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Development, sex differentiation and clonal
expansion of PGCs to create primordial
follicles and spermatogonia

Scenarios for in vitro gametogenesis
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Sabour et al., Identification of genes specific Gkountela et a. DNA Demethylation
to mouse primordial germ cells through Dynamics in the Human Prenatal Germline.
dynamic global gene expression. Cell 161:1425-36 (2015)
Hum Mol Genet. 20:115-25 (2011)
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The Biology of Germ Cells
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Assembly of embryonic and extra-embryonic stem cells to mimic embryogenesis

in vitro. SE Harrison, B Sozen, N Christodoulou, CKyprianou, M Zernicka-Goetz . Science
10.1126/science.aal1810 (2017)
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Plasticity of germ cells

Diploid premeiotic cells
Potentially totipotent
Often act as stem cells (self renewing population dynamics)

Located in somatic (stem cell) niches

. ) ) Limits for expansion?
Highly selected for DNA integrity

In vitro: Unrestricted developmental potential

In vivo: Often restricted developmental potential (Spermatogonia
generate only sperm as unique endpoint)

ES4mm) EG 4mmpPGC ; Gonocyte ; Spermatogonium

Toti/Pluripotency
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Germline sexual differentiation
Soma acts as carrier of germ cells and guides its differentiation

Zygote
Embryonic yg =7 @
stem cey | Oogonia
Soma _ @ \ pr|mord|a| Default meiotic
Germ Cell pathway

Germline
Component

Male somatic
oo oo
- component

Male Germ Line Stem Cells Sperm Sertoli cells
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Gonadalstem cell niches: Worm and Fly
Phenotype, number and function of germline stem cells
depends on the gonadal niche
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Embryonic Germ Cells
in Testicular Cell Cultures

GFP-expression in mouse embryonic germ cells

Mouse testis (day 7) cultured in DMEM
No matrix substance

25.12.17



25.12.17

—

—_— e TJKM

~/GRA e

i

Klein AM, Simons BD.

KIein.AM, Na.kagawaT, Ichikawa R, Un|Versa| patterns
Yoshida S, Simons BD. Of Stem Ce” fate in
cycling adult

Mouse germ line .
tissues.

stem cells undergo

rapid and stochastic Development. 2011 138:3103-11.
doi: 10.1242/dev.060103.

turnove r. Krieger T, Simons BD.
Cell Stem Cell. 2010 7:214-24. :
doi: 10.1016/j.stem.2010.05.017 Dynamic stem cell

heterogeneity.

Development. 2015 142: 1396-406.
doi: 10.1242/dev.101063. Review
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Hara et al. Mouse spermatogenic stem cells continually interconvert between
equipotent singly isolated and syncytial states. Cell Stem Cell 14: 658-72 (2014)
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Scenarios for in vitro gametogenesis
(PubMed: in vitro spermatogenesis: > 3000 hits)

Some experiments on spermatogenesis in vitro.
Goldschmidt. PNAS 1:220-222 (1915)

Initiation of spermatogenesis in vitro.
Steinberger et al. Endocrinol 74: 788-792 (1964)

In vitro differentiation of germ cells from nonobstructive azospermic patients using three-dimensional

culture in a collagen matrix.
Lee et al., Fertil Steril 87: 824-833 (2007)

In vitro post-meiotic germ cell development from human embryonic stem cells.
Aflatoonian et al., Hum Reprod 24: 3150-3159 (2009)

PSCDGs of mouse multipotent adult germine stem cells can enter and progress

through meiosis to form haploid germ cells in vitro.
Nolte et al., Differentiation 80:184-94 (2010)

In vitro production of functional sperm in cultured neonatal mouse testes.
Sato et al. Nature 471: 504-507 (2011)
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New horizons for in vitro spermatogenesis?
An update on novel three-dimensional culture systems as tools for
meiotic and post-meiotic differentiation of testicular germ cells
Stukenborg et al. Mol Hum Reprod 15:521-529, 2009
Abu Elhija M, Lunenfeld E,
A Odppmuine | B Schlatt S, Huleihel M.
Lo c Differentiation of murine
: ) male germ cells to
o l ! s spermatozoa in a soft agar
a | @ ana 5 | . I culture system.
i =] i digestion | | 1 '::'"o"'"' 5P Asian J Androl. 14:285-93
2 @ ! ’
v T o o 0 - > Stukenborg JB, Wistuba J,
Lr “""“"""‘“" erehediBEln  Luetjens CM, Elhija MA,
i R - e = = = Huleihel M, Lunenfeld E,
D I ¢ Gromoll J, Nieschlag E, Schlatt
SACS (.36% sa I S. Coculture of
orMbSm s ; 1?:::'; ' Z 'm:‘;';' spermatogonia with somatic
I ED: 2(Tab. 1) ED: 1 (Tab.1) cells in a novel three-
; SACS dimensional soft-agar-
culture-system. J Androl 29:
312-29 (2008)
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Pre-meiotic germ cells Meiotic germ cells Post-meiotic germ cells

©

pachytene spermatocytes round spermatids elongated spermatids
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Complete Meiosis from Embryonic Stem Cell-

Derived Germ Cells In Vitro
Zhou et al., 2016, Cell Stem Cell 18, 1-11
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in vitro

. Spermatogonia Germline Stem Cell
ESCs EpilCs  PGCLCs SPeIIERdH -like Cells

Zhou et al.

Complete Meiosis from
Embryonic Stem Cell-Derived
Germ Cells In Vitro.

Cell Stem Cell 18, 1-11 (2016)
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Cell Rep. 17:2789-2804
(2016)
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How to create a testis in vitro?

In vitro cord formation: Sertoli cell recapitulate organogenesis

Pan F, Chi L, Schiatt S. Effects of nanostructures and mouse embryonic stem cells on in vitro morphogenesis of rat
testicular cords. PLoS One 8:e60054. (2013)

Observe germ cell homing and expansion
Bright <l
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How to create a testis in vitro?

In vitro cord formation: Sertoli cell recapitulate organogenesis

Pan F, ChiL, Schlatt S. Effects of nanostructures

mouse embryoni
testicular cords. PLoS One 8:e60054. (2013)
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How to create a testis in vitro?

In vitro cord formation: Sertoli cell recapitulate organogenesis

Pan F, Chi L, Schiatt S. Effects of nanostructures and mouse embryonic stem cells on in vitro morphogenesis of rat
testicular cords. PLoS One 8:e60054. (2013)

Observe germ cell homing and expansion
- Bright Pigleir ~
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Hypothesis
on in vitro gametogenesis

Will rely on better understanding of

=)

- germ cell segregation/establishment

- germ cell plasticity

- somal/germline interactions and communication
- stem cell niche (clonal expansion)

Gamete production can be achievedby in vitro recapitulation
of the gonadal microenvironment

- Female: embryonic/fetal stages of ovarian development
- Male: Adult seminiferous epithelium (Sertoli cells)
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Marie Curie International Training Network ,, GROWSPERM*
(http://www.growsperm.eu)
10 Centers, 9 PhD students, 2 postdocs throughout Europe
Coordinator: A.van Pelt, Amsterdam University
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Lead finding
Tissue banking
Cell characterization
Toxicity screening

In vitro cell culture techniques
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