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Introduction

Fertility preservation for prepubertalboys
Preserving the spermatogonial stem cell

Cryopreservation of

) the SSC
I Thawing B
Z . &
\Q\. liv;,)? /I,’J grp:Jummion
| %

In vitro maturation
Il \
. | ) \\
Transplantation \ A
/ )
-L Cliniques universitaires Saint-Luc—WYNS Christine

Introduction

Fertility preservation for prepubertalboys
Who is candidate?

Oncological Non-oncological

Before gonatotoxic therapies
Debatable

* Low riskof infertility ¢ Riskof testiculardegeneration:
— Cryptorchidy
— Klinefelter
— Y-microdeletions

BUT ... No complications following testicular biopsy

% Wyns etal., 2010, 2011; Picton et al.,2015; Uijidert etal., 2017
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Introduction

Fertility preservation for prepubertalboys
Cryopreserving the SSCin its niche

* Maintenance of somatic cells needed for subsequent SSC maturation

* Modification of epigenetic patterns of germ cells in case of SSC niche
disruption (Goosens etal., 2011)

* Possibility of later cell isolation
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Adapted from Wu and al; 2009

The fertility restoration approach depends on the disease:

¢ Risk of testicular tissue contamination with cancer cells
* Competent niche
* Competent SSCs
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Fertility restoration options with prepubertal TT (animals)

Where are we now?

[ Autografting of ] Transplantation of cell

e Tissue pieces .
e Cell agregates suspensions

Offspring Preimplantation embryo development
Mouse (tissue and cell agregates) NH primates (Hermann et al., 2012)
Rabbit (tissue) Offspring
Pig (tissue xenografts) Mouse
Quail In vitro maturation Zatt
s 0a

Monkey (Liuetal, 2016) of germ Ce||S Chicken

. Lamb

Offspring Zebrafish

Mouse (organ culture method)
Satoetal., 2011

——— ey
—— |

Honaramooz et al., 2002
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! - A\ Brinster etal., 1994
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Fertility restoration with prepubertaltissue (humans)
Where are we now?

S$SC Niche
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Tissue transplantation
XenoTransplants of fresh/slow-frozen /vitrified human ITT

Spermatogonia: MAGE-A4

Non grafted tissue

Grafted tissue 6 months

Control Fresh Slow-Frozen Vitrified
Mage A4 positive b
6.71+£7.02 0.23+0.27® 0.28 £0.52° 0.49 £1.14°
cells/ST
% recovery 100% 3.4% 4.1% 7.3%

aand b differ significantly (p <0.001)

Poels etal., 2013

J7 - Recovery of spermatogonia
[ - - No difference for fresh or cryopreserved grafts Q
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Tissue transplantation
XenoTransplants of fresh/slow-frozen /vitrified human ITT

Vitrification

Slow-freezing

®

slepionne

ee

spermatogonia spermatocyte

J) - Spermatogonial differentiation to pachytene stage

pochrics «  alongoteg mature

8@ e .

spermatid spermatazaon

Poels etal., 2013 a
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Transplantation of cryopreserved ITT: challenges ...
Spermatogonial recovery rates after xenografting of human ITT

5 days 3 weeks 6 months
53% to 67% 14.5% 4.1%

| - Most of spermatogonial loss occurs before 3 weeks |

Intact seminiferous tubules after xenografting of human ITT

5 days 3 weeks 6 months
18.6% to 21% 82.2+16.5% 89.7+17.9%

- STintegrity did not worsen over time concomitantly with SG loss
- ST partially recover from initial insult 2 only empty SSCs niches remain

! L Wyns etal., 2007, 2008; Poels etal., 2013, 2014
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Tissue transplantation
Why spermatogonial loss?

® Spermatogonial proliferation capacity maintained

% of proliferating spermatogonia
% of MAGE-A4 (spermatogonia) and 40+

Ki67 (proliferation) positive cells
30-
% 204
104
0-
> > >
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o o > o
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- Proliferative activity of spermatogonia is higher after grafting
J) No difference between F, SF and V grafts
L=

‘L Poels etal., 2013
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Tissue transplantation
Why spermatogonial loss?

> Inadequate recipient environment or ischemic stress before revascularization
responsible for increased apoptosis/necrosis ?

E

Wyns (personal data)

:L ﬂ) TUNEL
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Fresh Grafts (3 days) Fresh Grafts (3 weeks)
n=3 n=3; G=5 n=9 n=9; G=9
CASPASE-3 0.1£0.163 0.063 + 0.056 0.096 +0.135 0.014 +0.022
0.004 + 0.007 +++ 0.001* £ 0.003 0.032 * 0.040
*p=0.044

Tissue transplantation
Why spermatogonial loss?

® Negative impact of the grafting procedure

Early ischemia due to avascular grafting?

Tissue culture with VEGF: increased number of tubules with elongating

spermatidsin bovine grafts (sami eta; 2006)

- Need for improvement in early graft revascularization

:E)
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> Safety issue

(Jahnukainen et al.,2001)

:b'

Perspectives with transplantation ofcryopserved ITT

* As fewas 20 leukemic cells injected into a testis can induce disease relapse

Leukemic cells can survive cryopreservation/xenotransplantation and increase
generalized leukemia in the nude mouse host (Houetal,2007)

J7 - Procedure not applicable if risk of cancer cells’ contamination

Cliniques universitaires Saint-Luc—WYNS Christine

Transplantation oftissue pieces: the cryopreservation
procedureis only partially responsible for spermatogonial

stem cell loss and/orimpairment

Cryopreservation procedure

Cooling rate /_
CPAC

Damage to the

SSC/SSCniche

N

Thawing
protocol

Grafting procedure

Revascularisation

Recipient
environment

- Need for studies on graft revascularisation

S|

- Need for a preclinical model
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Perspectives with transplantation ofcyropreserved ITT

» Reducing tissue damage due to ischemic stress before revascularization

Testosterone
o] H,
H3°J\N ° . GnRH
H N-Acetyl Cysteine

OH

0,

‘
H l Superoxide dismutase " Inhibin

Hﬂ

Cotalsse Glutathione paroxidase
HZO / % HZO

Paracrine

Factors
—
-~

(26sH | | GssG |
PR Gorm cells
Gintathions reductase Leydigeells  sertolicells
- Protective effect in germ cell cultures by - Suppresion of apoptosis in human GC and
apoptosis inhibition (Erkkia et al, 1998) crucial role in GC survival (Erkkia et al., 1997)
-> Protective effect on tissues in case of -> Testo withdrawal = progressive 1> apoptosis
testicular torsion/distortion (Turkmenetal., 2012) and DNA fragmentation (fesarik et al,, 2002)
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Perspectives with transplantation of cyropreserved ITT
> Reducing tissue damage due to ischemic stress before revascularization

Spermatogonia: MAGE A4

4 S

| Control non-grafted | Thawed+NAC Thawed+Testo
4 1 - A T (s " o - :

% Recovery 100% 67% 63% 53%

- Presence of spermatogonial cells in all grafting groups
- Number of SG/ST not statistically different between groups

‘L Poels etal., 2014
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Non grafted tissue Grafted tissue 5 days
Control Thawed Thawed+NAC Thawed+Testo
Mage A4 positive
3.02£2.09 2.22 +1.67 1.91+1.47 1.6 +1.77
cells/ST
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Perspectives with transplantation of cryopserved ITT

» Use of VEGF nanoparticles to promote early graft revascularisation
Drug attached to nanoparticles in hydrogels

Constant and controlled concentration, reduced dispersion

D Q
A R =
— - — ) o
KUy -
Vascular Endothelial DS binds o [
Groth Factor (VEGF) VEGF b-in ds low Mw CS Release of
O crran Sulfate high Mw DS stabilized VEGF

)

Min Huang et al., 2007 a
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Perspectives with transplantation of cryopserved ITT

» Development of appropriate embedding matrices for tissue engraftment

s @ Fibdin
& & Algnate
&
s
5
i
-
25, fibrin T- - E‘/\-_:;'_\, ‘ +25¢l thrombin §
(30mg/ml) b (10U/ml) [+1 - - : : :
‘ 0 5 10 15 20 25
or ‘ | or Incubation fime (days)
; L testiculartissue | +5plCaCl, .
45p[°alg|nat$ = (B0mM) S .
(1% wh) autografting
Gelation 10 minutes ‘ ﬂ

|
% -) Compromise between solidity and tissue integration into the host
! L5

Poels etal., 2016
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Perspectives with transplantation ofcryopserved ITT

» VEGF nanoparticles loaded in two different matrices to optimize graft outcome

Day 5
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Perspectives with transplantation ofcryopserved ITT

» VEGF nanoparticles loaded in two different matrices to optimize graft outcome

Day 21
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/| J) —Higher preservation of undifferentiated spermatogonia (x 2)
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Perspectives with cryopreserved ITT

» VEGF nanoparticles loaded in two different matrices to optimize graft outcome

8+
g B 0day
QG- D 21days
2
[
T 44 *
B
=
27
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> ol
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o L
& 2
Q&
F 4{0 9&0

* p <0.05 compared to non grafted control

lInsufficient stabilization of the vasculature by day 21 ?
(new blood vessels could be leaky and rupture easily)
o - Suboptimal exposure to VEGF?
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Transplantation ofisolated SSCs: challenges ...

» Safety issue: cancer cell decontamination with cell sorting

Table 1. Studies reportfing cell sorting aiming ot elimination of neoplastic cell contamination from testicular cell suspensions

A (% of residual i
Cell-sorting ation /! ber of i d
References  Spedies hnig * h after cell sorting samples or xenografted mice)
Fujita Mouse FACS H2Kb/H2Db Cell rransplontation histology: No tumor
etol [48] (MHC ¢l 1) testis, bone marrow, peritonecl
CD45 exudate of recipient mice
Fujita Humon FACS MHC o | CD45 RTPCR for germ cell markers 1.45% K562 cells (CML), 0% K562
et al [49] (DAZL, HIWI, VASA, NANOG, cells after IFy |for induction of
STELLAR, OCT4) MHC d )
Geens Mouse MACS + H2Kb (MHC d |)  FACS; in-vitro culture; cell 0.39% H2Kb" cells; 3.1% {1/32)
etal [50] FACS CD4%t- transplantation noted cullure:
Human FACS H2Kb (MHC d )  FACS; in-wifro culture; PCR for 8 0.58% SB™ cells 1/11
cell receptor confaminated samples
Hermann Norhuman  FACS CD90* /CD4S Xenografis in mice + 0,1% contaminafion + fumors
etal [51] primotes epifiuorescent microscopy
+ SD replicates Postsorting purity No tumor
Dovey Humon FACS EpCAM /CD497/  Xenografts in mice % contaminotion; |vs 23-55% for
etol [52] HLA-ABC- concer cell fraction)
Postsorting punity 98.8-99.8%
D45, surfoce morker of leckamie calls; CDAF [n6 niagrin), marker of spermatagonial stem calls; CD9O [Thy-1], morker of sparmatogonial sem calls: CML,
chionic myslogenous levkemio, DAZL, deleted In azoospermiodhe [expressed in germ cells), EpCAM, epitheliol cal odhesion molecule. gem cells marker; FACS,
flsorascanceactivated cell sortng: HIWI, human homalog of PIWI, fomiy of genas assertial in stem cell salf - rmnawol; HLA, human lavkocyte onfigan; H2Kb/
HZDb, mice MHC haplatype antgens, IFy, interferony; K562, CML marker. MACS, mognetic-oclivated cell soding; MHC ¢l |, mojor histocompatibility complex
l closs | [morker of somatic cells); NANOG, ronscripton factor in ambeyonic stam cells; OCT4, octamear-binding wanscription foctor 4; SD, snglet discrimination;

STELLAR, motker of germline differentiation; VASA, marker of ﬁrmlma differensiation.

F de Michele, M Vermeulen, C Wyns, Current opinion, 2017 a
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Transplantation ofisolated SSCs: challenges ...
» Low number of SSCs contained in a small testicular biopsy

Propagation of Human Spermatogonial
Stem Cells In Vitro

Hooman Sadri-Ardekani. MD Context Young boys treated with high-dose

-fi Mizrak. DVM, PhD infertility once they reach adulthood. Cryopreserving testicular tissue before chemo-
therapy and autotransplantation of spermatogonial stem cells at a later stage could
theoretically allow for restoration of fertility.

To establish in vitro propagation of human spermatogonial stem cells from

Design, Setting, and Participants Study performed from April 2007 to July 2009
using testis material donated by 6 adult men who underwent orchidectomy as part of
prostate cancer treatment. Testicular cells were isolated and cultured in supplemented
StemPro medium; germline stem cell clusters that arose were subcultured on human pla-

Conclusion Long-term culture and propagation of human spermatogonial stem cells
in vitro is achievable.
JAMA. 2009;302(19).2127-2134 VoW W ama.com

Suzanne Ho:
Theo M. de Reijke. MD, PhD

- Technique further applied to propagate prepubertal SSCs (sadri-Ardekaniet al., 2011)
- Technique useful to eliminate cancer cells? (sadri-Ardekaniet al., 2011, 2014)

» Damage to the SSC niche due to chemo- and/or radiotherapy (sar-shira Maymonet at, 2004)
» No valid study model for human SSC transplantation

/
LIS
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Perspectives using reconstituted SSCniches

» Development of organoids

| After cancer treatment |

In vivo: transplantation

Testicular biopsy before
cancer treatment

and spermatogenesis Elimination of neoplasic
restoration LA
contamination
4

Cryopreservation

Thawing/warming

|Tissue dissociation I / \
[eunre & [cotsorng
(FACSIMACS)

;) Decontaminated testicular cells

| In vitro spermatogenesisl
Cells’ selforganization
/ Manufactured matrices

Decellularized tissue scaffold
‘ Icsi
Cliniques universitaires Saint-Luc—WYNS Christine a
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Perspectives using reconstituted SSCniches
Organoids using decellularized prepuberal testicular tissue

»Importance of the ECM

Extracellular matrix Collagen

_ﬂJ Fib tei Fibronectin
Ibrous proteins
-

Laminin

Elastin

% Proteoglycan < Proteil

Glycosaminoglycan

Cytoplasm
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Perspectives using reconstituted SSCniches
Organoids using decellularized prepuberal testicular tissue

> Insearch of an optimal and accessible scaffold

DNA amount
(ng/mg tissue)
GAG content
(ng/mg tissue)
>~

‘L Vermeulen et al., 2017 (submitted)
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ST = SDS - Triton
TST = Triton — SDS — Triton
TED = Trypsin — EDTA - Triton

l)é Best compromise between DNA elimination and ECM preservation
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Perspectives using reconstituted SSCniches
Organoids using decellularized prepuberal testicular tissue
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Vermeulen et al., 2017 (submitted) ’
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Perspectives usingintact SSCniches: in vitro maturation of ITT

o o N . Teeuet
In vitro maturation in humans: state of the art e trom
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In vitro maturation of prepubertal testicular tissue: challenges ...
The SSC niche maturation process

e Sertoli cells:

End of

Birth ‘neonatal-nfantile’ Puberty
period
Human Qul 1 = Iy
i uiescen!
Son— SC number period Adulthood
1
s o1 12=-18 months 10=13 years
ocy

AMH
1000
750

00

750

10
/ ﬂ) e Leydigcells:
h Testosterone production
Caires etal., 2010; Sharpe etal., 2003
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In vitro maturation of human prepubertal testicular tissue

A ScoreO(bad)to 4 (very good)
> Long term organOtyplc CUIture absence of cell-cell detachment
- absence of cell detachment from the BM
Tubules’ integrity .

no more than 5% of nuclear pyknosis

identification of Sertoli and germ cells.
Seminiferous tubules integrity

Iverygood P Good " Medium  Bad

m Testosterone  Wh(G

|

AR gL |88 e Ty
16 27 2

- STs are well preserved (score 3-4) during the culture without significant
difference

/! - - No difference between the two culture media

De Michele etal., 2017
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In vitro maturation of human prepubertal testicular tissue

» Long term organotypic culture

Spermatogonial cells survival and proliferation capacity
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In vitro maturation of human prepubertal testicular tissue

o

> Long term organotypic culture By ’

Sertoli cell maturation: Sertoli cell proliferation rate
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De Michele etal., 2017
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In vitro maturation of human prepubertaltesticular tissue

> Long term organotypic culture

Sertoli cell maturation: evolution of AMH secretion

LII Ii - Iu Iﬂ 1§ | 1=

I Veystong |1 strong Medium
153

80

60

- Testosterone
& nce

AMH (ng/mI)

- Statistically significant decrease in AMH secretion
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_L De Michele etal., 2017
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In vitro maturation of human prepubertal testicular tissue

» Long term organotypic culture

Androgen receptor expression
2 year-old boy

AR expression

% ]Illtlll

day 0 day 1 day 3 day 10 day 16 day 27 day 32 day 53 day 64 day 139

AR positivecells/well preserved tubule

®testosterone = hCG

L De Michele etal., 2017 6
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In vitro maturation of human prepubertal testicular tissue
» Long term organotypic culture

Leydig cells survival and functionality

6000
-@- Testosterone
- hCG

4000

2000

Testosteone (nM)
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De Michele etal., 2017

Conclusions

* Animals: encouraging results with offspring in non-human primates
(tissue transplantation)
* Humans:

» Transplantation of ITT only for patients with benign
diseases

- further improvement of avascular grafting technique

» Transplantation of SSCs: need for preclinical models to
evaluate the SSCs’ differentiation potential

- perspectives with organoid development

» IVM of ITT: research limited due to the scarcity of tissue

/ _) BUT achievement of the pubertal transition of the

! [ - maturation phase of the SSCniche
Cliniques universitaires Saint-Luc—WYNS Christine
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