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Abstract

The substances secreted by Sertoli cells (SCs) are crucial to determine male sex
characteristics in embryos and regulate spermatogenesis in adulthood. The failure in SC
maturation can cause sterility in men. Before puberty, SCs keep the ability to proliferate
and have been considered as immature cells. They differ remarkably from mature cells
in connection with their morphology and biochemical activity and thus they probably
play a part in maintaining spermatogonia stem cells in an undifferentiated stage. The
transient presence of cytokeratin in immature SCs has been reported in many species,
but not in Xenopus yet. We investigated which molecules are expressing only in
immature Sertoli cells of X. tropicalis testes. The regulation of cytokeratin and -catenin
was revealed by fluorescent immunostaining. Cytokeratin and membrane -catenin co-
expressed in X.tropicalis juvenile testes and in cultured SC progenitors, called XtiSCs,
but they were absent in adulthood. There was no signal of cytokeratin in migrating SCs
(pre-SCs) located outside the seminiferous tubules. The suppression of cytokeratin
along with the breakdown of B-catenin-based cell contacts have been observed in
XtiSCs after the treatment with a small molecule drug, CHIR99021 and led to their
dedifferentiation back to stem cell-like state. These findings confirm the expression of
cytokeratin and a novel molecule, B-catenin along with Sox9 in SCs as markers

indicating their immature state.

However, the function of CK in SC development is poorly understood. We
examined interconnection between CK and B-catenin-based cell junctions in immature
SCs. Reversible dissociation of CK by acrylamide in XtiSCs induced breakdown of
membrane-bound B-catenin but had no effect on F-actin and B-tubulin or cell adhesion
proteins (focal adhesion kinase and integrin B1). On the contrary, disruption of
membrane B-catenin via uncoupling of cadherins with Ca2+ by chelator EGTA didn’t
show any influence on the cytokeratin stability. The results suggest a new role of CK in
the retention of B-catenin-based junctions in immature Sertoli cells, and thus serving as
structural support for arrested germ cells and for the formation of proper seminiferous

tubules.
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Epithelial-mesenchymal transition (EMT) and mesenchymal-epithelial transition
(MET) are fundamental processes in embryonic development. In general, EMT is
characterized by the conversion of sessile epithelial cells into mesenchymal cells with
the migratory potential, whereas MET activates a reverse process. A mesenchymal
phenotype of pre-Sertoli cells has been observed suggesting that pre-SCs must undergo
a MET to differentiate into mature cells. Our laboratory has been successful in the
establishment of Xenopus tropicalis somatic cell line from testes of juvenile frogs, called
XtTSCs. The isolated cells possessed characteristics of Sertoli cells with expression of
immature markers including Sox9, vimentin, cytokeratin and -catenin, so latter called
XtiSCs. The main aim of my Ph.D. project was the determination of factors responsible
for the induction of EMT, a reverse differentiation process of SCs, and identification of
a stemness window where cells possess the greatest differentiation potential in XtiSCs.
GSK-3 inhibitor (CHIR99021), FGF2 and/or TGF-B1 ligands were employed in XtiSCs
culture to induce EMT. Our results showed that XtiSCs underwent full EMT after 3-day
treatment with GSK-3 inhibitor and partial EMT with FGF2, but not with TGF-beta 1.
The morphology change of CHIR-treated XtiSCs to the typical spindle-like cell shape
was associated with the upregulation of mesenchymal proteins (fibronectin, integrin
a5B1, Snail and Zebl) and low expression of the epithelial marker, cytokeratin.
Moreover, this inhibitor also promoted stem cells markers (Sox2, cd44) and the efficient
derivation of stem cells from Xenopus testes. CHIR-treated, but not FGF2-treated or
vehicle XtiSCs can differentiate into chondrocytes in vitro and cardiomyocytes in vivo
after their microinjection into the peritoneal cavity of X. tropicalis tadpoles.
Interestingly, the EMT-shifted cells could migrate toward cervical cancer cells in vitro
(HeLa cells) and to the injury site in vivo. In general, our results provide a better
understanding of signaling pathways underlying the generation of testis-derived stem
cells. Moreover, XtiSCs could represent a novel model for the study of the EMT process

and SC maturation.
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Abstrakt

Sertoliho bunky (SCs) produkuji celou fadu molekul klicovych pro determinaci
samc¢iho pohlavi a pro regulaci spermatogeneze v dospélosti. Poruchy diferenciace
Sertoliho bunék vedou u cloveka ke sterilité. Pfed nastupem puberty hraji dilezitou roli
v udrZeni spermatogonidlnich bun¢k v kmenovém stavu a zajist'uji tak jejich dostatecny
pocet. Zajimavym znakem odliSujicim nezralé a zralé Sertoliho buriky je docasna
pritomnost cytokeratinu, ktery byl u téchto bunék popsan u celé fady modelovych
organismil. V ramci této disertacni prace jsme se zabyvali rozdilnou genovou expresi
proteinli spojenych s regulaci cytokeratinu u nezralych a zralych Sertoliho bunék
odvozenych z varlat Drapatky tropické (Xenopus tropicalis). Imunohistochemické fezy
varlat z juvenilnich jedincli a imunocytochemické analyza buné¢né kultury odvozené
ze stejného zdroje, obsahujici nezralé progenitory Sertoliho a peritubularnich
myoidnich bunék (XtiSC) ukazaly na spole¢nou expresi cytokeratinu a membranového
B-kateninu. V piipadé vzorku z dospélych jedinct nebyla detekovana pfitomnost ani
jednoho z nich. Dale pak podobny fenotyp vykazovaly i migrujici Sertoliho bunky (pre-
SCs), které se nachazely mimo semenotvorné kanalky. I zde byla exprese obou proteint
potlacena. Pfidani inhibitoru glykogen syntdzy kinazy 3, CHIR99021, k buné&cné
kultufe XtiSC vedlo k dediferenciaci pfitomnych bunék do kmenového stavu a k

rozsiteni jejich diferencia¢niho potencidlu.

Role cytokeratinu a dalSich proteinti zahrnujicich B-katenin a Sox9, marker
Sertoliho buné¢k, na diferenciaci Sertoliho bun¢k nebyla dosud prozkoumaéna. V ramci
pfedloZzené disertacni prace jsme se zabyvali vztahem mezi cytokeratinem a
membranovym B-kateninem vcetné prislusSnych mezibunéénych spoju (cell junctions)
u nezralych Sertoliho bunék. Reverzibilni destrukce cytokeratinové sit€¢ pomoci
akrylamidu vedla u XtiSC bunck ke ztrat¢ membranového P-kateninu. F-aktin, B-
tubulin nebo proteiny bunécné adheze (kindza fokalnich adhezi - FAK a integrin 1)
nebyly akrylamidem ovlivnény. Na druhou stranu naruseni membranového B-kateninu
pomoci Ca>» chelatacnitho cinidla EGTA nezptlisobilo vazngjsi dezintegraci

cytokeratinové sité. Vysledky ukazuji na novou roli cytokeratinu pro stabilizaci
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mezibunéénych spoji zavislych na B-kateninu v nezralych Sertoliho buikéach. Tato
stabilizace je klicova pro udrzeni spermatogonii ve stavu délicich se bunék bez
meiotického zrani v ramci pre-pubertalnich varlat a dale pak pro spravné formovani

semenotvornych kanalki.

Epitelo-mezenchymadlni tranzice (EMT) a mezenchymo-epitelidlni tranzice
(MET) patti mezi zakladni bunécné procesy v zarodecném vyvoji. EMT je
charakterizovand jako pfeména adhezivnich bunék epitelidlniho typu na
mezenchymalni typ schopny migrace. MET pak piedstavuje obraceny proces. Nezralé
Sertoliho bunky (XtiSC) vykazuji mezenchymalni fenotyp. Za fyziologickych in vivo
podminek musi tyto buiiky podstoupit MET a diferencovat se ve zralé Sertoliho bunky.
V laboratofi Skolitele se podarilo zaloZit dlouhodobou bunécnou kulturu odvozenou z
varlat juvenilnich jedinct X. tropicalis. Expresni profil buné¢k obsahoval markery
nezralych Sertoliho bun€k jako Sox9, vimentin, cytokeratin a B-katenin. V prvni
publikaci, kterd je soucasti disertacni prace byly tyto buiiky zkracovany jako XtTSC
(Xenopus tropicalis Testicular Somatic Cells). V dalSich dvou rukopisech jsou
popisovany jako nezralé Sertoliho buiiky, XtiSC (Xenopus tropicalis immature Sertoli
Cells). Cilem ptedlozené disertacni prace byla identifikace faktor odpovédnych za
indukci epitelo-mezenchymalni tranzice u XtiSC a nalezeni tzv. “kmenového okna”
tomuto ucelu jsme zvolili GSK-3 inhibitor (CHIR99021) a dale pak FGF2 a/nebo TGF-
B1 ligandy. Ttidenni oSetfeni XtiSC bunécné kultury GSK-3 inhibitorem vedlo ke
kompletni EMT. FGF2 vedl pouze k ¢astecné tranzici do mezenchymalniho fenotypu.
Na druhou stranu TGF-f1 mél vliv na senescenci nikoliv na EMT.
Pisobeni CHIR99021 bylo patrné jak na urovni zmény bunécné morfologie
(vietenovity tvar buné€k), ale také na zvysené expresi mezenchymalnich proteinti jako
je fibronektin, integrin a5B1, Snail a Zebl a na snizené expresi epitelidlniho markeru,
cytokeratinu. Navic oSetfeni bunék GSK-3 inhibitorem vedlo ke zvySeni markert
typickych pro kmenové buriky, jako napt. Sox2 a cd44. To mélo za nasledek schopnost
XtiSC diferencovat do chondrocytii in vitro a kardiomyocytd in vivo po jejich
mikroinjekci do peritonedlniho prostoru pulct X. tropicalis. XtiSC buiiky po EMT

tranzici migrovaly k nddorovym bunikdm cervikdlniho karcinomu a do mista po
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indukovaném poranéni. Vysledky této disertacni prace umozni lepsi pochopeni
mezibunécné signalizace, ktera stoji za pfipravou kmenovych buné¢k odvozenych z
varlat. Navic XtiSC bunky pfedstavuji novy model pro studium epitelo-mezenchymalni

tranzice v ramci zrani Sertoliho bun€k a spermatogeneze.
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