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Abstrakt

Biotechnologicky vyzkum v oblasti transgenni dribezZe neni diky velmi
specifickému rozmnozZovani ptakd zdaleka tak uspéSny jako u savcu.
Predkladana prace se pokous$i nabidnout komplexni pfistup feSeni jedné
z moznych technik tvorby transgenni drabeze. V pribéhu prace byla
ovéfena moznost pouZiti obvyklych transfekénich technik na kulturach
blastodermalnich a testikularnich bunék. Byla propracovana puvodni
funkCni technika sterilizace kohoutich varlat a obnoveni spermatogeneze
transplantaci  testikularnich  bunék  kohouta darce. ZnacCené
transplantované buriky rekolonizovaly prazdné tubuly sterilnich varlat a
obnovily  spermatogenezi. Byl vytvofen retrovirovy  konstrukt
s markerovym transgenem pro expresi zeleného fluorescenéniho proteinu
(GFP), kterym byly infikovany transplantované testikularni buriky. Po
obnoveni spermatogeneze byl v DNA spermii detekovan markerovy
transgen, pficemz u infikovanych bunék nebyla zjisténa signifikantni
metylace integrované DNA. Metodou prutokové bunééné cytometrie byla
analyzovana smés testikularnich bunék a byly popsany a identifikovany
populace testikularnich bunék, v€etné tzv. side population bunék (SP),

mozné skupiny kmenovych spermatogonialnich bunék.



Abstract

Biotechnological research in chicken transgenesis is still lagging beyond
the mammals mainly due to the specificities of avian reproductive system.
This thesis is trying to offer functionally complex approach to the chciken
transgenesis through one of the techniques. Common transfection
techniques were applied on chicken blastodermal and testicular cells to
affirm this approach. Our original technige of sterilization of chicken
testes was improved and applied. Stained testicular cells of donor male
were transplanted into sterilized acceptors testes and subsegent tubuli
recolonization and sperm production were described. The retroviral-
based vector was developed and transplanted testicular cells were
successfuly infected. Carried marker transgene (Green fluorescence
protein, GFP) was detected in DNA of produced sperms and no
significant CpG methylation was detected when sreening infected cells.
Through the flow cytometry, testicular cells used for transplantation were
analyzed. All major spermatogonia-derived populations were described
including the side population (SP), possible group of spermatogonial stem

cells.
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1. Uvod

Biotechnologicky vyzkum v oblasti transgenni driabezZe neni zdaleka tak
uspésny jako u savcul. Hlavni pfi€inou tohoto zpozdéni je velmi specifické
rozmnozovani ptakl, které neumoznuje aplikaci jiz vyvinutych technik,
popf. celych funk&nich systému u savcu. Jednim z hlavnich divodu, pro¢
se pozornost soustfedila na vyvinuti transgenni technologie u driibeze, je
fakt, Ze ve srovnani s ostatnimi druhy masa, spotfeba driibeziho vyrazné
stoupa. Z dribeze, ktera byla po staleti chovana u vesnickych pribytka,
se teprve prfed nékolika desetiletimi stal druh nejvy$Siho komeréniho
zajmu chovany ve statisicich na farmach a celé odvétvi se dale
dynamicky rozviji. Od roku 1960 se produkce dribeziho masa vice nez
zeSestinasobila (Mulder, 2002). Z toho také plynou nemalé investice do
vyzkumu drubeze na bunéCné a molekularni Urovni a odstartovani
rozsahlych projektl vedoucich mj. také k pfipravé geneticky modifikované
dribeze. Od transgennich ptaku si Ize slibovat mnohé - snizeni tu€nosti
masa, zvySeni svalové hmoty, lepSi vyuZiti jednotlivych sloZzek krmiva,

zavedeni genu pro rezistenci k nejriznéjSim chorobam apod.

Dal$im nezanedbatelnym dlvodem je fakt, Zze drlbezi vejcovod je
mozno vnimat jako potencialni bioreaktor pro produkci velkého mnozstvi
proteinli, cennych napfiklad pro farmaceuticky pramysl. Jednou z velkych
vyhod pfi vyuziti dribeze pro produkci farmaceuticky cennych latek oproti
savclm by byla skute€nost, Ze pfi produkovani téchto specifickych latek
by se vyrazné sniZil problém biologické zkfizené reaktivity. Ptaky
syntetizované proteiny by byly biologicky uéinné pro savce, ale ne pro
ptaky. Nadprodukce cizorodych proteini by pak nepusobila produkujicim
drabezim jedincim zadné problémy, jako tomu muze byt u transgennich

savcu.



Vajecny bilek obsahuje pfiblizné 4g protein(, z nichz vice nez polovina
pochazi z genu pro ovalbumin (OV). Pak tedy OV promotor v kombinaci
s dalSimi expresnimi elementy muze vytvofit az 1g rekombinantniho
proteinu vcca 25% Cdistoté, to vSe do pfirozené sterilniho prostfedi
vaje¢ného bilku. Pfi ro¢ni snasce 300 vajec pak jedna slepice muze

teoreticky vytvofit az 300g suroveho proteinu za rok. (lvarie 2006)

| pfes mnoho Usili a ¢asu vénovaného feseni tohoto problému je nutno
konstatovat, Ze po objektech vyzkumnych ustavu Zije zatim nemnoho
drubezich jedincu s pfivlastkem transgenni, prestoze zejména v posledni
dobé doslo k vyznamnym posunim v dané oblasti a na jedince, ktefi by
byli schopni komer¢né produkovat pro Clovéka a zvifata cenné proteiny,

jiz dlouho €ekat nebudeme.



2. Soucasny stav resené problematiky

Jak jiz bylo fe€eno v uvodu, biotechnologicky vyzkum v oblasti
transgenni dribeze neni zdaleka tak UspéSny jako u savcu. Hlavni
priCinou tohoto zpozdéni je velmi specifické rozmnozovani ptaka.
ZarodeCny terCik vejce je hned od pocCatku svého vzniku spojen s
mimofadné velkym Zloutkovym vakem a zhruba 15 minut po ovulaci vejce
dochazi v nalevce vejcovodu k jeho oplozeni a k naslednému
postupnému obalovani vrstvami bilku, podskofapecnymi blanami a
nakonec skorapkou. ProtoZze snesené vejce obsahuje jiz cca 60 000
bunék, je vtomto stadiu vyvoje pro manipulace jiz téméF nepouzitelné.
Chceme-li manipulovat s ptatim embryem jesté pfed snesenim vejce,
pak z vySe uvedenych dlvodl (velky Zloutkovy vak, rGzné vrstvy, které
tvofi vejce jako celek) je drabezi zarodek témér nepfistupny a jakékoliv
manipulace na urovni raného embryonalniho stadia jsou tak na rozdil od
rutinné provadénych manipulaci u savcl nesmirné obtizné. DalSim
problémem je fyziologicka polyspermie. | kdyby se podafilo pronuklea v
cytoplazmé vajiCka identifikovat, nelze s jistotou urcit, které samci

prvojadro splyne se sami¢im (Birkhead et al., 1994).

Tyto manipulace by teoreticky byly mozZné provadét pfi inkubaci
drabeziho embrya in vitro, ale i pfi zvladnuti je vzhledem k pFitomnosti
Zloutkového vaku tato technika nesmirné obtizna a podafila se ¢astecné
zvladnout pouze ve Skotsku v Roslin Institutu (Perry, 1988) a pozdéji v
Japonsku (Naito et al., 1994). Technika klonovani, uspésné provadéna u

savcl, nebyla u drlibeze dosud vyvinuta pravé z uvedenych duavodu.

Proto se experimentalni prace v uvedené oblasti u driibeze zaméfily na
manipulace s nediferenciovanymi driibezimi burikami, at jiz se jedna o
blastodermalni buriky (pluripotentni buriky izolované ze zarodku ve stadiu
blastocysty sneseného vejce), primordialni gonocyty (PGC, prekurzory
gamet; lze je ziskat pfiblizné 2. den inkubace embrya) i

spermatogonialni buriky (pocate¢ni stadium vyvoje spermie ve varleti).



Vv _ wvivs

popsana technika spociva ve vyuziti virl jako vektort pro pfenos gendu.

Vyuziti blastodermalnich bunék

Ze sneseného vajicka stadia X (Eyal-Giladi and Kochav, 1976) je jiz
embryo tvofeno 60-80 tisici bunfikami (Kochav et al., 1980). Bunky
vytvareji blastodermalni terCik tvofeny epiblastem a formujicim se
hypoblastem. Z tohoto vyvojového stadia je izolovan blastodisk a ziskana
suspenze jednotlivych blastodermalnich bunék. Urcité mnoZstvi téchto
pluripotentnich bunék je pak injikovano do blastodermalni dutiny stejné
starého recipientnino embrya. Pfedpoklada se, Ze se injikované buriky
budou podilet na vystavbé téla, a Ze nékteré z nich daji vzniknout i
pohlavnim bunkam. | pfi injikaci nékolika set bunék je stale mala
pravdépodobnost, Ze se stanou soucasti téla a v idealnim pfFipadé
progenitory pohlavnich bunék. DalSi problém je neexistence zavedené

slepicCi linie embryonalnich kmenovych bunék.

Prvni zarode¢nou chiméru se podafilo vytvofit v Kanadé (Petitte et al.,
1990). Pak nasledovaly dalSi uspésné pokusy (Carsience et al., 1993,
Thoraval et al., 1994, Etches et al., 1993, Trefil et al., 1995). Cely postup
je v soucCasnosti vylepSovan na bunééné urovni — Kkultivace in vitro,

geneticka modifikace, pfenos bunék bez ztraty totipotence.



Vyuziti spermatogonialnich bunék

Transplantace spermatogonialnich bunék (SSC) umozhuje zpusob jak
studovat proliferaci a diferenciaci zarode¢nych bunék varlete a zaroven
muze byt pro prenos exogenni genetické informace do tkané
operovaného jedince. U savcu je této problematice vénovana rozsahla
pozornost, nicméné u ptakd je doposud malo prozkoumana. Varlata
ptakl se nachazeji v bfiSni dutiné a jsou tedy pfistupna pouze po
chirurgickém zakroku. Navic lezi v sakralni oblasti, v tésné blizkosti aorta
abdominalis a vena cava posterior (Tingari and Lake, 1972), takze
operace je naro¢na na presnost. Morfologické a histologické specifikace
ptaCich bunék uc€astnicich se procesu spermatogeneze jiz byly
studovany u nékolika druhu (Brillard, 1986; Goes and Dolder, 2002; Lin
and Jones, 1990; Noirlaut et al, 2006; Thurston and Korn, 2000; Zhao
and Garbens, 2002;), teprve nedavno pak byly na zakladé detekce
specifickych povrchovych marker identifikovany mozné kmenové

spermatogonie (Bakst et al, 2007).

U savcl byly prvni transplantace provedeny se suspenzi
tetsikularnich  bunék obsahujicich neznamy pocet kmenovych
spermatogonii. Autofi uvadéji, Ze po této operaci byla zahajena normaini
spermatogeneze u vice jak 70% recipientl. Vytvofené spermie byly
morfologicky zcela normalni a schopné oplozeni vaji¢ka (Brinster et al.,
1994, Brinster and Zimmermann, 1994). Naslednou charakterizaci
spermatogonialnich kmenovych bunék izolovanych z mySiho embrya,
adolescentniho a dospélého jedince, se tyto bunky podafilo ¢aste¢né
purifikovat, coz kromé studia jejich funkci (Brinster, 2002) umoznilo
optimalizaci celé techniky kolonizace varlat darcovskymi burikami, a to
jak u jedincl stejného druhu (Ogawa et al, 1997; Russel et al, 1996), tak i
mezidruhové (Clouthier et al, 1996; Dobrinski et al, 1999; Oatley et al,
2002; Russel and Brinster, 1996).

U ptacich druhG byly pfenosem primordialnich gonocytl (PGC) do

embrya kfepelky a kufete vytvofeny zarode¢né chiméry (Naito et al.,
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1994, Naito et al., 1999, Nakamura et al., 1992), transplantace
kmenovych spermatogonii se v8ak podafila pomérné nedavno (Trefil et
al., 2003; Trefil et al., 2006, Song and Silversides, 2007).

Zakladem pro uspésné zvladnuti této techniky je v prvni fadé uspésné
zvladnuti sterilizace varlat kohouta akceptora tak, aby mohlo dojit k
rekolonizaci varlat. To v8ak u dribeze, na rozdil od savcu, neni snadna
zalezitost. Bylo vypracovano nékolik postupl, véetné in ovo aplikace
ucinné latky do €asnych embryonalnich stadii kufete (Eyal-Giladi and
Simkiss, 1991; Song et al, 2005), chirurgického zasahu, ¢i vystaveni
Cerstvé vylihlych kufat ionizacnimu zafeni (Carsience et al, 1993; Tajima,
2002; Thoraval et al., 1994). Busulfan (1,4-butandioldimetansulfonat),
cytostatikum s prokazanym sterilizaénim uc€inkem u savcu, byl shledan
Skodlivym pro vyvijejici se kufeci embrya (Smykalova et al., 1998), i kdyz
bylo pozdéji zjisténo, Ze pokud podan az po 24hod inkubace, dojde ke
sterilizaci kufete bez Skodlivych nasledkd (Song et al., 2005). Jako
alternativa k busulfanu byla posana uspésna sterilizace mySi a potkanu
po jejich opakovanému vystaveni vysokym davkam gamma zareni (Judas
et al., 1996; Meistrich et al., 1978; Pinon-Lataillade et al., 1991; Van Beak
et al., 1986). Podobné jako u kurat, uplné sterilizace bylo dosazeno
vystavenim jedince péti davkam o velikosti 8 grayd (Gy) v 3-4 dennich
intervalech (Trefil et al., 2003).

MySi SSC se fidce vyskytuji v suspenzi Cerstvé izolované tetsikularni
tkané a mohou byt infikovany replikacné-defektnimi retrovirovymi vektory
(Nagano et al., 2000). Byly zjistény kultivacni podminky pro obnovu a rust
mySich SSC (Kubota et al. 2004, Hamra et al. 2005). Takto udrZzované
bunky byly geneticky modifikovany a nasledné uspé&Sné pouZity
k obnoveni fertility sterilnich jedincli (Kanatsu-Shinohara et al. 2003,
2004, Kubota et al. 2004). | kdyz u ptakd doposud nebyly vypracovany
podminky pro udrZzeni SSC in vitro, Ize pfedpokladat, Ze efektivni
metodou genetické modifikace smési Cerstvé izolovanych kufecich
testikularnich bunék Ize posihnout i fidce se vyskytujici SSC. Toho Ize
dosahnout pravé pouzitim virového vektoru o vysokém titru; proniknuti

viru do bunky trva velmi kratkou dobu, navic s minimalnim negativnim
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vlivem v porovnani napf. s lipofekénimi &i elektroporacnimi technikami,
coz by vdisledku mohlo vést k omezené ucinnosti nasledné

transplantace.

Diky doposud nevyraznym uspéchum pfi kultivaci a genetické modifikaci
kufecich embryonalnich kmenovych bunék (ESC, Pain et al. 1996, Petitte
et al. 2004) se v soucasnosti pouzivané techniky soustfedi zejména na
praci s blastodermalnimi bunkami stadia X (Koo et al. 2004, Kwon et al.
2004, McGrew et al. 2004, Lillico et al. 2007) a primordialnimi gonocyty
(PGCs; Vick et al. 1993, Naito et al. 1999, van de Lavoir et al. 2006).
Spermatogonialni kmenové bunky, pokud by byly in vitro geneticky
modifikovany a nasledné transplantovany do varlat kohouta pfijemce, by

tak mohly byt vhdonou alternativou k témto technikam.

VyuZiti retrovirovych vektoru

| pfes velkou snahu vyuzit pro transfer cizorodé genetické informace
rizné dostupné techniky, infekce pomoci retrovirovych vektord s vysokym
titrem se zda byt jedinou moznosti pro uspésny prenos gent (Kwon et al.,
2004; McGrew et al., 2004).

Prvni geneticky modifikovani ptaci byli vytvofeni pomoci vektor(
odvozenych z ptacich retrovirl. Retroviry byly samoziejmymi kandidaty
pro prenos genu, protoze nedilnou soucasti jejich zivotniho cyklu je
integrace do chromozom( svého hostitele. Nejprve byly kinfekci
pouzivany replikacné-kompetentni dribezi sarkomové a leukosové viry,
stejné tak jako retikuloendotheliosové - derivované virové vektory (Salter
et al., 1987; Bosselman et al., 1989). Modifikaci vektord odvozenych
z viru ptaci leukozy (ALV, avian leukosis virus) a viru retikuloendoteliézy
vznikly prvni replikaCne defektni vektory, které ve svém hostiteli
podstupuji pouze jednokrokovou integraci do genomu. Tyto replikacné
defektni vektory obsahuji virovy genom zbaveny klicovych genu

kodujicich virové proteiny a naopak obsahuji zvoleny transgen;
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zachovany jsou sekvence nezbytné pro integraci virové DNA a pro
pakazovani virionu. Kopie genlU virovych proteind jsou uchovany
oddélené v samostatnych plasmidech. Virové partikule se pak ziskavaji

kotransfekci virovych vektorl a téchto plasmidd do tkanovych kultur.

ALV vektory byly pouzity k tvorbé transgenni dribeze, ale frekvence
transgennich kohoutl byla nizka (10%) a pouze jeden z 56 jedincl
produkoval transgenni potomky. Frekvence transgennich potomku tohoto
samce byla také nizka - ~ 0,7% (Harvey and lvarie, 2003). Pouzitim
vektoru odvozeného z ptaCiho viru slezinné nekrézy (Avian spleen
necrosis virus, ASNV) byli ziskani transgenni jedinci exprimujici nizké
hladiny transgenniho proteinu (Mozdziak et al., 2003). Injikaci replikaéné
defektniho retroviru produkovaného systémem retrovirového vektoru
pantropizovaného glykoproteinem G viru vesikularni stomatitidy, byl
ziskani transgenni jedinci exprimujici zeleny fluorescenéni protein (GFP;
Kwon et al., 2004, Koo et al. 2004). Pouzitim lentivirovych vektord
odvozenych z viru koriské infekéni anémie (EIAV), stejné jako replikacné-
defektnich vektorl odvozenych z Moloney murine leukemia virus
(MoMLV), bylo dosazeno cilené exprese terapeutickych proteind ve
vajecném bilku (Kamihira et al., 2005; Lillico et al., 2007; Lee et al., 2007;
Kwon et al., 2008). Kromé vajeCného bilku se v jednom prFipadé
rekombinantni protein objevil i v séru, coZ by mohlo byt kontraproduktivni
zejména pfi expresi vysoce konzervativnich proteind, jako napf. hormond,

¢i rustovych faktort (Kamihira et al., 2005).

V naSem nedavném vyzkumu (Kalina et al., 2007) jsme zjistili, Ze
drubezi testikularni buriky mohou byt uc¢inné infikovany in vitro pomoci
replikacné-defektnich reporterovych retrovirovych vektor(
pantropizovanych pomoci glykoproteinu G viru vesikularni stomatitdy
(VSV-G).



Identifikace zarodeénych bunék

Pfesna identifikace populaci zarode¢nych bunék je predpokladem pro
jejich vyuziti napf. vintegraci exogenni genetické informace do tkané
varlat kohouta. Lze ocCekavat, Zze transplantace kufecich zarodecnych
testikularnich bunék do sterilizovanych recipentd (Trefil et al., 2006) zvysi
ucinnost  kolonizace semenotvornych kanalki. Pfenos genetické
informace do kohoutich (samcich) definovanych zarodeCnych bunék
(Kalina et al., 2007) pak muze predstavovat velmi u¢innou cestu tvorby

transgennich jedincu.

Béhem poslednich nékolika let byl vyzkum molekularnich a
biochemickych charakteristik zarodecnych bunék ve varleti zaméren
predevsim na identifikaci zakladnich savCich spermatogonialnich bunék,

u dribeze vSak blizSi specifikace téchto bunék neni dosud znama.

V soucCasné dobé mame pouze chabé znalosti o0 genové expresi béhem
kufeci spermatogeneze, o unikatnich povrchovych znacich germinalnich
bunék, ani o regulaénich a parakrinnich faktorech Fidicich drubezi

spermatogenezi.

RozS8ifeni znalosti o molekularnich a biochemickych charakteristikach
mySich testikularnich bunék pfispélo krozvoji technik slouzicich
k identifikaci, izolaci a nasledné pak ktransplantaci kmenovych
spermatogonialnich  bunék, které u mySi vedly kobnoveni
spermatogeneze u sterilnich jedincu (Brinster et al., 1994; Ogawa et al.,
1997; Russel and Brinster, 1996). Pro izolaci bunék rozlicnych stadii
spermatogeneze u mysi, krys a skotu byla vyvinuta cela fada metod, jako
je napf. separace na hustotnim gradientu (van Pelt et al.,1996, |zadyar et
al.,2002), separace pomoci centrifugalni eluce (Meistrich et al., 1978),

tfidéni bunék pomoci magnetického sortu nebo pomoci specifickych



monoklonalnich protilatek (van Pelt et al., 2002), ¢i pouziti lektinG (van
Pelt et al.,1996). Jung et al., (2005) pouzivali k ovéfeni pfitomnosti
kufecich kmenovych spermatogonidlnich bunék imunologické znaceni
pomoci lektind jako napf. STA (solanum tuberosum aglutinin), WGA
(wheat germ aglutinin) a Con A (konkavalin A). Nové byla k separaci
zarodecné populace mySich spermatogonialnich bunék pouzita technika
stanoveni obsahu DNA v bunkach pomoci Hoechst 33342 (H33342).
Toto barvivo difunduje skrze membrany a navazuje se s vysokou afinitou
na poly(d/AT) sekvence DNA. Pouziti DNA barveni s Hoechst 33342
odhalilo populaci, ktera je silné zastoupena v kmenovych burkach — tzv.

Side population.

Umisténi  nediferenciovanych  mySich  spermatogonii v blizkosti
membrany semenotvornych kanalkd predpoklada, Zze na kmenovych
spermatogonialnich  bufikdch mohou byt exprimovany receptory
extracelularni matrix. Studium receptort integrinu a lamininu ukazalo, ze
v mnoziné testikularnich bunék mysi jsou zastoupeny populace bunék
(v€etné bunék kmenovych), které exprimuji 31 nebo a6 Fetézce integrinu
(Shinohara et al., 2000). Na zakladé ustniho sdéleni, skupina Junga
(Stem cell research center) prokazala na spermatogonialnich burikach

kurat pfitomnost 8 1 €i a6 integrini podobné jako je tomu u savcu.

Mezi Casné se exprimujicimi geny mySi spermatogeneze byl jako
marker kmenovych bunék popsan Stra8 gen, ktery je exprimovan ve
spermatogoniich (Ouland-Abdelghani et al., 1996) a slouzil jako marker
pro purifikaci zarode€nych bunék u mysi (Giuili et al., 2002). Exprese
Stra8 probiha vyhradné u  premeiotickych zarodecnych bunék (tj.
spermatogonie a pravdépodobné preleptoteni spermatocyty) ve varlatech
dospélych mySich jedincl. To déla z genu Stra 8 velmi zajimavy marker
premiotickych zarodeCnych bunék; mize byt vyznamny pfi identifikaci
populace zarode¢nych bunék ve studiich zabyvajicich se vyvojem
kmenovych bunék samotnych (Lassalle et al, 2004). Exprese mysiho a6-
integrinu byla pozorovana u Cerstvé izolovanych testikularnich bunék
(Lassalle et al, 2004). Tito autofi uvadéji expresi dalSich genu

pfepisovanych pfed prvnim meiotickym délenim: Dazl (deleted in
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azoospermia like) a c-kit geny, které jsou exprimovany pouze v tzv. side
population (SP) bunék a v populaci bunék tetraploidnich. PFitomnost
Hsp70-2 a Crem t genl je popsana ve spermatocytech |. fadu a ve

spermatidach.

Na rozdil od savcu, identifikace dribezich kmenovych bunék ve varleti
kohouta byla realizovana pouze imunohistochemicky na fezech tkané
varlat (Lin and Jones, 1992; Jones and Lin, 1993; Bakst et al, 2007), v
suspenzi Zivych bunék doposud zarodedecné testikularni bunky nebyly
uréeny. Cytochemicka charakterizace dribezich primordialnich gonocytl
(PGCs) byla uspésné popsana za pouziti kombinaci nékolika markeru, s
vyuzitim protilatek SSEA-1 a EMA- 1, lektind STA a DBA, protilatek
SSEA-3 a SSEA-4, stejné tak i pomoci a6 a (1 integrind (Jung et al.,
2005).

Bylo navrzeno nékolik technik pro purifikaci zarodeCnych bunék
z Cerstvych preparatl savcich varlat, v€etné centrifugové eluce (Meistrich
et al.,, 1978), separace na percolovém gradientu (van Pelt et al., 1996,
|zadyar et al., 2002), magnetického bunééného sortu (Van der Wee et al.,
2001), lektina (van Pelt et al., 1996) a monoklonalnich protilatek (van Pelt
et al.,, 2002). Techniky zaloZzené na obsahu DNA, jako je pritokova
cytometrie, light scatter parameters (Mays-Hoopes et al., 1995) a
mitochondrial mass or activity (Suter et al., 1997) byly pouzity hlavné k
sortovani fixované zarode¢né populace germinalnich bunék u stejného
druhu. Identifikace spermatogonialnich zarode¢nych bunék pro ucely
transplantaci a dalSich manipulaci vSak vyzaduje zvoleni vhodné
nedestruktivni techniky tak, aby umoznila nejen identifikaci, ale i vybér a

naslednou reintrodukci piné funkénich bunék do recipientniho jedince.

Mezi specifity kmenovych bunék rlznych plvodu a druhi jedna
poukazuje na relativni neschopnost jader téchto bunék pfijimat
supravitalni fluorescentni sondy jako je bis-benzimide (Goodell et al.,
1996) oproti H33342. V pfipadé oSetfeni testikularnich bunék inhibitorem
Ko143, kdy dojde k blokaci aktivniho transportu H33342 z bunék ven,

doslo k vyraznému obohaceni frakce SP o zarode¢né spermatogonialni
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buriky (Lassalle et al, 2004; Bastos et al, 2005). V naSem poslednim
vyzkumu (Mucksova et al. submitted) jsme demonstrovali, Ze nékteré
poznatky ziskané na savCim modelu mohou byt z ¢asti vyuZity i pro
studium identifikace specifickych drabezich bunék. Na zakladé detekce
jaderného bunécného obsahu pomoci prutokové cytometrie jsme byli
schopni urcit jednotlivé populace drubezich testikularnich buriek (N, 2N,
4N, SP) a v nich expresi geni Dazl a Stra 8. v SP, Oba geny byly
nalezeny v SP populaci bunék, zatimco exprese genu Dazl byla
nalezena pouze u 4N bunék, exprese genu Stra8 pouze u 2N

testikularnich bunék.
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3. Cil disertace

Cilem prace bylo vypracovat komplexni techniku tvorby transgenni
dribeze metodou retrovirové infekce kufecich testikularnich bunék, a
prispét tak k rozvoji biotechnologickych postupll u dribeze. To
zahrnovalo pocatecni ovéfeni u€innosti vybranych transfekénich technik,
dopracovani pulvodnich technik sterilizace kohoutll a transplantace
testikularnich bunék, samotné retrovirové infekce testikularnich bunék a
identifikaci germinalni populace bunék ve varlatech adolescentnich a
dospélych jedinct a srovnanim exprese genll Dazl a Stra8 v jednotlivych

populacich testikularni tkané.

V budoucnu bychom tak mohli pozitivnim zplsobem zasahnout nejen
do moznosti ovlivnéni uzitkovych vlastnosti dribeze a zvySeni rezistence
proti chorobam, ale napfiklad i do moznosti syntézy specifickych proteinu
v dribezim oviduktu a jejich nasledné izolace z nékterych Ccasti

sneseného vejce.

Experimentalni prace byly provedeny v obdobi let 2002 az 2008 na
oddéleni genetiky driubeze v BIOPHARM, Vyzkumném Ustavu

biofarmacie a veterinarnich Iééiv, a.s.

13



4. Komentar k prezentovanym publikacim

In vitro transfekce kurecich blastodermalnich a

testikularnich bunék (I).

Jednou zprvnich nami pouzitych technik pfi zkoumani moznosti
modifikace kufeciho genomu byla transfekce bakterialnim plasmidem
pEGFP-C1 exprimujicim zeleny fluorescenéni protein (GFP) jako
expresni marker. Pomoci elektroporace a lipofekce byla ovéfovana
ucinnost exprese na populacich blastodermalnich a testikularnich bunék,

a jejich viabilita v zavislosti na transfekénich podminkach.

P¥i transfekci kufecich fibroblasti bylo mozno pozorovat expresi GFP po
celou dobu udrZzovani bunécné kultury, tedy cca 10 pasazi.
Transfekované klony byly selektovany pomoci antibiotika G418 sulfatu.
Vysledky u somatickych bunék tak davaly nadé&ji i pro pouziti u
pluripotentnich bunék kufeciho blastodisku nebo varlete, pfestoze se
z povahy plasmidu nemohlo jednat o stalou stabilni modifikaci genomu,
ale pouze o transientni persistenci bez integrace do genomu. Cilem
provéfované techniky bylo pfedevSim ovéfit mozZnosti proniknuti do
kufecich pluripotentnich bunék a zkoumat reakce kultury na cizorodou
DNA. Uspésnost transfekce se pohybovala kolem 30 procent, uréovano

podle exprese GFP pod fluorescenénim mikroskopem.

Blastodermaini bunky byly transfekovatelné velmi snadno, byly citlivé jiz
na nizka napéti a citlivé reagovaly i na pouzita lipofekéni Cinidla.
Uspé&snost jejich transfekce se pohybovala kolem 30 procent. Exprese
byla silna, s minimalnim cytotoxickym efektem exprimovaného GFP a
neztracela se ani po delSi kultivaci. Naproti tomu transfekce smeési

testikularnich bunék vyZadovala delSi optimalizaci. Bunky byly po izolaci
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kultivovany na feederu z inaktivovanych embryonalnich fobroblastd v
obohaceném kultivaénim meédiu. Podafilo se dosahnout ucinnosti
transfekce 31,5% resp. 35.8%. Diky do té doby nemoznosti preciznégjsi
identifikace jednotlivych bunécénych populaci vSak dochazelo k rychlému
preristani kultury vSudypfitomnymi bunkami intersticia, zejména pak
fibroblastoidnimi a myoidnimi bunkami, a tim tak i ke zkreslovani

vysledku.

Dosazené vysledky z transfekce dribezich spermatogonialnich bunék
ve smési testikularnich bunék poslouZily k sepsani odborné publikace,
uvefejnéné v Czech Journal of Animal Science (Kalina et al., 2003, viz

publikace ).

Data ziskana pfi transfekci kufecich blastodermalnich bunék byla ve
formé posteru presentovana na 11. evropské drubezarské konferenci
v Brémach (EPC 2002).

Obnoveni spermatogeneze pomoci darcovskych
testikularnich bunék (1)

Pro dal8i pokraCovani jsme se rozhodli jit cestou Ralpha Brinstera, tedy
cestou reintrodukce  zarode¢nych  bunék varlete (nasledné
modifikovanych) do sterilnich varlat kohouta pfijemce. Prvnim nezbytnym
krokem bylo zvladnuti techniky sterilizace kohouta akceptora. Po
pocCateCnich experimentech s busulphanem, ktery se ukazal jako
nevhodny zejména diky negativnimu vlivu na rdst a vyvoj drubezich
embryi (Smykalova et al., 1998), byla sterilizace provadéna odstranénim
spermatogonialnich bunék ve tkani kohouta pfijemce cestou gamma
radiace. Byla vyvinuta funkéni technika sterilizace, ktera umozriuje 100%
likvidaci spermatogonialnich bunék kohouta pfijemce, ale zaroven
zachovava  funkénost varlat pro nasledné  pfijeti  cizich

spermatogonialnich bunék kohouta darce (Trefil et al., 2003).
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K vytvofeni funkéniho modelu bylo z hlediska kompatibility
implantovanych bunék nezbytné vyvinout specialni linii kohoutl — darcu
spermatogonialnich bunék. Byly pfipraveny 2 syngenni linie s odliSnym
zbarvenim pefi, aby bylo mozné jednoduse vytfidit potomstvo ziskané z
pfenesenych bunék. Zbytek genomu musel byt co nejvice shodny, aby
bylo vylouéeno nebezpeli odhojeni pfenesenych bunék z divodu
histoinkompatibility. K t€émto ucelim byla vybrana inbredni linie CC.21 a k
ni kongenni linie CC — obé se lidi pouze v haplotypu MHC ( CC je B4,
CC.21 je B21) a v barvé pefi (CC je bila — Il, CC.21 je Cerna - ii).
KFizenim téchto linii a testovanim MHC a genotypu pro barvu, byla
vytvofena jako finalni produkt nova kongenni linie CC.21 — |, ktera je
homozygotni v B21 a Il. Buriky (CC.21) pak byly implantovany kohoutim
CC.21-I (Trefil et al., 2003).

V souCasnosti  jiz tuto techniku rutinné zvladame; potomstvo
operovaného jedince po kfizeni s barevnymi slepicemi tvofi pouze ¢erna
kufata, coz indikuje produkci spermii vzniklych pouze z bunék kohouta

darce.

Pfenasené darcovské testikularni bunky byly v dalSich experimentech
znaceny fluorescen¢nim barvivem PKH47 a transplantovany do varlat
ozafeného kohouta pfijemce. Po dobé nezbytné pro rekolonizaci
semenotvornych kanalkd byl kohout akceptor usmrcen a z jeho varlat
byly pfipraveny histologické fezy, které pod fluorescenim mikroskopem
jasné demonstrovaly funkénost a uspésnost techniky. Shrnuti této
techniky bylo publikovano v prestiznim Casopise Biology of Reproduction
(Trefil et al., 2006, viz publikace II)
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Retrovirova infekce SPG jako metoda introdukce

genetické informace do dribeziho genomu (lll)

Po vytvofeni a osvojeni techniky reintrodukce zarodecnych bunék do
sterilnich varlat kohouta akceptora a obnoveni spermatogeneze bylo
treba zvolit vhodnou metodu genetické modifikace zarodecnych bunék.

Nejvhodnéjsi se ukazala byt metoda retrovirové infekce.

Retrovirovy vektor byl sestaven vlozenim sekvence pro EGFP do
plasmidu pLPCX, ktery byl nasledné zbaven puromycinové resistence a
vnititniho CMV promotoru. Vznikly pLG vektor obsahujici hybridni LTR

sekvence byl nasledné pouzit pro produkci viru.

Smés tetsikularnich bunék z varlat 32 tydn( starych kohoutl plemene
Black Minor byla izolovana a bunky byly kratkodobé kultivovany. Bunééna
suspenze byla nasledné infikovana 50x koncentrovanym rekombinantnim
retrovirovym vektorem nesoucim reportérovy gen pro GFP a mira infekce
byla hodnocena pomoci pratokové cytometrie. Byla rovnéz provedena
analyza zastoupeni jednotlivych populaci pfitomnych bunék v takto
ziskané kultufe. Analyza na zakladé mnozstvi bunééné DNA prokazala
pritomnost vS8ech potencialnich nosi€l cizorodé genetické informace,
tedy haploidnich, diploidnich i tetraploidnich populaci spermatocytl, a
zejména i dnes velmi studovanych bunék, tzv. side population, vazného
kandidata na SSC. Pro samotnou transplantaci byly infikované
testikularni buriky kultivovany pouze nékolik hodin, aby se zabranilo

neregulované proliferaci kmenovych bunék.

U infikovanych testikularnich bunék nebyla zjisténa vyznamna CpG
methylace, coZ nasvédcCuje tomu, Ze v dané fazi vyvoje pohlavnich bunék

je omezena role epigenetického silencingu.

Infikované bunky byly transplantovany do sterilnich varlat kohouta

priemce. K obnoveni spermatogeneze doslo béhem 9 tydnd od
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transplantace. Ve spermiich kohoutll pfijemcu byl nasledné detekovan
reportérovy gen pro GFP. Bylo tedy demonstrovano, ze podobné jako u
mySi a potkanQ, retroviry infikované spermatogonie nabizi jednu

z moznosti jak vnést cizorodé geny pfimo do samci zarodecné linie kura.

Vysledky ziskané experimenty byly publikovany v Casopise

Reproduction (Kalina et al., 2007, viz publikace ).

Identifikace populaci kurecich testikularnich bunék (1V)

V pocate¢nych vyzkumech jsme zjistili, Zze SP populace dribezich
bunék muze obsahovat populaci bunék obohacenou o zarodecné
(kmenové) spermatogonialni bunky, které hraji vyznamnou roli

v transplantaci spermatogonialnich bunék (Trefil et al., 2006) .

Pro zefektivnéni naSich dosavadnich technik transplantace
testikularnich bunék a retroviralnich infekce, je tfeba precizni analyza
zastoupeni jednotlivych bunécnych populaci ve smési izolovanych
testikularnich bunék. NaSim dalSim cilem tedy bylo identifikovat
germinalni populace bunék ve varlatech adolescentnich a dospélych
jedinci metodami srovnavani obsahu jaderné DNA pomoci FACS a
srovnanim exprese genu Dazl a Stra8 v jednotlivych populacich

testikularni tkané.

Burky s tetraploidnim obsahem (4N) DNA tvofily malou frakci ze vSech
zarodeCnych bunék a mezi porovnavanymi skupinami nebyl vyznamny
rozdil. Naproti tomu, haploidni (N) a diploidni (2N) populace se mezi
porovnavanymi skupinami signifikantné liSily, coz je dano rozdilnym
stupném pohlavni zralosti zkoumanych jedinci. Na rozhrani haploidni a
diploidni frakce byla identifikovana specificka populace zarodecnych
bunék, referovanych jako tzv. side population (SP), se signifikantnim

rozdilem v zastoupeni u porovnavanych vékovych skupin.
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U c&tyf identifikovanych populaci bunék byla testovana exprese genl
Dazl a Stra8, na mySim modelu obvykle exprimovanych v premeiotickych
bunkach vcetné kmenovych spermatogonii. Exprese obou genu byla
zjisténa u SP, zatimco exprese Dazl, nebo Stra8 byla pouze u 4N resp.
2N populaci. Korelace mezi ploiditou a Dazl/Stra8 expresi byla stejna u

obou skupin.

Z hlediska transgeneze je dulezita zejména identifikace SP populace,

jakozto mozna mnozina kmenovych spermatogonii.

Analyza ploidie testikularnich bunék a srovnani exprese vybranych gent
u juvenilnich a dospélych kohoutu je pfedmétem sepsaného manuskriptu
(Mucksova et al., podany rukopis do Animal Reproduction Science, viz
publikace V).
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5. Souhrn vysledkii

V praci bylo dosazeno nasledujicich vysledk:

e byla ovéfena ucCinnost nékterych  transfekénich  technik
(elektroporace, lipofekce) na smeési testikularnich bunék obsahujicich

bunky spermatogonialni.

e bylo potvrzeno, Ze opakovanym ozafenim (5x8 Gy) varlat dospélych
kohoutll Ize docilit uplné sterilizace varlete, pfiCemz semenotvorné
kanalky zustavaji funkéni a mohou byt rekolonizovany transplantovanymi

spermatogonialnimi bufikami

e metodou transplantace testikularnich bunék kohouta darce do
ozarenych varlat kohouta pfijemce se podafilo obnovit spermatogenezi u

sterilniho jedince

e ve vypracovaném modelu byly uspésné transplantovany testikularni
buriky infikované retrovirovym vektorem, ¢imZz bylo prokazano, Ze
transplantace infikovanych spermatogonii nabizi ucinny systém pro

vneseni cizorodych genl do dribeziho genomu.

e metodou FACS byly identifikovany populace smési testikularnich
bunék varlat pubertalnich a dospélych kohoutu; specificka subpopulace,
tzv. side population, byla identifikovana jako mozZna podskupina

zarodecCnych bunék kmenovych spermatogonii.

e byla prokazana exprese genu Dazl/ a Stra8 u populaci SP bunék a u

u 4N a 2N populaci byla prokazana exprese pouze Dazl resp. Stra8

20



6. Seznam pouzité literatury

Bakst M, Akuffo V, Trefil P, Brillard JP. (2007) Morphological and
histochemical characterization of the seminiferous epithelial and
Leydig cells of the turkey. Anim. Reprod. Sci. 97(3-4):303-13.

Bastos H, Lassalle B, Chicheportiche A, Riou L, Testart J, Allemand
|, Fouchet P. (2005) Flow cytometric characterization of viable
meiotic and postmeiotic cells by Hoechst 33342 in mouse

spermatogenesis. Cytometry A. 65(1):40.

Birkhead TR, Sheldon BC, Fletcher F. (1994) A comparative study of
sperm-egg interactions in birds. J Reprod Fertil 101:353—-361.

Brillard JP. (1986) Age-related variations in seminiferous dimensions
and germinal and Sertoli cell numbers in guinea-chicken raised under
a 14L:10D photoperiod. Poult. Sci. 65:369-374.

Brinster RL, Avarbock MR. (1994) Germ line transmission of donor
haplotype follow in spermatogonial transplantation. Proc. Natl. Acad.
Sci. 91:11303-11307.

Bosselman RA, Hsu RY, Boggs T, Hu S, Bruszweski J, Ou S. (1989)
Germline transmission of exogenous genes in the chicken. Science
243:533-535.

Carsience RS, Clark ME, Gibbins AMV, Etches RJ. (1993) Germline
chimeric chickens from dispersed donor blastodermal cells and

compromised recipient embryos. Development 117:669-675.

Clouthier DE, Avarbock MR, Maika SD, Hammmer RE, Brinster RL.
(1996) Rat spermatognesis in mouse testis. Nature 381:418-421.

D'Costa, S et al. (2001) Comparative development of avian
primordial germ cells and production of germ line chimeras. Avian
Poultry Biol. Rev. 12:151-168

21



Dobrinski |, Avarbock MR, Brinster RL. (1999) Transplantation of
germ cells from rabbits and dogs into mouse testes. Biol. Reprod.
61:1331- 1339.

Etches RJ, Carsience RS, Clark ME, Fraser RA, Toner A, Verrinder
Gibbins AM. (1993) Chimeric chickens and their use in manipulation
of the chicken genome. Poult Sci. 72(5):882-9.

Eyal-Giladi H, Kochav S. (1976) From cleavage to primitive streak
formation: a complementary normal table and a new look at the first
stages of the development of the chick. |. General morphology. Dev
Biol. 49(2):321-37.

Eyal-Giladi H, Simkiss K. (1991) Sterilisation of avian embryos with
Busulphan. Res. Vet. Sci. 50:139-144.

Giuili G ,Tomljenovic A, Labrecque N, Ouland-Abdelghani M,
Rassoulzadegan M,Cuzin F. (2002) Murine spermatogonial stem
cells: target transgene expression and purification in an active state.
EMBO Rep. 3:753-759.

Goes RM, Dolder H. (2002) Cytological steps during spermiogenesis
in the house sparrow (Passer domesticus, Linnaeus). Tissue Cell
34:273-282.

Goodell MA, Brose K, Paradis G, Conner AS, Mulligan RC. (1996)
Isolation and functional properties of murine hematopoietic stem cells
that are replicating in vivo. J Exp Med. 183(4):1797-806.

Harvey AJ, and Ivarie R. (2003) Validating the hen as a bioreactor for
the production of exogenous proteins in egg white. Poult. Sci.
82:927-930.

Ivarie R. (2003) Avian transgenesis: progress towards the promise.
Trends Biotechnol. 21:14-19.

lvarie R. (2006) Competitive bioreactor hens on the horizon. Trends.
Biotechnol. 24(3):101-2.

22



|lzadyar F, Spierenberg GT, Creemers LB, den Ouden K, de Rooij
DG. (2002) Isolation and purification of type A spermatogonia from
the bovine testis. Reproduction 124:85-94.

Judas L, Bentzen SM, Hansen PV, Overgaard J. (1996) Proliferative
response of mouse stem cells after irradiation: a quantitative model

analysis of experimental data. Cell. Prolif. 29:73-78.

Kalina J, Kolmanova A, Mikus T, Micakova A, Trefil P. (2003)
Trasnfection of cock spermatogonial cells via electroporation and
lipofection. Czech J. Anim. Sci. 48(7):279-284.

Kalina J, Senigl F, Mi¢akova A, Mucksova J, Miku$ T, Blazkova J,
Poplstein M, Yan H, Hejnar J, Trefil P. (2007) Retrovirus-mediated in
vitro gene transfer into chicken male germ line cells. Reproduction
134(3):445-53.

Kamihira M, Ono K, Esaka K, Nishijima K, Kigaku R, Komatsu H,
Yamashita T, Kyogoku K, lijima S. (2005) High-level expression of
single-chain Fv-Fc fusion protein in serum and egg white of
genetically manipulated chickens by using a retroviral vector. J Virol.
79(17):10864-74.

Kochav S, Ginsburg M, Eyal-Giladi H. (1980) From cleavage to
primitive streak formation: a complementary normal table and a new
look at the first stages of the development of the chick. II.
Microscopic anatomy and cell population dynamics. Dev. Biol.
79(2):296-308.

Koo BC, Kwon MS, Choi BR, Lee HT, Choi HJ, Kim J-H, Kim N-H,
Jeon I, Chang W, Kim T. (2004) Retrovirus-mediated gene transfer
and expression of EGFP in chicken. Mol. Rep. Dev. 68:429-434.

Kwon MS, Koo BC, Choi BR, Lee HT, Kim YH, Ryu W-S, Shim H,
Kim J-H, Kim N-H, Kim T. (2004) Development of transgenic

23



chickens expressing enhanced green fluorescent protein. Biochem.
Bioph. Res. Co. 320:442-448.

Kwon MS, Koo BC, Choi BR, Park YY, Lee YM, Suh HS, Park YS,
Lee HT, Kim JH, Roh JY, Kim NH, Kim T. (2008) Generation of
transgenic chickens that produce bioactive human granulocyte-

colony stimulating factor. Mol. Reprod. Dev. 75(7):1120-6.

Lassalle B, Bastos H, Louis JP, Riou L, Dutrillaux B, Fouchet P,
Allemand |, (2004) Side population cells in adult mouse testis
express Bcrp-1 gene and are enriched in spermatogonia and

germinal cell cells. Development; 131:479-487.

Lee SH, Gupta MK, Han DW, Han SY, Uhm SJ, Kim T, Lee HT.
(2007) Development of transgenic chickens expressing human
parathormone under the control of a ubiquitous promoter by using a
retrovirus vector system. Poult. Sci. 2007 86(10):2221-7.

Lillico SG, Sherman A, McGrew MJ, Robertson CD, Smith J, Haslam
C, Barnard P, Radcliffe PA, itrophanous KA, Elliot EA, Sang HM.
(2007) Oviduct-specific expression of two therapeutic proteins in
transgenic hens. PNAS 104(6):1771-6.

Lin M, Jones J. (1980) The cycle of the semeniferous epithelium in
the Japanese quail (Coturnix coturnix japonica) and estimation of its
duration. J. Reprod. Fertil. 88:481-490.

McGrew MJ, Sherman A, Ellard FM, Lillico SG, Gilhooley HJ,
Kingsman AJ, Mitrophanous KA, Sang H. (2004) Efficient production
of germline transgenic chickens using lentiviral vectors. EMBO Rep.
5:728-733.

Meistrich ML, Hunter NR, Suzuki N, Trostle PK, Withers HR. (1978)
Gradual regeneration of mouse testicular stem cells after exposure to
ionizing radiation. Radiat. Res. 74:349-362.

24



Mozdziak PE, Borwornpinyo S, McCoy DW, Petitte JN. (2003)
Development of transgenic chickens expressing betagalactosidase.
Dev. Dyn. 226:439-445.

Mozdziak P. and Petitte J. (2004) Status of transgenic chicken
models for developmental biology. Dev. Dyn. 229:414—421

Mucksova J, Brillard J-P, Hejnar J, PoplStein M, Kalina J, Bakst M,
Trefil P. (2008) Identification of various testicular cell populations in

pubertal and adult cockerels. Submitted to Anim. Reprod. Sci.

Mulder, R. 2002. Future of poultry products in global market.

Proceedings, 2nd International Congress, Poultry 2002, Brno.

Naito M, Sasaki E, Ohtaki M, Sakurai M. (1994) Introduction of
exogenous DNA into somatic and germ cells of chickens by

microinjection into the germinal disc of fertilized ova. Mol. Reprod.
Dev.;37(2):167-71.

Naito M, Tajima A, Yasuda Y, Kuwana T. (1999) Production of
germline chimeric chickens with high transmission rate of donor-
derived gametes produced by transfer of primordial germ cells. Mol.
Reprod. Dev. 39: 153-161.

Naito M, Matsubara Y, Harumi T, Tagami T, Kagami H, Sakurai M,
Kuwana T. (1999) Differentiation of donor primordial germ cells into
functional gamets in the gonads of mixed-sex germline chimeric
chickens produced by transfer of primordial germ cells isolated from
embryonic blood. J. Reprod. Fertil. 117:291-298.

Nakamura M, Yoshinaga K, Fujimoto T. (1992) Histochemical
identification and behaviour of quail primordial germ cells injected
into chick embryos by the intravascular route. J. Exp. Zool. 261:479-
483.

Noirault J, Brillard JP, Bakst M. (2006) Spermatogenesis in the

turkey (Meleagris gallopavo): quantitative approach in immature and

25



adult males subjected to various photoperiods. Theriogenology
65:845-859.

Oatley JM, de Avila DM, McLean DJ, Griswold MD, Reeves JJ.
(2002) Transplantation of bovine germinal cells into mouse testes. J.
Anim. Sci. 80:1925-1931.

Ogawa T, Aréchag JM, Avarbock MR, Brinster RL. (1997)
Transplantation of testis germinal cells into mouse seminiferous
tubules. Int. J. Dev. Biol. 41:111-122.

Ouland-Abdelghani M, Bouillet P, Décimo D, Gansmuller A,
Heyberger S, Dollé P, Bronner S, Lutz Y, Chambon P. (1996)
Characterization of a premeiotic germ cell-specific cytoplasmic
protein encoded by Stra8, a novel retinoic acid-responsive gene.
J.Cell Biol. 135:469-477.

Paine B, Clark ME, Shen M, Nakazawa H, Sakurai M, Samarut J,
Etches RJ. (1996) Long-term in vitro culture and characterization of
avian embryonic stem cells with multiple morphogenetic
potentialities. Development 122: 2339-2348.

Perry MM. (1988) A complete culture system for the chick embryo.
Nature. 331(6151):70-2.

Petitte JN, Liu G, Yang Z. (2004) Avian pluripotent stem cells. Mech.
Dev. 121:1159-1168.

Pinon-Lataillade G, Viguier-Martinez MC, Touzalin AM, Maas J,
Jegou B. (1991) Effect of an acute exposure of rat testes to gamma
rays on germ cells and on Sertoli and Leydig cell functions. Reprod.
Nutr. Dev. 31:617-628.

Russel LD, Brinster RL. (1996) Ultrastructural observations of
spermatogenesis following transplantation of rat testis cells into

mouse seminiferous tubules. J. Androl. 17:615-627.

26



Russell LD, Franca LR, Brinster RL. (1996) Ultrastructural
observations of spermatogenesis in mice resulting from

transplantation of mouse spermatogonia. J. Androl. 17:603-614.

Salter DW, Smith EJ, Hughes SH, Wright SE, Crittenden LB. (1987)
Transgenic chickens: insertion of retroviral genes into the chicken
germ line. Virology; 157:236-240.

Sang H. (2004) Prospects for transgenesis in the chick. Mech. Dev.
121:1179-1186

Shinohara T, Orwing KE, Avarbock MR, Brinster RL. (2000)
Spermatogonial stem cell enrichment by multiparameter selection of
mouse testis cells. Proc.Natl.Acad.Sci USA 97:8346-8351.

Smykalova S, Kotrbova A, Trefil P. (1998) Effect of busulphan on
growth and development of the chicken embryos. Vet Med - Czech
43(4):105-109

Song Y, D’costa S, Pardue L, Petitte J. (2005) Production of germline
chimeric chickens following the administration of a Busulfan
emulsion. Mol. Reprod. Dev. 70:438—444.

Song Y, Silversides F. (2007) Heterotopic transplantation of testes in
newly hatched chickens and subsequent production of offspring via

intramagnal insemination. Biol Reprod. 76(4):598-603.

Tajima A. (2002) Production of germ-line chimeras and their
application in domestic chicken. Avian and Poult. Biol. Rev. 13:15—
30.

Thoraval P, Lasserre F, Coudert F, Dambrine G. (1994) Somatic and
germline chicken chimeras obtained from brown and white leghorns
by transfer of early blastodermal cells. Poult. Sci. 73:1897-1905.

Thurston RJ, Korn N. (2000) Spermiogenesis in commercial poultry

species: anatomy and control. Poult. Sci. 79:1650-1668.

27



Tingari MD, Lake PE. (1972) The intrinsic innervation of the
reproductive tract of the male fowl (Gallus domesticus). A

histochemical and fine structural study. J. Anat. 112:251-71.

Trefil P, Horska M, Kanka J, Fulka J, Jirmanova J, Moor RM, Fulka J
Jr. (1995) Response of avian nuclei to mammalian maturation
promoting factor (MPF). Zygote 3(4):289-94.

Trefil P, Polak J, Poplstein M, Mikus T, Kotrbova A, Rozinek J.
(2003) Preparation of fowl testes as recipient organs to germ-line

chimeras by means of gamma-radiations. Br Poult Sci 44(4):643-50.

Trefil P, Micakova A, Mucksova J, Hejnar J, Bakst MR, Kalina J,
Poplstejn M, Brillard J-P. (2006) Restoration of spermatogenesis and
male fertility by transplantation of dispersed testicular cells in the
chicken. Biol. Reprod. 75 575-581.

Van Beek MEAB, Davids JAG, de Rooij DG. (1986) Nonrandom
distribution of mouse spermatogonial stem cells surviving fission
neutron irradiation. Radiat. Res. 107:11-23.

Van Pelt, AMM, Roepers-Gajadien HL, Gademan IS, Creemers LB,
de Rooij DG, Van Disselt-Emiliani, FMF. (2002) Establishment of cell

lines with rat spermatogonial stem cell characteristics. Endocrinology
143(5):1845-1850.

Van Pelt AMM, Morena AR, Van Disselt-Emiliani FMF, Boitani C,
Gaemers IC, de Rooij DG, Stefanini M. (1996) Isolation of the
synchronised A spermatogonia from adult vitamin A deficient rat
testes. Biol. Reprod. 55:439-444.

Vick L, Li Z, Simkiss K. (1993) Transgenic birds from transformed
primordial germ cells. P. Roy. Soc. Lond. B. Bio. 251:179-182.

Zajchowski LD. and Etches RJ. (2000) Transgenic chickens: past,
present and future. Avian Poultry Biol. Rev. 11:63-80.

28



Zhao G, Garbers D. (2002) Male germ cells specification and
differentiation. Dev Cell 2:537-547.

29



56




Identification of Various Testicular Cell

Populations in Pubertal and Adult Cockerels

JITKA MUCKSOVA', JEAN-PIERRE BRILLARD?, JIRi HEJNARS,
MARTIN POPLSTEIN', JIRi KALINA', MURRAY BAKST* and PAVEL
TREFIL™

'BIOPHARM, Research Institute of Biopharmacy and Veterinary Drugs,
a.s. 254 49 Jilové u Prahy, Czech Republic

“Station de Recherches Avicoles, Institut National de la Recherche
Agronomique, Centre de Tours-Nouzilly, 37380 Monnaie, France
3Institute of Molecular Genetics, Academy of Sciences of the Czech
Republic, Videriska 1083

142 20 Prague 4, Czech Republic

“Biotechnology and Germplasm Laboratory, Agricultural Research
Service, US Department of Agriculture, Beltsville, MD 20705, USA

Key Words: spermatogonial cells, spermatogenesis, chicken

* Correspondence to: Pavel Trefil, BIOPHARM, Research Institute of
Biopharmacy and Veterinary Drugs, a.s., 254 49 Jilové u Prahy, Czech
Republic. Phone: +420 261 395 234,

e-mail: trefil@bri.cz

57



ABSTRACT

Precise identification of male germinal stem cell populations is a
prerequisite for their practical use in programs dedicated to the
integration of exogenous genetic material in testicular tissues. In the
present study, our aim was to identify germinal cell populations in the
testes of pubertal and adult cockerels based on the detection of the
nuclear DNA content by FACS and on the expression of the Dazl and
Stra 8 genes in single cell suspensions of testicular tissues. Cells with a
tetraploid DNA content (4N) represent a small and equal fraction of the
total germinal cell population in both pubertal and adult males. In
contrast, the diploid (2N) and haploid (N) subpopulations differ
significantly between ages as a consequence of different degrees of
sexual maturation. A specific subpopulation of testicular cells, the side
population (SP), was identified at the junction between the haploid and
diploid cell populations. The percentage of this cell population differs
significantly in pubertal and adult cockerels, accounting for 4.1% and
1.3% of the total cell population, respectively. These four testicular cell
populations were also tested for the expression of Dazl/ and Stra 8 genes
known to be expressed in premeiotic cells including stem spermatogonia.
Both genes were expressed in SP, whereas the expression of either Daz/
or Stra8 genes was detected only in the 4N and in the 2N testicular cell
subpopulations, respectively. The correlation between the cell ploidy and
Dazl/Stra8 expression was the same in both male ages. We conclude
that SP cells might represent a subpopulation of germinal cells enriched
in stem spermatogonia, which can be of great importance for

transgenesis in chicken.
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INTRODUCTION

Precise identification of germinal stem cell populations is a prerequisite to
their practical use in programs dedicated to the integration of exogenous
genetic material in testicular tissues. Over past years, studies intended to
provide some of the molecular and biochemical characteristics of stem
spermatogonia in mammals have resulted in the development of
workable techniques for the partial purification and transplantation of
stem spermatogonia into recipient testes up to, in some cases, restoring
functional spermatogenesis (Brinster and Avarbock, 1994; Russel and
Brinster, 1996; Ogawa et al., 1997). In contrast to mammals, the
identification of avian stem spermatogonia populations has become
accessible only in fixed preparations of testes (Lin and Jones, 1992;
Jones and Lin, 1993; Bakst et al, 2007) but remains to be established in
fresh cell suspensions. Interestingly, the cytochemical characterisation of
chicken primordial germ cells (PGCs) has been accomplished using the
association of several markers including antibodies to SSEA-1 and EMA-
1, lectins STA and DBA, antibodies to SSEA-3 and SSEA-4, as well as a6
and 31 integrins (Jung et al., 2005). Studies in the adult mouse based on
the screening of integrin receptors of laminin, a protein from the
extracellular matrix, have demonstrated that it is possible to enrich
testicular cell suspensions 166-fold with isolated stem spermatogonia
using a fluorescence-activated cell sorting analysis referring to light-
scattering properties and expression of 31 or a6 chains (Shinohara et al.,
2000). Since, it has been established that a6 and 1 integrins are also
present in primordial germ cells both in the chicken and the mouse

embryo (Jung et al., 2005).

Among genes expressed at an early stage of spermatogenesis in the
mouse, two stem cell marker genes, Stra8 and a6-integrin, have been
characterized. The Stra8 gene is expressed in spermatogonial cells
(Ouland-Abdelghani et al., 1996) and the activity of its regulatory
sequences has enabled purification of germinal stem cells (Giuili et al.,

2002). Stra8 expression is clearly restricted to premeiotic germ cells
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(spermatogonia and possibly preleptotene spermatocytes) of the testes in
the adult mouse, making this gene a putative candidate to identify
premeiotic germ cells in other species (Lassalle et al., 2004). Regarding
mouse ab-integrin, its expression was observed in fresh preparations of
dispersed testicular cells enriched in stem spermatogonia isolated by flow
cytometry (Lassalle et al, 2004). Additional observations by the same
authors indicate that, at least in the mouse, several other genes including
Dazl, c-Kit, Hsp70-2 and Crem t can be proposed to identify germ cell
populations prior to the first meiotic division. Meanwhile, Daz/ and c-Kit
genes are expressed only in SP and tetraploid cells, while the transcripts
of Hsp70-2 and Crem t genes are expressed at or after the spermatocyte

stage.

Several techniques have been proposed to purify germ cell populations in
fresh preparations of mammalian testes including centrifugal elution
(Meistrich et al., 1978), separation in discontinuous Percoll density
gradients (van Pelt et al., 1996, |zadyar et al., 2002), magnetic cell
sorting (Van der Wee et al., 2001), lectins (van Pelt et al., 1996) and
monoclonal antibodies (van Pelt et al., 2002). In contrast, techniques
such as flow cytometry based on DNA content, light scatter parameters
(Mays-Hoopes et al., 1995) and mitochondrial mass or activity (Suter et
al., 1997) have proven useful mainly to sort fixed germinal cell
populations in the same species. ldentification of spermatogonial stem
cells for the transfer of exogenous cell populations is, indeed, difficult to
resolve as it requires non destructive techniques to appropriately identify,
purify and reintroduce functional cell populations into recipient individuals.
Among specificities shared by stem cells of various lineages and species,
one refers to the relative inability of their nuclei to take up supravital
fluorescent probes such as bis-benzimide, more commonly referred
(Goodell et al.,, 1996) to as Hoechst 33342 (H33342). In the case of
germinal tissues, this DNA-binding probe was used to identify a side
population (SP) of mouse testicular cells highly enriched in stem
spermatogonia after inhibition of H33342 efflux by treatment with BCRP1
inhibitor Ko143 (Lassalle et al, 2004; Bastos et al, 2005). Such
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observations are in direct contradiction with another study also performed
in the mouse (Kubota et al, 2003), in which the transplantation of
germinal cells present in an SP of germinal cells derived from cryptorchid
males was unsuccessful to recolonize recipient testes. However, the
direct demonstration that using SP cells derived from normal males
results in functional neo-spermatogenesis suggests that SP cells derived
from cryptochid mice may have originated from the use of different
experimental models, the SP issued from cryptorchid males being devoid

of stem spermatogonia (Bastos et al, 2005).

Using RNA extraction and RT-PCR of gene markers to target germinal
stem cells and after differential staining and fluorescence-activated cell
sorting (FACS) of testicular cell suspensions, the present study intented
to identify and partly purify dispersed germinal cell populations in the
chicken, a species of virtually unlimited potential to access the production

of bio-engineered proteins.
MATERIALS AND METHODS

Experimental Animals. A total of 5 pubertal (12 weeks of age) and 5
adult (28 weeks of age) inbred White Leghorn cockerels (WL; genotype
II) issued from the Institute of Molecular Genetics (Academy of Sciences
of the Czech Republic, Prague, Czechia) were used as donors. This
experiment was repeated 5 times with one adult and one pubertal animal.
Only animals of standard weight and producing good quality ejaculate,
i.e. 4 x 10%ml, were used in experiments. Males were kept in individual
cages (4200 cm?) fitted with perches under standard husbandry
conditions with photoperiod 12L:12D. Feed and water were provided ad
libitum. All experiments were performed in accordance with CZ legal
requirements (Acts Nos. 246/199, 162/1993 and 193/1994).

Preparation of Single-Cell Suspension of Testicular Tissue. Germinal
testicular cells were isolated from the testes of adult cockerels by

performing two-step enzymatic digestion of testicular tissues in order to
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isolate seminiferous tubules and remove interstitial cells as described by
Lassalle et al., 2004. Briefly, the tunica albuginea was removed and the
seminiferous tubules dissociated from interstitial tissue using enzymatic
digestion (50 min at 34°C in this study) with Type | collagenase in PBS
(100 U/ml; Biochrom AG, Germany) supplemented with 1.2 mM MgSO4
(7 x H0), 1.3 mM CaCl; (2 x H,0), 6.6 mM sodium pyruvate and 2 mM
glutamine (final pH = 7.2). Seminiferous tubule fragments were then
isolated by two successive filtrations through a 40 ym nylon mesh to
remove cell clumps, washed in PBS, centrifuged at 400 x g for 5 min and
the resulting pellet resuspended in PBS supplemented with 1% fetal

bovine serum.

Flow Cytometry. The identification of several testicular cell populations
was performed on the basis of DNA content using testicular cell
suspensions stained for 90 minutes at 37°C in H33342 diluted in PBS at a
final concentration of 5 [1M. For detection of their cell cycle phase, these
cells were stained with H33342 for 30 minutes in final concentration 10
uM at room temperature. Propidium iodide (Pl) at a concentration of 5
ug/ml was used as counter stain to exclude necrotic cells (red
fluorescence of nuclei). Flow cytometry analyses were performed with a
FACSVantage SE flow cytometer (Becton Dickinson, USA) equipped with
a two-stream argon-helium laser (Coherent Enterprise EE, Orsay,
France). The various categories of cells stained by H33342 were excited
by a UV laser adjusted to 50 mV using a combination of 485 nm long-
pass and 505 nm short-pass filters in front of the first detector, while cell
populations stained with Pl were detected with a 682 nm/22 nm band-

pass filter in front of the second detector.

RNA Extraction and RT-PCR of Genes Stra 8, Dazl and [1-Actin. A
total of 10° H33342-stained cells were sorted and suspended into a
solution of Rneasy Plus Mini Kit for RNA purification (Qiagen). Total RNA
was then subjected to reverse transcription with a first strand cDNA
synthesis kit (Fermentas). Primers for Dazl were prepared as described

by van de Lavoir et al., 2006 to perform PCR of Daz/ gene, forward 5'-
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gcttgcatgcttttcctgct-3', reverse 5'-tgcgtc acaaagttaggca-3'. Stra 8 (forward
5'-tatccatagagtccttcagcc-3', reverse 5'-cttcagaaagctcttgccaga-3') and (-
actin (forward 5'-acaatggctccggtatgtgca-3’, reverse 5'-
gttcaggggagcctctgtgag-3') genes were detected with primers developed in
our laboratory. For all these genes, PCR conditions were as follows: 94°C
for 1 min, 94°C for 30 sec, 60°C for 30 sec, 72°C for 30 sec. The number
of PCR cycles was 36. PCR reactions were resolved in a 1% TAE-

agarose gel with ethidium bromide (0.5 pg/ml).

Statistical Analysis.

Comparisons between the proportions of testicular cells involved in
spermatogenesis at the pre-pubertal and adult stages were performed by
analysis of variance and t test (Microsoft Excel 2000). Data from the
present study are shown as the mean +/- SEM. A value of P < 0.05 was

accepted as statistically significant.

RESULTS

Identification of Cell Populations Based on DNA Content.

Flow cytometric analyses of single-cell preparations subjected to
fluorescent probes H33342 and PI resulted in the identification of five
different subpopulations of cells classified according to the emission of
more or less marked red or blue fluorescence of their nuclei (Figure 1).
Cells with a nucleus intensively stained in red were classified as necrotic
and, as such, discarded from further analyses. The remaining four cellular
categories expressed various intensities of blue fluorescence. As such,
they were classified as viable and therefore subjected to flow cytometric
analyses (Fig. 1A). Within each group of males (pubertal or sexually
mature), the histogram derived from pre-cited analyses reflected nuclear
surface characteristics in each cellular category, thus allowing
discrimination between these cells on the basis of their DNA content (N,
2N or 4N; Fig. 1B). Cells with a tetraploid (4N) DNA content represented
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8.4 % and 7.9 % of the total cell population analysed in pubertal and
sexually mature males, respectively. These cells located in the upper
region of Figure 1A were considered as reflecting the DNA content of
germinal cell nuclei characteristic of the first meiotic prophase. In
contrast, cells present in the intermediate region of the figure were
identified as having a diploid (2N) DNA content, itself characteristic of
germinal nuclei having undertaken mitosis Il, i.e. type Il spermatocytes.
Cells with a haploid nuclear DNA content (N) were identified as having
reached spermiogenesis and, as such, identified as round spermatids
(see lower region of Fig. 11). Cell subpopulations with a tetraploid nuclear
DNA content were found similar between pubertal and adult males, 7.9%
and 8.4% of the total cell population analysed, respectively. In contrast,
significant differences (P < 0.05) were observed in the percentages of
cells expressing haploid or diploid nuclear DNA content between the
populations of cells issued from prepurbertal compared to adult males
(haploid: 25.5% vs 54.6%; diploid: 44.7% vs 18.9% (P < 0.05 in both
cases; Table 1). Finally, a specific subpopulation of testicular cells
expressing blue fluorescence with low intensity was identified at the
junction between N and 2N cell subpopulations. Such cells were referred
to as a side scatter subpopulation (SP). They accounted for 4.1 % of the
total cell population analysed in pubertal males compared to only 1.3% in
adult males (P > 0. 05).

RT-PCR analysis of markers in flow-sorted cellular subpopulations.
The four subpopulations of FACS-selected testicular cells were tested for
expression of the Dazl and Stra 8 genes in preparations from both
categories of cockerels. These two genes were expressed in the SP cell
population, while the Dazl gene was detected only in 4N and Stra 8 gene
only in 2N testicular cell subpopulation (Fig. 2). Within a given sub-
population of cells, the expression of Daz/ and Stra 8 genes had similar
patterns in pubertal and adult males. Detection of the house keeping (-

actin control gene confirmed the correct course of RT PCR.
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DISCUSSION

In this study, a dual experimental approach was used to characterize and
sort testicular cell populations from single-cell suspensions of pubertal
and adult testicular tissues in the chicken. The general procedure, which
combines FACS with marker genes, has already been successfully
attempted to identify germinal cell populations and partly purify an SP
phenotype enriched in stem spermatogonia in the mouse (Lassalle et al.,
2004; Bastos, 2005). One singularity of the FACS approach is based on
repeated observations that germinal and somatic stem cell populations
express low or no fluorescence when subjected to supravital fluorescent
probes such as H33342 or Rhodamine 123 (Spangrude and Johnson,
1990 ; Lassalle et al., 2004; Lo et al., 2005). The efflux of these probes
from stem cell nuclei has been attributed to the existence of a p-
glycoprotein pump activated by Brcp1, a gene which has been suggested
to provide protection against cytotoxic substrates at least in
hematopoietic cells (Zhou et al., 2002). In the present study, the SP
phenotype was presented in testicular cell suspensions from both
pubertal and adult males, but the percentage of cells carrying this
phenotype reached 4.1% of the total population analysed in pubertal
compared to only 1.3% in adult males (P < 0.05). In contrast, haploid
cells, specific of spermiogenesis, accounted for 25.5% in pubertal and
54.6% in adult males. In both cases, the differences between the two
types of males were significant (P < 0.05).

Such differences are themselves the consequence of differences in
testicular development between the two types of males, those having
reached the pubertal stage being several weeks from sexual maturity, a
period at which seminiferous tubules contain large proportions of haploid
cells (round and elongated spermatids, testicular spermatozoa)
characteristic of spermiogenesis (de Reviers, 1971). In the chicken, the
pubertal stage, itself defined as the stage of development during which an
animal first becomes capable of reproducing sexually (Plant, 1999), has

been histologically characterised by the presence of the first testicular
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spermatozoa present in seminiferous tubule sections (de Reviers, 1971).
This stage can be observed in testes >1g from 12-week-old males
subjected to a photostimulatory photoperiod, a situation similar to
experimental conditions used in the present study for this group of males.

Based on observations performed in the mouse, we used a
combination of two genes, Daz/ and Stra8, as putative candidates to
identify germinal cell subpopulations in pubertal and adult chickens. In the
mouse, the Dazl gene is expressed in SP and 4N cells, while Stra8 is
observed only at a premeiotic stage which includes 2N (spermatogonia)
and 4N (type-l spermatocytes of mitosis I) cells. In the present study, the
expression of the Dazl and Stra8 genes was analysed in germ cell
subpopulations sorted on the basis of their DNA content. For a given
category of cells, both genes were expressed similarly in pubertal and
adult males, but their expression was highly variable between germinal
cells depending on their position in the process of spermatogenesis. For
example, none of these two genes was expressed in N cells while Stra8
was expressed only in 2N and Daz/ in 4N cells. Interestingly, both types
of genes were strongly expressed in SP cells while Daz/ was expressed
only in germ cells having reached the pre-leptotene/leptotene (4N) stage.
These observations, similar to those previously reported in the mouse
(Lassalle et al, 2004), strongly suggest that the chicken SP population
isolated from pubertal and adult testes has been enriched with stem
spermatogonia. In adult males, the fraction of SP cells recovered from
single-cell suspensions accounted for only 1.3% of the total germinal cell
population, a percentage itself similar to the percentage of SP cells
recovered from dispersed germinal cell populations from adult mouse
testes (Lassalle et al., 2004).

In conclusion, this study performed in the chicken reports for the first
time the existence of SP cells present in variable proportions among
single-cell suspensions of pubertal and adult testicular tissues. Such cells
express the Dazl and Stra8 genes in a manner similar to mouse SP cells,
themselves recognized as a subpopulation of germinal cells highly
enriched in stem spermatogonia. We expect that the transplantation of

chicken pubertal or adult SP cells into sterilised recipient (Trefil et al.,

66



2006) will improve the rate of colonisation of seminiferous tubules by
germinal cell populations and restoration of exogenous spermigenesis.
Together with the retrovirus-mediated gene transfer into the male germ
cells (Kalina et al., 2007), it might be a way to the efficient transgenesis in

chicken.
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TABLES

Tab. 1. Percentage of cells with haploid (N), diploid (2N) or tetraploid (4N)
nuclear DNA content and side population (SP) among viable cells from

single-cell suspensions of pubertal and adult testicular tissues in the

chicken.

Percentage N 2N 4N SP

(%)

Adult 54.6 18.9 8.4 1.3
4.2)* (3.3)* (3.5) (0.2) 1

Pubertal 25.5 44.7 7.9 4.1
(2.7) (7.7) (1.3) (0.6)

*(P <0.05)

Dates are expressed as mean (standard deviation)
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FIGURE LEGENDS

Figure 1. (A) Flow cytometric analysis of adult and pubertal cockerel
testicular cells stained with Hoechst 33342 and PI fluorescence. Visible
populations of adult and pubertal cockerel tetraploid testicular cells,
premeiotic spermatocytes | (4N), diploid testicular cells (2N), haploid
spermatides (N) and specific population of testicular cells mainly called
SP. (B) Dual-parameter flow cytometric analysis of adult and pubertal
cockerel testicular cell cycle stained with Hoechst 33342 and PI
fluorescence. Visible population of adult and pubertal testicular cells
consists of haploid (N) testicular cells, diploid (2N) cells in G1 phase of
the cell cycle and tetraploid cells, premeiotic spermatocytes | (4N) in

G2/M phase of the cell cycle.

Figure 2. Expression of differentiation markers in the sorted testicular cell
subpopulations from pubertal and adult cockerel. RNAs from the whole
testes of an pubertal cockerel (T) as well as sorted haploid (N), diploid
(2N), tetraploid (4N) and SP cell populations were analysed via RT PCR.
RT PCR was performed for the Dazl (30 cycles), Stra 8 (30 cycles), and

B-actin (30 cycles) genes.
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FIGURES

Fig. 1.
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Fig. 2.
RT PCR analysis of differenciation marker expression in the sorted

testicular cell subpopulations of pubertal and adult cockerels

A) pubertal B) Adult
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