocyty vyskytuji ve zloutkovém
vaku (YS) jako CD45"SWC3"™ buriky (Sinkora J. et al.. 2002). Zaroven jiz v tomto stadiu
dochazi k prvnim pokusiim o preskupeni tézkych fetézct Ig (Sinkora M. et al.. 2003). Kolem
¢tyficatého dne gestace (DG20) ulohu primarniho hematopoetického centra prebiraji fetalni
jatra (FL). Kolem DGS50 se pak krvetvorba detinitivné piesouva do kostni diené. kde setrvava
po zbytek Zivota zvifete. Z hlediska zastoupeni jednotlivych krvetvornych linii je kostni dien
(BM) hlavnim zdrojem B bunék. mezitim co ve fetalnich jatrech prevlada tvorba myeloidnich
bunék. Tésné pred narozenim, kolem DG110. nastava i v kostni dfeni prudka expanze bunék

myeloidni linie. ktera zcela prekryje obraz tvorby ostatnich bunéénych typu (Sinkora J. et al..
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2002). Tento narust myelopoezy souvisi s pfipravou organismu na porod a ocekdvanou

imunitni zatéz.
3.2. HEMATOPOETICKE KMENOVE BUNKY

Hematopoetické kmenové bunky (HSC) jsou pluripotentnimi prekurzory vsech
krevnich bunék. Maji nesmirny prolifera¢ni potencial — u imunitné nekompetentni mysi
dokéaze 1 pouhd jedna HSC restaurovat cely lymfoidni systém (Osawa et al.. 1996). Mysi
kmenové bunky jsou charakteristické expresi Sca-1. MHC [ (H-2K) a naopak nepfitomnosti
markeru jednotlivych linii — Lin™ (Sanchez et al.. 1996). Lidské HSC jsou typické znakem
CD34 a stredni expresi c-kit (CD117) a Thy-1 (CD90). Naopak maji jen velmi nizkou nebo
vibec zadnou expresi CD38, HLA-DR, CD45-RA a CD71 (Civin et al., 1993, Visser et. al..
1990).

Vzhledem k nedostupnosti protilatek proti CD34 a c-kit byla nomenklatura
lymfocytarnich prekurzorii v kostni dfeni u prasat postavena na zakladé SWC markert
(Summerfield and McCullough 1997; Summerfield et al., 2001a, b). Podle tohoto rozliseni
jsou granulocyty SWC3'SWC8". monocyty SWC3™"SWC8 a prekurzory myelo-
monocytarni fady SWC3““SWCS8. Summerfield et al. (2003) izolovali pomoci
rekombinatniho SCF buriky kostni dfené o charakteristickém SSC'“FSC"" profilu. které
byly SWC3'SWCS&'. Tyto bunky postradaly jakékoli znaky typické pro linie (CD3. CD21). ale
exprimovaly mnoho obecnych adhezivnich molekul (CD11, CD44). Navic buiiky sortované
na vazbu s SCF postupné exprimovaly velmi nizkou hladinu SWC3, coz je typické pro ranné
prekurzory Zloutkového vaku a fetdlnich jater (Sinkora J. et al.. 2002). Vzhledem k tomu a
k jejich schopnosti formovat kolonie a s piihlédnutim k jejich podobnosti s c-kit pozitivnimi
lidskymi prekurzory. 1ze soudit. Ze se jedna o pravé prekurzory kostni dien¢.

Anatomicka lokalizace HSC se méni v pribéhu ontogeneze, kdy se populace
pluripotentnich bunék sté¢huje v zavislosti na vyvoji hematopoetickych center. U dospélych

jedinct HSC sidli vyhradné v kostni dreni.



3.3. LINIE KRVETVORBY

Hematopoetické kmenové bunky davaji vznik dvéma zakladnim typim bunéénych
linii — myeloidni a lymfoidni - v podobé myeloidniho a lymfoidniho prekurzoru (Sterzl. 1993:
Letkowitz. 1996). Zaroven populace HSC obnovuje sama sebe (self-renewing). Schopnost
predur¢enych (comitted) prekurzori davat vznik ruznym bunéénym typum je na vSech
urovnich diferenciace ovlivnéna prostiedim a casovym usekem ontogeneze. v jakém se
prekurzorova burnka nachazi.

Kapacita progenitori B bungk je tak zcela odlisna ve fetalnich jatrech a v kostni dfeni
dospél¢ mysi (Hardy et al.. 1996). Prekurzorové burky jsou také zpétn¢ ovliviiovany
lokdlnimi pusobky riiznych somatickych bunék (lymfocyty, endotel, stroma kostni diené¢) a
hormony (erytropoetin) v ramci udrzeni celkové homeostazy organismu.

Z myeloidnich 1 lymfoidnich prekurzorii nasledné¢ vznikaji dal§i predurcené
progenitory. Ty byly poprvé identifikovany na zdklade in vitro experimentt, kde dokazaly dat
vzniknout koncovym bunkam piislusné linie a byly nazvany jednotkami tvoficimi kolonie
(Colony Forming Unit, CFU). Spole¢ny myeloidni prekurzor. nebo také myeloidni kmenova
bunka. dava wvznik programovanym prekurzorim jednotlivych typl granulocyti a
monocyto/mkrofagové fady (CFU-Mast. CFU-Eos. CFU-GM). megakaryocyti (CFU-Mk) a
erytrocytt (CFU-E) (Obr. 1).

Ze spole¢ného lymfoidniho prekurzoru se napied oddéluje prekurzor B linie v podob¢
pro-B buriky. Druhou vétvi po odstépeni B linie se stava spolec¢ny prekurzor T a NK bunék.

Jeho existence byla dokazana ve fetalnim thymu (Carlyle et al.. 1997).

3.3.1. MYELOIDNI LINIE

Ze spolecného myeloidniho prekurzoru se oddéluji programované bunky pro vyvoj
bazofilu (CFU-Mast). eozinofili (CFU-Eos). myelomonocytarni prekurzor. spole¢ny pro
fagocytujici leukocyty (CFU-GM) a déle prekurzory bunék cervené krevni fady (CFU-E) a
pfedchiidce megakaryocyti (CFU-Mk). které déale davaji vznik krevnim destickam. Posledné
jmenované maji v krvi jiné fyziologické tlohy. nez je imunita a ackoli jsou zfejmé schopny
spolu reagovat s imunitni informacni siti. v dalSim vykladu je zanedbame. Z CFU-GM se
zéhy oddéluji prekurzory monocytii/makrofagi (CFU-M) a neutrofilnich granulocytli (CFU-
G). Buniky monocyto-makrofagové fady nalézame piedev$im v orgénech a tkanich. kde se

podileji na destrukci organismu vlastnich buné¢k. které jsou poskozené nebo nepotiebné. stejné



jako pii likvidaci apoptickych télisek. Krom toho hraji tyto buiiky vyznamnou ulohu pfi
prezentaci antigenu. K tomuto ucelu jsou vybaveny jednak MHC antigeny I. Ttidy, tak MHC

II a to u vSech dosud popsanych druhi savci.

Myelowdm
dendrincka

N i
/ dendnncka
bunka
Spoleclpl ogenitor T a NI\ B progenitor ( FU-F i( FU-Mk l('FU -Nast i('FU—E S

]".'n‘n ocvt

B bmika MMegakarvocyt
T progenitor
¢
a
-
Trombocyty
Osteoklasty
T buiika NE-buika Dlonocyt Nakrofag

Obr. 1: Schematické znazornéni hematopoetickych vyvojovych rFad.

Granulocyty délime podle pH cytoplazmy a cytoplazmatickych granuli (a tedy
zbarveni cytoplazmy v dusledku ptipravy histologickych preparatil) na tfi populace. Primémé
zastoupeni jednotlivych subpopulaci v periferni krvi ¢lovéka je 60-70% neutrofilnich
granulocytd, do 2% bazofili a 1-3% eozinofill. Jejich Zivotnost je po vyplaveni do periferni
krve velmi kratka, mobilizace granulocytd z kostni diené je tedy kontinualni proces. Hlavni
imunitni dlohou neutrofilnich granulocytli je fagocytéza cizorodych mikroorganismu.
Fenotypové se od ostatnich granulocytarni subpopulaci lisi pfedevsim expresi nizkoafinitniho
receptoru pro IgG (CD16). Mimo to lidské neutrofilni granulocyty nesou znaky CD15, CD87
a jsou MHC II negativni. Eozinofilni granulocyty nesou ve svych cytoplazmatickych
granulich latky, schopné usmrcovat parazity. Jejich povrchovy fenotyp je podobny
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neutrofilnim granulocytim, pro odliSeni téchto dvou linii se pouziva prukazu latek
v eozinofilnich granulich. Bazofilni granulocyty jsou typické zejména vysokou povrchovou
expresi vysokoafinitnich receptorti pro IgE. VSechny granulocyty jsou vybaveny adhezivni
molekulou CDI11b. nizkoafinitnim receptorem pro IgG (CD32). RB isoformou
panleukocytarniho antigenu CD45 a dal$imi obecnymi leukocytarnimi antigeny (CD48.
CD353...) a adhezivnimi molekulami (CD49). Navic buriky granulocyti a monocyto-
makrofagové tady. stejné jako spolecné progenitorové CD34" buitky nesou molekulu z rodiny
SIRP - CD172. Jedna se o integralni membranovy protein z imunoglobulinové rodiny. ktery
v intraceluldrni ¢asti obsahuje ITIM motivy a jeho ligandem je CD47 (Jiang et al., 1999).
Kromé téchto krevnich elemeti odvozujeme od myeloidni krvetvorné linie nékolik
dalSich bunécnych typua. Jedna se pfedev§im o myeloidni dendrtické bunky (viz. 3.3.1.1.) a

dale mikroglie a osteoklasty. jejichz pivod spadd do monocyto-makrofagové fady.

3.3.1.1. DENDRITICKE BUNKY

Podle tradi¢nich uéebnic imunologie vsSechny dendritické bunky (DC) pochazeji
z progenitori myeloidni linie. Dnes je ovSem znamo, Ze c¢ast DC se vyviji z bunék
lvmfoidnich. Podle ptiivodu tedy rozliSujeme DC na myeloidni a lymfoidni. Diive byly tyto
dveé linie odliSovany podle exprese CD8a molekuly. ale béhem in vitro matura¢nich pokusi
se ukazalo. ze jak myeloidni tak lymfoidni prekuzory maji schopnost generovat CD8a
pozitivni i negativni bunky (Mantz et al.; 2001). Myeloidni DC jsou pocetnéjsi a délime je
dale na Langerhansovy bunky a intersticialni dendritické bunky. Langerhansovy burky jsou
lokalizovany v kizi. predevSim v bazalni vrstvé epidermis a v zdsadé se jednd o nezralé
dendritické bunky. Intersticialni (kozni) dendritické buriky se nachazi pfedevsim v dermis a
ve vnitinich organech. Lymfoidnich dendritickych bun¢ék (LDC) je 0 néco méné (coz muize
byt dano i tim, ze lymfoidni prekurzory jsou obecné méné¢ pocetnéjsi nez myeloidni) a nachazi
se v krvi a sekundarnich lymfatickych organech. LDC muzeme dale dé¢lit podle morfologie

nebo mista jejich ptsobeni (napf. interdigitujici DC v thymu).
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3.3.2. LYMFOIDNI LINIE

3.3.2.1. NK BUNKY

Jednou ze t¥i nejvyznamnéjSich vétvi lymfoidni linie jsou NK bunky (pfirozeni
zabije¢i. natural killers). Tradi¢n€ jsou fazeny mezi elementy nespecifické imunity. ackoli
s prohlubujicim se poznanim imunitnich déju se kdysi ostra hranice mezi pfirozenou a
adaptivni slozkou imunity postupné stird. V zdvislosti na imunologickém stavu organismu
tvofi NK buniky 5-20% lymfoidnich bunék kostni dfené. Jejich hlavni fyziologickou tlohou je
jednak pfima likvidace postizenych bun¢k, jednak cytokinova regulace zanétlivé odpovédi.
Ackoli se jednd o velkou a vyznamnou lymfocytarni subpopulaci. otazka jejich diferenciace
jesté neni zcela dofesena. Prekurzory NK bunék se ziejmé oddeluji od T lymfocytarni linie.
s kterou sdileji nékteré antigeny (CD2). Na rozdil od T bun¢k vSak v NK burkéch nedochazi
k preskupeni genti pro TCR. Hlavnim charakteristickym rysem NK bunék je molekula
CCD56 (NCAM-1). Za jisty mezistupeni mezi T lymfocyty a NK buiikami lze snad povazovat
NK-T bunky (viz. 3.3.2.3.).

3.3.2.2. VYVOJ T BUNECNE LINIE

Vyvoj bunék T bunééné linie probiha v prevazné vétsing v brzliku (thymu). Cast T
lymfocyti se ovSem vyviji 1 mimo piisné selektivni prosttedi thymu (Mabuchi et al.. 1998:
Tamauchi et al.. 1988). Do thymu prichazeji T bunécné prekurzory (pro-thymocyty)
z primarnich lymfopoetickych organti. V thymu nejprve dochdzi k preskupeni 3 (piipadné
0 —viz. dale) fetézce T bunétného receptoru (TCR). Je-li preskupeni uspésné. je findlni
proteinovy produkt prezentovan na povrchu thymocytu spolu s preTCRa a CD3 komplexem
jako pre-TCR. Nasledné jsou pteskupeny geny pro a (y) fetézec a na povrchu thymocytt je
prezentovan finalni TCR (tfetézce af. event. yd a CD3). Zaroven T burky v tomto stadiu
exprimuji souc¢asné CD4 a CDS antigen. Po pfeskupeni genti pro T bunéény receptor je finalni
proteinovy produkt (T bunécny receptor). vystaveny na povrch T lymfocytu testovan na
autoreaktivitu (negativni selekce). stejné jako na vazbu k vlastnimu MHC (pozitivni selekce).
Pies 97% thymocytl timto vybérem neprojde a vthymu zahyne apoptozou (Krejsek a
Kopecky. 2004). Pfevazna c¢ast bunék osazujicich thymus (tzv. thymocyti) patii k afT

bunkdm (nesou T bunécny receptor ofy typu). Kromé nich rozeznavame jest¢ bunky s yd
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typem T bunécéného receptoru. Ackoli ¢ast ydT lymfocytd se také vyviji v thymu, thymové
mikroprostiedi zfejmé neni pro jejich vyvoj zcela nezbytné (Arcangeli et al.. 2005)
Variabilita yd receptort je relativné nizka (Schondelmaier S.. 1993) a vétSina téchto bunék
zfejmé rozeznava jiné molekuly nez komplexy MHC s antigenem. napiiklad jednoduché
nebilkoviné organické latky (napf. aminy. isoprenoidy. pyrofosfaty: Poupot and Fournie.
2004) vazané na molekuly strukturné podobné MHCI — CD1, MICA nebo MICB. Vzhledem
k lokalizaci yd T bunék ve sliznicich traviciho traktu a v kizi a navyseni jejich poétu u
pacientll s intraceluldrnimi parazity. se predpoklada jejich ucast v prvni obranné linii, na
pomezi nespecifické a specifické imunity a to zejména proti intracelularné parazitickym
bakteriim (mykobakterie. salmonela) a proti parazitalnim agens (leishmania. plazmodia).
Pomérné zastoupeni ydT lymfocytd je u rdznych ZivociSnych druht rizné. Dale bude
pojednano pouze o majoritnich a3 T lymfocytech.

Do thymu prichazi programované prekurzory T bunééné linie z fetalnich jater nebo
kostni diené. Migrace téchto CD7 pozitivnich prekurzort je fizena chemokinovymi atraktanty
a prostiednictvim homingovych receptorti. T bunééné progenitory vstupuji do thymu kortiko-
medularnim sinem a rychle migruji do subkapsularni oblasti thymu. Nejranéj$i thymocyty
exprimuji znaky CD7, CD2 a zac¢inaji exprimovat CDS5, nikoli viak CD4 nebo CD8 — jedna se
o dvojité negativni thymocyty. Vyvoj populace dvojité negativnich thymocytt dale probiha v
nékolika diferencia¢nich krocich. béhem niz se méni exprese molekul CD44 a CD25 (Laurent
et al. 2004). Tak CD4°CD8 buriky piechazeji od stadia CD25CD44" pres CD25'CD44" a
CD25°CD44’. kdy dochazi k preskupovani genti pro TCRp az po stadium CD25CD44". Poté
co se preskupi 1 geny pro TCRa. je cely T bunéény receptor vyjadien na povrchu buriky.
spolu s molekulou CD3. Zaroven se na povrchu thymocytl objevuji souc¢asné¢ molekuly CD4
a CD8. proto se toto stadium oznacuje jako dvojité pozitivni. Tyto bunky navic exprimuji
molekuly CD1 a CD69. Subpopulace malych, dvojit¢ pozitivnich bunék tvoii vétSinu
osazenstva thymu. Pravé v tomto stadiu prochéazeji T lymfocyty pfisnou pozitivni a negativni
selekci. T bunky které prosly touto selekci si zachovavaji expresi pouze jednoho
z koreceptorit CD4 nebo CDS (podle toho. zda rozeznavaji antigen v kontextu MHC 1I resp.
MHC I) - stavaji se jednotlivé (single) pozitivnimi T lymfocyty. které jsou typické pro
periferii. Zaroven vyzralé T lymfocyty ztraceji exprest CD1 a povrchova molekula CD45R0

je nahrazena CD45RA. typickou pro naivni T lymfocyty.
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3.3.2.3. NK-T LYMFOCYTY

Kromé té€chto hlavnich T bunéénych typl rozeznavame je$té populaci tzv. NK-T
lymfocyti. Jedna se o lymfocyty s ap TCR, s 8 fetézcem ur€ovanym piedev§im genem P11,
které ale navic nesou celou fadu povrchovych molekul typickych pro NK buriky. NK-T
lymfocyty rozeznavaji komplexy CD1d molekul s lipidy a glykolipidy a to jak mikrobialniho,
tak vlastniho ptivodu. Exprese T koreceptori CD4 a CD8 je znaéné heterogeni. U ¢lovéka se
nachédzeji vruznych télnich tekutinich a organech, zejména v jatrech. Jejich pfesné
fyziologicka funkce neni dosud znama. Jsou vak vyznamnym zdrojem cytokint jak Thl tak
Th2 odpovédi a ziejmé€ i vyznamnym regulatorem rovnovahy mezi témito dvéma druhy T
bun&éné reakce. Krom toho jsou po stimulaci galaktosylceramidy schopny ni¢it virem
infikované buriky a buiiky nadorovych linii (Ko et al., 2005; Smyth et al., 2005).

3.3.2.4. VYVOJ B BUNECNE LINIE

Na zéklad¢ exprese povrchovych znakd, inracelularnich proteind (Osmond, 1993;
Melchers et al., 1995) a na zakladé PCR studii pfeskupovani genovych segmentti (Rolink a
Melchers, 1993; Melchers et al., 1995) byla stanovena tato stadia vyvoje B bun&k
v primarnich lymfopoetickych orgénech: pro-B, pre-B I, velké a malé pre-B II, nezralé B
burkky a zralé B buiiky (Obr. 2). Posledné jmenované u ¢lovéka opoustéji kostni dfefi do
krevniho ob&hu. Po setkani s antigenem dale diferencuji a mnoZi se v procesu zvaném afinitni
maturace, ktery probiha v sekundarnich lymfatickych organech, zejména v miznich uzlinich a
ve slezin€. Zralé B buiikky mohou poté diferencovat na pamétové B lymfocyty nebo
plazmatické buriky produkujici velkd mnoZstvi imunoglobulinu.

proliferace proliferace proliferace v piipadé
aktivace Ag a Th
pro-B bunka pr eBI buika velka preBII-bunka mala pr eB]I buiika nezmala B buika zrala B bunka
I pieskupovani tézkych ietézei I l preskupovani lehkych fetézci l

Obr. 2: Schéma vyvojové Fady B lymfocytu
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Jednotlivé  vyvojové kroky lokalizované v kostni dieni zahrnuji ptedevS$im
preskupovani gent pro tézké a lehké retézce imunoglobulini a jsou nezavislé na antigenni
stimulaci. Progenitorové bunky B linie nesou na svém povrchu panleukocytarni znak CD45 -
spolu s MHC II a obecnym znakem progenitorovych bunék CD34. Jiz ve stadiu pro-B bunék
se objevuje exprese molekul. které jsou pozdéji soucasti B bunécného receptoru (BCR) a to
CD79 a CDI19 (Sanz et al.. 2003: Koyama et al.. 1997). Nasleduje pfeskupovani genu pro
tezky fetézec Ig. Je-1i Gspésné dokonceno. bunka postupuje ze stadia pro B do stadia pre-B
bunék. které je charakteristické povrchovou expresi tézkého fetézce imunoglobulinu (sp)
v komplexu zvaném pre-BCR. Ulohu lehkého fetézce v tomto komplexu zaujimaji proteiny
VpreB a AS. které jsou u c¢loveéka exprimovany z 22. chromosomu (22q11.22 resp. 23). Na
stejném miste se nachdzeji geny (resp. genové segmenty) pro lehké fetézce imunoglobulint
kappa a lambda. Exprese pre-BCR na povrchu lymfocytu je dikazem. Ze doslo k uspésnému a
produktivnimu pfeskupeni gent pro t€zky fetézec. Pre-B burice jsou pak poskytnuty signaly.
které ji dovoli pokrac¢ovat ve vyvoji (Bradl et al., 2003). U lidskych B lymfocytu jsou v tomto
stadiu exprimovany molekuly CDI10 a CD38. U prasat jejich ptfitomnost dosud nebyla
prokazana. protoze dosud nebyly vytvotreny spolehlivé specifické monoklonalni protilatky
(MoADb) proti témto proteinim. V tomto stadiu bunka zacina pfeskupovat geny pro lehké
fetézce Ig. Po UspéSném pireskupeni se na povrchu exprimuje kompletni B bunéény receptor.
U lidi je vtomto stadiu exprimovéana také molekula CD40. Nezralé B buriky prochazeji
negativni selekci pfi niz jsou zlikvidovany bunky s afinitou k vlastnim tkanim a nakonec
opoustéji kostni dfen ve stadiu zralych B bunék. které kromé I1gM na povrchu nesou i IgD
molekuly. U prasat k expresi IgD nedochazi. protoze piislusny gen se u prasete nevyskytuje
(Butler. 1997). RozliSeni B bunék v tomto stadiu tedy neni tak ptesné.

Jako markery vyvojovych stadii B lymfocytd 1ze pouzit i rekombindzy Rag-1 a Rag-2
a enzym termindlni deoxynukleotidyl transferazu (TdT). které jsou aktivni v pribéhu
preskupovani genovych segmentii gent pro lehké a tezké retézce imunoglobulint.

Rustovymi faktory B lymfocyti jsou v kostni dfeni SCF (Stem Cell Factor) a pozdéji
IL-7.
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3.3.2.4.1. MOLEKULA CD2

CD2 (LFA-2) je molekula pattici do imunoglobulinové strukturni skupiny s adhezivni
funkci. PGvodné byla pozorovana pii tzv. rosetové reakci. kdy dochazelo ke shlukovani
ov¢ich erytrocytl lidskymi T lymfocyty a byla tedy popsana jako receptor pro xenogenni
ervtrocvty (Moingeon et al.. 1989). Jejim normalnim ligandem je u krys CD48 a u lidi CD58.
adhezivni GPI-vazané proteiny. Zprostredkovani adhezivni interakce CD2 je soucasti aktivace
ptes TCR. s nimz je CD2 v komplexu (van der Merwe and Davis, 2003). Stejn¢ jako u NK
bunék je 1 zde signdlni drdha CD2 spjata s CD3 podjednotkou £ (Moingeon et al., 1992).
Strukturni homologie CD2 mezi riznymi sav¢éimi druhy je pozoruhodna (Davis and van der
Merwe. 1996). Naproti tomu distribuce na riznych populacich lymfocytl u riznych druht se
velmi lisi. U ovci a skotu se CD2 nachazi pouze na subpopulacich affT lymfocytt (Giegerich
et al.. 1989: Mackay et al.. 1989). Oproti tomu je distribuce CD2 u mys$i mnohem $irsi. CD2
nesou nejen vsechny mysi T bunky (Sen et al.. 1989), ale 1 vSechny B buiky ve sleziné a
periferni krvi exprimuji nizké hladiny CD2 (CD2""). Expresi CD2 pritom lze zachytit jiz
v ¢asném stadiu B lymfopoezy. ve stadiu pre-B bunék, pficemz exprese CD2 predchazi
povrchové expresi imunoglobulinu (Sen et al., 1990). U laboratornich potkant a u lidi se CD2
vyskytuje na vSech T lymfocytech a na NK burkach (Spruyt et al., 1991). Na lidskych B
bunkach se molekula CD2 nevyskytuje. ale lze ji nalézt v pfipadé nékterych B bunéénych
malignit. coz podporuje hypotézu, Ze se piechodné objevuje v pribéhu B bunécné
diferenciace (Muraguchi et al.. 1992). V posledni dobé se ale objevuji prace. v nichz je
popisovana minoritni populace nemalignich B bun¢k s expresi CD2 (Kingma et al.. 2002).

O prase¢ich B lymfocytech se pivodné ptredpokladalo. ze jsou CD2 negativni a to
jednak na zdkladé neschopnosti B lymfocyt tvofit rozety (JaroSkova a Kovaru. 1978) a
pozdéji 1 na zaklad¢é primého dikazu (Binns et al., 1992). Poté co byla vytvotena protilatka
proti prase¢imu CD3 a bylo umoznéno jemné}si rozdéleni lymfocytarnich populaci se vSak
ukazalo. ze alespon c¢ast prasecich B bunék je CD2 pozitivni (Yang and Parkhouse. 1996;
Bischof. 1996). V roce 1998 potom Sinkora J. et al. dokazali metodou pritokové cytometrie
pomoci citlivéjsiho dvojiho znaceni s tykoerytrinem. Ze prase¢i B bunky (IgM") se déli do
dvou populaci. CD2" a CD2". Zastoupeni téchto dvou subpopulaci se pfitom v priubéhu Zivota
prasete dynamicky méni. Ihned po narozeni a u bezmikrobné chovanych selat se na periferii
vyskytuji prakticky pouze CD2 pozitivni B burky. V prib¢hu postnatdlniho obdobi se u

prasat vydéluje vyrazna populace IlgM CD2” bunék. Vzhledem k tomu. Ze se tato subpopulace
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u bezmikrobné chovanych zvitat objevuje az po osazeni bakterialni smési. mohlo by se jednat

o aktivované B bunky.

3.3.2.42. MOLEKULA CDI19

Molekula CD19 je 120 kD transmembranovy glykoprotein a je charakteristickym
znakem B lymfocytd a vSech jejich vyvojovych stadii s vyjimkou plazmatickych bunék (Sato
et al., 1997). Pfitomnost dvou C2 domén v extracelularni ¢asti ji fadi k imunoglobulinové
proteinové nadrodiné. CD19 asociuje s CD21 a CD81 komponentami BCR a podili se na
intraceluldrnim prenosu a zesilovani signalu. V ontogenezi B bunék se objevuje zahy. jiz ve
stadiu pozdnich pro-B bunék. kde dochazi k preskupovani gent pro tézké fetézce Ig a je zcela
nezbytna pro vyvoj a funkci B bun¢k (Otero and Rickert, 2003). Z tohoto divodu je exprese
CD19 zachovavana i na leukemickych bunkach odvozenych z B bunééné fady (s vyjimkou
myelomu) a je casto vyuzivana jako diagnosticky znak tohoto typu leukémii. U dosud
studovanych druht jsou nékteré domény CD19 vysoce homologni (>90%). pficemz nejvyssi
homologii nachazime v C-terminalni intracelularni signaliza¢ni ¢asti proteinu. Extracelularni
cast proteinu vykazuje podstatné vét§i mezidruhovou variabilitu. Z toho divodu je kfizova

reaktivita protilatek vyvinutych proti lidské CD19 molekule s ostatnimi druhy velmi nizka.

3.3.2.4.3. MOLEKULA CD79

Heterodimery transmembranovych glykoproteinu CD79 o a B (difve Iga a Igp) jsou
exprimovany na povrchu vSech B bunek vcetné vSech vyvojovych stadii. pocinaje rannymi
progenitory (pro-B). V souladu stim lze tyto antigeny detekovat jak v primarnich
hematopoetickych organech, tak v periferni krvi. Jedinou vyjimkou jsou terminalné
diferencované plazmatické bunky. z nich mohou v ramci diferenciace CD79 antigeny zmizet
souc¢asné s BCR komplexem. Exprese CD79 je detekovatelna jiz v cytoplazmé nejrannéjSich
prekurzoru B fady. Vzhledem k neschopnosti detekovat CD79 na povrchu bunék B linie ve
stadiu drivejSim nez pre-B se soudilo. ze CD79 zustadva v cytoplazmé pro-B bunék az do
preskupeni genu pro tézky fetézec (Okazaki et al.. 1993: Ishihara et al.. 1992). Objevuji se

vSak 1 prace. které popisuji povrchovou expresi CD79p jiz ve stadiu pro-B (Koyama et al.,

21



1997). Nicméné¢ uloha CD79 pro vznik antigenné specifického receptoru je ziejmé
nezastupitelna. protoze v piipadé mysi postradajicich geny pro CD79 se maturace B lymfoctl
zastavi ve stadiu pro-B a IgM neni prezentovan na povrchu bun¢k. ackoli dochazi k
produktivnimu pieskupovani gent pro VDJ domény (Pelanda et al.. 2002).

Jako soucést B bunécného receptoru je komplex CD79 odpovédny jednak za transport
slgM na povrch bunék. tak predev§im za transdukci signdlu generovaného BCR
(Venkitaraman et al.. 1991). Antigenni receptor sIlgM zasahuje do cytoplazmy pouze kratky
usekem. jeho spojeni skindzami a signalni drdhou zajistuji pravé heterodimery
CD79a/CD798. Signalizace je zajiStovana pies motivy ITAM v cytoplazmatickych castech
CD79 molekul. pticemz fosforylace tyrozinu je negativné regulovana fosforylaci jinych ¢ésti
CD79 molekuly serin/threoninovymi kinazami (Muller et al.. 2000). Diikkazem toho jsou také
nekteré malignity. jako napfiklad B-chronicka lymfoidni leukémie. kde defekty CD79 vedou
k inaktivaci BCR (Cragg et al.. 2002:). Naopak tézké tetézce IgA. IgG a IgE. které maji
mnohem delSi cytoplazmatickou ¢ast jsou ziejm¢ schopny ¢aste¢né nahradit nékteré funkce
CD79 (Knight et al.. 1997). V ptipad¢é IgGl je zrejm¢ tato funkce zcela fyziologickd pro
pamétové B bunky. Mysi, které postradaji geny pro membranovou formu tézkych fetézcl
gamma 1, nejsou schopny tvofit ani protilatkovou odpoveéd typu IgG1 ani pamétové B bunky
tohoto typu (Kaisho et al., 1997). Dalsi dilezitou ulohou heterodimeru CD79 je transport
slgM na povrch a naopak transport pohlceného antigenu do lysozém (Li et al.. 2002). kde je
zpracovan k nasledné prezentaci.

Molekula CD79 se u lidi bézné vyuziva k diagnostice leukémii (Chu and Arber. 2001)
a je tedy k dispozici mnoho komeréné vyrabénych klonii monoklonalnich protilatek jak proti

a tak proti f3 fetézcl.

3.3.2.4.4. ONTOGENZE DIVERZITY REPERTOARU B BUNEK

Velka diverzita rozpoznavacich epitopl je specifickym znakem adaptivni imunity.
Presny pocet variant imunoglobulini o riznych specifitach nelze presné urcit (vzhledem
k ptisobeni TdT). U ¢lovéka se teoreticky odhaduje na 5-10 milioni moznych kombinaci. To
ovsem plati, pokud jsou pouzivany vSechny genové segmenty (tedy u ¢loveéka pres 150 Vi, 12
Dy a 4 Ji). U nékterych druht teplokrevnych obratloved je vsak situace odlisna. Krajnim
ptipadem jsou kurata. kterd maji pouze jeden Vy segment. Presto protilatky produkované

témito druhy nepostradaji znac¢nou diverzitu a kvalita humoralni odpovédi je zcela srovnatelna
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s ostatnimi druhy. Bliz8i zkoumani tohoto a ptibuznych fenomént dalo vzniknout teorii PR a

GALT druhu.

3.3.2.4.5. MODEL PR

Pod pojmem PR druhy spadaji modely primatli a laboratornich hlodavcu. Jedna se o
nejvice a nejdéle zkoumané druhy teplokrevnych Zivocichl. Z tohoto diivodu je tento typ
vyvoje repertodru B bunék obvykle popisovan v uc¢ebnicich a je v hrubych rysech popsan i
v kapitole 3.3.2.4. U druht spadajicich pod PR model se zékladni diverzita B buné¢ného
repertoaru odehrava v primarnich krvetvornych orgénech, kterymi jsou nejprve jatra a pozdéji
kostni dren. Vyvoj novych B bunék — spolu s ostatnimi krevnimi buiikami - v kostni dfeni
pfitom probiha po cely zivot organismu (Rossi et al. 2003). Vyjimku tvofi pouze T lymfocyty
jejichz dozravani probihd v thymu. Diverzita je generovana pouze pieskupovanim geni pro
tezké a lehké imunoglobulinové fetézce a u genl pro tézké fetézce jest¢ cinnosti TdT.
K novému preskupovani imunoglobulinovych gena vsak u aktivovanych bunék dochazi i na
periferii. V ramci afinitni maturace v lymfatickych uzlinach a slezin¢ mize dojit k opétovné
aktivaci genll pro rekombinazy RAG 1 a 2. I u takto vytvofenych klonl je vsak veskera
rozmanitost imunoglobulinového repertoaru vytvafena pouze pomoci preskupovani

jednotlivych VDJ segmentu.

3.3.2.4.6. MODEL GALT

Mezi GALT druhy fadime z imunologického hlediska relativné dobie prozkoumané
kute. kralika a ovci. Zfejmé sem alespon castecné patii 1 skot a prase. Vyvo) B bunécného
repertoaru probiha vyhradné ve specializovaném organu. U ptaku je to Fabriciova burza. u
saveu vice ¢1 méné specializované lymfoidni tkdné asociované se stievem (GALT).
Nejprostudovanéjsi je ontogeneze B bunék u kufat. Fabriciova burza je osidlena
progenitorovymi bunikami. které jsou programovany pro vytvoieni B linie. Tyto bunky
pochéazeji z kostni dfené a jsou do burzy piesunuty v jedné jediné viné mezi 8. a 14. dnem
gestace. V tomto specializovaném organu dochazi jest¢ béhem embryonalniho Zivota a kratce
po narozeni k vyvoji B bunééného repertoaru. Pfiblizné v pul roce Zivota jedince Fabriciova

burza zanikd a s ni i dal$i vyvoj B bunék. Zviie pak ma az do konce Zivota k dispozici pouze



preskupeni. vznikld béhem pomérné kratkého obdobi fungovani burzy. Zatim nebylo zcela
uspokojivé objasnéno. zda nékteré z téchto perifernich B lymfocyti maji ¢ nemaji
prolifera¢ni potencial (Weill and Reynaud, 1998).

Dalsim rozdilem oproti PR druhiim jsou ponékud odlisné mechanismy jakymi se tvoii
protilatkova diverzita. Stejn¢ jako u primatl a hlodavcl zde dochazi k preskupovani gent pro
imunoglobuliny. Jak jiz vSak bylo zminéno v tivodu této ¢asti. ve hfe je vtomto piipadé
mnohem méné pouzitelnych genovych segment. Tak naptiklad prasata maji jen 20 Vj
segmentl. 2 Dy a pouze jeden Jj; segment. V genomu kurat je jediny Vy gen. ostatni jsou
pseudogeny. U kralikl sice existuje pre 200 Vy; segmenttl, skute¢né je vSak vyuzivan pouze
omezeny pocet. navic je prfednostné pouzivan V segment, ktery je nejblize prvni Dy; sekvenci.
Z duvodu malé kapacity genomu jsou produkty vzniklé genovym preskupenim mnohem
uniformnéj$i nez je tomu u ¢lovéka. K rozriznéni protilatkového repertoaru je tak tieba
dalsich mechanismi. Cinnost TdT je zde nahrazena jistou volnosti pfi spojovani VDI
segmentd. ¢imzZ vznikaji unikatni sekvence. Hlavnim zdrojem variability je ale genova
konverze. kdy u jiz preskupenych genli dochazi pomoci homologni rekombinace k vyméné
jednotlivych tusekt za pseudogeny.

U savct, kde se Fabriciova burza nevyviji, se tyto procesy odehravaji v jinych. ne tak
piisn¢ specializovanych organech. U kralikd je to apendix, u ovci Peyerské platy ilea. U
kralikti (Lanning et al.. 2000) -a do jisté miry i u ovci (Maybaum and Reynolds. 1996)- bylo
navic prokazano. ze u gnotobioticky chovanych zvirat ke genové konverzi a diverzifikaci
repertoaru vibec nedochdzi. Dalsi pokusy ukézaly, Ze pro uspéSny prubéh vyzravani B
lymfocytu je nezbytnd mikrobiadlni kolonizace stieva. Na druhou stranu, takovéa kolonizace
vyvola prudké zmény i1 v lymfoidnich tkanich stfeva u krys (Yamanaka et al., 2003). které
jako hlodavci jednoznacné patii do PR skupiny. U jehnat byl prokazan vliv prenatalni
splenektomie na vyvoj B bun¢k (Press et al., 2001), nedochazi vsak k absolutni depleci
populace. Studie dokazujici vyvojovou zavislost prase¢ich B lymfocyti na Peyerskych
platech ve stfevé zatim prokdzaly pouze zvySenou miru apoptéozy B lymfocytd v téchto
strukturach. presvédcivy diikaz vsak nepodaly (Andersen et al.. 1999). Na druhou stranu je
znamo. 7e Peyerské platy ilea zanikaji béhem prvniho roku zivota prasete. Pokud jsou
skuteCné mistem tvorby a selekce repertoaru Ig. znamenalo by to. Ze tato tvorba je ¢asové
omezena (Butler. 1997). Také kolonizace selat po narozeni vyrazné ovliviiuje diferenciaci a
reaktivitu vSech imunitnich bunék. tedy i B lymfocytl (Butler et al.. 2002). Stejné tak nelze
zcela jednoznadné fict. jestli u starSich prasat dochazi k pokra¢ovani B lymfopoézy. ¢i k jeji

zastave,
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Neni tedy vylouceno. ze dalsi vyzkum ontogeneze lymfocyti pfinese nové poznatky.
které prispéji k rozostieni takto narysované hranice mezi PR a GALT druhy. Je dost mozné,
ze lidsky a mysi model na jedné a kufeci na druhé se ukazi jako krajni varianty vyvoje B

bune¢k a protilatek a vétSina ostatnich druht se bude pohybovat nékde mezi témito krajnostmi.

3.4. GNOTOBIOLOGIE

Jak jiz bylo fec¢eno v uvodu této prace. dilezitym modelem pro vyzkum ontogeneze
imunitniho systému jsou bezmikrobné odchovana zvifata a to ze dvou diivodu. Mlad'ata pro
gnotobiologicky odchov se ziskavaji metodou oteviené hysterektomie brezi samice (Miniats
et Jol. 1973). Déloha i s plody je proloZzena prokladacem do sterilniho odchovného tanku.
Mlad’ata tak nepiijdou do styku s matkou a tedy ani kolostrem a matetskym mlékem. které je
pro vSechny savce vyznamnym zdrojem protilatek (Kelleher et al. 2001; Tizard 2001) a
dalsich imunologicky aktivnich substanci. Proto je mozné u takto odchovanych mlad’at
pozorovat vyvoj imunitniho systému bez postnatalniho ovlivnéni matetskymi imunitnimi a
imunomodulaénimi latkami. Mlad’ata jsou odchovavana ve zcela bezmikrobnim prostiedi
sterilizatoru; pii kontaktu s cizorodymi mikroorganismy (i nepatogennimi) neni jejich
imunitni systém schopen zvladnout nahlou zatéz a zvirata obvykle hynou. V prubéhu let vSak
bvly definovany neskodné bakterialni smeési (Sarma-Rupavtarm et al.. 2004: Salzman et al..
2002: Dewhirst et al.. 1999), kterymi lze zvifata v izolatoru snadno osadit a prevést je tak do
konven¢nich podminek (zvifata jsou po tomto zakroku schopnd zivota mimo izolétor).
V takovém uspofadani poskytuje gnotobioticky model jedinecnou pitilezitost studovat vliv
mikroorganismu na vyvoj imunitniho systému a interakci imunitniho systému v rizném stadiu

vyvoje s komenzalnimi a patogennimi mikroby.



3.5. PRASE JAKO IMUNOLOGICKY MODEL

Jak jiz bylo feeno v Givodu této prace, prase patii mezi vyznamné biologické modely.
dulezité zejména z hlediska vyvojové a srovnavaci biologie a imunologie. Oproti nejéastéji
pouzivanym modelim (¢lovék. hlodavei) ma vsak nékolik vyrazné odlisnych. specifickych
vlastnosti. Hlavni z nich je obracena struktura lymfatickych uzlin (Binns. 1982). Vzhledem
k tomu eferentni lymfa prakticky neobsahuje lymfocyty. Ty vstupuji z lymfatickych uzlin
rovnou do krve. Na rozdil od ostatnich zkoumanych zivoc¢ichu také praseti chybi funkéni gen
pro IgD. Navic ma omezeny repertoar genovych segmentl, kodujicich variabilni casti
imunoglobulinti. Pro diverzifikaci primdrniho repertodri tedy pravdépodobné pouziva
genovou konverzi (Butler et al.. 1996). Periferni krev prasat obsahuje dv¢ subpopulace T
lymfocytii s neobvyklym fenotypem — y& T bunky a CD4'CD8" dvojité pozitivni T
lvmfocyty. Z hlediska studia prenatalniho imunitniho systému ma velky vyznam Sestivrstva
epitelochorialni placenta. ktera tvofi nepropustnou vrstvu. zabranujici pruchodu jakychkoli
vysokomolekularnich latek ztéla matky do krevniho ob&hu plodu (Sterzl and Silverstein.

1967)

3.5.1. MONOKLONALNI PROTILATKY PROTI POVRCHOVYM MOLEKULAM
PRASECICH LYMFOCYTU

Prase se stava ¢im dal tim ¢astéj$im a obliben¢j$im biomedicinskym experimentalnim
modelem. Spolu s jeho vyuzivanim v biologii a zejména imunologii roste potieba dostupnych
monokonalnich protilatek a jinych specifickych reagencii namifenych proti prase¢im
antigenum. Neékteré z povrchovych antigent prasecich leukocyt jsou vysoce homologni s
lidskymi a/nebo mys$imi diferenciaénimi CD antigeny (napfi. prase¢i CD40 se vaze na lidsky
CD154 — Rushworth et al., 2000). Mnoho jinych CD znakl sice nesdili tak vysokou
homologii. ale s jistotou lze ftici, Ze se jedna o analogy jejich lidskych (mySich) protéjsku.
Napiiklad podobnost v uspofadani MHC antigent je takova. Ze praseci transplantacni
antigeny byly pojmenovany SLA (Swine Leucocyte Antigens) podle lidskych protéjska (HLA
- Human Leucocyte Antigens). Pro ¢ast povrchovych molekul prasecich leukocytl vSak
dosud nebyly nalezeny odpovidajici protéjsky. Tyto antigeny dostaly ozna¢eni SWC (Swine
Workshop Cluster) a dosud jich bylo popsano devét (SWC1-9) (Lunney, 1993; Saalmuller.
1996; Haverson, 2001). SWC3 byl Alvarezem et al. (2000) urcen jako ¢len SIRP rodiny
signdlnich regula¢nich proteint. Pravé pouzitim SWC3 v kombinaci s SWCI a SWCS lze
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jednoznacné charakterizovat hlavni populace perifernich lymfocyti v prase¢i krvi (Tab. 1)
(Saalmuller, 1996; Haverson et al., 1994; Lunney, 1993). Pomoci SWC3 a SWCS8 antigenti
1ze také rozlisit buiiky kostni diené, jak bylo popsano v oddile 3.2.

3.5.2. MYELOMONOCYTARNI LINIE

K diferenciaciaci vyvojové myelomonocytarni vétve dale kromé antigeni SWC3 a
SWC8 pouzili Summerfield a McCullough (1997) povrchové znaky, které se pouZivaji
k rozliSeni vyvojovych stadii u ¢lovéka a mysi — CD14, CD16, CD44, MHC (SLA-DR) a f3-
integriny. V pribéhu vyvoje se zvySuje exprese SWC3 a SWCS, stejné jako CD14 a 16.
Exprese ahezivni molekuly CD44 a integrinu se periodicky méni, pfi¢emZ minima dosahuje
ve stadiu oddéleni monocytirni a myeloidni diferencia¢ni fady. Jiz nejprimitivné;si
myelomonocytarni prekurzory jsou SWC3" a exprimuji na svém povrchu SLA-DR ve stfedni
aZ vysoké hustoté. Z tohoto prekurzoru se oddé€luji myeloidni a monocytarni diferenciaéni

vétve. Neutrofily zvySuji hustotu SWC8 a naopak ztraceji SLA-DR.

Populace Subpopulace SWC1 SWC3 SWC8
Granulocyty Neutrofily + + +
Eozinofily - + +
Bazofily + + +
Monocyty/makrofagy + + -
Lymfocyty T buiiky + - +/-
B buriky - - +

Tab. 1. Rozdéleni subpopulaci leukocytu periferni krve prasat podle exprese SWC
antigenu.

Naopak ziskavaji CD14, ktery se u progenitord nevyskytuje. Exprese tohoto antigenu
se dale zvy3uje, az do stadia zralych neutrofili SWC3"SWC8'CD14", které jsou jiz schopny
metabolického vzplanuti. V prib&hu dozravani se zmensuje velikost a ¢aste¢né i granularita
téchto bunék. S tim koreluje i exprese adhezivni molekuly CD44 a CD16.

Monocytarni diferencia¢ni linie je charakterizovana piedev§im absenci znaku SWCS.
Jejich postupné vyzravani je charakterizovano jednak zmenSovanim objemu a zarovefi

zvySovéni exprese SWC3 (SWC3' > SWC3™). Zralé monocyty nesou znak CD14.
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3.5.3. TLYMFOCYTY

Stejné jako u vsech ostatnich druhii, nesou praseéi lymfocyty T bun&ny receptor a
s nim spojeny znak CD3, ktery je pouzivan jako hlavni marker T linie (Yang and Parkhouse,
1996). Z hlediska typi TCR nalézame u prasat oba typy — of3 i y5. Podrobna charakteristika
jednotlivych populaci T lymfocyti podle povrchové exprese je uvedena v tabulce 2 (Podle
Yang a Parkhouse, 1996). Dale se podrobnéji vénuji dvéma unikatnim subpopulacim T bungk,
které se u ostatnich studovanych druhti béZzné na periferii nevyskytuji — yd T burikam a
CD4"CD8" dvojité pozitivinim T lymfocytim.

of + + - | Ty pomocné T lymfocyty

+ - hi |Tc cytotoxické T lymfocyty (CTL)
+ + low | Ty pamétové (aktivované) pomocné T lymfocyty (DP)
+ - - 177?
¥8 + - lo |Buriky s cytotoxickou aktivitou
+ - - 1?27

- - - | Populace pfevazujici v periferni krvi

Tab. 2. Clenéni jednotlivych subpopulaci T lymfocytii podle povrchového fenotypu

3.5.3.1. UNIKATNI TYPY T LYMFOCYTU V PERIFERNI KRVI PRASAT

Prvni z unikétnich perifernich subpopulaci jsou y0 T lymfocyty. Zatimco u €lovéka je
mnozstvi Y8 T bunék kolisavé (v zavislosti na imunologickém stavu jedince) a u vétSiny
zdravych lidi se jednd o marginalni populaci pfevdZné intraepitelidlnich lymfocytd, u
kopytniki (v€etné prasat) jsou krom epitelii yd T buiiky hojné& zastoupeny jak na periferii, tak
v cirkulaci (Yang and Parkhouse, 2000). VSechny prase¢i yd T builky jsou CD4 negativni.
Podle exprese znakti CD2 a CD8 je lze rozdélit do tfi subpopulaci (viz. Tab. 2) Funkce y8 T

8" v& T builky vykazuji cytotoxickou

lymfocytt jsou zfejmé& velmi rozmanité. CD2'CD
aktivitu (Yang a Parkhouse, 1997). V periferni krvi je nejcastéj§i subpopulace CD2°CDS§’,
jejiz polyklonalni aktivaci lze ziskat zabijeéské buriky vy$e zminéného fenotypu. Populace yd

T bunék se u dfive vakcinovanych selat aktivuje po restimulaci mykobakteridlnimi antigeny
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(Lee et al.. 2004). Podobn¢ se chovaji pii pokusech se spirochetalnimi antigeny (Hontecillas
etal.. 2003). Tyto pokusy vsak zaroven ukazaly, ze yd T lymfocyty jsou stimulovovany 1L-2 1
bez pfitomnosti antigenu. coZ ukazuje na méné piisnou regulaci. nez jaké podléhaji aff T
buiiky. Cast z téchto cirkulujicich bunék dokonce exprimuje povrchové antigeny. dosud
spojované s antigen prezentujicimi bunikami a jsou schopny pohlcovat solubilni antigeny
(Takamatsu et al., 2002).

Dalsi vyznamnou T lymfocytarni populaci v periferni krvi prasat jsou tzv. dvojité
pozitivni lymfocyty. Jedna se o CD3"af" T lymfocyty. které na membrané exprimuji zarovett
CD4 a CD8 antigeny. Pfitom ale u nich nelze detekovat expresi CDI. coz je odliSuje od
dvojité pozitivniho vyvojového stadia thymocytl. Velikost této populace roste s vékem zvifat
a je zavisla na antigenni stimulaci (Zuckerman and Gaskins, 1996). Celkové mnozstvi dvojité
pozitivnich bunék v krvi dospé€lého prasete se mize pohybovat az kolem 60% (Saalmuller et
al.. 1987) U dosud studovanych druhti se v takové mife dvojité pozitivni T bunky v periferni
krvi nevyskytuji. pfiblizuji se tomu snad jen kurata (20-40%) a opice (5-25%) (Luhtala et al..
1997; Zuckermann. 1999). Pravé vzhledem k pomérné hojnému vyskytu téchto bunék u opic
je pomérné piekvapiva jejich nizka frekvence u jim vyvojové blizkého ¢loveka (Blue et al..
1985). Nicméné dukladné studie o vysoké citlivosti pfinaseji dikazy o existenci dvojité
pozitivnich perifernich bunék u dalsich a dal$ich druhii (Kenny et al., 2004). Piesna funkce
téchto lymfocyta zlstava stale ponekud nejasna, ackoli vétSina autorl se prfiklani k nazoru, ze
se jedna o aktivované/pamétové pomocné bunky (Saalmuller et al., 2002: Zuckermann.

1999).

3.54. BLYMFOCYTY

V soucasné dob& je kdispozici Siroky panel monoklonalnich protilatek proti
povrchovym znakim prasecich B lymfocyti (Boersma et al.. 2001). Stejné jako B lymfocyty
ostatnich druhu, i prase¢i B buriky jsou tradicné déleny podle exprese CD5 (Appleyard and
Wilkie. 1998). Oproti tomu podle Sinkory J. et al. (2002) vechny prase¢i B burnky jsou
CD5"™. Tento rozpor patrné spociva v rozdilném stafi selat, ktera byla pouzita jednotlivymi
skupinami k pokusu (dospéla zvitata —Appleyard - vs. féty a novorozenci — Sinkora J.). To by
odpovidalo i my$imu modelu. kde se CD5" populace zakldadd prenatdlné a pozdéji je

viceméng piekryta pozde€jsi CDS” populaci.
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Na rozdil od adaji, které jsou znamy ze studia ostatnich druhd, prase¢i B lymfocyty
vvkazuji na svém povrchu jinak typicky T lymfocytarni znak — CD2 (Sinkora et al.. 1998).
Jeho exprese je jen velmi nizka a lze ji spolehlivé prokazat jen metodou dvojiho znaceni.
Tento znak se pfitom na prasecich lymfocytech objevuje jiz ve stadiu velkych preB II bunék
(Sinkora et al.. 2002).

Vzhledem k nedostupnosti anti-prasecich protilatek proti typickym prekurzorovym
atigenim. které¢ se pouzivaji u jinych druhit (CD34, CDI19) byly nejcasn¢j$i praseci
prekurzory definovany jako CD45"SWC3"™" bunky. Jak jiz bylo feceno diive (3.5.2.). SWC3
je u prasat typickym povrchovym znakem granulocytd. Na nizké arovni je vSak exprimovan i
¢asnymi prekurzory lymfocytl a to az do stadia preB-I. Studium téchto nejcasnéjSich B
prekurzort vSak stale narazelo na neexistenci specifického markeru. ktery by spolehlivé ur¢il
ptislusnost bunék k B linii. Sinkora et al. (2002) vyuzil pro spolehlivou identitikaci ¢leni B
bunécné fady komeréni anti-lidskou monoklonalni protilatku proti CD79a (HMS7. Dako
Cytomation Jones et al.. 1993), namifenou proti intraceluldrni C-terminalni ¢asti proteinu
mezi aminokyselinami 202-216. Tato protilatka. pivodné pfipravena pro diagnostické ucely.
je specificka proti buitkam lidské B linie véetné nékterych B bunéénych malignit. Zajimavé
viak je. ze pii testech na tkanovych fezech tato protilatka kiiZzové reagovala i s B buiikami
jinych sav¢ich druht vcetné prasete (Mason et al.. 1991). KfiZzova reaktivita je zfejmé
zpusobena vysokou homologii cytoplazmatické domény CD79a napti¢ savéimi druhy.
V piedbéznych experimentech z roku 2002 se potvrdilo, Ze tato protilatka reaguje s prasecimi
B lymfocyty i pfi uziti v pritokové cytometrii. Mezidruhova ktizova reaktivita pii pouZiti
metody prutokové cytometrie byla prokazdna 1 uspéSnym pouzitim proti koc¢i¢im B bunkam
(Harley et al.. 2003).

Krom vySe zminénych byly na povrchu prasecich B bunék prokazany molekuly CD1.

CD21. CD25. SWC7 a SWC8 (Denham et al.. 1994: 1998)



3.54.1. VYVOJ REPERTOARU PRASECICH B BUNEK

vvvvvv

segmentll genQ pro imunoglobuliny. K pfeskupovani dochazi v pribéhu vyvoje B buiky
dvakrat, zvlast pro tézké a lehké fetézce imunoglobulinii a vysledny produkt musi byt
smysluplny, ve spraném c¢tecim ramci a nesmi obsahovat zadné stop-kodony. Bunky. které
v téchto krocich neuspéji, dostavaji signal k apoptéze a hynou. U prasat. ktera maji pouze
jeden Jj; segment. se mohou buniky o uspé$né preskupeni pokusit pouze jednou na kazdém
lokusu. Pravdépodobnost uspéchu je pak 33% pro kazdy lokus (teoreticky u dvou tietin bunek
dojde k posunu ¢&tecitho ramce, je-li proces pieskupovani skuteéné ¢ist¢ nahodny).
Pravdépodobnost uspéchu pii preskupovani genli pro lehké fetézce je pak mnohem vyssi,
protoze pro preskupovani jsou k dispozici dve sady genll — k a A. Navic genové segmenty pro
lehké fetézce jsou usporadany v tandemech a béhem pieskupeni tak nedochazi ke ztraté
rekombinac¢nich signalt jako v pripadé tézkych fretéza. Produktivni pieskupeni lehkych
fetézcu se tak podari téméet kazdé bunce, navic se miize opakovat i v priabéhu zivota buiky pii
tzv. germindlni reakci. Limityjici je tedy preskupovani tézkych fetézct. Jen asi 55% bunék.
které zahdji preskupovani projdou sitem vybéru, ostatni jsou eliminovany. Pfitom se ¢asti
téchto bunék podarilo Gspésné pieskupit geny jiz na prvnim lokusu a druhy lokus ziistava
v zdrode¢né konfiguraci. Druhd ¢ast bunék provedla produktivni pteskupeni az na druhy
pokus a neutspeésSne preskupeny prvni lokus je mimo ¢&teci rdmec (out-frame). piipadné
obsahuje stop kodon (Sinkora et al., 2003). Tyto buiiky jsou déle testovdny na autoreaktivitu,
pfi¢emz prakticky vSechny autoimunni buriky zahynou. Zvlastni vyjimku z tohoto pravidla
tvofi mald populace B bunék, ktera osidluje thymus. Zda se. ze tyto bunky nepodléhaji zadné
selekci. 1ze mezi nimi nalézt jak bunky s neproduktivnim pfeskupenim na obou lokusech. tak
bunky které produkuji autoreaktivni imunoglobuliny. Navic ve fetdlnim thymu dochazi
normalné k produkci pfirozenych protilatek (Cukrowska et al.. 1996). Funkce téchto
aberantnich B bunék vthymu neni dosud pfresné znama. Vzhledem ktomu. ze
imunoglobuliny jsou nejhojnéjsi proteiny krevniho séra, se obecné soudi. Ze Ukolem téchto
bunék je vyroba protilatek. které — byt autoreaktivni — slouzi jako zdroj antigent pro selekci
T bunék v thymu.

Dalsi zajimavou a dosud ne zcela vyfeSenou otazkou je, zda u prasat dochazi ke
genové konverzi, ¢i zda je preimunni repertodr tvofen pouze pieskupenim genu. Butler a Sun
(1996) zjistili. Ze vétSina transkriptd gend pro tézké fetézce Ig prasat je odvozena pouze z péti

Vi genu. pficemz necastéji jsou pouzivany segmenty VyA a VyB. Pii znamé skute¢nosti. ze



v prase¢im genomu je pouze jediny funkéni Jj; gen, dochazime ke zna¢né omezenému
genovému repertoaru. Podle nékterych neptimych dikazl se zda. ze ke zvySeni variability
idiotypi dochazi mechanismem genové koverze (Butler et al., 1996; Sun and Butler. 1996:

Sinkora et al.. 2003).

3.6. PES JAKO IMUNOLOGICKY MODEL

Stejné jako prasata jsou psi velmi dilezitym veterinarnim modelem. Zaroven maji své
nezastupitelné misto pi1 studiu srovndvaci imunologie. Jako u mnoha ne pfili§
prozkoumanych veterinarnich druht. je i u psti zndmo velmi méalo o hematopoeze a vyvoji
imunity zvlasté. [ zde nardzime pfedevSim na problém nedostatku druhové specifickych
monoklonalnich protilatek. Na druhou stranu je zndmo mnoho protilatek vykazujicich
mezidruhovou kfizovou reaktivitu. Navic spektrum dostupnych specifickych protilatek proti
prase¢im a psim povrchovym lymfocytarnim antigenim se do zna¢né miry piekryva a
dopliuje. Prace na psim modelu pomaha rozsifovat uvahy o prase¢i B-lymfopoeze z hlediska
srovnavaci imunologie tam, kde nebylo mozno pouzit specifické prasec¢i reagencie. Zvlastni
dulezitost méa vtomto piipadé specificka monoklonalni protilatka proti psimu CD34
(McSweeny et al.. 1998). CD34 je dileZitym markerem kmenovych bunék a u prasat se ji
dosud nepodafilo identifikovat. S pomoci této protilatky Ize izolovat bunky kostni dien¢. které
dokazi rekonstituovat hematopoézu u letdlné¢ ozatenych zvirat. (Bruno et al.. 1999). Dalsi
charakterizace téchto bunék ukdzala, Ze psi mononuklearni bunky kostni dfené jsou — jako u
ostatnich druhti - CD34 ¢c-kit" a CD34'Flt-3-lig" (Niemeyer et al.. 2001). Pii tomto pfistupu
ovsem nelze oddélit programované prekurzory jednotlivych hematopoetickych fad. takze
lvmfoidni frakce byva ¢asto kontaminovana prekurzory ¢ervené krevni rady.

Na rozdil od dosud studovanych druhd. neni dosud jasné. zda prekurzory hematopoézy
pst jsou MHC 1l pozitivni. Zatimco Neuner et al. (1997) je presvédcen, ze ve vSech stadiich
psi lymfopoezy lze nalézt jisté mnozstvi MHC 11, Prendergast et al. (1986) tvrdi. ze HSC jsou
MHC II negativni. Tento rozpor se ziejmé odviji od techniky pouzité pro vizualizaci bunék

(Yamaguchi et al.. 1999).
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4. MATERIAL A METODY

4.1. EXPERIMENTALNI ZVIRATA

P experimentech byla pouzita outbreedni miniaturni prasata odchovana pro ucely
laboratofe imunologie a gnotobiologie MBU AV CR v Novém Hradku.

Konven¢ni miniprasata byla odchovana metodou ¢asného odstavu selat. Od prvniho
dne Zivota jim byla podédvana voda a jako pfikrm komeréni smés COS 1 ad libitum.

Bezmikrobni (GF) selata byla ziskdna metodou oteviené hysterektomie prasnice ve
110. dni gestace (Miniats and Jol, 1973). Po pfedoperacni ptipravé gravidni prasnice byla
provedena anestézie smési halotanu, rajského plynu a kysliku. Narkéza byla po dobu zakroku
udrzovana vrozmezi 1.5 — 3.5% (Travnicek et al.. 1966). Prasnice byla fixovdna na
operacnim stole ve htbetni poloze. opera¢ni pole bylo dezinfikovdno a zakryto rouskami.
Skalpelem byla oteviena biisni dutina. Nésledné byla z téla prasnice vyjmuta déloha. ktera
byla podvazana a nasledné extirpovana v oblasti délozniho kr¢ku. Takto uvolnéna déloha byla
pfemisténa prokladacem do sterilniho boxu. Tam byla selata z délohy vyjmuta. osusena a
zbavena zbytklu plodovych oballi. Masazi hrudniho kose pak byla provedena resuscitace. Po
tomto oSetfeni byla selata prenesena do izolatoru, kde jim byly podvazany pupecéniky.
odstranény Spic¢aky a provedeno znaeni vrubovanim. Selata byla odchovana na mlé¢né dieté.
pficemZ doplnkové vitaminy a mineraly byly podavany injekéné, stejné jako Zelezo ve formé
ferridextranu (Travnicek et al., 1966). Bezmikrobni stav izolatori byl kontrolovan podle
metodiky vypracované Dlabac¢em (1980).

Asociace selat s definovanou mikroflérou byla provadéna per os vmléce a to
vmnozstvi 1x10%-5x10* Zivych bakterii. Osazeni selat bylo kontrolovano mikrobiologickym
rozborem obsahu fekalii.

Embrya a féty byly ziskavany z biezich prasnic v rizném obdobi gestace. Prasnici,
ktera byla pod celkovou anestézii. byla vyjmuta déloha a z ni byla potom vybirana jednotliva
embrya. StarSi plody byly pied vyjmutim vykrveny z pupe¢nikové zily.

Ve vSech pripadech byly prasnice po vyjmuti délohy, stale pod vlivem anestézie.
utraceny profiznutim kréni tepny.

Psi kostni dfen byla ziskdana z celkem osmnacti $téfiat rizného staii riznych plemen
(novorozenci. 1 tyden. 2 tydny a 1 mésic) a tii dospélych psii plemene Beagel. Sténata

pochdzela ze soukromych chovi. Psi plemene Beagel pochazely z chovu Vyzkumného ustavu
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veterinarniho lékarstvi v Brné. VSechna zvifata byla vykrvena kardialni punkci v celkové

anestézii.

4.2. PRIPRAVA BUNECNYCH SUSPENZI

Pupe¢nikova a periferni krev fétt a selat byla odebirana do heparinu. Erytrocyty byly
z krve odstranovany metodou hypotonického Soku nebo za pouziti komeréniho kitu Easy Lyse
(Dako Cytomation. S 2364). Pti aplikaci metody hypotonického Soku bylo vzdy k 1 ml plné
krve pfidano 25 ml sterilni deionizované vody po dobu 30 sekund. Ihned poté byla obnovena
osmoticka rovnovaha ptidanim 25 ml 2x koncentrovaného PBS. Pii praci s kitem Easy Lyse
bylo postupovano dle doporuceni vyrobce. Populaci mononuklearnich bunék z krve nebo
kostni diené byla ziskdvdna na Ficollovém gradinetu dle doporuceni vyrobce (Histopaque
1077-1. Sigma).

Bunééné suspenze ztkani a organt byly ziskdvany prevazné mechanickym
rozvolnénim organu a filtraci pies nylon (Nyblot). Bunky kostni dfené byly ziskany
vyplachem stehennich a holennich kosti roztokem PBS nebo —odbéry pro in virro kultivace-
sterilnim roztokem RPMI media.

Pti znaceni pro pritokovou cytometrii byly ziskané suspenze nékolikrat promyty WSB
(PBS: 0.2% zelatina, Sigma G-7765; 0,1% azid sodny. Sigma S-2002). Po poslednim promyti
byly buriky resuspendovany v WSB v hustoté 5x10°-1x10’.

Pro kultivace a bunény sorting byly suspenze pfipravovany sterilné promyvanim
vroztoku RPMI media (RPMI 1640, 10% FCS; 100mM Sodium Pyruvate; 50uM (-

mercaptoethanol: 200mM glutamine; vse Sigma).



4.3. ZNACENI BUNEK PRO PRUTOKOVOU CYTOMETRII

4.3.1. POUZITE PROTILATKY

Seznam pouZitych primarnich protilatek je uveden v tabuce 1 (anti-praseci) a tabulce 2

(anti-psi). VétSinou se jednalo o protildtky neznacené fluorochromy. Pokud se jednalo o

pfimy konjugat s fluorochromem, je to v tabulce vyznaéeno ve sloupci ..Poznamky™.

V piipadech. kde byly pouzity sekundarni protilatky. se vzdy jednalo o kozi

monoklonalni protilatky proti izotypim mySich imunoglobulinii. Tyto protilatky jsou

konjugovany s FITC a RPE. Na trh jsou dodavany spole¢nosti Southern Biotech. USA.

Nazev Specifita |lzotyp | Reference Poznamky

MSA4 CD2 [gG2a | Jonjic and Koszinowski, 1984

8E6 CD3 [gG1 |Komeréni VMRD 0797-0201,

USA

K252.1E4 | CD45 IgG1 |Haverson et al.. 1994

MIL13 CD45RA Zuckermann et al., 2001

MIL5 CD45RC Zuckermann et al., 2001
| HMS7 CD79%a Komeréni — Dako Cytomation |Konjugovana s APC. anti-
; lidska, Siroce kiizove reagujici
74-22-15 |SWC(C3 lgG2a | Haverson et al.. 1994

27.2.1. kappa IgG1 | Sinkora et al.. 2001

27.7.1. lambda |IgG1 |Sinkoraetal., 2001

LIG4 [gM [gG1 |Dvorak et al.. 1986 Pouzivana purifikovana nebo

jako FITC konjugat.
MSA3 SLA-DR |IgG2a | Jonjic a Koszinowski, 1984

Tub.3. Mysi anti-praseci monoklonalni protilatky pouzité v této praci.




'Nazev 1 Specifita |Izotyp |Zdroj Poznamky
f(‘Al 7.2A12 T CD3 [gGl P.F.Moore School of Veterinary Medicine.
i Univ. Of California. Davis. CA
t(‘A13.1E4 CD4 IgGl P.F.Moore
CA9JD3 | CD8  |1gG2a |P.F.Moore
ICA2.1D6 CD21 IgGl P.F.Moore

CA20.8H1 TCRyd |IgG2a | P.F.Moore

CA12.10C12 |CD45 [gGl P.F.Moore

CA4.1D3 CD45RA |1gGl P.F.Moore
j CA1.4G8 Thy-1 [gGl1 P.F.Moore

CA2.1C12 MHC II  |IgGl P.F.Moore

1H6 CD34 [gGl BD Pharmingen
L CM7 [gM IgG1 Serotec Ltd.
| HM57 CD79 |1gGl Dako Cytomation RPE konjugat. anti-lidska. Siroce
| kiizové reagujici

DHS59B SWC3 [gG1 VMRD, Inc.

Tab.+4. Mysi anti-psi monoklondlni protilatky pouZité v této prdci

4.3.2. POVRCHOVE ZNACENI BUNEK PRO PRUTOKOVOU CYTOMETRII

432.1. PRIME ZNACENI

Bunécné suspenze ve 100 pul WSB byla inkubovana s piisluSnou protilatkou

konjugovanou s flurochromem. Inkubace byla provadéna 30 minut pti 4°C. Pied méfenim na

prutokovém cytometru byla suspenze dvakrat promyta WSB piti 1600 ot./min., 5 min.

4.3.2.2. DVOJI NEPRIME ZNACENI

K bunécné suspenzi ve 100 ul WSB byly pridany prislusné primarni protilatky dvou

ruznych izotypu. Inkubace trvala 60 min pii 4°C. Poté byla bunétna suspenze 2x promyta

PBS s 10% normalnim prasecim sérem (NPS). Sekundarni protilatky byly nafedény WSB

v poméru 1: 200 a v prislusné kombinaci pfidany k buné¢né suspenzi. Inkubace probihala 45




min pii pokojové teploté na tmavém misté. Pred méfenim na pritokovém cytometru byla

suspenze dvakrat promyta WSB pii 1600 ot./min., 5 min.

4.3.3. INTRACELULARNI ZNACENI

Pro intracelularni znaceni byla pouzivdna souprava IntraStain od firmy Dako
Cytomation. Pfi znaceni bunék bylo postupovano podle ndvodu vyrobce. Bunééna suspenze
(50 ul — 10° bunék) byla nejprve fixovana roztokem A. Po 15 minutové inkubaci pfi pokojové
teplot¢ byla suspenze promyta 2x PBS. Konjugovana protilatka proti intraceluldrnimu
antigenu byla nafedéna do permeabiliza¢niho roztoku B, pfidana k buné¢né suspenzi a smés
byla inkubovéana 15 min. pii pokojové teploté na tmavém misté. Pfed méfenim na prutokovém
cytometru byla suspenze dvakrat promyta WSB pii 1600 ot./min.. 5 min.

V piipadé Ze bylo provadéno zaroven znaceni proti povrchovému antigenu, byly
buniky napied oznaceny jako v bod¢ 4.3.2.2. a teprve potom byla provedena fixace bunék a

poté intracelularni znaceni.

4.3.4. MERENI NA PRUTOKOVEM CYTOMETRU

Bunky oznacené konjugaty ptislusnych protilatek byly meéfeny na priitokovém
cytometru FACS Sort od firmy Becton Dickinson. Méteni bylo provadéno co nejdiive po
znaceni bunék. nejpozdéji do 24 hodin, béhem kterych byla bunécna suspenze drzena ve 4°C.
Bezprostredné pred méfenim byl k bunéénym suspenzim pfidavan propidium jodid
v koncentraci 1 pg/ml. aby bylo mozno pii analyzach identifikovat mrtvé bunky. Toto znaceni
nelze pouzivat u bunék fixovanych pro intraceluldrni znaceni. Pro nastaveni elektronické
kompenzace pfistroje byly pred méfenim pouzivany kontrolni vzorky. oznacené vzdy jen
jednim fluorochromem (FITC. RPE nebo APC). Nespecifické vazby byly eliminovany
pomoci systému vzorki znafenych pouze sekundarnimi reagenciemi a irelevantnimi
1izotypové specifickymi sekunddrnimi protildtkami. Akvizice byla nastavena v rozsahu 100 —
200 tisic bunék. Data byla ukladana v elektronické podobé pro dalsi zpracovani.

Analyzy byly provadény nejprve pomoci programu PC-LYSYS (verze 1.0. Becton
Dickinson) a pozdé€ji pomoci programu Summit Software (verze 3.3. Dako Cytomation).
K ur¢eni viabilnich lymfocyta resp. monocyti byl pouzit systém elektronického ohranicovani

(gate). Do analyz byly zahrnovany pouze bunky zivé (nefloreskujici na FL.3 — propidium



jodid). Podle charakteristik velikosti a granularity (FSC/SSC) byly pak rozliseny lymfocyty
od ostatnich bunéénych populaci a mononuklearni buriky od granulocyti (Obr. 3.)
Analyza povrchové exprese byla nasledné provadéna kvadrantovou nebo regionalni

analyzou.

SSc

| granulocyty

monocyty

FSC

hmfocyty

Obr.3. RozloZeni jednotlivych populaci prasecich leukocyti na akvizicnim grafu podle

velikosti a granularity bunék.

4.4. TRIDENI BUNEK

4.4.1. TRIDENI BUNEK POMOCI MAGNETU (MAGNETICKY SORTING)

K hrubsi separaci bunék pozitivnich pro nékteré povrchové znaky byl pouzit systém
minit MACS (Miltényi Biotech). Bunétna suspenze byla oznacena primarni mysi anti-praseci
protilatkou a inkubovana s magnetickymi kuli¢kami (Miltényi Biotech), na nichZ je navazana
protildtka proti my$imu IgG. Po 20 minutové inkubaci a promyti v mediu RPMI byly buriky
tfidény na paramagnetické koloné v magnetickém poli podle navodu vyrobce. Cistota

separované populace byla ovéfovana pomoci pritokového cytometru.
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4.4.2. TRIDENI BUNEK NA PRISTROJI FACS VENTAGE

Buné¢né suspenze pro tfidéni na pfistroji FACS Ventage (Becton Dickinson) byly
pfipravovany sterilné¢ v RPMI medu, obohaceném 20% FCS. Buiiky byly dvojité oznadeny
primarnimi a nasledné sekundarnimi protilatkami tak, jak je popsano vyse s tim rozdilem, Ze
objem buné¢nych suspenzi se pohyboval mezi 1-3 ml, pfi zachovani hustoty bunék kolem
10%ml. T&sné pred separaci byl pfidan propidium jodid. Zkumavka s bun&&nou suspenzi byla
vloZena do ptistroje a byly nastaveny parametry pro akvizici a tfidéni. Podle potieb byla
tfidéna jedna nebo dvé populace v rizném mnozstvi. T¥idéni probihalo bud’ do FCS (pro dalsi
kultivaci vytfidénych bun€k) nebo do roztoku proteindzy K (pro potfeby molekularni
biologie). Cistota vytidénych bungk byla kontrolovana zpétnou akvizici a reanalyzou

obdrzenych populaci.

4.5. PRIPRAVA PODPURNYCH BUNEK THYMOVEHO STROMATU

Pro péstovani praseCich bunék kostni dfen€ in vitro byly pouzivany podpirné burky
(feeder layer). Tyto buriky byly generovany ze stromdlnich bun¢k thymu. Ve sterilnich
podminkach byly odebrany thymy prasecich fétd (DG 90). Tkan byla mechanicky
desintegrovana pinzetami. Z kultivaéni misky byly odebrany vétsi kusy tkané, mensi kusy
byly ponechany v kultufe. Po 8-12 hodinach kultivace bylo vyménéno medium tak, aby
nedoslo k poskozeni jiz pfisedlych bunék, ale aby zarovei byly odstranény vSechny vétsi kusy
tkang, které by mohly nekrotizovat. Nakonec bylo pfidano Cerstvé medium. V ptipadé potieby
byly buiiky pasaZzovany pomoci roztoku Trypsinu (Sigma).

£, @, 5 A% W 4
-, \‘\«:‘ir \' f'zf '0)‘ 0\ ‘,t xR Obr. 4 In vitro kultura bunék
o N \\.\\:{\ w I 2 o ?// proseciho thymového
L e LG 1“’;’? / i stromatu. Primarni kultura po

tFech  tydnech  kultivace,
barveni May-Griinwald a
Giemsa-Romanowski, zvétSeni
40x.
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4.6. KULTIVACE BUNEK

Kultivace prasecich bunék kostni dfené byla provadéna v mediu RPMI 1640.
obohaceném 10% fetalniho telecitho séra (FCS). 200 mM glutaminu, 50 puM f-
merkaptoethanolu. 100 mM pyruvatu sodného (v§e Sigma) a smési antibiotik (Sigma. P0781).
davkovani dle doporuceni vyrobce. Kultivace byla provadéna za standardnich podminek v 5%

atmosfére CO; pii 37°C.

4.7. PRIPRAVA A TESTOVANI HYBRIDOMU

Ve snaze ziskat nové klony protilatek proti prasec¢im lymfocytim a zejména jejich
prekurzorum byly provadény imunizace a néasledné fuze bunék za ucelem ziskani hybridomu.
Tato technika je detailné popsana v mé diplomové praci (Moravkova. 2001. str. 37-48) a tento
pracovni postup byl —az na drobné modifikace- dodrzovéan i v této praci. Celkem byly pro
imunizace pouzity ¢tyfi skupiny mysi. V Novém Hradku byly my$i imunizovany
mononuklearnimi bunkami izolovanymi pomoci Ficollového gradientu (Histopaque 1077-1.
Sigma) z kostni diené prasecich féti (okolo DG 90). Z gradientu byla odebrdna frakce
odpovidajici mononuklearnim bunkam. Bunécna suspenze byla tiikrat promyta roztokem
PBS. Zvifatim bylo aplikovano 10° bunek intraperitonealné a intrasplenicky podle protokolu
uvedeného v Moravkova, 2001. Na University of lowa byly kimunizacim pouZity
rekombinantni proteiny V-preB. CD34 a CDI19. izolované z bun¢k E. coli. zaklonované do
rekombinantnich vektori pBlueScript nebo pET26b.

K testovani produkce protilatek jednotlivymi hybridnimi klony byla pouzita pritokova
cytometric. Bunééné suspenze ziskané zkostnich dreni prasecich féti byly nejprve
inkubovany s hybridomovym supernatantem jako primarni protilatkou s ndvaznym bloka¢nim
krokem jako v 4.3.2.2. Jako sekundarni protilatka byla pouzita praseci anti-mysi polyklonalni
protilatka, zna¢na FITC (SwAM FITC, Sevac). Vysledky byly odecitany na pratokovém
cytometru. lzotypy protilatek byly testovany pouzitim SBA Clonotyping System/HRP
(Southern Biotech) podle navodu vyrobce.

Na University of lowa predchazela tomuto kroku selekce klond pomoci ELISA a
WesternBlott metod. kdy byly jednotlivé klony testovany na reaktivitu s izolovanym

rekombinantim proteinem. Vybrané klony. které se pfi téchto testech jevily pozitivni. byly
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nasledné testovany na bunéénych suspenzich, ziskanych z periferni krve a kostni dfené

jate¢nich zvifat. pratokovou cytometrii.

4.8. POLYMERAZOVA RETEZOVA REAKCE (PCR)

Polymerazova fetézova reakce byla pouzita k namnozeni zadanych usekt lymfocytarni
DNAL. zejména variabilnich sekvenci genud pro Ig. Jako templat tedy slouzila DNA izolovana
z praseCich lymfocytli. Jako primery byly pouzity oligonukleotidy nazvané o-JH
(TGAGGACACGACGACTTCAA)., FRI-3(CTCCTGTGTCGGCTCTGGA) a FRI1-5
(GAGGAGAAGCTGGTGGAGT). které odpovidaji krajnim asekiim hypervariabilni
sekvence CDR3 na genu praseciho Ig. Pro PCR byla v Novém Hradku pouzivana souprava
doddvana firmou Top-Bio s enzymem Tag-Purple DNA polymeraza (PPP Master Mix). Na
University of lowa byly pouzivany Klen-Taq polymerdza s piislusnym putrem (Qiagen) a
smes jednotlivych ANTP (Qiagen).

Cyklus pro mnozeni DNA: A) 94°C. 2 min; B) 94°C. 30 s: 58°C. 30s: 72°C. 30s: C)
72°C. Smin.

Pro namnozeni dostate¢ného mnozstvi DNA byl ¢ast B) cyklu opakovana 30x.
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5. VYSLEDKY

5.1. PRASECI MODEL

5.1.2. Molekula CD19

5.1.2.1. SEKVENOVANI CD19 A URCENI MEZIDRUHOVE HOMOLOGIE

Na zédkladé znamych sekvenci genu pro CD19 u jinych savcich druhu byla vytvofena
pétice degenerovanych primert. Pii pouziti paru E (sensekE: 5’-ctatgagaacgactccaa-
3’/antisenseE: 5’-attctcataagagtccgeatett-3') jsme ziskali fragment. jehoZ totoznost byla
potvrzena sekvenovanim (Gene Bank: AF466765). Na zakladé¢ tohoto fragmentu byly
navrzeny dal$i primery tak, aZ bylo mozno sestavit a sekvenovat cely produkt CD19 (Sun et
al.. 2004).

Nasledn¢ byla stanovena sekven¢ni homologie mezi genem pro CD19 prasat a dalSich
druhti. Nejblizsi praseCimu proteinu je protein lidsky. s nimz sdili vice nez 72% homologii.
Ponékud vzdalen¢j$i je morce (70%) a nejvice rozdild najdeme u mysi (pouze 68%
homologie). ptricemz u vSech jmenovanych druhd je podstatné veétsi variabilita
v extracelularni oblasti (homologicka u lidi z 60%. u morcat s 50% a u mysi z 60%). naopak
intracelularni doména je podstatné vic konzervovana v evoluci (85%. 82% a 76%).

Stejné jako lidska molekula CD19. 1 prase¢i homolog ma dvé extracelularni
imunoglobulinové domény. které jsou stabilizovany za pomoci disulfidickych mustki. Jsou
zde také ctyfi potencialni glykosyla¢ni mista, jejich umistnéni se ovSem od lidského protéjSku
lisi. Stejné jako u CD19 jinych druhi. nachazi se v cytoplazmatické doméné prase¢i CD19
tyrozinovy motiv (YEND/E), ktery se vaze na SH2 doménu tyrozinkinazy Fyn. U prasat se

tvto tyroziny nachazi v pozicich 416 a 457.

Vyse prezentované vysledky vznikly v laboratori prof. Butlera — University of lowa.

Tuto cast prace vykonal J. Sun.



5.1.2.2. PRIPRAVA MONOKLONALNICH PROTILATEK PROTI CD19

Molekula CDI19 je zhlediska imunofenotypizace leukocyti povazovana za jeden
z nejdulezitéjSich povrchovych znak specifickych pro B linii krvetvorby. U prasat vSak nelze
kriteria exprese tohoto antigenu na intaktnich burnkach pouzit, protoze dosud neexistuji
specifické monoklonalni protilatky proti prase¢imu CD19. Vzhledem k tomu. Ze gen pro
prase¢i CD19 byl sekvenovan a existovala tedy moznost ziskat cely polypeptid nebo jeho
vyznamnou ¢ast pomoci genovych manipulaci. pouzili jsme techniku imunizace

rekombinantnim proteinem. respektive jeho ¢astmi.

5.1.2.3. EXPRESE PRASECIHO CD19 V BAKTERIICH

Aby bylo mozZno ziskat polypeptid odpovidajici prase¢imu CD19 v laboratoti ve
velkém mnozstvi, byly nejprve jeho fragmenty klonovany pomoci bakteridlniho expresniho
systému. Vybrali jsme ¢&ast extracelularni domény (Y86-L210. M.W. 21 kDa). ktera byla
vélenéna do expresniho vektoru pET26b. Po transformaci kompetentnich bakterii
rekombinantnim vektorem nasledované selekci klond a jejich pomnozenim za podminek
zaruCujicich vysokou produkci rekombinantniho polypeptidu jsme tento izolovali a ovéfihi
jeho molekulovou hmotnost a cistotu pomoci SDS-PAGE. Protein separovany

z elektroforetickych gelt byl také pouzit k imunizaci mysi.

5.1.2.4. PRIPRAVA A ANALYZA HYBRIDOMU

Standardni metodou bunécné fuze (viz. Moravkova, 2001: str. 42-43) bylo pfipraveno
nékolik stovek hybridomovych bunék, které byly testovany na produkci protilatek a nasledné
stabilizovany klonovanim. Ze vzniklych hybridomovych kloni bylo vybrano celkem 11
kolonii. jejichz supernatanty obsahovaly protilatky rozeznavajici pouzity CD19 fragment na
Western blotu prasecich lymfocytd. Z téchto 11 klonid byly nakonec vybrany ¢tyfi (G1-1. G1-
2. DS a G4-1). které vykazovaly nejvysSi reaktivitu santigenem a zaroven nejvétsi a
nejstabilné;jsi produkci protilatek.

Tyto protilatky byly nasledné testovany pfimo na prasecich bunkach. a to dvéma
zpusoby. Pro testy metodou Western blot byl jako antigen pouzit lyzat bunék praseci B
bunécné linie L23. Ackoli pro vSechny vybrané MoAb byl zachycen pozitivni signal. byl-li

pouzit jako antigen rekombinantni protein, pfi pouziti lyzatu L23 bunék nebyl zaznamenan



zadny takovy signal. Schopnost vybranych monoklondlnich protilatek vazat nativni CD19
byla dale provérovana metodou nepiimé imunofluorescence a prutokové cytometrie prasecich
leukocytu izolovanych vyplachem kostni diené sterna jate¢niho prasete. Signal. ktery
poskytovaly vSechny ¢tyfi vybrané MoAb pii akvizici pritokovym cytometrem byl ovSem jen
velmi slaby a nebylo prakticky mozno jej rozlisit od pozadi. Tato méfeni jsou v souladu
s vysledky obdrzenymi predchozi metodou.

Vybrané klony jsou tedy schopny rozlisit fragmenty rekombinantniho proteinu, nikoliv

vSak nativni protein na povrchu prasecich leukocytu.

5.1.3. PRIPRAVA MONOKLONALNICH PROTILATEK PROTI DALSIM
POVRCHOVYM PROTEINUM BUNEK B LYMFOCYTARNI RADY

Protoze spektrum dostupnych protilatek proti prase¢im B lymfocytim a zejména jejich
prekurzorim je omezeny. piistoupili jsme k vyvoji novych hybridomovych linii. které by
vykazovaly zadanou specifitu. Jako antigen pro imunizaci byly pouzity mononuklearni bunky
praseci fetalni kostni diené (DG90; 10° bunék/imunizace: detailni popis pouzité metody viz.
Moravkova. 2001 str. 38-47) Po tfeti imunizaci byla testovana séra pouzitych zvirat na
pfitomnost specifickych protilatek proti povrchovym antigenlim prasecich leukocytd. Immuni
séra fedéna 1:10. 1:100 a 1:1000 byla inkubovéna s antigeny a vazba k povrchu bunék byla po
promyti zviditelnéna nepfimou imunofluorescenci pomoci sekundarni protilatky SwAM-
FITC. Zvite snejvy$Sim titrem specifickych protilatek v séru bylo zvoleno jako darce
slezinnych bunék pro bunéénou fuzi. Jednotlivé hybridomy ziskané bunécnou fuzi byly
testovany na produkci protilatek specifickych proti burikam praseci fetalni kostni diené
nepfimou imunoflorescenci na pratokovém cytometru. Jako sekundarni protilatka byla opét
pouzivana SWAM FITC. Vice nez polovina testovanych hybridomu jevila pozitivni reakcl.
Tato reakce ovsem nebyla nikdy omezena na jednotlivou populaci bunék a vétSinou
zahrnovala jak mononuklearni buriky. tak i granulocyty. Pro klonovani a dalsi testovani byly
vybrany ¢tyfi hybridomy (1D12. 1C5. 1G7 a 1ES) (obr. 5.). u nichz se vyskytovala silné;si
reakce pro jednotlivé subpopulace bunék. Pies veskerou snahu se vSak snizovala stabilita
ziskanych hybridomt a s tim produkce protilatek. Navic se nam nepodaiilo najit Zadnou
konkrétni monoklonalni protilatku, ktera by vykazovala neobvyklou a pro nds zajimavou

specifitu.
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Obr. 5. Reakce hybridomovych supernatantii s burikami praseci kostni dfené

5.1.4. IDENTIFIKACE BUNEK B LINIE VE FETALNI KOSTNI DRENI POMOQCI
MONOKLONALNI PROTILATKY PROTI CD79c.

Aby bylo mozZno spolehlivé identifikovat B buiiky a zejména jejich prekurzory,
potiebovali jsme liniovy marker, ktery se vyskytuje na co nejvice stadiich B lymfopoezy.
Tomuto kriteriu velice dobie odpovidaji molekuly CD79 (viz. 3.3.2.4.3.). Protilatek
namifenych proti tomuto proteinu je k dispozici celd fada. PiestoZe ktiZova reaktivita MoAb
HMS57 s prase¢i CD79a byla popsana jiZ v ptivodni praci Mason et al. (1991) a jeji vyuZiti pti
diagnostice a klasifikaci lymfomu u veterinarnich druhli je celkem béZné, nebyla podle
dostupnych literarnich udaji tato reagencie nikdy pouZita k vizualizaci B bunék pritokovou

cytometrii u jinych druhti nez u ¢lovéka. Nejdiive jsme tedy testovali jeji vyuzitelnost pro
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detekci a kvantifikaci prasecich leukocytli pritokovym cytometrem na leukocytech periferni
krve a bunkach kostni dfené (obr. 6). Na obr. 6B je ptiklad pfimé imunofluorescence
fixovanych a permeabilizovanych bunék ziskanych vyplachem prase¢i fetalni kostni diené
106. den gestace a oznac¢enych konugatem HMS57-APC. V uvedeném piipadé je piiblizné 8%
bunék jasné pozitivnich (B) a jejich rozptylova charakteristika znazornéna v (C) dokazuje. ze
se jedna o mononukledrni objekty s pfevahou malych bunék. V oblasti svého pievazného
vyskytu (R1 v C) tvoii CD79a" buiiky 40 % (D) a povrchové nepiimé znaceni MoAb anti-
CD45 nasledované intracelularnim zna¢enim HMS57-APC dokazuje pfitomnost pan-
leukocytarniho znaku CD45 na povrchu vsech (E) i mononuklearnich (F) CD79a" bunék

kostni diené prasat.

5.1.5. DISTRIBUCE B LYMOIDNICH BUNEK VE FETALNI KOSTNI DRENI

Podle dfivéjsich pozorovani (Sinkora et al.. 1998) viechny prenatalni prase¢i B bunky
(slgM™ lymfocyty) nesou CD2 antigenu s povrchovou hustotou nizs$i nez T a NK burky.
Zaroven byla v hematopoetickych centrech nalezena populace bunék (CD2" CD45" SLA-
DR"). o nichz se predpokladalo. Ze patii k prekurzorim B fady. z nichz vétsina odpovidala
velikosti pre-BII bunikam znamym u jinych druhli. Abychom potvrdili tuto hypotézu. znacili
jsme mononuklearni bunky fetalni prase¢i kostni dfené riznymi kombinacemi specifickych
protilatek. Jako specificky znak B linie jsme v tomto pfipadé pouzili t€zky fetézec IgM (p).
kterv se na povrchu (sp) bunék B fady objevuje po Gspésném preskupeni genti kddujicich
variabilni doménu tézkého fetézce pii prechodu ze stadia pro-B bunék do stadia pre-B bunék.
Dvoji znaceni CD2/slgM rozdéli mononuklearni bunky do péti populaci (obr. 7B). Kromé
dvojité negativnich bunék (CD2sp” je mozno v mononuklearni frakci bunék odolnych
k hypotonickému $oku (hypotonic shock-resistant cells, HSRC) identifikovat dal$i 4
populace. vechny CD2", které se lisi velikosti a povrchovou hustotou fetézce p. Zaroven
viechny sIgM” buriky jsou CD2 pozitivni. Neexistence IgM CD2" populace napovida, Ze

exprese CD2 na dfenovych mononuklearnich burikdch ontogeneticky predchézi expresi IgM.
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Obr. 6. Prutokové cytometricka analyza fetdlni kostni diené prasat (DG106). Znaceno
anti-CD79a  a anti-CD45 (4) Rozptylovy diagram vsech bunék kostni drené pomoci
parametru FSC a SSC. (B) Bunky = obr. A v diagramu ukazujicim velikostni parametr (FSC)
oproti APC fluorescencné znacené anti-CD79a protildtce. Ze viech bunék kostni diené je do
10% malych bunék pozitivnich pro CD79a. (C) CD79a bunky tvofi kompakini seskupeni
(region R1) v oblasti s nizkou (mualé bunky) i vysokou (velké bunky) hodnotou parametru
FSCu nizkou hodnotou SSC'. pricemz malé bunky prevazuji. (D) Analyza bunék = regionu R1
tobr.C) v diagramu FSC/CD79aAPC. Priblizne 40% mononukledarnich (R1) bunék kostni
diené nese antigen CD79a a patii tedy k B bunécné linii krvetvorby. (E) a (F): Profil
koexprese (D435 versus C'D79a nu v§ech (E) a mononukledrnich (F) bunkach praseci kostni

diené ukazujici, Ze vSechny CD79a bunky jsou CD45 " leukocyty.
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/Znac¢ime-li bunky pouze slgM a nésledné je roztfidime podle velikostniho parametru
FSC (obr. 7D). vidime. Ze populace IgM pozitivnich bunék je tvofena tfemi subpopulacemi
bunék ruzné velikosti. Velké (FSC") a malé (FSC') bunky s nizkou expresi sy jsme
povazovali za dvé po sob¢ nasledujici stadia pre-B II bunék. tzv. velké a malé pre-B II bunky.
malé bunky se stiedni az vysokou expresi sp pravdépodobné predstavuji nezralé B lymfocyty.
posledni diferencia¢ni stadium primarni B lymfopoezy. ve kterém B bunky kostni dfen
opousté]i a putuji do periférie, kde dozravaji. Jestlize podobné velikostni rozliSeni pouzijeme i
pro CD2" populaci (obr. 7E). dostaneme podobny obrazec jako v pripadé (obr. 7B). s tim
rozdilem. Ze exprese CD2 na malych bunkach je sice silngjsi, ale nikoli vys$si nez u velkych
mononuklearnich bunék. Z toho vyplyva. ze vSechny malé mononuklearni lymfocyty jsou
CD2'sIgM". Populaci velkych bunék naproti tomu bylo nutno podrobit jesté dikladnéjsimu
rozboru. Udélame-1i analyzu CD2/IgM velkych mononuklearnich bunék (obr. 7F). vidime. Ze
se CD2 pozitivni populace opét rozpada do dvou skupin, ptricemz slgM negativni bunky tvofi
asi 2/3 této populace, zbyvajici tietinu tvoii CD2" sIgM™ dvojité pozitivni bufiky. Z toho lze
uzaviit, ze béhem vyzravani mononuklearnich lymfocyti B linie dochdzi nejprve k expresi
CD2 (stadium pre-B ). Po pireskupeni gent tézkych retéct Ig dochazi k expresi sIgM (jako
soucasti preBCR) a piechodu bundk do stadia velkych pre-B II (FSC"™ CD2" sigM").
Nasledné dochazi k pieskupeni gent pro lehké fetézce imunoglobulinii a jejich expresi
v maturovaném komplexu BCR (malé pre-B II). Buiky vyzravaji. zmenSuji se a zaroven
zvysuji koncentraci BCR na svém povrchu az se ve stadiu FSC'”Ithi stavaji nezralymi B
bunkami a opousti kostni dienl. Exprese CD2 se v tomto stadiu neméni.

Analyza povrchové exprese jt a CD2 na mononukedrnich HSRC kostni drené prasat
nam tedy umoznila navrhnout hypotetickou diferenciac¢ni fadu B lymfopoezy prasat podle

nasledujici tabulky:

diferenciacni | pro-B/ velké pre-B II | malé pre-BII nezralé¢ B

stadium pre-B

SH - low low medium/
high

CD2 + + + +

FSC high high low

Tab. 5. Povrchovda exprese sy a CD2 na prekurzorech B lymfocytu
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Obr. 7. Obr. xxx. Exprese (D3, su a CD2 na HSRC praseci fetdalni kostni diené
(DG95) mérend nepFimou imunofluorescenci. Vazba anti-CD3 a anti-IgM (obé mysi 1gGl)
byla :zviditelnéna goat anti-mouse IgGI-RPE, znaceni anti-CD2 (mysi 1gG2a) bylo
zviditelnéno goat anti-mouse 1gG2a-FITC antisérem. Mononuklearni frakce HSRC kostni
dieii fétu na konci gestace obsahuje pouze ojedinélé CD3™ T busiky, coZ odrdaZi minimdlni
kontaminaci vzorku drené periferni krvi (A). Zaroven je ziejma nepiitomnost CD3 na
vérsinové populaci CD2" bunck a anti-CD3 protilatka slousi jako izotypovd kontrola pro
snaceni anti-IgM (B ). Vazba anti-IgM k CD2' populaci dieriovych bunék md pomérné
heterogenni profil s vétsinovou populaci vykazujici nulovou nebo nizkou povrchovou expresi u

(B). Analyza velikosti (FSC) mononuklearnich HSRC pozitivaich pro (D3 (C) a su (D)
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umoznuje odlisit velké bunky s nizkou expresi su od velmi malych bunék s velmi nizkou ale
Jasné prokazatelnou expresi su. ZvySovani epxrese su je doprovdzeno mirnym ndrustem
hodnoty FSC (velkosti) bunék. VSechny malé a vyznamnda cast velkych mononukledrnich
HSRC kosini diené nesou na povrchu CD2 (E). Analyza koepxrese su a CD2 na povrchu
velkych HSRC' ukazujepritomnost dvou CD2+ populaci, které se lisi pritomnosti sy na

povrchu.

5.1.6. CHARAKTERIZACE PREKURZORU B BUNEK V MONONUKLEARNI
FRAKCI LEUKOCYTU PRASECI KOSTNI DRENE POMOCI POVRCHOVE EXPRESE
IMUNOGLOBULINU

Klasifikace monoklonalnich protilatek namifenych proti lehkym fetézcim prasecich
imunoglobulint (Igk a Igh. odkaz na nasi praci) ndm umoznila porovnat vazbu anti-Igk (klon
27.2.1.) a anti-Igh (klony 27.7.1. 1G6 a K139.3E1) k povrchu HSRC izolovanych z kostni
dfen¢ prasecich fétd ve tretim trimestru gestace. Podobné jako v pifipadé anti-IgM jsme ke
zviditelnéni vazby primdrnich protilatek pouzili kozi antiséra zna¢ena RPE a specifickd pro
podtiidy mysich Ig. Obr. 8 ukazuje porovnani typickych profili imunofluorescence
mononuklearnich HSRC kostni dfené prasecich fétd znacenych anti-IgM (A), anti-Igh (B),
anti-Igk (C) a anti-CD3 (D). Zatimco procentudlni zastoupeni velkych HSRC znacenych
anti-IgM and anti-Igh je u vSech studovanych vzorku stejné (srovnej Obr. 8 A a B). je vazba
anti- Igx 1 anti-CD3 k velkym mononuklearnim buitkdm kostni diené sporadicka (srovnej
buniky s vysokou hodnotou FSC v Obr. 8 C a D). Podobn¢ naprosta vétsina malych HSRC
reaguje s anti-IgM and anti-Igh s velmi nizkou az velmi vysokou intenzitou (Obr. 8 A a B).
zatimco vétSina malych HSRC zUstava Igk™ a lze zaznamenat pouze pritomnost bunék se
sttedni a vysokou expresi Igk na povrchu (Obr. 8 C). Takovéto expresni profily té¢zkého a
lehkych fetézct Ig Ize snadno interpretovat v souladu s klasifikaci B buné¢nych prekurzora
definovanych v tabulce 1 a na zéklad faktu. Ze mnohé monoklonalni protilatky specifické pro
lgh jinych druht reaguji s A-podobnou (A5) ¢asti ndhradniho lehkého fetézce asociovaného na
povrchu pre-B bunék s tézkym fetézcem Ig typu p (sp. Rolink, astni sdéleni). Velké (FSCM) i
malé pre-B 1l bunky definované jako sp" (Fig. 8 A) budou tedy mit rovnéz Ig)~ povrchovy
fenotyp. zatimco Igk fétézec na jejich povrchu bude chybét. Prechod do stadia nezralych B

bunék doprovazeny pieskupenim genl pro lehké fetézce a naslednou povrchovou expresi Igk

++/+++ +4/+++

nebo Igh je zietelny diky existenci populaci slgk a slgh , jejichz velikost se v souctu

rovnd u viech méfenych vzorku velikosti populace malych slgM™™ HSRC. Vzijemna
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exkluzivita exprese Igk a Igh byla potvrzena dvojim nepfimym znaCenim pomoci MoAb

27.2.1 (anti-Igx, mysi IgGl) a K139.3E1 (anti-Igh, mysi 1gG1).

S-u s-lgx s-lgk CD3¢

T

FSC FSC - FSC

Obr. 8. Exprese tézkého retézce imunoglobulinu (4), lehkého retézce lambda (B) a
lehkého Fetézee kappa (C) na mononukledrnichbunkach kostni diené v zavislosti na jejich

velikosti. (D) Kontrola — bunky kostni drené jsou znaceny protilatkou proti CD3.

Zobrazime-li velikost (FSC) mononuklearnich bunék kostni dien¢ proti mife exprese
slgM v hustotnim diagramu. jednoznac¢né vidime rozdéleni sIgM pozitivnich bunék na tfi
populace. Na hustotnim diagramu se zfetelné vydéluje populace sIgMhl bunék. kterych je ve
fetalni kostni dfeni kolem 10%. Oproti tomu je pfechod mezi FSC' a FSC™ méné zfetelny a
|ze prakticky Fici. Ze frakce obsahuje buiiky viech moznych velikosti a rozlozeni IgM" bunék
je z hlediska FSC parametru rovnomérné. Pocitame-li v§echny mononuklearni burky kostni
diené. slgM exprimuje 62% z nich. Procento bun¢k nalezejicich k B bunééné linii je vSak
jesté vyssi. protoze IgM neni exprimovano v pro-B buiikach.

Analyza HSRC je pfedevSim vyhodna z hlediska velmi vyznamného (>99 %)
obohaceni suspenze bunék kostni diené o leukocyty béhem lyzaéniho kroku (Sinkora J. et al.
1998). Standardné uzivané techniky lyzy erytrocyti pomoci siranu amonného vedou k pouze
¢astetnému odstranéni bunék Cervené fady a oblast velmi malych leukocytil. ve které lze
pomoci rozptylu excitaéniho paprsku v pratokovém cytometru nalézt dominantni populaci
primarni B krvetvorby. tedy pre-B II bunky. je kontaminovana ¢etnymi prekurzory ¢ervenych
krvinek. coz ¢ini analyzu exprese povrchovych znakii na pre-B 11 bunikach velmi
komplikovanou. Kombinace zna¢eni pan-leukocytarniho antigenu CD45 a povrchovych Ig pfi
nepiimé dvojité imunofluorescenci bylo po dlouhou dobu v nasi laboratoifi neproveditelné
protoze vSechny relevantni mySi MoAb byly tfidy [gG1. Na druhou stranu je hypotonicky Sok
pomérné malo Setrna izola¢ni technika. pfi které¢ dochazi k vyznamnym ztratam leukocytt a

navic nelze vyloucit zménu exprese povrchovych znakl leukocytli zpusobenou jejich
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vystavenim prakticky nulovému osmotickému tlaku. Proto jsme ve druhé ¢asti nasi prace
vyuzili dostupnost fluorochromem znacené monoklondlni protilatky HMS57 namifené proti
intracelularni ¢asti lidského CD79a (Jones et al.., 1991) o které bylo znamo. Ze reaguje s B
lymfocyty ruznych druhi véetné prasat (Jones et al., a dalsi reference) a kombinovali jsme
povrchovou imunofenotypizaci s detekci exprese tohoto pan-B antigenu. Nejprve jsme na
bunkach periferni krve potvrdili pouzitelnost HM57-RPE a HMS57-APC pro uvedenou
techniku znaceni a také specifitu vazby téchto konjugati k B-linii lymfopoezy (reference od
Martina Faldyny. pfijato k publikaci). a nasledné jsme je vyuzili k detekci B bunék a B
prekurozrd v priméarnich krvetvornych centrech. Pfi pouziti HMS57 jsme nemuseli
z analyzované suspenze odstranovat erytroidni fadu, protoze béhem fixace a permeabilizace
bunék vétsina ¢ervenych krvinek a jejich pozdnich prekurzori natolik zmensila sviij objem. ze
je bylo mozno vyloucit z analyzy na zakladé rozptylu svétla a kromé toho jsme pfi pouziti
HMS7 mohli zviditelnit viechna CD79a" stadia primarni B lymfopoezy pro-B butikami
poc¢inaje a nezralymi B buikami konce. Zde je nutno poznamenat, Ze intracelularni znaceni
bunék MoAb HMS7 zviditelnuje 1 nejcasnéj$i prekurzorova stadia s pouze intracelularni
expresi CD79a. Obr. 9 koresponduje s vysledky a zavéry ziskanymi povrchovym znaceni
HSCR a potvrzuje nasi hypotézu pomoci niz jsme klasifikovali zakladni diferenciaéni stadia
priméarni B lymfopoezy. Vazba anti-Igk k CD79a" leukocytiim kostni dfené se omezuje pouze
na minoritni populaci malych lymfocyti (R3 v Obr. 9A). Naproti tomu anti-IgA i1 anti-IgM
MoAb zna¢i subpopulaci velkych CD79a" mononuklearnich leukocyti (R4 v obr. 9B a C) a
slabou expresi vazebnych epitopu téchto protilatek lze pozorovat i u pfevazné vétSiny malych
lgk” bun€k patficich k B fad¢ krvetvorby. Intenzita vazby anti-Igk a anti-Igh na malych (Obr.
9D) a velkych (Obr. 9E) CD79a" burikach kostni diené zfetelné ukazuje vyraznou pievahu
bunék nesoucich mala mnozstvi Igh nebo jemu podobného epitopu ve frakci s nizkou
hodnotou FSC (Obr. 9D) a existenci dvou subpopulaci velkych (Obr. 9E) bunék s odlisnym

(slabé pozitivnim nebo negativnim) ,,JgA™* imunofenotypem.
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Obr. 9. Exprese lehkych Fetézci kapa a lambda a tézZkého retézce p imunoglobulinu na
povichu CD79a bunék praseci fetalni kostni direné (DG950. (A) Exprese lehkého Fetézce
kapa. Igx  bunky se vyskytuji pouze mezi bunkami s nizkym FSC (malé CD79a bunky —
region R3). (B) Exprese lehkého Fetézce lambda. Na obrazku jsou vidét (i populace lambda
pozitivaich bunék. bunky se stFedni aZ vysoké expresi lambda retézce s nizkym FSC
parametrem (nezralé B bunky, R3). bunky s velmi nizkou expresi Igi nebo Igi-podobného
epitopu (malé pre-B I bunky, R3) a bunky s nizkou expresi lambda retézce a vysokym FSC
parametrem (velké pre-B Il bunky, R4). (C) Exprese tézké retézce u.. Nu diagramu je vidét, Ze
povrchové expresni profily i a i jsou velice podobné tim rozdilem, Ze relativni pocet sy se
rovad souctu /. ax . Ve frakci CD79a—velkych mononukledrnich bunék nejsou Zadné k ani 1

pozitivai bunky.

5.1.7 DALSI FENOTYPIZACE CD790.” MONONUKLEARNICH BUNEK
FETALNI PRASECI KOSTNI DRENE

Jak jiz bylo fe¢eno vyse (5.1.5.), B bunky imunologicky naivnich prasat jsou CD2
pozitivni. pfi¢emz podle piedchozich vysledki muzeme odvozovat. Ze exprese CD2 na
povrchu B lymfocytarnich prekurzort predchazi membranové expresi IgM. Pii tomto
experimentalnim usporadani ale nelze s jistotou rozlisit B prekurzory. které jesté nedokoncily
preuspoiadavani genu pro lg (pro-B). Tuto nevyhodu mizeme ¢asteéné odstranit. znacime-li

bunky kostni diené¢ s CD2 intracelularné CD79a. Abychom minimalizovali kontaminaci



vzorkt bunkami jinych lymfoidnich linii, pouzivali jsme bunky kostni diené fétd mezi DG 90
a DG 100. kdy je v kostni dieni soustfedéna veskera B lymfopoéza a zaroven jesté nenastava
pfedporodni myeloticka vlna. Na vystupu z pratokového cytometru odlis§ime dvé CD2
pozitivni populace bunék: CD2'CD79a”. CD2"CD79¢a". Vsechny malé mononuklearni burniky
kostni dfené jsou ptitom CD2"CD79a” (obr. 10A). Tato skupina bunék ziejmé odpovida
CD2 IgM™ populaci na obr 10F. Subpopulace CD2'CD79a je tedy tvoiena vyhradné
velkymi mononukledrnimi burnikami (obr 10B). Podobna situace nastava u znaceni
MHCII/CD79¢. Zatimco viechny malé buiiky jsou CD790 MHCII” (obr 10B). u &asti FSC™
bun¢k detekujeme pouze expresi MHCII (obr 10E). Nejzajimavéjsi vysledky poskytuje dvoji
znaceni SWC3/CD790a. SWC3 je dilezity vyvojovy marker prasec¢ich B bun¢k. nachézi se na
nejranéjSich B bunéénych prekurzorech a jeho exprese postupné vyhasina s prechodem bunék
v pre-Bl stadiu. az se zcela ztraci u pre-BIl bunék. Populace malych bunék ma uniformni
expresni profil - CD79a"SWC3™ (obr 10C). Skupina velkych mononuklearnich bunék je vak
rozriznéna na t¥i populace: CD79a"SWC3~, CD790'SWC3" a CD79a SWC3™ (obr 10F).
Populace CD79a"SWC3~ pravdépodobné odpovida zralejsim stadiim B lymfopoezy. které
nalézame 1 na obr. Xx D a E jako bunky nesouci i MHCII a CD2 a v souladu s obr. 10F
exprimuje ¢ast z nich pravdépodobné i povrchovy IgM. Jedna se tedy o pre-B buriky ve stadiu
pre-Bl a pre-BII. Nejzajimavéjsi se jevi unikéatni populace CD79a' SWC3" bunék. Pfitomnost
CD790 molekuly v cytoplazmé je jednozna¢né fadi k B bunécéné linii. Zaroven vsak
pretrvavajici exprese SWC3 antigenu ukazuje na velmi nizky stupen diferenciace téchto
elementu v ramci B lymfopoézy. Vzhledem k tomu. Ze jsme nikdy nedetekovali soucasnou
expresi slgM a SWC3. znamend to, Ze exprese SWC3 ustava jesté pied definitivnim
preskupenim genll pro Ig. Na druhou stranu exprese CD79a nebyla zatim zcela uspokojivé
prokazana. ackoli ji nelze vylou¢it. S pihlédnutim k témto faktdm, CD79a"SWC3™ elementy
tedy pravdépodobné piedstavuji populaci pre-BI bunék. CD79a SWC3' populace snad
zahrnuje ur¢ité mnozstvi velmi rannych prekurzorti B lymfopoezy a ziejmé i hematopoetické
kmenové bunky. Na zdznamech z pritokového cytometru je vSak nelze identifikovat, nebot

jsou zcela ptekryty SWC3 pozitivnimi buitkami myelo-monocytarni linie.
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Obr. 10. Fenotypizace mononukledrnich bunek fetalni kostni diené (DG93). Analyza
ukazuje rozdily mezi malymi (A, B, C) a velkymi (D, E, F) mononukledrnimi bunikami kostni
diené. Vechny bunky s nizkym FSC parametrem exprimuji CD79a, CD2 a MHCII a jsou
SWC'3 negativni, coz ukazuje nua vys$si stupen jejich diferenciace. Naopak v mnoZiné bunék
s vvsokou hodnotou FSC parametru se nachazi subpopulace CD79a negativnich bunék, které
ale exprimuji CD2 a SLA-DR. Navic je mezi FSC™ bunkami unikdni populace bunék, které jiz

exprimuji CD79a, ale dosud neztratily expresi SWC'3.

5.1.8. KULTIVACE

CD790."SWC3" prekurzorové buiiky bylo mozno snadno detekovat pomoci pritokové
cytometrie, ale vzhledem k technice znaceni je nebylo mozno pouzivat k dalSim
experimentim. vyZadujicim Zivé bunky. Snazili jsme se tedy najit jinou vhodnou kombinaci
znaku, ktera by umoznila tiidit tyto bunky ze smési pii sou¢asném zachovani jejich viability.
Na zdkladé téchto cytometrickych analyz jsme dospéli k zavéru, ze SWC3/CD2 dvojité
pozitivni bunky (obr 11A) predstavuji prekurzorova stadia B lymfopoézy. pravdépodobné
stadium na pomezi pro-B/preB pted preskupenim genl pro tézké fetézce imunoglobulinu.
Dalsi vyvojové stadium bunék B fady by tedy melo mit za sebou ptreskupeni a na povrchu

exprimovat sIgM. Z bunék prasec¢i fetalni kostni diené jsme sortovali SWC3/CD2 pozitivni

55



bukky a CD2"SWC3™ buiiky jako kontrolu (obr. 11). Cistota vytfidénych bunék pfitom podle
zpétnych analyz ptedstavovala vice nez 98%.

Tyto buiikky byly kultivovany na 24 jamkovych deskach s pfedem piipravenymi
podpirnymi buiikami (stromalni buriky fetdlniho thymu) po dobu tfi tydni. Po skonceni
kultivace byly butiky oznaCeny anti-CD45 a anti-IgM-FITC. Vysledky méfeni na pritokovém
cytometru jsou zndzornény na obr. 11. V populaci SWC3/CD2 pozitivnich bun¢k doslo
k rozstépeni leukocytii na dvé subpopulace, z nichZ jedna byla povrchové pozitivni pro sIgM.
Zaroven se tyto buiiky rozpadaji na dvé populace o rozdilné hodnoté FCS parametru.

cD2 | A B c

£ s-
SWe3 CcD45 p
v D E| |s-p F
. CD45 s FSC

Obr. 11. Znaceni a vybér populaci pri tFidéni bunék (A). Po tfech tydnech kultivace
byly buriky sklizeny a znaceny CD45 a IgM. V bunéénych suspenzich se nachdzely pouze
CD45 pozitivai buriky (B, D). Vsechny CD2'SWC3™ buiky byly IgM pozitivni (C), zatimco
CD2/SWC3 pozitivni buriky se rozpadaly na dvé populace jak podle exprese IgM (E), tak
podle velikosti (F).
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5.1.9. DETEKCE BUNEK B LYMFOIDNI LINIE VE FETALNICH ORGANECH
PRASAT

Lokalizace B lymfopoézy se béhem ontogeneze savci meni soucastné s presouvanim
funkce primarniho hematopoetického orgdnu a to zejména béhem fetalniho vyvoje (viz. 3.1.).
Samotny princip vyvoje B bunék od pro-B az po nezralé B buriky opoustéjici lymtopoeticka
centra ale zuastava v priub¢hu ontogeneze nezmeénén. Existenci lymfopoézy v primarnich
centrech dokazuje ptitomnost vyvojovych prekurzori a/nebo ptitomnost specifickych enzymu
(RAG. TdT). ptipadné zvySend uroven apoptdzy , ackoli toto kriterium samo o sobé muZe byt
zavadejici. Béhem vyvoje prasecich féth dochazi v zasad¢ ke trem hlavnim piesunim
hematopoézy. Prvni lymfocyty lze detekovat ve Zloutkovém vaku, po jeho zaniku (DG 24) se
lymfopoéza presouva do jater a okolo DG 50 postupné prechazi krvetvorba do kostni dfené.
kde setrvd do konce zivota jedince. Jestlize tedy jsou CD79c'SWC3™ bunky rannymi
prekurzory B lymfopoézy. jak bylo feceno v (5.1.7.). mély by se v prubéhu gestace
vyskytovat ve vySe uvedenych organech podle daného ¢asového schématu.

Na obr. 12 jsou shrnuty vysledky analyz lymfocytl izolovanych tésné pied polovinou
gestace z fetalnich organti. Vidime, ze maximum CD79a'SWC3" stejné jako CD79a’ SWC3™
bunék se nachéazi v kostni dieni (obr. 12B). Podobny obraz. i kdyZ s menSim poctem bunék.
najdeme 1 ve fetdlnich jatrech (obr. 12A). To zcela odpovida skute¢nosti, ze kolem DGS50
dochazi k postupnému piesunu krvetvorby z jater do kostni dien¢ fétli. Naopak v krvi a ve
sleziné se nachazi jen minimum CD79a’SWC3™ bunék. v krvi nad nimi navic jednoznaéné

pievazuji CD79a" SWC3 .
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Obr. 12. Distribuce bunék B lymfoidni linie ve fetdalnich organech (DG 50). Mononukledrni
bunky ziskané desintegraci tkané fetdalnich jater (A), kostni diené (B). sleziny (C) a
mononukledrni bunky periferni krve (D) byly dvojité oznaceny protilatkami proti SWC3 a
('D79a. Ze srovnani téchto analyz vyplyva, Ze ranné prekurzory CD79a SW(C'3  fenotypu se
viomto obdobi gestace nachazeji prevazné v kostni dieni. Zvysené mnoZsivi téchto bunék ve
fetalnich jatrech potvrzuje, Ze okolo DG30 zde jesté probiha hematopoéza. ackoli vétSina
krvetvorné aktivity se jiz presunula do kostni diené. Pritomnost malého mnoZstvi
prekurzorovych  bunék v periferni krvi  naznacuje. Ze cast prekurzorovych a snad i

hematopoetickych bunék koluje organismem (srov. Rossi et al, 2003).
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5.2. PSI MODEL

Paralelné s analyzami prasecich fetalnich bunék probihal 1 vyzkum B lymfopoezy u
psi. Na rozdil od prasat je u psi kdispozici specifickd komer¢ni protilatka proti
progenitorovému markeru CD34. S jeji pomoci bylo mozné spolehlivé urc¢it 1 velmi rana

vyvojova stadia lymfopoezy v kostni dfeni novorozenych Sténat.

5.2.1. ANALYZA CD34 POZITIVNICH BUNEK KOSTNi DRENE PSU

V ramci experimentu byly analyzovany bunky periferni krve a kostni diené osmi
novorozenych. ¢tyf tydennich. ¢ty dvoutydennich. dvou mésicnich Sténat a tii dospélych psi
ruznych ras. Erytrocyty byly odstranény hypotonickou lyzou. Méfenim na prutokovém
cytometru bylo ovéfeno. ze u bunék rezistentnich k hypotonickému Soku (HS-RC) dochazi
k vyraznému nabohaceni CD45 pozitivni frakce. pficemz nedochazi ke zménam v FSC/SSC
charakteristice téchto bunék (obr. 13A.). Aby byl vyloucen jakykoli artefakt. souvisejici se
zpracovanim vzorku, byla kromé techniky hypotonického Soku pouzita k odstranéni
erytrocytd 1 lyza amonium chloridem (Easy Lyse, Dako). Zaroven byly piisluSnymi

protilatkami znaceny bunécné suspenze, které byly oSetfeny pouze WSB.

A B

Obr. 13. FSC/SSC chrakteristika HS-RC bunék kostni direné (4) a periferni krve (B). V kostni
dreni Ize dobre rozlisit granulocyty (1), malé (2) a velké (3) mononukledarni bunky.

HS-RC bunky kostni diené byly testovany na povrchovou expresi CD34. V souladu
s dostupnymi daty bylo mnozstvi téchto bunék v kostni dreni Sténat (3-9%) podstatné vyssi
nez u dospélych zvifat (méné nez 2%). Z hlediska parametric FSC/SSC se jednalo o velké

(FSC™). mononuklearni buniky (SSC'™) (obr. 14.). Pfi porovnani riznych technik zpracovani
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bunécnych suspenzi (viz. vyse) bylo zjisténo. ze v kostni dfeni je obsazena populace malych,
monocytarnich bunék. které¢ se jevi jako CD34". Tato frakce byla jen v nepatrné mife
zastoupena mezi HS-RC a byla negativni pro panleukocytarni antigen CD45.

CD34" HS-RC sténat byly dale testovany pomoci panelu monoklonalnich protilatek.
V souladu s o¢ekavanym nizkym stupném diferenciace nevykazovaly pozitivitu pro zadny
z markert linii (CD3. IgM. CD4. CDS8. TCRyd). byly vsak pozitivni pro MHCII a to ve

stfedni az vysoké densité.
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Obr. 14. FSC/SSC charakteristika CD34 bunék izolovanych ze psi kostni difené
hypotonickou lyzou (4) nebo pomoci amonium chloridu (B). Na obr. (C) je neoSetienda kostni
dien. Region malych mononuklearnich bunék je oznacen jako R1. Na obr. (D) je porovndni
exprese (D45 antigenu na HS-RC (Seda) a bunkdch izolovanych z kostni diené pomoci
amonium chloridu (bila). (E) Celkova exprese CD34 na bunkach kostni diené. Sv'ipk),'
naznacuji ztratu exprese ('D34 béhem vyvoje bunék.

Pfi testech mozné mezidruhové kiizové reaktivity bylo zjisténo. ze anti-praseci
monoklonalni protilatka proti SWC3 reaguje pozitivné s frakci psich CD45 pozitivnich bunék.
Podle postaveni téchto bun¢k na FSC/SSC grafu bylo urceno. ze s anti-pig SWC3 reaguji —

stejné jako u prasat- vechny granulocyty. U prasat se ale tento antigen zaroven objevuje na
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ranych prekurzorech hematopoézy. HS-RC buiky kostni diené Sténat byly tedy dvojité
oznaceny anti-CD34 a zaroveni protilatkou anti-SWC3. Tento experiment prokazal. Ze
prekurzorové CD34" HS-RC buiiky jsou zaroven SWC°. (obr. 15.) To je v souladu
s pozorovanim o nizké hustot¢ SWC3 antigenu na prvnich pozorovatelnych burkach

leukocytarni fady (Summertfield and McCullough, 1997).

A B

10"

1o

o 10 104

MHC class |l

10°

Obr. 15. Dvojité barveni HS-RC bunék psi kostni diené. (4) SWC3/CD34 a (B)
MHCII/CD34

5.2.2. PREKURZORY B BUNECNE LINIE V KOSTNI DRENI PSU

Pro stanoveni mnozstvi a fenotypu bunék spadajicich do B bunéc¢né fady bylo naptred
tfeba nalézt vhodny marker. Zvolili jsme protilatku proti lidskému CD79a (HMS57. Dako
Cytomation) vzhledem k jeji Siroké mezidruhové kiizové reaktivité, ktera byla jiz dfive
ovéfena (Jones et al.. 1993; Mason et al., 1991). Na buikach periferni krve bylo ovéreno. ze
vsechny buiky. které jsou CD79a’ nesou zaroveii povrchovy IgM a jedna se tedy
bezpochyby o B lymfocyty. Nyni bylo mozno ptistoupit k testovani HS-RC bun¢k kostni
drené dvojim zna¢enim CD79a a panelem protilatek. Vysledky jsou na obr. 16. U
novorozenych §ténat je vice nez 80% HS-RC bunek kostni dfené¢ pozitivnich pro CD79a.
Tyto bunky byly zaroven pozitivni pro MHCII a to nezavisle na své velikosti. MHC antigeny
druhé tiidy se také vyskytovaly na nezanedbatelné populaci CD79a bungk. Exprese CD21 a
mira exprese CD45 se lisila podle velikosti bunék. Zatimco na velkych HS-RC bunkach se
znak CD21 prakticky nevyskytoval. jeho exprese byla vyrazné zvy$ena na malych CD79a
bunkach. Se zmensovanim velikosti bunék zaroven dochazelo ke zvySovani exprese CD45 a

to zejména CD45RA izotypu.
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Vzhledem k pfedchozim zjisténim o existenci SWC3" HS-RC bylo pro hledani
moznych prekurzori B linie pouzito dvoji barveni CD79a/SWC3. Na obr. 16. je jasné videét.
7e zatimco malé CD79a" bunky jsou SWC3 negativni. v pfipadé velkych HS-RC bunék byla
nalezena velka SWC3 pozitivni populace. Jestlize - v souladu se zménami exprese ostatnich
znaku - populace velkych HS-RC zahrnuje prekurzorova stadia lymfopoézy. pak dvojité
pozitivni CD79a"/SWC3" buriky predstavuji predchidce B bunék nékde na urovni piechodu
pro-B/pre-B bunék.

Ve snaze najit co mozna nejranéjsi prekurzory lymfopoézy v kostni dreni bylo pouzito
markeru Thy-1. Vysledek je na obr. 16. Zatimco CD79a" buiiky s protilatkou proti Thy-1
nereaguji, mala populace CD79a bunék nese zaroven Thy-1 a to bez ohledu na velikost.
Srovname-li tuto populaci s analyzou obrazu rozlozeni CD79a/MHCIL vidime. Ze mezi
malou populaci mononuklearnich CD79a” bunék ptevazuji MHCII'/Thy-1" dvojité pozitivni
pripady. Takovy fenotyp skutecné odpovida velmi ¢asnym prekurzorim hematopoezy a to az
na urovni hematopoetickych kmenovych bunék nebo velmi ranych programovanych

prekurzoru.

Obr. 16. Dvoji exprese ruznych povrchovych znaku s CD79a v kostni dieni
novorozenych psu. Na FSC/SSC diagramu (A) jsou jednoznacné rozliseny granulocyty (R3) a
velké (R2) a malé (R1) mononuklearni lymfocyty. Vétsina téchto  mononuklearnich bunék
prritom nese CD79a. Stejné juko u prasat i u psu se exprese vybranych znaku na velkych (D,

F H J L N)amalych (C. E G, L K M) mononukledrnich burnkdch vyznamné lisi.
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6. DISKUSE

6.1. PRIPRAVA SPECIFICKYCH MONOKLONALNICH PROTILATEK PROTI
POVRCHOVYM MOLEKULAM PRASECICH LYMFOCYTU.

Ackoli je prase dobfe etablovanym biomedicinskym modelem. stdle neni vyvinut
dostatek komer¢né dostupnych specifickych reagencii. Abychom obesli tento nedostatek.
pokusili jsme se jednak vyvinout vlastni specifické monoklonalni protilatky. jednak otestovat
pfipadnou kfizovou reaktivitu protilatek vyvinutych proti lymfocytarnim molekulam jinych
druhu.

Pii vyvoji monoklonalnich protilatek jsme vyuzili dvou strategii. Jednak jsme se
pokouseli o vyvoj specifickych protilatek proti prase¢i molekule CD19. obecnému markeru B
lvmfocytd. Antigenem pouzitym pii imunizaci byl vtomto piipadé protein izolovany
z bakterii E. coli. kam byl predtim vlozen expresni vektor s naklonovanym genem pro
extracelularni ¢ast praseciho CD19. Hybridomy ziskané bunécnou fuzi byly testovany
metodou ELISA na pfitomnost protilatek a z pozitivnich klonl bylo dale vybrano 11. z nichz
4 rozeznavaly s vysokou afinitou pouzity antigen na Western Blotech. Pfi pouziti nativniho
antigenu (bunky praseci kostni diené a krve) vSak ani jedna ze 4 protilatek na pratokovém
cytometru neposkytovala zadnou pozitivni reakci. Protilatky tedy dobfe rozeznavaly
proteinové lyzaty. nikoli vSak protein v nativnim stavu. To ovSem neni az tak prekvapivé. Za
normalnich podminek je extracelularni ¢ast proteinu glykosylovana. V bakteriich ovSem k
takové  posttranslaéni  modifikaci nedochdzi. Protilatky vzniklé v odpovéd na
neglykosylovany protein tedy pravdépodobné rozeznavaji epitopy. které 1) v nativhim
proteinu neexistuji (protein vlivem posttranslaénich modifikaci ziskava jinou konformaci)
nebo 2) jsou skryty uvnitt nativni konformace nebo piekryty cukernymi molekulami. Ani
jedna ze Ctyf vytvofenych monoklonalnich protilatek tedy sice neni pouzitelna na nativni
protein. stale v§ak mohou byt velmi uzite¢né pro molekuldrné genetické studie.

Cilem vy$e uvedené¢ho postupu bylo ziskani protilatek proti konkrétnim molekulam.
Takovy pfistup ale vyzaduje molekularné-biologickou charakterizaci dané¢ho genu a/nebo jeho
produktu. Zdaleka ne vsechny povrchové molekuly prase¢ich lymfocytl jsou takto dukladné
prozkoumany. Zejména v ptipadé prekurzorovych markerti neni casto znam praseci analog
proteinu, které se bézné pouzivaji pro vyzkum mysich lymfocyt a klinickou diagnostiku

lidskych krevnich bunék. Proto jsme jako druhou imunizaéni strategii zvolili pfimou aplikaci
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bunék prase¢i fetalni kostni diené. Klicovym bodem tohoto pokusu byl vybér antigenu.
Buniky pro imunizace mysi jsme ziskavali z kostni dfené féth kolem 90. dne gestace. Pred
timto datem je izolace kostni dien¢ fétu technicky relativné obtiznd a nedosdhli bychom
pottebného vytézku. Naopak po DG90 se zacina zvySovat podil myeloidnich bunék v kostni
dfeni v souvislosti s ptipravou na porod. Kolem DG90 jsme ptedpokladali (podle piedchozich
pokustl) pfevahu monocytarnich bunék nalezejicich k B linii. Cistotu této frakce jsme navic
zvySovali ¢isténim na Ficollovém gradientu. Piesto zfejmé v antigenni smési podavané mysSim
zustal jisty podil myeloidnich bunék. Ackoli tvofil jen velmi malé procento antigenni smési
(2-3%). velka ¢ast ziskanych hybridomu produkovala protilatky proti myeloidnim antigenim.
Je mozné. Ze antigeny nesené myeloidni linii jsou imunogenéj$i nez jiné. Pravdépodobné
vysvétleni vSak spociva v relativnim mnozZstvi antigenu. Je-li hustota toho kterého antigenu na
povrchu bunék vysoka. sta¢i i malé mnozstvi bun€k k masivni imunizaci experimentalnich
zvitat. Dulezitou ulohu v tomto piipadé hraje nepochybné i specifickd glykosilace (c-gal).
typicka pro prasata, kterd je pro mysi imunitni systém cizorodd. Analogicky tomu lze vysvétlit
jesté podstatné vyssi procento hybridomi, produkujicich ,,anti-pan™ protilatky (tj. reagujici se
vSemi leukocyty). Jejich specifita nebyla stanovovana, ale lze predpokladat, ze se jednalo
pfedevsim o protilatky proti obecnym leukocytdrnim antigenim (CD45). Je také mozné. ze
protilatky produkované hybridomy vykazovaly silnou vazbu na Fc receptory. Nicméné je
nepravdépodobné. ze by tomu tak bylo u vSech ziskanych supernatanti. Mimo to. pii testech
supernatantu jsme pouzivali standartni metody znaeni a blokovani. které se ve vSech
ostatnich ptipadech ukazaly jako velmi u¢inné.

VySe uvedené komplikace jsme ocekavali jiz pfi vybéru antigenu — mnozstvi pan-
leukocytarnich protilatek je vzdy produktem imunizaci celymi leukocyty. Ocekavali jsme ale.
ze se mezi tisici ziskanych hybridomovych bunék podaii najit takové, které produkuji
protilatky o unikatni specifité. Zadné takové jsme vsak nedokazali specifikovat. Hlavni
piekazkou bylo zfejmé malé mnozstvi takovych hybridomovych bunék. Citlivéjsi metoda by
je snad dokazala odhalit, nicméné pii proveéfovani hybridomua je dilezitd i rychlost a
jednoduchost metody a tato kriteria spliuje pritokova cytometrie dokonale.

V pribéhu pokusu se navic pii pravidelném vysetieni provadéném v chovu mysi
ukazalo. ze zvifata jsou napadena mysi virovou hepatitidou. To samo o sobé vede

k patologické reakci imunitniho systému a nepfiznivé ovliviiuje chovani zvifat v pokusech.
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6.2. BLYMFOPOEZA PRASAT

Jak jiz bylo feceno dfive. protilatka HMS7 byla plvodné vytvotfena proti
cytoplazmatické ¢asti  lidského proteinu CD79a a béhem jejiho testovani pro
imunohistochemii byla zahy prokdzana Sirokd kiizova reaktivita mezi sav¢imi druhy.
Abychom tuto kfizovou reaktivitu potvrdili a zaroven standardizovali pouziti HMS57 pro
prutokovou cytometrii, pouzili jsme bunky fetdlni kostni dien¢ prasat (DG106). Ty jsme
znacili jednak HMS57, jednak panleukocytarni protilatkou CD45.

Protilatka HM57 skutecné poskytovala na pratokovém cytometru pozitivni signal, a to
asi pro 8% vsech bunék kostni dfené. Toto relativné nizké zastoupeni CD79a bunék je
odrazem prevahy myeloidnich bunék. ktera nastava v termindlni fazi gestace. Na druhou
stranu v pozdnich stadiich gestace lze snadnéji z féta ziskat dostatecné mnozstvi kostni drené,
coz vyvazi niz§i pomérné zastoupeni bunek B linie. Z promitnuti mnoziny vSech CD79a
pozitivnich bunék do FSC/SSC diagramu patrné. ze vSechny granuldrni burnky s vysokym
SSC jsou CD790.  a exprese tohoto antigenu se vztahuje pouze na lymfocyty (SSC"). Jestlize
vylou¢ime buriky s vysokym SSC (granulocyty a jejich prekurzory), zjistime, ze podil HM57
pozitivnich bun¢k stoupl na 39%. Soucasnym znacenim s anti-CD45 protilatkou se prokazalo,
ze vsechny CD79a" buniky nesou zaroveri antigen CD45. To pIné odpovidd dosavadnim
poznatkiim o vyvoji lymfocytl, exprese CD45 je prokdzana uz u nejranéjsich leukocytarnich
bunék (Summerfield and McCullough. 1997).

Sinkora et al. (1998) prokazali. 7e - pfi pouziti dostate¢né citlivého znaceni - viechny
prase¢i B bunky prenatdlné nesou znak CD2. To lze opétovné prokazat pomoci dvojiho
znaceni CD2/IgM. Ve fetalni kosti dieni jsou vSechny slgM burky zaroven CD2 pozitivni.
Naopak. pouze jedna tfetina CD2" bunék nese na povrchu IgM. Podle u¢ebnicového modelu
je CD2 znakem predevsim bunék T linie. kde je exprimovana od nejranéjSich dvojité
negativnich thymocytd. Nicméné, kdyby se jednalo o T bunky nebo jejich prekurzory.
alesponi ¢ast z nich by musela nést molekulu CD3, pficemz z obr. 7. jednoznacné vyplyva, ze
ve fetalni kostni dfeni se Zadna takova populace nevykytuje. Navic podle vSech dosud
ziskanych poznatkli probiha vyvoj T lymfocyta vyluéné v thymu. VSechny CD2 pozitivni
bunky kostni diené tedy spadaji do B bunécné linie. Navic. vzhledem k tomu. Ze neexistuje
[gM CD2" populace a pouze tietina CD2" bunék exprimuje soucastné IgM. exprese CD?2
musi piedchazet povrchové expresi [gM. Zaroven z analyzy [gM/CD2 expresnich diagrami

pfitom vyplyva. Ze mononuklearni bunky kostni dien¢ lze rozdélit podle hodnoty parametru
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FSC na kompaktni populaci malych (FSC") a mensi skupinu velkych (FSC™) bunek. Ackoli
piimé srovnani miry exprese povrchovych molekul u rdzné velkych bunék mize byt
zavadéjici. je jasné, ze exprese slgM na malych burikach je podstatné vyssi nez na velkych
bunkach kostni diené. Navic pfi bliz§i analyze zjistime. Ze zatimco vSechny malé
mononuklearni bunky kostni dfené nesou slgM (a zarovent CD2), ve skupiné velkych bun¢k B
bunécné linie (CD2 ") pouze tietina exprimuje na povrchu IgM.

Podrobna analyza exprese slgM v zavislosti na velikosti bunék (FSC) (vSech
respektive CD79a pozitivnich) (obr. 8 resp. 9) potvrzuje rozdéleni slgM" bunék podle
velikosti na malé a velké. Pomérné kompaktni populace malych bunék exprimuje vysoka
mnozstvi slgM. Naproti tomu populace velkych bun€k je co do velikosti heterogenéjsi a
exprese IgM na jejim povrchu nepfesahuje stiedni hodnoty (slgM™Y). Uvéazime-li miru
exprese a velikost bunek. bude zfejmé povrchova hustota sIgM u velkych bun¢k velmi mala.
na rozdil od bunék malych. kde bude hustota slgM na bunééné membrané znacna. To
odpovidd pfedstavdm o zménach exprese slgM v pribéhu vyzravani bunék. Po uspéSném
pfeskupeni genu pro tézky tetézec Ig (large pre-BIl) je exprimovan preB receptor. Ten slouzi
vyhradné jako signal o uspésném dokonceni genového preskupeni a je distribuovan na
povrchu velkych pre-B bunék srelativné nizkou hustotou. V dal§im stadiu dochazi
k pfeskupeni gent pro lehké fetézce Ig a na povrch malych pre-BIl bunék je exprimovén
regulerni B bunécny receptor. S vyzravanim se tedy bunky zmenSuji a zaroven silné zvySuji
expresi nyni jiz plné funkéniho BCR. Toto pozorovani Ize potvrdit analyzou vztahu exprese
lehkych fetézcl imunoglobulinil a velikosti bunék. Zatimco vSechny buiky nesouci kappa
fetézec spadaji mezi malé bunky. velikostni rozlozeni A" bunék odpovidd FSC distribuci
bunek nesoucich slgM. V pribéhu vyvoje B bunék. resp. B bunééného recptoru (viz. 3.3.2.4.)
dochazi ve tazi pre-B bunék k syntéze tzv. pre-BCR. Jedna se o vyvojovou variantu BCR.
ktera se skladda zplné maturovaného 1gM fetézce a .nahradniho™ lehkého fetézce.
heterodimeru proteinii VpreB a AS. Retézec A5 pfitom sdili znacnou homologii s
.definitivnim™ lehkym fetézcem A. Tato fakta nas vedou k predpokladu, Ze protilatka 27.7.1..
specificka pro molekuly lehkych fetézci A, se stejnym zpisobem vaze na homologni A5. Je-li
tomu tak. pak je pritomnost I,ng“XS+ bunék v kostni dieni jednozna¢nym dikazem
pfitomnosti pre-B bunék.

Jednim z cilt prace bylo také urdit lokalizaci B lymfopoezy ve fetalnim téle. V ramci
téchto pokust bylo zkoumano mnoho riznych organt v rizném stadiu vyvoje. V souladu

s pfedchozimi poznatky (viz. 3.1.) jsme hlavni lymfopoetickd centra nachazeli nejprve ve
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Zloutkovém vaku. ve druhé ¢tvrtiné gestace v jatrech a od poloviny gestace pocinaje 1 v kostni
dreni. kterd se nakonec stava majoritnim producentem B bunék. Nicméné jista ¢ast prekurzort
se spolu se zralymi lymfocyty se vyskytuje i mimo tyto orgdny, zejména v periferni krvi. To
napovida. ze se jednd o dynamicky systém. kde v celém fetdlnim téle koluje jista cast
prekurzorovych bunék. které mohou na své cesté¢ osazovat rizné organy. Nicméné pouze
v primarnich hematopoetickych organech je nahlouc¢eno velké mnozstvi bun¢k B linie
v ruznych stadiich vyvoje. Ostatni studované fetalni organy (thymus, stfevo) poskytuji jen
malou populaci B bunék, kterd se navic jevi zna¢né¢ homogenni. Neni tedy pravdépodobné. ze
by tyto organy mohly byt vyznamnymi producenty B bunék.

Diky protilatce HMS57 jsme dokazali velmi pifesné rozlisit B lymfocyty a pii
kombinaci s dalsimi markery i jejich vyvojové stadium. Protilatka HM57 je ale intracelularni
a tak ji nebylo mozno pouzit. kdyz jsme potiebovali rozpoznat a odd¢lit zivé bunky. Bylo tedy
tteba zvolit jinou kombinaci extracelularnich znaku. pomoci niz bychom odlisili jednotliva
vyvojova stadia B bunék. Z téchto znakl jsme zvolili SWC3. které je vysadnim znakem
ranych prekurzoru B bunék. Jako druhy znak jsme pouzili CD2. vzhledem k tomu. ze podle
(5.1.5.) je prenatalné exprimovan na vSech B burikach a jeho exprese predchazi [gM. Pomoci
kombinace téchto znaki bylo mozno rozlisit tii populace bungk: CD2"'SWC3 ™. CD2"'SWC3’,
CD2 " SWC3". CD2'SWC3™ v periferni krvi novorozenych selat predstavuji smésnou
populaci T a B lymfocytd. V kostni dfeni se v8ak T lymfocyty prakticky nevyskytuji (obr. 7) a
veskeré CD2'SWC3  patii tedy k B bunééné fadé. Ztrata exprese SWC3 pfitom znamena. Ze
se jedna o relativné vyzralé B bunky. znichz alespon tfetina exprimuje IgM (obr. 7).
CD2'SWC3" buiiky jsou z hlediska vyzkumu B lymfopoezy nejzajimavéjsi. Soucasna exprese
obou markerli naznacuje, ze burky sice nemaji preskupené geny pro tézké fetézce Ig (exprese
SWC3). ale jiz jsou soucasti B bunééné linie (CD2) a pravdépodobné jsou tedy obdobou
CD79a'SWC3"  velkych bunék zobr. 10 F. CD2 SWC3" predstavuji burky
myelomonocytarni linie s pfimesi velmi ranych prekurzor hematopoezy. Z téchto tii
populaci jsme pro kultivace in vitro tidili jednak CD2'SWC3" buiiky. které byly cilovou
experimentalni populaci. jedna CD2'SWC3™ bunky. Ty v nasich pokusech slouzily jako IgM
pozitivni kontrola. nebot' CD2 SWC3" buriky nebylo mozno pouzit. vzhledem k tomu. Ze se
jednalo o smésnou populaci.

Vytiidéné bunky kostni diené jsme péstovali in vitro na podpurné vrstveé (feeder layer)
bunék thymového stromatu. Thymové mikroprostiedi je do jist¢ miry podobné prostiedi
v kostni dreni:  interakce lymfoidnich bunék se stromatem jsou zprostiedkovavany

podobnymi ligand-receptorovymi komplexy a cytokin IL-7 nezbytny pro vyvoj T lymfocyti
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v thymu zaroven stimuluje pfeskupovani geni pro tézké tfetézce lg v prekurzorech B bunék
(Namen et al.. 1988). Tyto podobnosti by svédéily o schopnosti thymového stromatu
poskytovat vhodné mikroprostfedi pro vyvoj B bunék a také existuje celd rada studii, které
tuto schopnost in vitro potvrzuji a vyuzivaji. Na druhou stranu recentni studie ukazuji. Ze
vyvo] B bunék je vthymu aktivné blokovan, moznd mechanismem zahrnujicim Notch |
aktivitu (Hashimoto et al.; 2002). Nicmén¢ v podminkach kratkodobych kultivaci v jedné
vrstvé prevazuje pozitivni efekt thymovych stromalnich bunék a B bunky odvozené z kostni
drené v takovych kulturach dobte prosperuji.

Po tiech tydnech kultivace jsme predpokladané prekurzorové (CD2'SWC3") i
kontrolni (CD2"SWC37) buriky sklidili a zna¢ili pro pritokovou cytometrii CD45 a IgM (obr.
11.) Zatimco —podle ocekavani- vsechny CD2'SWC3™ buiiky vykazovaly expresi IgM.
puvodné homogenni populace CD2" SWC3" bunék se rozstépila na dvé subpopulace. z nichz
jedna na povrchu vystavovala sIgM. To pfimo ukazuje na kapacitu CD2/SWC3 bunék projit
preskupenim genu pro IgM a jeho naslednou expresi. Bylo by jist¢ mozné namitnout, Ze
v kultufe nedoSlo k zadnému preskupeni de novo vzniku IgM, nicméné soucasna exprese
SWC(3 a IgM nebyla nikdy zaznamendna a ¢istota tfidéni bunék presahovala 98%. Navic jsme
zamérne t¥idili - i kdyz ¢asteéné na ukor vytézku - CD2" buriky s maximalni expresi SWC3,
abychom minimalizovali pravdépodobnost znecisténi jinou populaci bunék. Po kultivaci navic
dochazi k rozpadu ptivodnich CD2/SWC3 do dvou populaci podle hodnot FSC. coz odpovida
nasi predstaveé o rozdéleni vyvojovych stadii B bunék podle velikosti. Zdanlivym paradoxem
je pfitom opticky vyssi exprese IgM na vétSich bunkach. Je ale nutno podotknout. Ze pfi
cvtometrickych analyzach vétsi bunky vykazuji vyssi expresi béznych povrchovych molekul.
coz je dano praveé jejich veétsi velikosti. Nizka az stiedni mira exprese IgM na velkych
burnikach je dobie dokumentovana na obr. 11. Podrobnéjsi analyzy by jist¢ umoznily utvofit
mnohem jednozna¢néjsi zavéry, celkovy vytéZzek bunék po tfidéni a kultivacich byl ovSem tak
nizky., Ze bylo mozno pouzit pouze velmi omezeny panel protilatek a to navic jen v pfimém

znaceni, aby se minimalizovaly ztraty pfi promyvéni bun¢k.
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6.3. BLYMFOPOEZA PSU

Paralelné s vyzkumem fetalni kostni dfené prasat probihaly i analyzy mononuklearich
bunék kostni dfen¢ psu. Jednozna¢nou identifikaci a analyzu ranych lymfopoetickych
prekurzort u pstt umoznilo pouziti specifické anti-CD34 protilatky. Takova protilatka u prasat
dosud neni dostupna a vySe zminéna anti-psi protilatka nevykazuje zadnou kfizovou reaktivitu
s prase¢imi lymfoidnimi bunikami. Zastoupeni CD34" bunék v kostni dfeni psi klesa s vékem:
3-9% pfi narozeni oproti 1-3% dospélych zvifat, coz je zcela v souladu jak s teorii, tak
s predchozimi vysledky (Hégglund et al., 2000). Na rozdil od diive publikovanych vysledkd
(McSweeny et al.; 1998) v nasich vzorcich HS-RC CD34" mononuklearni buriky psi kostni
drené vykazuji vy$8i hodnoty FCS parametru. To je zcela v souladu s predstavou o vyssi
velikosti prekurzoru. Jestlize jsou bunky kostni dien¢ os$etfeny jinymi metodami (ammonium
chlorid). lze najit CD34 pozitivni buiiky i ve frakci malych mononuklearnich bunék. Tato
skupina malych CD34" bunék je ale zaroven negativni jak pro CD45, tak pro MHCII a ziejmé
ji lze prifadit k erytroidni linii hematopoezy. Skute¢né lymfoidni prekurzory tedy skute¢né
spadaji do frakce velkych mononuklearnich bun¢k kostni dien¢.

Jednozna¢né urceni prekurzori pomoci CD34 nam umoznilo otestovat nékteré
hypotézy, které jsme si vytvorili pii studiu prase¢iho modelu. Konkrétné jsme se zajimali o
molekulu SWC3 (SIRP. CD172), jejiz expresni profil u prasat z ni délal slibného kandidata na
znak ranych prekurzort. Protilatka DHS9B (anti-SWC3) byla testovana na mnoha
zivocisnych druzich v ramei First International Swine Cluster of Differentitation Workshop™
a byla jednozna¢né prokazana jeji kiizova reaktivita s psimi leukocyty. pfi¢emz expresni
profil SWC3 v periferni krvi je podobny jako u ostatnich druhii. Dvoji zna¢eni CD34/SWC3
prokazalo. Ze viechny CD34" mononuklearni buriky kostni dfené nesou zarovenn SWC3 ve
stiedni denzité. To plné odpovida charakteristice prekurzorti prase¢i lymfopoezy jako
CD45"SWC3" bunek. ktera je bézné uznavana mnoha autory. Podobné vysledky navic byly
dosazeny 1 na lidském modelu. kde byla prokdzana exprese SIRP-la na progenitorech
v kostni dfeni. Tato data ukazuji, ze SWC3 muze byt pouzit jako spolehlivy marker rannych
prekurzoru u druht. kde neni dostupna jina protilatka. véetné prasete.

Stejné jako u DHS9B byla prokdzana kiizova reaktivita se psimi B lymfocyty 1 pro
HMS57 (anti-CD79a). U novorozenych §ténat je vice nez 80% HS-RC bunék kostni diené
pozitivni pro CD79q. pfi¢emz tyto buiky lze opét rozdélit na malé a velké. VSechny tyto

bunky a pomérné velka ¢ast CD79a  bunék byla zaroven pozitivni pro MHCIL. To je
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pochopitelné. nebot™ distribuce MHCII se zdaleka neomezuje na B bunky a u novorozenych
savcu nezanedbatelnou ¢ast kostni diené tvoii myeloidni MHCII pozitivni buiky. Exprese
dalSich markert se - stejné jako u prasat - vyrazné lisi mezi malymi a velkymi bunikami. Znak
CD21 se téméi nevyskytoval na velkych mononukledrnich bunkach. ale na malych burikach
bvla jeho exprese vyrazné zvySend. Se zmenSovanim velikosti bunék zaroven dochézelo ke
zvysovani exprese CD45 a to zejména CD45RA izotypu. To je zcela v souladu s pfedstavou o
postupném vyzravani a - zaroven - zmenSovani bunék v kostni dfeni — exprese CD2I
(receptoru pro C3dg fragment komplementu) se objevuje u B bunék ve stadiu nezralych B
lymfocytl pred opuSténim kostni diené. Sestfihovd forma regula¢ni molekuly CD45RA je
obecné pokladana za znamku vysSSiho vyvojového stadia lymfocyti. Pro dvoji znaceni
CD79a/SWC3 je situace u psit podobna jako v prase¢i kostni dfeni. Na cytometrickém
diagramu muzeme rozlisit jednak populaci B bunék a zralejSich prekurzori (od stadia pre-B)
(CD79a"SWC37). jednak populaci CD79a"'SWC3". o niz piedpokladame. ze obsahuje burky
ve stadiu na pomezi pro- pre-B. které preskupuji geny pro tézké retézce Ig. Zatimco v piipade
prasec¢ich CD79a."SWC3" bunék se toto tvrzeni opira o soucasnou nepfitomnost IgM (burnky
nevystavuji na povrchu produkt preskupeného genu), u psii mizeme tuto tezi navic podepftit
argumentem, ze viechny CD34" buiiky nesou zarovein SWC3. To sice neznamena, Ze vechny
SWC3" buiiky jsou i CD34" (coz by ukazovalo zaroven na soudasnou expresi CD34 a
CD79a. ktera se nezda byt ptili§ pravdépodobnd). ale rozhodné to poukazuje na velmi rannou
expresi SWC3 a jeji spojitost s hematopoetickymi prekurzory. Exprese SWC3 na velkych
CD79a" burikach je tedy ziejmé znakem nizké vyzralosti téchto B prekurzord. Na druhou
stranu 74dna z CD79a” bunék nenese Thy-1 marker (obr 16.). Exprese Thy-1 je prokdzana na
pocatecnich stadiich hematopoezy. u hematopoetickych kmenovych bunék nebo nejranéjsich
programovanych prekurzori (lymfoidniho a myeloidniho). Bunky nesouci CD79 jsou jiz
pevné predurcéeny pro B bunéénou fadu a nachazi se ve vyvojové posloupnosti hematopoezy
dale nez Thy-1" buiky. CD79a'SWC3" tedy piedstavuji bunky vyzralé na droven
jednoznaéného preduréeni pro B radu. ale dosud nesouci nékteré star$i ontogenetické znaky
(SWC3). coz odpovida stadiu pro-/pre-B. rozhodné pred preskupenim genii pro teézky fetézec

[e.
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7. ZAVER

Vysledky dosazené v této praci lze shrnout nasledujicim zptisobem:

Ve snaze vytvoiit nové, dosud nedostupné druhové specifické monoklonalni protilatky
jsme imunizovali mys$i jednak rekombinantnim proteinem, jednak zivymi mononuklearnimi
bunkami kostni dfené. Buné¢na fuze dala vzniknout stovkam hybridomovych klont, které
byly testovany na produkci protilatek proti pfislusSnym antigenim. Pres veskerou snahu se
vSak nepodaftilo vytvoiit monoklonalni protilatku, rozeznavajci nové, unikatni epitopy.

Pomoci panelu monoklonalnich protilatek byla detailné studovdna exprese B
buné¢nych znaku v rtiznych stadiich B lymfopoezy. Za hlavni diferenciacni znak B bunééné
linie jsme pfitom povazovali molekulu CD79a. kterd se vyskytuje jiz ve stadiu pro-B bunék.
Potvrdili jsme expresi CD2 na B buné¢nych prekurzorech, pravdépodobné jiz od stadia pro-B.
¢imz exprese CD2 ptredchdzi povrchové expresi p fetézce. Zaroven jsme prokdzali rizné
urovné exprese sy v zavislosti na ontogenetickém stadiu B bunék. Frakce velkych (FSC™)
s nizkou expresi sy zaroven reagovala s protilatkou 27.7.1. (anti-A). To nds vedlo k vysloveni
teorie. ze protilatka pravdépodobné reaguje s proteinem A5, ktery je soucasti pre-B receptoru
a jedna se tedy o velké pre-B buiky. Pomoci protilatky proti SWC3 se nam pak podatilo
identifikovat velmi casné prekurzory B bunék na pomezi pro- a pre-B bunék. Sledovanim
lokalizace téchto prekurzort ve fetalnim téle jsme potvrdili ontogenetickou ¢asovou a funkéni
posloupnost umisténi hlavnich B lymfopoetickych center ve zloutkovém vaku. fetdlnich
jatrech a nakonec v kostni dfeni. Cast lymfoidnich prekurzori nicméné ziejmé putuje zcela
volné fetalnim télem.

Hypotézy vzniklé pii vyzkum B lymfopoezy prasat jsme nasledné ovérovali expresni
analyzou mononuklearnich bunék kostni dien¢ psu rizného stari. Diky existenci specifické
protilatky anti-CD34 bylo mozno prozkoumat i nejranéj$i stadia B-lymfopoezy pst. Protoze
zaroven psi mononuklearni buniky kostni diené kiizove reaguji s anti-praseci protilatkou proti
SWC3. bylo mozné pozorovat expresi této klicové molekuly u CD34 pozitivnich bunék. Tyto
testy potvrdily. ze vSechny CD34 pozitivni mononuklearni bunky psi kostni diené zaroven
nesou na svém povrchu molekulu SWC3. To prokazuje. ze SWC3 lze pouzit jako specificky

znak ontogeneticky ¢asnych stadii lymtopoezy.
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Abstract

Dogs represent both an important veterinary species and a convenient model for allogeneic hematopoietic stem cell
transplantation. Even though anti-canine CD34 antibodies have recently become available, little is known about hematopoietic
lineages in dogs. partially because CD34  cells have been ignored in all analyses performed so far. In this study, we have focused
on the bone marrow mononuclear compartment to provide an additional piece of information on the phenotype of CD34'
progenitors and to identify the dominant CD34  population. We have shown that, in contrast to the adults. mature lymphocytes
are scarce in neonatal dog bone marrow. Using cross-reactive antibodies against CD79% we have shown that the B lineage of
hematopoiesis strongly prevails. CD34 ' cells were shown to be positive for MHC class 11 and SWC3, a member of the signal

regulatory protein family.
¢ 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Dogs are an important veterinary species and have
been used as a model in the field of autologous and
allogeneic hematopoietic stem cell transplantation
(Ladiges et al.. 1990; Wagner and Storb, 1996). Com-
plex studies on canine hematopoiesis, however, are
infrequent and suffer from limitations that are common
for large animal models—a restricted panel of specific
reagents are available and insufficient information on

“Corresponding author. Tel.: - 420-541-321-241:
fax: - 420-541-211-229.
E-mail address: toman@vri.cz (M. Toman).

'Both authors contributed equally to the work.

the phenotype of hematopoietic progenitors, lineage
committed precursors and successive differentiation
stages of individual hematopoietic lineages has thus
been published. Almost 20 years ago, Klein et al.
(1983) were the first who quantified the colony forming
capacity in fetal and neonatal dogs. The results of their
study indicated that, similar to other species, fetal liver
and bone marrow represent successive primary blood-
forming centers in early canine ontogeny.

In all mammalian species studied so far, the expres-
sion of MHC class II antigens has been documented
on the earliest hematopoietic progenitors. In dogs.
however, this issue has not been completely solved
yet. Neuner et al. (1997) have described a variable
expression of class II on putative early progenitors.

0165-2427/% - see front matter ¢ 2003 Elsevier B.V. All rights reserved.

doi:10.1016/S0165-2427(03)00135-1
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On the other hand. Prendergast et al. (1986) suggested
that class II antigens are present on more mature cells
only. while HSC are class Il-negative. In contrast to
this. other groups were capable of accomplishing
complete engraftment upon transplantation of class
[I-positive cells separated by immunoabsorption
(Berenson et al.. 1987) and flow sorting (Schuening
ctal.. 1987). Such conflicting data may be explained by
the finding of Yamaguchi et al. (1999), who have
shown class 11 presence on the surface of early pro-
genitor cells but its visualization was dependent upon
mADb used. Similar to MHC class 11, some disagree-
ment exists in the expression of another early hema-
topoietic marker-Thy-1-on HSC in dogs. In contrast to
Hahn et al. (1991}, who described the absence of Thy-1
on the surface of canine HSC, Neuneret al. (1997) used
a different anti-Thy-1 mAb and identified low expres-
sion of Thy-1 on the surface of canine pluripotent
hematopoietic cells. This was in an agreement with
earlier data reporting about Thy-1 expression on early
hematopoietic stages (Prendergast ct al.. 1986).
Immunoreagents specific for CD34 represent one of
the most powertul tools for visualizing and sorting
hematopoietic progenitors. In dogs, CD34 ¢cDNA has
been cloned. sequenced and expressed, polyclonal
antiserum specific for recombinant CD34 has been
prepared (McSweeney et al.. 1996) and mAb directed
against CD34 have recently become available
(McSweeney et al.. 1998). This made it possible to
isolate CD34 * cells from BM and use them for recon-
stitution of hematopoiesis in irradiated animals (Bruno
et al.. 1999). Recently, magnetic depletion of mature
leukocyte populations from adult bone marrow mono-
nuclear cell (BMMC) preparations by a cocktail of mAb
directed against CD5. CD8. CD14 and. as yet poorly
defined surface markers expressed on granulocytes, B
cells and platelets, has been shown to provide partial
enrichment for both CFU-GM and early progenitors
defined by surface expression of CD34 and/or c-kit
(Niemever ct al.. 2001). This approach, however, suf-
fers from several hmitations as both numerous B cell
precursors and nucleated stages of erythropoiesis would
not be depleted by the cocktail of mAb used; such cells
would then represent significant contamination in BM
hematopoietic cell preparations. Immunophenotyping
of canine BMMC has revealed that, similar to other
species, both CD34/c-kitand CD34/FIt-3-ligand double
positive (DP) cells existin dogs (Niemeyveretal., 2001).

It 1s thus reasonable to hypothesize that the earliest
progenitors of hematopoiesis in this species will reside
in the CD34 " c-kit " Flt-3-ligand * fraction.

In our work we focused on characterizing major
subsets of the BMMC compartment in neonatal dogs.
We have used an efficient isolation technique with a
high enrichment capacity for CD45 " cells and immu-
nophenotyped leukocytes with a panel of selected
immunoreagents. In addition to well-defined differ-
entiation markers we have studied the expression of a
putative hematopoietic marker, an SIRP-like molecule
SWC3 recognized by mAb with broad interspecies
cross-reactivity. The results obtained in neonatal pup-
pies have been compared with and found different
from the situation in adult dogs in a limited series of
experiments.

2. Materials and methods
2.1. Animals, tissue collection and cell isolation

Eighteen pups—eight, tour. four and two at the age of
| day, I week, 2 weeks, and 1 month, respectively—and
three adult dogs were sacrificed under general anes-
thesia by complete bleeding using cardial punction.
Newborn pups of different breeds were from super-
numerary litters from private owners and older Beagle-
pups were from the Veterinary Research Institute,
Brno. Czech Republic, and were euthanized under
agreement of the Branch Commission for Animal
Welfare of the Ministry of Agriculture of the Czech
Republic. Adult dogs (Beagles) were sacrificed
because of orthopedic or cardial disorders.

Bone marrow cells were flushed with phosphate-
buffered saline (PBS) from the femur by positive
pressure using a syringe with a needle. Hypotonic
shock-resistant cells were obtained as described else-
where (Sinkora et al.. 1998). Shortly. a gently resus-
pended cell pellet was exposed to distilled water for
30 s and the osmotic pressure was then reconstituted
with an equal volume of 2x concentrated PBS. This
procedure yields more than 99% leukocyte (CD45 )
purity in all mammalian species tested. including
dogs. Alternatively, ammonium chloride-mediated
hemolysis was performed for 10 min using a lysing
solution containing 8.3 gNH,Cl. | gKHCO4and | mM
EDTA per liter of distilled water. After hypotonic or
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ammonium chloride-mediated lysis, the cells were
washed twice in washing and staining buffer (WSB,
PBS containing 0.2% gelatin from cold water fish skin,
0.1% sodium azide and 0.05 mM EDTA, all reagents
from Sigma). Peripheral blood leukocytes (PBL)
were obtained from heparinized blood using the
same isolation protocol. It is important to emphasize
that at least a 25-fold excess of distilled water
must have been added to the heparinized blood to
achieve complete erythroid cell removal. Before stain-
ing. the cells were counted and their density was set to
(05 1) x 107 ml ",

2.2, Immunostaining

Cell suspensions were stained using a panel of
monoclonal antibodies (mAb) directed against anti-
gens expressed on the surface of canine leukocytes
(Table 1). Besides dog-specific immunoreagents, three
mAb with broad interspecies cross-reactivity were
used: the anti-CD790 mAb HMS57 (Jones et al.,
1993), anti-SWC3 mAb DHS59B (Davis et al.. 1987)
and anti-IgM mAb CM7 (Lunn ct al.. 1998).

Indirect immunofluorescence was used for single
color flow cytometry. The cells were incubated with
mouse monoclonal antibodies, washed twice in WSB
and Fc-receptor-mediated binding was blocked by
adding heat-inactivated (h.i.) non-immune goat serum

(final concentration of 10%) to WSB during the
second washing step. The binding of primary immu-
noreagents was visualized with FITC-conjugated,
mouse subisotype-specific goat antisera (Southern
Biotechnology Associates) as described elsewhere
(Faldyna et al.. 2001). After three additional washings
in WSB the cells were ready for flow cytometry.
For counterstaining with R-phycoerythrin (R-PE)
conjugated primary antibodies (anti-CD34, cat. No.
07121A, BD PharMingen), and anti-CD79« (cat. No.
M7051, DAKO), a modified protocol was used. Cell
surfaces were indirectly stained with an unconjugated
mAb as described above. During the last washing step
10% h.i. mouse serum was added to WSB to block free
binding sites on secondary antisera. For CD34 stain-
ing, the cells were then incubated with 0.2 ng of R-PE-
conjugated anti-CD34 mAb for 30 min. washed and
used for flow cytometry. Anti-CD79> mAb HMS57
recognizes an intracellular epitope on a surface-bound
protein (Jones et al., 1993). Thus, the cells must have
been fixed and permeabilized before staining using a
fixation/permeabilization Intrastain™™ kit (DAKO)
according to the manufacturer instructions.

2.3. Flow cytometric analysis

Data were acquired on a standard FACSCalibur™
flow cytometer {(Becton Dickinson, Mountain View,

Table 1

Mouse monoclonal antibodies (mAb) used in the study

mAb Specificity Isotype Distribution Source
CAl7.2A12 caCD3 1gG1 T cells P.F. Moore"
CAI3.1E4 caCD4 feGl Helper T cell subset P.F. Moore
CA9.JD3 caCDS8 [¢G2a Subsets of T and NK cells P.F. Moore
CA2.1D6 caCD21 1gGl B cell lineage P.FE. Moore
CA20.8H1 caTCR vo 1gG2a o T cells P.F. Moore
CAI12.10C12 caCD45 1gGl All leukocytes P.F. Moore
CA4.1D3 caCD45RA 1gGl B cells, T cell subset P.F. Moore
CAT4GY caThy-1 1gGl Thymic stromal cells, progenitors P.F. Moore
CA2.ICI2 caMHC-1 lgGl Antigen-presenting cells P.F. Moore
IH6" caCD34 IgGl Progenitor cells BD PharMingen
M7 [eM 1gGl B cell lincage Serotee Lid.
HMS7" CD79% lgGl B cell lincage DAKO Diag.
DH59B SWCH [eGl Phagocytes. progenitors VMRD. Inc.

" School of Veterinary Medicine. University of California, Davis. CA.

" R-PE-conjugated. the other mAbs used non-conjugated.

" SW(C3--Swine Workshop Cluster 3. a member ot Signal Immunoregulatory Protein-like family monoclonal antibodies CM7, HM57.
DH39B have been raised against other species and shown to react with canine homologues of surface molecules.
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CA) operated by the CELLQuest™ software. In each
sample. 10.000-50,000 cells were measured and the
data were saved in the list mode. Electronic compen-
sation was used to eliminate spectral overlaps between
fluorochromes. In non-fixed samples. propidium
iodide was used to stain DNA in dead and damaged
cells and to exclude these events from analysis. The
WinMDI™ or PC-lysys™ software was used for data
analyses.

2.4. Statistical analvsis

Because a relatively small variance of experimental
data has been obtained for individual parameters
measured in different animals, symmetric Gaussian
distribution was used as an appropriate approximation
for statistical analysis. Data are thus expressed as
mean values + S.D.. The differences between relative
proportions of leukocyte subpopulations in bone
marrow and peripheral blood were evaluated using
the paired Student’s t-test. All calculations were per-
formed with Prizma™ (Graph Pad Software, Inc.)
software.

3. Results

3.1. Major populations of bone marrow
lewkocytes in dogs

Neonatal dog BM cells that can sustain short expo-
sure to low osmotic pressure, thus called hypotonic
shock-resistant cells (HS-RC), were classified both by
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Fig. 2. Relative proportions of bone marrow granulocytes (gray)
and small (white) and large (black) mononuclear cells as defined by
light scatter characteristics in newborn (A). [-week-old (B), 2-
week-old (C). and I-month-old (D) and adult dogs (E). respec-
tively. Mean values are shown: differences between individual
samples did not exceed 3%.

light scatter characteristics and surface expression of
markers commonly used for leukocyte analysis in dogs
and other mammalian species. Based on excitation
beam scattering, dog HS-RC can be divided into three
major populations (Fig. 1). Granulocytes (polymorpho-
nuclear cells) form a distinguishable population with
higher SSC values. Mononuclear cells, on the other
hand, map to the low SSC region in the FSC/SSC dot
plot and can be further subdivided into two subsets
based on the FSC parameter—small and large mono-
nuclears with low and high FSC value. respectively.
The relative proportions of major HS-RC populations
during postnatal ontogeny are shown in Fig. 2. Age-
dependent changes. i.e. an increase in number of gran-
ulocytes and a decrease in numbers of both small and

1023

® "o F&2

Fig. 1. Light scatter characteristics of hypotonic shock-resistant cells in bone marrow (A) and peripheral blood (B). In the bone marrow,

eranulocytes (1), small (2) and large (3) mononuclear cells are distinguishable.
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lineage appear virtually SWC3-negative (Fig. 6M), a
clearly recognizable CD79%/SWC3 DP population is
present among large mononuclear HS-RC (Fig. 6N).
In all samples examined, CD79% SWC3" cells
included 30-40% of large mononuclear HS-RC.
For the gating strategy used, the typical small-to-large
mononuclear HS-RC ratio is 10:1. Therefore, the
CD79%/SWC3 DP population involved 3-5% of
mononuclear leukocytes isolated by hypotonic shock
from neonatal dog BM.

4. Discussion

In this study, we characterized BM HS-RC in new-
born pups and compared them with cells isolated from
older pups and adult dogs. Using multiparameter flow
cytometry. we have determined the expression of
selected lineage-specific as well as early hematopoie-
tic markers. Using light scatter characteristics we
distinguished granulocytes and mononuclear cells,
the latter could be further subdivided into the large
and small cell compartments. respectively. Gating for
small and large mononuclear subsets is convenient for
multiparameter analysis of hematopoiesis in primary
sites (fetal liver. bone marrow, thymus) where high
numbers of cycling, thus large cells are present. In
BM. we have revealed changes in relative numbers of
three major HS-RC populations with an increasing
proportion of granulocytes in older individuals. This
finding 1s in a good agreement with the situation in the
peripheral blood. where a higher percentage of gran-
ulocytes have been documented in adult dogs when
compared to pups (Faldyna and Toman. 1998 Faldyna
et al.. 2001) and may reflect an elevated granulocyte
forming capacity and/or a decreased primary lympho-
poietic activity with increasing age. The expression of
CD4 on dog granulocytes in both peripheral blood and
BM. probably associated with granulocyte maturation,
was originally described by Moore et al. (1992). The
unusual binding profile of mouse IgG2a to dog BM
granulocytes has not been described yet neither was
such a phenomenon reported in other species. As BM
contains all stages of phagocyte differentiation, such
reactivity appears both developmentally regulated and
highly specific. It could be blocked with dog and
mouse serum, although heterologous serum appeared
less effective, which suggests an important role of

unsaturated or transitionally expressed Fcy receptor.
In dogs. more attention must be paid to mAb selection
in BM cell studies.

In neonatal BM, relatively few T (CD3 ), NK
(CD3 CD87) and mature B (CD21 ") were present.
With increasing age BM plays a dual role of both the
primary site and the secondary lymphatic organ main-
taining a pool of effector (Manz et al.. 2002) and
memory (Price and Cerny. 1999) lymphocytes. This
results in a relative decrease of hematopoietic pro-
genitor frequency in BM cell preparations and makes
the analysis of the BM lymphoid compartment more
complicated. First BM T cells with mature (CD3")
phenotype appeared between the second and fourth
week of life and their numbers reached more than
60% in the BM lymphoid compartment in adult dogs.
In parallel, the frequency of CD34-+ progenitors
decreased from 3 to 9% in neonates to about 1% in
adult dogs. Other studies (McSweeney ct al.. 1996,
1998: Bruno et al.. 1999; Higglund ct al.. 2000)
describe 1-3% of CD34 " cells in adult dogs, which
is in good agreement with our data when differences in
isolation techniques are taken into account.

Dog CD34" progenitors have been previously
described to consist of both small and large mono-
nuclear cells (McSweeney et al.. 1998: Bruno ¢t al..
1999). To our surprise, all CD34 * HS-RC inour samples
had higher FSC values than typical lymphocytes and
our conclusion was that the complete progenitor popu-
lation 1s contained in the large HS-RC. As ammonium
chloride-treated BM samples in a control experiment
contained both small and large CD34 * cells, which were
CD45 and class II-negative, we prefer the hypothesis
that small CD34" elements belong to the erythroid
lineage of hematopoiesis.

The DH59B mAb recognizes a surface structure
expressed on peripheral phagocytes in different spe-
cies (Nagi and Babiuk. 1989: Blecha ct al.. 1994
Tumas ct al., 1994 Smith ctal.. 1992) and it has been
clustered to the Swine Workshop Cluster 3 (SWC3)
during the First International Swine Cluster of Differ-
entiation Workshop (Haverson et al.. 1994). SWC3
antigen has recently been characterized by N-terminal
amino acid sequencing and shown to be homologous
to members of the SIRP (signal regulatory protein)
family (Alvarez et al.. 2000). In contrast to conclu-
sions made almost 10 years ago, SWC3 expression
is not restricted to the myelomonocytic lineage of
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hematopoiesis in pigs; also dendritic cells (Carrasco
et al.. 2001) and a subset of undifterentiated Peyer’s
patch B cells (Andersen et al.. 1999) have been shown
to be SWC3-positive. Important for our study, DH59B
cross-reacts with canine leukocytes, too, and the
expression profile in the periphery perfectly fits that
in other species (Davis et al.. 1987; Faldvna et al..
2001). Counter-staining of HS-RC with anti-CD34
and DHS59B have revealed that all CD34" HS-RC
express SWC3 at low density. Our data correspond to
recently published observations of the occurrence of
SIRP-12 (CD172) on human bone marrow progenitor
cells (Seiffert et al.. 1999). Due to its broad cross-
reactivity, DH59B might become a useful tool for
studying hematopoietic cells in primary sites in animal
models in which no anti-CD34 immunoreagents have
become available yet.

The expression on MHC class-1I on hematopoietic
progenitors in dogs has been a controversial issue,
although the majority of authors have concluded that
non-committed canine progenitors are class II-posi-
tive. Our results support this assumption because
essentially no CD34 " class 11 could be detected in
HS-RC preparations.

Staining with the anti-CD79o mAb has shown that
more than 80% of mononuclear HS-RC were
CD79~ . The CD79~ antigen (also called mb-1 or
Igx) 1s an essential component of the B cell receptor
complex. In humans and mice. it is expressed early
during B cell development, specifically at the pro-B
level and can be detected at all subsequent stages of B
cell development. The anti-CD79a antibody HMS57
used in our study had been obtained by immunizing
mice with the synthetic peptide GTYQDVGSL-
NIADVQ corresponding to an intracellular portion
of the antigen. HMS57 has been reported to be cross-
reactive with B cells in many species including man,
monkey. pig. horse, rabbit, cow. guinea pig. rat,
mouse, and opossum (Jones ¢t al.. 1993). We have
successfully tested its convenience in dogs and shown
that the staining profile corresponds to a B lineage-
restricted marker. Simultaneous staining of neonatal
HS-RC with HMS57 and the panel of selected mAb has
provided important information on B cell differentia-
uon in dogs. First of all, neonatal dog bone marrow is
literally filled with ditferentiating precursors belong-
ing to the B lineage of hematopoiesis; other lymphoid
elements must thus be relatively rare. Both small and

large CD79a" cells could be found in the mono-
nuclear compartment representing resting and cycling
stages of B lymphogenesis as proved in other species.
Small CD79a " cells can be further subdivided into
two major subsets with different levels of CD2I
expression. As CD21 upregulation is accompanied
by a slight increase of the cell volume we speculate
that the smallest CD21" cells are canine small pre-B 11
cells rearranging the variable regions of genes encod-
ing immunoglobulin light chains and the increase of
CD21 expression accompanies the last differentiation
step into the stage of immature CD21 B cells.
Vigorously cycling large B precursors with rearranged
Ig heavy chain genes are called large pre-B II cells in
mice and humans. The population of large CD79%"
HS-RC in pups consists from at least two subsets
differing in SWC3 (CD172) expression. As CDI172
represents an early hematopoietic marker and because
late stages of B lymphopoiesis are SWC3  we suggest
that large SWC3 CD79% " cells are the earliest B
precursors identifiable by our tools. while the
SWC3 CD79% " population of large HS-RC repre-
sents their immediate progeny. Based on our assump-
tions we suggest the following scheme for B lineage
development in dogs: pro-B/pre-BI cells are
FSC"CD790. SWC3 CD21 CD45" and the rearran-
gement of Ig heavy chain genes, the first definitive step
of B lineage commitment, is accompanied by the dis-
appearance of SWC3 from the cell surface. Large pre-B
I cells are thus FSC"CD79a SWC3 CD21 CD45".
The next differentiation stage—small pre-B II cells—are
the smallest HS-RC as defined by FSC and their
surface phenotype is CD799  SWC3 CD21 CD45".
Small pre-B 1I cells are followed by immature B
cells that are slightly larger and acquire the
FSC™CD792 " "SWC3 CD21 CD45" characteris-
tics. MHC class II 1s present on all B precursors
and its expression increases with differentiation.

The presence of the Thy-1 antigen (CD90) has been
described on murine and human hematopoietic pro-
genitors. Its surface expression is typically low and
disappears upon lineage commitment (Miller ct al..
1985. Spangrude. 1989: Craig et al.. 1993). We have
observed a small subset of CD34 Thy-1-DP cell in the
mononuclear HS-RC compartment. Whether or not
these cells are hematopoietic stem cells must be tested
by cell sorting and reconstitution experiments in
irradiated recipients.
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Fig. 3. Binding of mouse monoclonal antibodies of the 1gG2a subisotype to dog bone marrow granulocytes (A). Preincubation of cells with
canine serum (B) resulted in the staining profile that was identical to that in unstained cells (C).

large mononuclears were observed. Interestingly, the
small-to-large mononuclear ratio was independent of
age. Essentially all HS-RC were CD45-positive with
different levels of surface density (not shown).
Similar to other species, BM granulocytes were
stained relatively bright with the anti-SWC3 mAb
(not shown). In addition to heterogeneous CD4
expression in the granulocyte population, which has
been previously demonstrated to be typical for dogs,
our staining protocol has revealed the majority gran-
ulocytes to be CD8 " as well as TCRyd ™ (Fig. 3A).
This was, however, unlikely as CD8 is restricted to T
and NK Iymphoid subsets in all species studied so far.
Moreover. TCRyd expression cannot occur in cells
without TCR gene rearrangement. As mAb used for
TCRYd and CDS8 staining are murine IgG2a, we have
tested a hypothesis that something other than antigen-
specific interaction is responsible for our unexpected
observation. Indeed surface staining could be com-
pletely and partially blocked by preincubation of bone
marrow cells with h.i. dog (Fig. 3B) and mouse serum,
respectively. Similar results were obtained with 10
irrelevant murine anti-swine mAb of the IgG2a sub-
isotype (not shown). Interestingly, phylogenetically
distant sera (goat, sheep, cow, pig) did not block non-
specific binding of murine IgG2a mAb. A similar
phenomenon has not been observed with murine
mAb of other subisotypes tested on dog HS-RC.
Staining with mAb recognizing surface markers on
mature lymphoid subsets (CD3, CD4, CD8, TCRyd)
has revealed the scarcity of mature lymphoid cells in
neonatal BM. Essentially no CD3 " lymphocytes were
present in neonatal bone marrow. In contrast, rela-
tively large numbers of mature lymphoid cells were

found in adult BM HS-RC preparations (Table 2).
This could not be due to peripheral blood contamina-
tion as relative proportions of individual lymphoid
subsets differed significantly in peripheral blood and
BM preparations (Table 2). The comparison of HS-RC
1solated from dogs in the early postnatal period has
indicated that the colonization of BM with mature
lymphocytes begins between the second and fourth
week of life (data for 4-week-old pups are also
included in Table 2). Interestingly enough, the differ-
ence between the CD3 " cells and the sum of CD4"
and CD8 " lymphocytes indicates that the majority of
T cells were double negative (CD4 CDS ).

3.2, Quantification and surface phenotype of
CD34" cells in neonatal dog bone marrow

When compared to a small group of three adult dogs
with typically low relative numbers (<2%) ot CD34~
in HS-RC isolated from BM, higher number of early

Table 2

Relative proportions of lymphocyte subsets in the small lympho-
cyte region of hypothonic shock-resistant cells from the bone
marrow (BM) and peripheral blood (PB) (comparison between
bone marrow and peripheral blood in adult dogs)

Marker Adult (n - 3) 4-Week-old pups

(n—4). BM
BM PB

CD3 672 + 3.6 80.2 £ 7.6 175 £ 119

CD4 218 £ 28 448 + 6.7 1.5+ 09

CD8 293 + 49 226 + 39 33+ 18

70-TCR 49 +29 24+ 19 0.5+ 04

S P < 0.05.
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Fig. 4. Light scatter characteristics of CD34 7 cells isolated trom dog bone marrow by hypotonic shock (A) or ammonium chloride (B)
treatment. and from an untreated specimen (C): gated for CD34 " events. Small mononuclear cells region is marked as R, Expression of CD45
on hypotonic shock-resistant cells (gray) and cells isolated by ammonium chloride-mediated lysis (white) is shown in (D). Intensity of CD34
expression on untreated bone marrow cells is shown in (E). Arrows indicate the transition from the CD34 " to the CD34  stage.

differentiation stages of hematopoiesis were found in
cell preparations from neonatal pups and 3-99% of
cells have been proved to bear CD34 on the surface. In
the FSC/SSC diagram (Fig. 4A), these events mapped
to the region with high FSC and low SSC values,
respectively. We have thus concluded that CD34 " HS-
RC belonged to the population of large (FSC™) mono-
nuclear (SSC'°) BM cells. CD34 " expression on HS-
RC have also been compared both to cells isolated by a
commonly used technique based on ammonium chlor-
ide-mediated depletion of mature erythrocytes and
untreated bone marrow cells. Interestingly, the com-
parison of FSC/SSC dot plot showing the light scatter
characteristics of CD34 " cells in ammonium chloride-
treated cells (Fig. 4B) and untreated cells (Fig. 4C)
with HS-RC (Fig. 4A) has revealed that an additional
population of small CD34" cells is present in BM
preparations when no hypotonic shock has been
applied. Whereas hypotonic shock provided almost
100% of CD45" cells. the lysis with ammonium

chioride-based solutions resulted in cell suspensions
containing significant numbers of CD45-negative cells
and numerous CD45 elements. most of them belong-
ing to the erythroid lineage of hematopoiesis, were
present in non-lysed BM cell preparations (Fig. 4D).
Small CD34" cells stained medium-to-dim with the
anti-CD34 mAb and the transition from the CD34'" to
the CD34 negative stage could be judged from the
CD34 expression profile in the small mononuclear
compartment in both ammonium chloride-treated
(not shown) and untreated BM cells (Fig. 4E). More-
over, small CD34+ cells did not bind the anti-CD45
mADb, which further supported the hypothesis that
these cells belonged to non-leukocyte lineages of
hematopoiesis.

Canine CD34 " HS-RC were further characterized
by simultaneous surface staining of cells with anti-
CD34 and selected mAbs from the panel described in
Table 1. CD34 " HS-RC in neonatal dog bone marrow
were shown to be SWC3" (Fig. SA) and to express
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Fig. 5. Counterstaining of dog bone marrow hypotonic shock-resistant cells for CD34 and SWC3 (A) or MHC-class II (B): gated for
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class IT antigens at medium-to-high density (Fig. 5SB).
As expected, surface markers restricted to more
differentiated lineages of hematopoiesis—CD3, CD4,
CD8. CD21, TCR v, and IgM-were not present on
dog CD34 " HS-RC (not shown). Importantly, small
CD34- cells in ammonium chloride-treated as
well as untreated BM cells were both SWC3- and
class II-negative.

3.3. B cell precursors in the neonatal
dog bone marrow

To visualize the B lineage of hematopoiesis in dog
BM we have used the anti-CD79% mAb HMS57 with a
broad interspecies cross-reactivity (Jones ctal.. 1993).
After having proved that sIgM = B cells are the only
population in the dog peripheral blood that had reacted
with HMS57. we stained BM HS-RC with mAb from
the panel in Table 1. The cells were then permeabi-
lized and counterstained with R-PE-conjugated anti-
CD79%. For this kind of analysis, it is important to
know that cell processing does not profoundly change
FSC and SSC characteristics, and that mononuclear
cells can be distinguished from granulocytes in the
FSC/SSC dot plot. Fig. 6A documents that the Intras-
tain'™ kit from DAKO fulfills this requirement and
shows that granulocytes (R3) are distinguishable from
both small (R1) and large (R2) mononuclear cells in
dog BM cell preparations. The separate analysis of
CD79% expression on small and large BM mono-
nuclear HS-RC has provided an unambiguous answer
to the question what is the dominant population of
neonatal BM mononuclear leukocytes.

In eight 1-day-old puppies from four litters ana-
lyzed, 80-85% of mononuclear HS-RC reacted with
the HM57 mAb (Fig. 6B). CD21 expression was
detected on the surface of a clearly distinguishable
population (18-25%) of small CD79%. " cells (Fig. 6C).
while only a few large mononuclear HS-RC reacted
with anti-CD21 mAb (Fig. 6D). MHC class II anti-
gens, on the other hand, were expressed almost ubi-
quitously on the surface of the CD79a " population
independent of the cell size (Fig. 6E and F). Interest-
ingly, in the CD79a HS-RC population. MHC class
II™ cells prevailed, too. The leukocyte common anti-
gen CD45 was also present with variable density on all
the HS-RC analyzed (Fig. 6G and H). Upregulation of
both CD21 and CD45 on small CD79% " HS-RC
(Fig. 6E and G) was accompanied by a slight increase
of the cell size as measured by the FSC value (not
shown). The expression profile of the CD45RA iso-
form (Fig. 61 and J) strongly resembled that of the
total surface CD45 (compare to Fig. 6G and H),
namely in the CD79x " compartment. Fig. 6K and L
shows that all but a few CD79% mononuclear HS-RC
are Thy-1". By comparing Thy-1 and MHC class II
expression on CD79a  cells in Fig. 6E, F, K and L, it
can be stated that class II " Thy-1 " cells prevail in the
minor CD79a mononuclear HS-RC population. Such
a surface phenotype strongly suggests that these cells
might be very early hematopoietic progenitors includ-
ing only partially committed immediate progeny of
HSC and very early stages of lymphopoiesis.

Last but not least, Fig. 6M and N contain a very
important piece of information on early stages of B
lymphogenesis in dogs. While small cells in the B
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Abstract

CD19 is an important pan B cell marker and co-stimulatory protein in humans and mice. Efforts to further characterize B cell ontogeny
in swine have been hampered by the lack of monoclonal antibodies (mAb) to valuable surface markers like Vpre-B, CD19, CD34 and
CD43. We report here on the complete nucleotide and deduced amino acid sequence of porcine CD19, the cross-reactivity of anti-human
CD19 monoclonals and efforts to prepare anti-porcine CD19 mAb to bacterially-expressed products.

Porcine CD19 is highly homologous to those in the few other species studied, i.e. human, mouse and guinea pig, but only in certain
domains. Among the 14 CD19 exons, homology approaches 90% to human CD19 in exons 6, 9, 11 and 12 and is ~80% with other species
in this region. The highly homologous C-terminal cytoplasmic region contains nine tyrosines including the YEND/E motif that binds the
SH2 domain of Fyn. Two different porcine CD19 isoforms that differ in their 3" UTRs were identified just as in human CD19. Thus, the
signaling properties of CD19 may be similar to those in humans. On the other hand, only 60% sequence similarity was seen in exons 1-5
that encode the N-terminal extracellullar region that is involved in ligand binding and is the target of CD19-specific mAb. This probably
explains why only 1 of the 17 anti-human CD19 mAb tested recognized swine B cells. Furthermore, when the extracellular domains of
CD19 were expressed in E. coli, mAbs to the bacterially-expressed product did not recognize CD19 on porcine B cells suggesting that
carbohydrate-dependent conformation may determine antigenicity.

© 2004 Published by Elsevier L.td.
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1. Introduction

Leucocytes are derived from a common hematopoeitic
stem cell under rigid control by specific cytokines and the
adhesion and co-stimulatory molecules associated with the
stromal cell microenvironment (Kurosaki, 2002; Reya and
Grosschedl, 1998). B, T and NK cells are derived from a
common lymphoid progenitor that arises from a common
hematopoeitic stem cell. B cells arising from this progenitor
can be recognized at various stages of development by their
expression of certain CD markers (Benschop and Cambier,
1999). BCR expression only identifics certain developmen-
tal stages in the B cell lineage while other CD markers are
present on B cells at all stages of development making them
useful pan-specific markers. One such pan B cell marker is
CD19, which is present on B cell lineages in mice and hu-
mans from the pro-B cell stage until plasma cell differentia-
tion. CD19 is a co-receptor involved in B cell signaling, and
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therefore also plays a critical role in B cell activation, dif-
ferentiation and survival. Studies reveal that the CD19 com-
plex, consisting of CD19, CD21, CD81 and Leul 3, regulates
B cell responses through the B cell receptor (Tedder et al.,
1994; Hujimoto et al., 1998) and couple innate and adap-
tive immunity (Fearon and Carroll, 2000). Blocking with
anti-CD19 antibody causes inhibition of the up-regulation
of mitogen stimulation of B cells as evidenced by lower cal-
cium influx (Pezzutto et al., 1987). CD19 deficient mice lack
B-1 cells and their B-2 cell response to T-dependent anti-
gens is reduced (Engle et al., 1995; Ricket et al., 1995). Sig-
naling through the pre-BCR is impaired in CD19 deficient
mice suggesting that it acts during the pro-B/pre-B transi-
tion (Otero and Rickert, 2003). Although the level of serum
IgA remains unchanged in CD19—/— mice, these mice ex-
hibit poor responsiveness to oral immunization (Gardby and
Lycke, 2000).

Since B cell development and differentiation is char-
acterized by CD marker profiles, monoclonal antibodies
(mAb) to CD markers have been used to separate popu-
lations of B cells at different stages of development. By
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choosing combinations of antibodies against these markers,
researchers can recover B cells at various developmental
stages for more detailed studies (Bertrand III et al., 1997,
Kehrl et al., 1994). Swine have proven to be especially
useful immunological models because their epitheliochorial
placentation prevents transfer of maternal immunoglobulins
and antigen to the fetus and because of the precosial nature of
their offspring (Butler et al., 1986; Rothkotter et al., 2003).
The former allows immunoontogeny in individual piglets
(because of size) to be studied during fetal life without
concern that events are maternally or environmentally reg-
ulated. The latter means that newbom piglets can be reared
in germ-free isolators (Miniatis and Jol, 1978) or in SPF
autosows (Leece, 1969). It is now important to extend the
technology used in mice to developmental studies of swine
since several intriguing features of B cell lymphogenesis
and differentiation in this economically and medically im-
portant species differs from that in mice. First, swine have a
relatively simple immunoglobulin heavy chain variable gene
locus, in which all Vy genes belong to one Vy gene family
so that repertoire diversity of the heavy chain is mainly gen-
erated by junctional diversity in CDR3 not by combinatorial
diversity as in humans and rodents (Sun et al., 1994; Butler
et al., 2000). Light chain combinatorial diversity is also re-
stricted since >90% of Vk genes belong to the IGKV2 family
(Butler et al., unpublished) and expressed VA genes belong
to only four families and use primarily one JA in a tandem
JA-CA\ duplicon (Butler et al., unpublished data). Second,
B cells developing in yolk sac and fetal liver have nearly
100% of their VDJ rearrangements in-frame as opposed to
those developing later in bone marrow (Butler et al., 2000;
Sinkora et al., 2003). Finally, non-selected pro-B cells are
common in fetal thymus and most B cells in this organ have
surprisingly switched to IgA, IgG and IgE (Butler et al,
2001; McAleer et al., unpublished). In an attempt to correct
the deficiency in mAb to swine B cell markers, we have
cloned and expressed porcine Vpre-B, CD19, CD34, and

CD43. In this report, we present the complete sequence of
swine CD19 cDNA, the specificity of 17 anti-human CD19
mAb for porcine B cells and four raised against the extra-
cellular domains of porcine CD19 expressed in bacteria.

2. Materials and methods
2.1. Cloning strategy

Spleen, thymus and mesenteric lymph nodes were col-
lected from a 110-day fetal pig and an adult pig. The
collected cells were dissolved in Tri Reagent (Molecular
Research Center Inc., Cincinnati, OH) and total RNA pre-
pared as previously described (Butler et al., 2001; Sun et al.,
1994). First-strand cDNA was synthesized using either ran-
dom hexamers to amplify the middle and 5’ end of the cDNA,
or an oligo dT primer to recover of the 3’ end of the sequence.

Middle region sequences was obtained by normal
RT-PCR using degenerate primers derived from sequences
of the homologous regions of CD19 in other species. 5'-
and 3'-RACE were performed using GeneRacer (Invitro-
gen, Carlsbad, CA) and one-step PCR kits (Qiagen, Hilden
Germany), respectively. Gene-specific primers and general
primers which bind the linker and the poly(A) tail of mRNA
were used for 5'- and 3’-RACE, respectively. All primers
used in this study were purchased from Integrated DNA
Technologies Inc. (Coralville, IA) and their sequences are
listed in Fig. 1. Because the specificity of these degener-
ate primers was unknown, we applied a touch-down PCR
protocol for RT-PCR. Briefly the denaturing and extension
steps were set constantly at 94 °C for 30s and at 72 °C for
40s, respectively. The initial annealing temperature was
59 °C and after four cycles, we progressively decreased the
temperature by increments of 3 °C. The amplification was
terminated when the annealing temperature reached 38 °C.
The PCR conditions for one-step PCR and GeneRacer PCR

(3) (109 (12)
«— -« <« <« <<=
9) (n @ @ N
(1) Sense-E: 5’-ctatgagaacgactccaa-3’
(2) antisense-E: S5’attctcataagagtccgeatctt-3’
(3) SenseB: 5’-ggcttctacctgtgecagea-3’
(4) antisense-D2 5’-catcctgggagagctgat-3’
(5) 3’Race: 5’-tgccaggacgacagactt-3’
(6) Xho-T17: 5’-ggatccgacatactcgag(T)17-3°
(7) Xho: 5’-ggatccgacatactcgagtt-3’
(8) GeneRacer5’: 5’-cgactggagcacgaggacactga-3’
(9) Anti-5’race: 5’-ccecgetgeccttcacgttgacc-3’
(10) Exp-5’: 5’-gecatggtctacctgtgecageca-3’
(11) Anti-Exp-3’: 5’-gctcgagatggttacagtgataggt-3’

(12) Anti-CD19 up

5’ ccgaacagcactgtgaac-3’

Fig. 1. Strategy for cloning of porcine CD19 and primers used. 7op: Schematic showing the annealing sites for the various sense and antisense primers
used for cloning. Bottom: Sequence of the primers used. The numbers correspond to those in the top schematic and are cited in the text.



J. Sun et al./Molecular Immunology xxx (2004) xxx-xxx 3

followed the manufactures’ instructions. PCR products
from RT-PCR and one-step PCR were directly ligated into
EcoRV digested pBlueScript (pPBS; Strategene, Calsbad,
CA) whereas the PCR products recovered with GeneRacer
were incorporated into the pCR4 Topo vector using Topo
cloning technology.

Expression of CD19 by porcine T and B cells. The 123
B cell line (Bonefant et al., 2002) was grown in RPMI sup-
plemented with 10% fetal calf serum to a concentration of
105 m1~!. Total RNA was prepared from the pelleted cells
and placed in Trizoli as previously described (Butler et al.,
2001).

Porcine CD4(+) and CD8(+) T cells were recovered from
PBMC by positive selection on MACs microbeads (Mil-
tenyi Biotec, Bergisch Gladbach, Germany) using anti-CD3
in the first round. The CD3-enriched population was then
sorted by FCM using mAb specific for CD4 (74-12-4) and
CD8 (PT36B IgG1). Al mAb were from VMRD (Pullman,
WA). FCM was done using fluorochrome-labeled second
anti-mouse reagents on a EPIC ALTRA HPS sorter (Beck-
man Coulter, Fullerton, CA).

First-strand ¢cDNA was prepared from all cell prepa-
rations using random hexamers as previously described
(Butler et al., 2001) after treatment of RNA for 15 min at
room temperature with DNAse I (Sigma, St. Louis, MO).
A 281 bp segment of CD19 was amplified using antisense
primer 11 (Fig. 1) and an upstream primer of the fol-
lowing sequence: 5'-ccgaacagcactgtgaac-3'. PCR products
along with size marker polynucleotides were separated on
1.5% agarose gels and stained with ethidium bromide (see
Fig. 3A). Genomic DNA was prepared from adult mesen-
teric lymph node.

2.2. Bacterial expression

Tagged primers (exp-5/antiexp-3) were used to amplify
an extracellular domain of porcine CD19 for bacterial
expression. The PCR product was blunt-end ligated into
EcoRV digested pBlueScript vector and used to transform
DH5a competent cells. The plasmid was purified and the
desired insert was excised using Xhol and Ncol. The frag-
ment was then re-ligated into a Xhol and Ncol digested
expression vector (pET 26b; Novagen, Madison, WI). The
construct was confirmed by sequencing and the plasmid
was then used to transform the bacterial expression host,
BL21(DE3). These cells were cultured in LB/amphicillin
(50 wg/ml) at 37°C until the density of the cell suspen-
sion reached an ODggonm of 0.5. The bactenial culture
was removed from the shaker and IPTG was added to the
media at final concentration of 1 mM. The culture was al-
lowed to incubate for an additional 4 h before harvesting.
We also noted that the bacterially-expressed CD34 protein
was located in inclusion bodies. Thus, most of the bacte-
rial proteins were removed by centrifugation leaving the
CD19 protein in the pellet. The pellet was washed three
times with 20 mM Tris -HCI (pH8.0) and then dissolved in

8 M urea. Proteins dissolved in urea were loaded onto a
I ml nickel chelater column (Pierce, Rockford, IL) that was
pre-equilibrated with 8 M urea. The column was washed
stepwise using 5ml of MCAC buffer (20mM Tris—HCI,
0.5M NaCl, 10% glycerol, 8 M urea) containing 40 and
100 mM imidazole, respectively. The bound, His-tagged
protein was eluted with MCAC buffer containing 500 mM
imidazole. To remove urea and imidazole, the effluent was
dialyzed stepwise against 4, 2, 1 and 0.5 M urea in 20 mM
Tris—-HCl and then 20mM Tris—HCI] without urea. The
purity of the bacterial-expressed protein was examined by
SDS-PAGE and the quantity recovered determined using
the Lowry method.

2.3. Sequence analysis

All ¢cDNAs cloned into pBS or pCR4 Topo were se-
quenced using the T3 primer and the four-color automated
Applied Biosystems capillary sequencer (Foster City, CA).
Sequences were compared to those for other species in Gen-
Bank using the GCG program (Madison, WI). The amino
acid sequence of cloned fragments and the exons they repre-
sent was deduced using the program described further. The
homology of the porcine CD19 sequence to that of human
CD19 was determined using programs in the GCG. Specif-
ically, complete sequence comparisons and those of exons
1-4 and 5-14 among GenBank sequences for human, mouse
and guinea pig CD19, were made using MACAW. The var-
ious [g homology subtype domains were analyzed using the
SMART program available on-line.

2.4. Preparation of monoclonal antibodies

The general procedure follows that of Galfre and
Milstein (1981). Specifically, BALB/c mice were injected
i.p. with 100 wg of bacterially-expressed CD19 together
with 0.5 ug of CpG oligodeoxynucleotide 1826 (Hybridon,
Milford, MA). Mice were boosted after 4 weeks with the
same amount of immunogen and blood was collected from
the retroorbital sinus 3-4 days later. All specificity testing
was done using Western blotting to assure that only mouse
antibodies to the correct bacterially-expressed CD19 pro-
tein were measured since it migrated to a defined position
after electrophoresis. Briefly, the CD19 fragment purified
on the nickel column was separated by SDS-PAGE and the
separated proteins transferred nylon and only nylon frag-
ments containing the transferred CD19 protein of interest,
processed for conventional Western blotting (see further) in
individual microtiter wells. Mice with positive responses to
the CD19 product were again boosted to cause blastogen-
esis of responding cells. Four days later their spleens were
harvested, hybridoma prepared and their specificity deter-
mined by the Western blotting procedure described earlier.
Selected clones were then grown out, their supernatants
harvested and concentrated using a device from Vivascience
(Sortorius, Surrey, UK). Concentrated supematants were
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then evaluated by flow cytometry and by Western blotting
on membrane extracts of a CD19(+) B cell line, i.e. L23.

2.5. Flow cytometric studies (FCM)

Hybridoma supernatants prepared as described earlier and
anti-human CD19 reagents graciously provided by Dr. Tom
Tedder (Duke University, Durham, NC) or purchased com-
mercially were tested by FCM using an indirect staining
method (Sinkora et al., 2003). Briefly, after red cell removal
with the EasyLyse lysing solution (DakoCytomation AG,
Denmark), adult pig peripheral blood leukocytes were incu-
bated with prediluted mAb for 30 min, washed in the wash-
ing and staining buffer (WSB; PBS supplemented with 0.1%
sodium azide and 0.2% gclatin from cold water fish skin;
Sigma) and stained with RPE-conjugated F(ab’), fragments
of goat anti—mouse Ig antiserum (DakoCytomation AG)
diluted in WSB. After an additional washing step, 10,000
lymphocytes in each sample were analyzed on a four-color
FACSCalibur flow cytometer (Becton Dickinson, La Jolla,
CA). Results were recorded as negative, weak or positive
based on the proportion of positive events (Table 2). In both
weakly and strongly positive samples, the cells were further
washed twice in WSB containing 10% mouse serum to block
free binding sites in surface-bound secondary antisera. Cells
were then counterstained with APC-conjugated HM-57 mAb
to CD79a which is broadly cross-reactive with B cells from
many species including swine (Jones et al., 1993). Counter-
staining was performed using the intrastain fixing and per-
meabilizing solution (DakoCytomation AG) according the
manufacturer’s instructions. Two-color immunofluorescence
data were acquired on the FACSCalibur and analyzed using
the PC-LYSYS software (Becton Dickinson).

2.6. Western blotting

Extracts from induced bacteria or from a CD19(+) B cell
line (Bonefant et al., 2002) were separated by SDS-PAGE
electrophoresis on 12% gels. Bricfly, 6 x 10° L23 cells
were boiled in SDS-PAGE sample buffer and the equiva-
lent of 60,000 cells loaded per lane of the gel. The gels
were electroblotted to Immobilon-P using S0V for 2h in
a cold box maintained at 4 “C. For testing the specificity
of the various mAb raised to CD19 expressed in bacteria
or prepared to human CD19, sections of the blot contain-
ing bacterial-expressed CD 19 were removed from the mem-
brane and transferred to wells of a 96-well microtiter plate.
Segments were blocked with 5% skim milk in 0.05% Tween
20 and PBS, incubated with mouse sera or hybridoma su-
pernatants for 60 min at room temperature and then with a
rabbit anti-mouse HRP conjugate. The color reaction was
developed using bis-diaminobenzidine.

In subsequent studies, mAb determined to be specific for
bactenal-expressed CD19, were tested in Western blots us-
ing the same protocol except that bacterial extracts and the
membrane extracts of a porcine B cell line L.23 were also

tested. As a positive control, the L23 extract was also tested
using a polyclonal rabbit antibody to porcine IgG that pri-
marily detects the porcine y-chain.

3. Results
3.1. Complete sequence of porcine CD19

The strategy of PCR cloning is depicted schematically in
Fig. 1. Pimers used are designated by numbers in the de-
scription that follows. Five pairs of degenerate primers were
designed based on to the sequences of CD19 from other
species. One of these (sense-E (1)/antisense-E (2)) produced
a fragment of pig CD19 that was confirmed by sequenc-
ing. We then designed antisense-D2 (4) and a 3'-RACE
primer (5). The sense-B (3)/antisense-D2 (4), 3’-RACE (5)
and Xho-T17/Xho (6, 7) were used to extend the sequence
up- and downstream, respectively. We recovered the re-
maining 5’ portion of the sequence by using 5'-RACE and
GeneRacer5’ (8)/anti-5'-RACE primers (9).

Fig. 2 shows the nucleic acid and deduced amino acid
sequences of porcine CD19. For ease of comparison, we
aligned the human sequences with those of swine. The amino
acid numbering system starts from the first amino acid (glu-
tamic acid) of the mature protein and the amino acids of
the leader peptide are given negative numbers. Like human
CD19, the extracellular portion of swine CD19 contains two
typical immunoglobulin superfamily domains (Williams and
Barcaly, 1988), formed by disulfide bonds between C;; and
Cgsg, and C9; and C;57, respectively. There are four potential
glycosylation sites in the extracellular portion of the protein.
Although porcine CD 19 has the same potential glycosylation
sites, the locations differ from those of human CD19. Four
subtypes of Ig domains are recognized; Ig, IgC1, IgG2 and
IgV. Using SMART (www.smart.embl-heidelberg.de) the Ig
superfamily domains we recognized in porcine CD19 be-
long to the Ig subtype.

3.2. Species homology

The degree of homology among swine CD19 and that of
other species for which sequences are available, is shown
in Table 1. Comparisons were made among the entire
sequences, the extracellular domains (exons 1-4) and the

Table 1

Comparisons of deduced protein sequences for CD19 among species®
Full protein Exons 1-4 Exons 5--14

Human 72.6 60.3 84.8

Mouse 68.1 59.9 76.6

Guinea pig® 703 50.3 81.8

? Data presented as percent homology.

® The sequence of guinea pig is truncated at 5’ end and about 125
amino acids is missing. This may affect the accuracy of the compansons
in full protein and exons | 4.
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Fig. 2. The nucleotide and deduced amino acid sequence of porcine CD19. The sequence is aligned with that for human CD19. The deduced porcine
amino acid sequence (top number in left margin) is shown above the nucleotide sequence while the human deduced amino acid sequence is shown
below the human mucleotide sequence. Dashes indicate that the human nucleotide and amino acid is identical to that of the swine. The leader amino
acid sequence is underlined and designated with negative numbers. The transmembranc scgment is underlined. Potential glycosylation motifs are boxed.
Boldface “Y™ indicate potential sites for phosphorylation. The GenBank accession number is AF466765.

cytoplasmic domains (exons 5-14). Because the guinea pig 3.3. Alternative transcription and signaling motifs
sequence is 5’ truncated, the homology values generated
for the full sequence and the extracellular domains may not
be accurate. Nevertheless, it is obvious that cytoplasmic
domains show a much higher degree of species homology

than the extracellular domains.

Previous findings suggest that human CD19 is transcribed
in two isoforms that differ at the 3’ untranslated region.
We found that the swine also occurs as two isoforms as
determined by 3’-RACE PCR (Fig. 2). Like human, these
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Fig. 2. (Continued).

isoforms may be the result of the differential use of poly(A)
trapping sites. There are nine tyrosines in cytoplasmic do-
main of CD19. These potential sites for phosphorylation are
conserved in sequences from all species. It has been shown
that the tyrosine-containing motif, YEND/E, binds the SH2
domain of Fyn, a kinase belonging to the src kinase family
(Chalupny et al., 1995). These SH2-binding motifs are also
present in porcine CD19. Porcine tyrosine 416 corresponds
to human T405 and porcine tyrosine 457 corresponds to

human T445. The conservation of these motifs suggests
they are functionally important in all species.

3.4. Expression of porcine CD19 in bacteria and the
specificity of mAb raised to the product

Since one goal of the current work was to prepare mono-
clonal antibodies against swine CD19, we cloned the partial
sequence of the extracellular domains into the expression
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vector, pET26b. This region starts at Y86 and ends at L210.
The expressed protein was mainly recovered in inclusion
bodies and was purified as described in Section 2. The
molecular size of the bacterially-expressed protein was ca.
21 kDa which is consistent with the expected size of the
fragment cloned into pET26b.

A total of 11 hybridoma were selected based on the ability
of the secreted mAb to recognize the 21 kDa bacterial prod-
uct in Western blots. Four of the highest producers, G1-1,
G1-2, D5 and G4-1, were selected for more detailed study.
Fig. 3A shows that the transcript for porcine CD19 is promi-
nently expressed in the 1.23 B cell line but not in CD4(+)
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Fig. 3. Transcript expression of CD19 by a porcine B cell and specificity
of mAbs to CD19 expressed by bacteria. (A) Expression of CD19 mRNA
by a porcine B cell line and T cell subsets. cDNA prepared from L23 B
cells and sorted CD4 and CD8 T cells and genomic DNA amplified with
primers 11 and 12 indicated in Fig. 1. Lane 1: CD4 cells; lane 2: CD8
cells; lane 3: L23 ¢cDNA; lane 4: 100bp polynucleotide ladder; lane 5:
genomic DNA. (B) Specificity of mAb Gl-1 for the 21kDa fragment of
bactenally-expressed CD19 (lane 1) and the membrane extracts of L23
B cells tested by Western blot (lane 2). The latter extract was also tested
using a polyclonal antibody to porcine IgG (lane 3). Porcine CD19 and
the IgGG H chain in the membrane cxtract should be 95 and SSkDa,
respectively.

or CD8(+) T cells. Fig. 3B shows that mAb G1-1 raised
to the extracellular domain of porcine CD19 readily recog-
nizes the product expressed by bacteria but fails to recog-
nize any protein extracted from the membrane of L.23 cells
and especially no protein of the expected 95 kDa. The same
results were obtained with mAb G1-2, D5 and G4-1. As a
control, we showed that the IgG heavy chain expressed on
L23 cells was recognized by an anti-IgG polyclonal anti-
body (Fig. 3B). Results are summarized in Table 2.

3.5. Specificity by FCM

The four mAb described earlier were tested by FCM.
All four anti—bacterial CD19 mAb gave only weak signals
above background (Table 2). This finding was consistent
with Western blot results (Fig. 3B). We also tested 17

Table 2
Flow cytometric analysis of anti-CD19 monoclonals

Clone Reactivity on peripheral Source
blood lymphocytes

Negative Weak Strong

4G7 + (Donor) Levy
B4 + (Donor) Nadler
BUI12 + (Donor) Johnson
BUI12 + (Donor) Hardie
HD237 + (Donor) Dorken/
Moldenhauer
H119a + (Donor) Chen
J4-166 + (Donor) Pesando
J3-129 + (Donor) Pesando
OKBI9A + (Donor) Rao
(ED6)
HB12a + (Donor) Tedder
HBI12b + (Donor) Tedder
11G1 + (Donor) van Lier
9D2 + (Donor) Funderud
PDR134 + (Donor) Pulford
HD37 + DakoCytomation AG
J4-119 + Immunotech
B-D3 + Diaclone
Gl-1 + mAb to 21 kDa
bacterial product
Gl1-2 + mAb to 21 kDa
bacterial product
G5 + mAb to 21 kDa
bacterial product
G4-1 + mAbD to 21 kDa

bacterial product

anti-human CD19 mAb kindly provided by Dr. Tom Tedder
or purchased from commercial sources. In the single-color
staining experiment, all but one mAbs provided no or only
a weak signal above the background level set using cells
stained only with the RPE-conjugated secondary antiserum.
The only exception—mAb B-D3 (Diaclone, Besangon,
France)—stained expected numbers of lymphocytes in
three different pigs at the staining level comparable to hu-
man samples. After single-color surface staining had been
combined with intracellular detection of an intraceliular
epitope of CD79a, the B-lineage specificity of B-D3 was
unambiguously confirmed while the other reagents proved
B-lineage-negative (Fig. 4). Anti-CD79a has been previ-
ously shown to be cross-reactive with various mammalian B
cells. Anti-CD79a was selected over anti-porcine Ig since
anti-CD79a uniformly detects B cells independent of their
BCR expression which can be quite variable (Lalor et al.,
1992).

4. Discussion

Our data confirm that swine also transcribes a gene for
the pan B cell co-receptor CD19. The sequence data pre-
sented in this report indicate that while exons 5-14 are
highly conserved among the few species that have so far



J. Sun et al./Molecular Immunology xxx (2004) xxx xxx 9

HMS7

BU-12

B-D3
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Fig. 4. Flow cytometric analysis of cross-reactive anti-human reagents. Data are provided for two weakly cross-reactive mAb (BU-12 and H119a) and
the only anti-human CD19 mAb that is truly cross-reacting (B-D3). Porcine B cells are detected using anti-CD79a (HM-57).

been studied (~80% homology; Table 1) those encoding
the extracellular portion of CD19 are only 60% homolo-
gous. Since the CD19/CD21 complex is important to B cell
regulation, these data predict that the signal transudation
pathways may be similar in porcine and human B cells
although the ligand for the extracellular domain may differ.
The recovery of two alternative forms of CD19 differing
in the 3’ UTR, is consistent with data on human CDI9.
Whatever the role of these two forms in human B cells is
likely to be the same in porcine B cells.

In our experience, it is unlikely that protein antigens shar-
ing only 60% homology will be recognized by the same
mAb. Data presented in Table 2 on the specificity of 17
anti-human CD19 mAb confirm this supposition. FCM and
Western blotting also show that mAb raised against the ex-
tracellular portion of CD19 expressed in bacteria, recognize
only the bacterial product but not CD19 on porcine B cells
(Fig. 3B). This may not be surprising and is probably unre-
lated to the issue of species homology since this region of
porcine CD19 is potentially heavily glycosylated and prob-
ably not properly folded as would be the case if expressed
in eucaryotic cells capable of glycosylation. Regardless of
this result, data presented in Table 2 suggest that the extra-
cellular portion of porcine CD19 expressed epitopes that are
distinct from the immunodominant epitopes on native hu-
man CD19 since only one of 17 recognized porcine B cells
(Fig. 4). Since anti-CD79a also detects B cells, one might
conceive of it use to recover pan B cells in swine. The diffi-
culty with this approach is that B cells must first be fixed and
permeabilized since anti-CD79a recognizes the conserved
cytoplasmic portion of Iga. Thus, B cells can be identified
by this reagent but not recovered for functional studies.

The failure of most anti-human CD19 mAb to recog-
nize the low homology extracellular domain of porcine
CD19 might also suggest that the porcine ligand that binds
the ligand-binding extracellular portion of porcine CDI9
may have also diverged. Our identification of one useful
anti-CD19 reagent should help characterize the several
unique features of porcine B cell development and differen-
tiation that have been described (Butler et al.. 2000, 2001;
Sinkora et al., 2003). The identification or preparation of
additional mAb that can recognize certain Fc receptors,
CD34, CD43 and Vpre-B can increase the definition of B
cell subsets. While our ability to clone homologs of these

recognized B cell CD marker testifies to their existence it
does not prove that their expression during B cell devel-
opment in swine is the same as that in mice or humans
and that commonly-recognized B cell CD markers in one
species serve the same purpose in other species. Cloning
molecular homologs and preparing CD-specific mAb that
can be used to recover various B cell subsets and to block
CD-ligand interactions, will allow the latter to be examined.
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Abstract. Sarcoma is a relatively rare malignant dis-
ease with high mortality, bad prognosis and response
to conventional therapy. Two possible models of this
disease were tested: the K2 rat sarcoma cell line, which
was described previously, and the new rat R5-28 cell
line derived from a spontaneously growing rat neo-
plasm with sarcoma morphology. While all rats inocu-
lated with K2 cells developed tumours at 22th-25th
day after inoculation (D = 22-25), only 60%-75% of
R5-28-inoculated rats were affected by tumours. The
frequency and progress of the disease depended on the
number of inoculated cells. No metastases were detect-
ed in both cases. All affected animals showed large
splenomegaly. A possible response of some immune sys-
tem components to tumours was tested. No tumour-
infiltrating lymphocytes were revealed in the tumour
tissue. Anti-tumour antibodies were not found in
tumour-bearing animal sera. Appropriate changes in
peripheral blood lymphocyte subsets were explored.
While the relative numbers of both NK cells and Tc
were impaired, no changes were noted in numbers of
CD4+CD8- T helper cells. Leukocytosis with highly
increased numbers of CD11b+ myeloid cells displaying
variable expression of CD4 was detected in terminal
stages of the disease.

Sarcomas are rare but aggressive tumours of mes-
enchymal origin. They consist of poorly differentiated
or undifferentiated tumour cells. On that account sarco-
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mas compose several heterogeneous histological
groups with different clinical markers. Prognosis is usu-
ally bad and standard therapies remain limited.

Several animal models of sarcoma are known, one of
them was described by Pokorna et al. (1994). K2, T15
and A8 Lewis rat sarcoma cell lines were established.
Their shape, cytoskeletal structure and mobility were
determined in vitro. Different metastatic potential was
shown for the three sarcoma cell lines. Rats inoculated
subcutaneously with K2 cells manifested pulmonary
metastases only occasionally (low malignancy), T15
cells gave rise to metastases in 40% (intermediate
malignancy) and A8 cells developed metastases in 80%
of animals (high malignancy).

Contrary to other tumours such as melanoma or
colon carcinoma, sarcomas are not very well defined
from the immunological point of view, particularly due
to the variety of differentiation stages of tumour cells
and therefore wide spectra of expressed antigens. It was
shown recently that more than 70% human sarcomas
bear tumour testicular antigens NY-ESO-1 and SP110
(Ayyoub et al., 2004). Two possible routes of immune
reaction against these antigens were described.
Tumour-specific CD8" T lymphocytes were found in
human synovial sarcoma (Ayyoub et al., 2004). This
observation accords well with the generally accepted
theory that the main anti-tumour immune response is of
Thl (inflammatory) type, which involves mainly acti-
vation of cytotoxic immune cells. However, specific
anti-tumour antibodies were found in sera of sarcoma
patients recently (Segal et al., 2005).

To identify host-tumour interactions and immune
system changes in this cancer disease we utilized the
Lewis rat sarcoma model. We selected the low-malig-
nant K2 cells to develop subcutaneous tumours in
experimental animals. Tumour growth, metastatic
potential and abundance of immune cells in peripheral
blood were monitored. We also included in this study
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new R5-28 cells originating from a tumour with sarco-
ma histology (spontaneously growing in a female
Lewis rat) that was isolated recently in our laboratory to
characterize them in vivo.

Material and Methods
Animals

Rats of the Lewis strain used in this study were
obtained from the Institute of Physiology in Prague
(Academy of Sciences of the Czech Republic). Twenty-
six male rats were used in total. Two groups of rats (18
animals) received R5-28 cells, four rats were inoculat-
ed with K2 cells, and four animals used as a negative
control were injected with PBS. Peripheral blood was
obtained from vena caudalis of each experimental and
control animal twice a week starting from day (D) = 0
until the end of the study, D =45, D =35, or D =70
(K2- inoculated, R5-28-inoculated group B, group A,
and control rats, respectively).

Cells

The K2 cells (Pokorna et al., 2003) were cultivated
in vitro using DMEM medium (Sigma-Aldrich, Stein-
heim, Germany) supplemented with 10% foetal calf
serum (FCS) (Sigma-Aldrich).

We isolated the R5-28 cells recently from a sponta-
neously growing Lewis rat tumour with sarcoma histol-
ogy. These cells were expanded in vitro in DMEM
medium with 10% FCS, frozen in aliquots and stored in
liquid nitrogen for following experiments.

Both the K2 and R5-28 cells growing in vitro were
washed with PBS, trypsinized and gently washed twice
in PBS before injection. Cell suspensions were applied
subcutaneously into two places on the back at a dose of
3 x 10° or 5 x 103 cells in 0.1 ml PBS for group A or
group B, respectively. The control rats were injected
with 0.1 PBS per place only.

Antibodies

Monoclonal mouse anti-rat FITC or RPE-conjugated
primary CD3, CD4, CD8 (Becton Dickinson, Franklin
Lakes, NJ) and CD11b (Serotec, Kidlington, UK) anti-
bodies were used for FACS analyses.

For immunohistochemical staining, anti-vimentin
(Boehringer Mannheim, Mannheim, Germany), anti-
cytokeratin 18 (Labsystems, Helsinki, Finland) and
anti-proliferating cell nuclear antigen (PCNA) (Dako
Cytomation, Glostrup, Denmark) antibodies were used.

Staining of blood cells and FACS analysis

For FACS analysis, we followed the staining proto-
col for Easy Lyse solution (Dako Cytomation) with
minute modifications. Briefly, 50 pl of whole
heparinized blood were mixed with 1 €l of each anti-
body per sample and incubated for 30 min at room tem-
perature in the dark. Thereafter, 1 ml of Easy Lyse

working solution was added and incubated for 10 min.
After incubation, samples were washed in PBS with
0.2% gelatin from cold water fish skin (Sigma) and
0.1% sodium azide, centrifuged (200 g, 5 min, 4°C) and
immediately measured in the FACS Calibur (Becton
Dickinson). Data from the cytometer were evaluated
using Summit software (Dako Cytomation).

Blood smears were stained for microscopic analysis
using standard May-Griinwald and Giemsa-Romanows-
ki staining.

Immunocytochemical staining

Cells were grown in vitro on glass coverslips in
DMEM medium with FCS until they almost reached
confluence. Then, the medium was removed, cells were
washed shortly in PBS and fixed with cold ethanol for
10 min. After washing in PBS with 0.2% bovine serum
albumin (BSA) (3 times, 5 min each), unspecific stain-
ing was blocked with 10% goat serum and primary anti-
bodies were applied overnight in 4°C. Thorough
washing in PBS with 0.2% BSA followed and cells
were incubated in the dark with appropriate Cy3-conju-
gated secondary antibody for 1 h at room temperature.
Cell nuclei were counterstained with DAPI. Finally,
stained cells were embedded in Mowiol with propyl
gallate and evaluated with a Provis AX70 fluorescent
microscope (Olympus, Prague, Czech Republic).

Non-fixed cryosections of tumour tissue were used
to determine the presence of anti-tumour antibodies
(Alexander et al., 1996). Samples were blocked with
2% BSA in PBS and incubated 1 h at room temperature
with plasma collected from experimental animals and
diluted 1 : 100 in PBS. FITC-conjugated rabbit anti-rat
Ig was used as secondary antibody. Cell nuclei were
counterstained with DAPI.

Results
K2 sarcoma cells form highly progressive sar-
coma tumours in the Lewis rat

Four Lewis male rats were inoculated with K2 cells
as described above (day D = 0). No significant changes
in the health status were seen in first two weeks after
K2 cell application. The first macroscopic tumours
were observed on D = 22-25 in all animals. Once the
tumours appeared, extensive tumour growth and dis-
ease progression started. All animals became apathetic
and cachectic with large (71 x 43 x 32 mm) tumour
lesions within 3 weeks. Rats were sacrified shortly
before death due to tumour progression in advanced
stage of the disease (D = 45). No spontaneous regres-
sion of sarcoma tumours was observed.

Subcutaneous tumours were freely movable and cap-
sulated in connective tissue. Tumour vascularization
was weak and mainly superficial. The central part of all
tumours was necrotic, but no cysts, haemorrhagic areas
or cavities filled with fluid were found there. In two
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animals, initially subcutaneous tumours penetrated into
abdominal and thoracic cavity, respectively.

Splenomegaly (51 x 15 mm vs. 34 x 9 mm in control
rats) was found at autopsy in tumour-bearing animals.
No other organs were pathologically changed and
metastases of the sarcoma cells affected no inner
organs.

R5-28 cells form tumours in 60% of inoculated
Lewis rats

The cells named R5-28 were derived from a sponta-
neous neoplasm that developed in one Lewis rat kept in
our laboratory. These cells were expanded in vitro and
partially characterized. The cells have a spherical shape
with short dendritic protuberances (Fig. 1). Immunocy-
tochemical analysis showed that these cells are positive
for vimentin and negative for cytokeratin 18. Staining
performed for PCNA showed positivity in almost all
cells. It corresponds well with good proliferation of RS-
28 cells in vitro. Particular morphological and immuno-
cytochemical characterization of the R5-28 cells is a
matter of running experiments in vitro.

The malignancy and tumorigenicity of the R5-28
cells was determined in two groups of male Lewis rats
inoculated subcutaneously with different quantities of
R5-28 cells (day D = 0). To study the relation between
the tumorigenic potential and quantity of inoculated
RS5-28 cells, we divided rats into two groups. Group A

Fig. 1. R5-28 cells in vitro. Cells have spherical shape
with dendritic protuberances and are easily maintained in
vitro.

(10 animals) obtained the same dose as K2-inoculated
rats (3 x 10° cells/ml). Group B (8 animals) was inject-
ed with a higher dose (5 x 10° cells/ml). No significant
changes in the health status of animals were seen dur-
ing two weeks after R5-28 cell administration.

Tumours in group A appeared subsequently in the 4th
week after cell inoculation (3 animals on D = 25; 2 ani-
mals on D = 27; 1 animal on D = 31). The other four
animals developed no tumour over the whole experi-
ment (D = 70). Relatively slow, but constant tumour
progression was obvious in all tumour-bearing animals
without any signs of spontaneous regression. Their
health status after five to six weeks (D = 36-45) was
practically the same as in K2 sarcoma-bearing rats in
terminal stage of the disease, including tumour size (74
x 52 x 36 mm) (Fig. 2). All tumour-bearing as well as
non-affected and control (PBS injected) animals were
sacrificed on D = 70.

The situation in group B was slightly different. The
first tumours appeared already on D = 14 in 75% of rats
(six animals). However, there was a significant varia-
tion among individuals. Whereas three rats quickly
developed larger tumours (14 x 30 mm on average),
another three animals bore only small tumours (10 x
12.5 mm on average) on D = 14. The two remaining
animals never developed any visible tumours over the
whole experiment. The next progression of tumours
clearly depended on the state of the disease on D = 14.
All severely affected rats showed rapid tumour growth
with fast general pathogenetic changes and were sacri-
ficed on D = 35 due to bad health condition. By con-
trast, rats that showed only small tumours in early
stages of the disease stopped tumour growth on D = 18
and subsequently regressed spontaneously. Finally, no
tumours were detected on D = 27 and all three animals
were without any pathological findings until D = 50.
We can therefore conclude that a high dose of R5-28
cells induced tumours in 75% of animals (vs. 60% in
group A). On the other hand, no spontaneous tumour
regression was detected in group A, while in group B
50% of mildly affected animals rejected tumours in a
short time.

. TR —
Fig. 2. Tumour-bearing rat 45 days after R5-28 cell appli-
cation.
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To determine the immunogenicity of R5-28 cells and
to decide whether or not there is some immunologic
memory, we re-injected three animals recovered by
spontaneous regression with 5 x 10° R5-28 cells. No
tumours were detected even on D = 80.

The histological features of growing R5-28 tumours
were the same for both groups of tumour-bearing ani-
mals. All tumours were freely movable, capsulated in
connective tissue, similarly to K2 tumours. The inner
part of R5-28 tumours was heavily necrotic, with large
haemorrhagic cysts filled by clear red fluid. Tissue sam-
ples taken from all tumours at autopsy showed sarco-
ma-like morphology on histologically stained sections.
Similarly as in the K2 tumour-bearing rats, the spleens
of R5-28 tumour-bearing rats were enlarged in size (49
x 13 mm), in contrast to non-affected rats (34.5 x 9 mm)
and control animals (34 x 9 mm). No other organs were
pathologically changed or affected by metastases.

Interaction of immune cells with tumours

Interactions of some components of the immune sys-
tem with both K2 and R5-28 tumour cells were moni-
tored. No leukocyte infiltration was observed either by
histology or by flow cytometry (not shown) in samples
taken from K2 and R5-28 subcutaneous tumours at
autopsy. No anti-tumour antibodies were detected in the
plasma of both K2- and R5-28- inoculated rats by
immunohistochemical methods.

FACS analysis of peripheral blood showed that the
relative number of NK cells and Tc slightly increased
after inoculation with both K2 and R5-28 cells as com-
pared to control animals, where no significant changes
were noted. A decrease of relative NK and Tc cell num-
bers was observed after this elevation during following
weeks. This decrease was noted in K2 tumour-bearing
animals as well as in R5-28 inoculated (both tumour-
bearing and non-affected) rats. However, these changes
were not found in control animals. No significant
changes occurred in CD4*CD8 helper cells during the
study in experimental and control animals.

As tumours progressed, myeloid cell populations
strongly increased and nearly surpassed lymphocytes in
terminal stages of the disease. All these cells showed
CD11b on the cell surface. The majority of these cells
fell into the FSCMSSCh cell compartment in FACS
analysis. Besides that, a new population of FSCh
SSCmed cells appeared in flow cytometry around D =
20, D = 30 or D = 14 for K2 tumour and group A or
group B of R5-28 tumour-bearing rats, respectively.
These cells were classified as CD45"CD3 CD4°CD8
CDI11b* (Fig. 3) and their number increased as the
tumours progressed. It was in contrast to control ani-
mals, where most of SSC™CD11b* cells co-expressed
CD4, so they could be classified as monocytes. In
tumour-bearing animals of all groups, CD11b*CD4
cells surpassed the CD11b*CD4* population as the dis-
ease progressed. Histologically, a significantly

increased number of myeloid cells (20% in controls vs.
90% of myeloid cells in tumour-bearing rats) with high-
ly segmented nuclei was confirmed in blood smears
(Fig. 4). Moreover, myeloid cells in blood of control
animals had 9.3 pum in diameter, whereas in tumour-
bearing animals it was 10.5 pm. However, this differ-
ence was not statistically significant.

Discussion

Mouse and rat inbred strains with inoculated tumour
cells are often used as animal models of various can-
cers. Interactions of tumour and immune cells, cytokine
expression and effect of new therapeutic procedures or
anti-tumour drugs can be easily monitored using such
models. We utilized in our study Lewis rats with inocu-
lated K2 and R5-28 rat tumorigenic cells to reveal a
potential reaction of the immune system to growing
subcutaneous tumours since application of the sarcoma
cells to final stages of the cancer disease. All animals
that obtained K2 sarcoma cells showed tumour growth,
in agreement with our previous results (unpublished).
Tumour progression was very rapid and animals were
dying during 7 weeks after inoculation. Contrary to
Vesely et al. (1987) we did not find lung metastases in
tissue sections. However, Vesely and colleagues
described only low metastatic potential of K2 cells. No
more than one or two metastases per 10% of inoculated
animals were found. This low metastatic potential is
compatible with our previous observation. Although we
used four animals in this experiment only, more than 10
other experiments with K2 cells were done before and
approximately 10% of animals showed metastases gen-
erally.

The R5-28 cells were derived from a spontaneously
growing rat neoplasm. These cells growing in vitro
show mainly spherical shape with small dendritic-like
protuberances. Pokorna et al. (2003) compared three rat
sarcoma cell lines, and the R5-28 cells are similar in
shape to K2 cells. This morphotype is characteristic for
slow-moving cells with low malignancy, which R5-28
cells are. Immunocytochemical staining determined
these cells as vimentin-positive and cytokeratin 18-neg-
ative. These findings correlate well with the observed
sarcoma-like histology of subcutaneous R5-28 tumours
and confirm the mesenchymal origin of these cells.
Almost all R5-28 cells also show positivity for PCNA,
which is involved in cell division. This suggests high
proliferative capacity of R5-28 cells.

Two groups of Lewis rats were inoculated with R5-
28 cells. Group A obtained 3 x 10° cells/ml, group B
was inoculated with 5 x 10° cells/ml. In group A (N =
10) tumours developed in six animals after 25-31 days.
The remaining four animals did not show any symp-
toms during all the experiment (70 days) and no patho-
logical changes were observed in tissue sections. In
group B (N = 8) tumours developed in 75% of animals
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(N = 6). One half (N = 3) of affected rats showed larg-
er tumours with rapid progression. However, the second
half of affected rats (N = 3) developed only small
tumours and these neoplasms were quickly rejected.
The remaining two animals did not develop any tumour
during the whole experiment (D = 70). The R5-28 cells
were derived from a Lewis rat spontaneous neoplasm,
so it was supposed to be synergic. Nevertheless, some
genetic or expression pattern abnormalities may have
occurred by neoplasm developing in vivo. Moreover,
there could be some variability in genes participating in
immunosurveillance among animals of the Lewis
inbred line. R5-28 may thus not be absolutely synergic
for all animals, and/or the immune system balance and

SsC

A

CD11b

23% 23%

SSC

responsiveness among rats differs. In any case, rejec-
tion of the R5-28 tumour cells has to occur shortly after
inoculation, because no tumours were observed in 40%
of rats in group A. On the contrary, three animals of
group B showed tumour rejection shortly after appear-
ance. This surprising finding could be paradoxically
explained by the lower dose of R5-28 cells in group A.
A lower number of tumour cells may be rejected very
rapidly after application, so that no macroscopic marks
of tumour growth were observed. Contrary to that, a
higher number of R5-28 cells can form small tumours
that are subsequently destroyed by the immune system.
The experiment with repeated administration of R5-28
cells into rats of group B that underwent spontaneous

SscC

CD11b |31.5%

14.5%

CD11b

ssc

Fig. 3. Phenotyping of peripheral blood cells in healthy and R5-28 tumour-bearing rats in advanced stage of the disease.
A highly increased number of granulocytes (III) and decreased amount of lymphocytes (I) is clearly visible in R5-28
tumour-bearing rat sample (B) compared to a healthy animal (A) at FSC/SSC parameter analyses. Moreover, the SSCmed
cell population (II) is increased in R5-28 tumour-bearing rat. All these cells maintain the CD11b molecule on their sur-
face. Approximately half to 2/3 of them are CD4+ in control rats (C). Contrary to that, CD4- cells increase in number
in tumour-bearing rats (D). CD11b-bearing cells differ between healthy (E) and R5-28 tumour-bearing rat (F). The num-
ber of CD11b-positive cells both SSC™ed and SSChi are increased more than 10 times in R5-28 tumour-bearing rat.



164 A. Moravkova et al.

Vol. 51

Fig. 4. A considerable increase of myeloid cells is clearly seen in blood smears of tumour-bearing animal (B) in com-
parison with a control rat (A).

regression suggests there may be some immunological
memory. Although the rats developed small tumours
after the first tumour cell application, absolutely no
changes in the health status were observed after the sec-
ond one. No R5-28 cell metastases were observed in
experimental animals in all groups. This may signify
that R5-28 cells have no or only low metastatic poten-
tial similar to that of K2 cells.

The inner part of both K2-derived and R5-28-derived
tumours was necrotic. In the case of RS5-28 tumours
there were large cavities filled by fluid. Surprisingly,
leukocytes were detected neither in tumours nor in the
cavity fluid. Both K2 and R5-28 tumours form blood
vessels mainly at their surface. The inner part of the
tumour therefore has not enough nutrition and dies
either by necrosis or apoptosis. On the other hand, this
anatomic organization together with a compact charac-
ter of tumour tissue may implicate worse accessibility
of inner parts of the tumour for leukocytes. In any case,
the same situation is generally known for other rapidly
growing tumours in humans and animal models.

It is known that in a wide spectrum of solid tumours
in mouse and in man, the number of immature myeloid
cells (iMC) increases in peripheral blood and spleen
(rewieved by Kusmartsev and Gabrilovich, 2005).
These cells express CD11 and other myeloid markers

(Gr-1), but do not compose a uniform population. More
likely, it is a mixture of myeloid cell populations in dif-
ferent stages of maturation. The composition of this
mixture differs in various tumours. It is clear now that
these cells are able to kill activated T cells and promote
tumour growth.

Compared with these facts, our results fit with the
data about myeloid cells both in K2- and R5-28-bearing
rats. The composition of leukocyte population in
peripheral blood was monitored during the whole
experiment. Starting from the first macroscopic mani-
festation of tumours, a significant increase of CD11b*
myeloid cells was observed by flow cytometry. In blood
smears, myeloid cells with high-segmented nuclei com-
posed 50%—90% of all leukocytes in peripheral blood,
dependent on tumour progression. The diameter of
these cells was 10.5 um, contrary to 9.3 um in normal
myeloid cells in control rats. That means a difference of
about 10% of the cell size. However, this difference
was not statistically significant, probably due to the low
number of experimental and namely control animals
and to the fact that myeloid cells compose only 20% of
leukocytes in control rats. The bigger size of myeloid
cells in tumour-bearing animals shows their activated
status and may also represent lower differential stage of
these cells.
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A clearly visible vigorous increase of all CD11b-pos-
itive cells, either SSCM or SSC™ed, was visible in flow
cytometric analyses. At the same time the relative num-
ber of lymphocytes decreased dramatically. Detailed
analysis shows that the population of cytotoxic CD4"
CD8* selectively subsided, while the number of
CD4"CD8 helper cells remained constant. It is in
agreement with the data of Kustmartsev et al. (2004),
who brought evidence that iMC could directly kill T
cells, especially activated cytotoxic T lymphocytes. As
was described above, peripheral myeloid cells in
tumour-bearing rats can be divided into two groups
according to the SSC parameter. The SSC™d popula-
tion in healthy rats is composed mainly of CD4-positive
cells, which are generally known as monocytes. This
monocyte population makes more than 2/3 of all
SSCmedCD11b* cells; the remaining SSC™4CDI11b*
cells are CD4 in control rats. During the tumour pro-
gression the ratio between CDI11b"CD4* and
CDI11b*CD4 changes and finally CD4-negative
myeloid cells surpass CD4" monocytes in peripheral
blood. All these data point to the fact that this myeloid
population is very heterogeneous and this heterogeneity
increases during tumour disease. The exact composition
of this population as well as R5-28 tumour factors,
which lead to such pathological events, would be sub-
ject to further research.
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