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Fertility preservation in pre-pubertal and adult males

Rod Mitchell?2

IMRC Centre for Reproductive Health, University of Edinburgh, United Kingdom, 2Royal Hospital for Sick Children, Edinburgh, United Kingdom

Take-home messages

- Semen cryopreservation for future use in ART is an effective means of preserving fertility in post-pubertal men at risk of

infertility.

- Fertility preservation in prepubertal males remains experimental and currently there are no established clinical options to

preserve fertility in this patient group.

- Current research is focused on developing in vitro and in vivo strategies to preserve fertility for childhood cancer survivors.

Introduction

Childhood cancer rates have increased dramatically (29%
since the 1970s) over recent decades and currently 1 in 500
children in the UK will develop cancer.! Improved long-term
survival (>80% 5 year survival) has resulted in a dramatic
increase in the number of young adults experiencing late
effects of treatment.? One of the most frequent effects is infer-
tility which occurs in the majority of males receiving high-
dose alkylating agents, commonly used in childhood cancer.?
Unlike the situation in females and for adult men, there is cur-
rently no prospect of preserving fertility in prepubertal males
at risk of infertility because mature gametes are not present
until puberty (Table 1).> This short review will summarise the
current state of the art for fertility preservation in males at risk
of infertility as a result of cancer treatment and highlight
progress towards potential future clinical approaches for pre-
pubertal boys.

Current state of the art

For fertility preservation in adolescent and adult males at risk
of infertility due to cancer treatment there is the established
option of semen cryopreservation for future use for insemina-
tion, IVF and ICSI.* This approach is widely used, albeit with
inter-center variation in provision. Despite the fact that in
many cancer patients there is a decline in semen parameters,
the success rates with in vitro fertilization (IVF) and intra-
cytoplasmic sperm injection (ICSI) are similar to those of
standard IVF for infertile couples.* However, for many
patients it is not possible to obtain a semen sample for a vari-
ety of reasons. These include religious, cultural and psychoso-

cial factors and many adolescents and young adults face diffi-
culties producing a semen sample as a result of emotional
immaturity.? For these patients, it may be possible to perform
surgical testicular sperm extraction (TESE) for cryopreserva-
tion.*

For prepubertal patients that have not yet achieved spermato-
genesis, obtaining sperm for storage is not possible.’
Currently, there are no established clinical options to preserve
fertility in these patients. Potential approaches might involve
protecting the gonad in-situ either by modifying treatment reg-
imens’ or alternatively by co-administering treatments that
may prevent the damage.® A number of promising rodent stud-
ies have shown that hormonal (e.g. GnRH antagonists, sex
steroids) manipulation can protect or restore of fertility; how-
ever, the limited evidence in humans does not support this
approach for clinical applications.’ Recent studies involving
administration of granulocyte colony-stimulating factor (G-
CSF) have demonstrated protection of fertility in animal mod-
els, including Rhesus monkeys; however, this approach has
not yet been translated into humans.®

Over the last decade a number of centers have begun to cryop-
reserve testicular tissue from prepubertal boys prior to
gonadotoxic cancer treatments.* This approach remains exper-
imental in the absence of any clinical applications for the cry-
opreserved tissue.” Testicular tissue cryopreservation requires
a surgical biopsy, ideally to coincide with a planned theatre
procedure. Tissue may be stored according to a number of
freezing protocols that have been described for prepubertal
testis tissue which demonstrate viability of the spermatogonial
stem cells (SSC) after thawing.®'® However, in the absence of
a proven strategy to restore fertility using this cryopreserved
tissue, the true functional capacity of the SSC within the

Hematology Education: the education program for the annual congress of the European Hematology Association | 2017; 11(1) | 99 |




*

* *

* Jr* EUROPEAN
ﬁ‘%‘,{ HEMATOLOGY
w iy ASSOCIATION

* *

*

R

Fertility preservation in patients with hematological malignancies - Section 3

stored tissue is unknown.

Several approaches have been proposed for subsequent use of
cryopreserved prepubertal testicular tissue to generate mature
gametes and/or restore fertility.> This includes in vitro culture
of testicular tissue and (xeno) transplantation of testicular tis-
sue or SSCs. In vitro culture of neonatal mouse testis using a
soft agar system has been shown to result in the generation of
functional sperm from the spermatogonia, resulting in the gen-
eration of progeny following ICSL.!' In vitro generation of
sperm from human prepubertal testicular tissue has not been
reported. The safety of in vitro generated spermatozoa (e.g.
epigenetic stability) is an important consideration for ex vivo
strategies and therefore transplantation methods may offer an
alternative approach. Transplantation of SSC from neonatal
mouse testis directly into the seminiferous tubules of a germ-
cell ablated mouse has been successful in generating function-
al gametes that can produce progeny.'> SSC transplantation
has also been successful in Rhesus monkeys for generating
sperm that are capable of fertilization using ICSL."* Similar to
SSC transplantation, testicular tissue (xeno) grafting has also
resulted in the generation of functional gametes in rodents'
and monkeys;'> however, for prepubertal human tissue
xenografts, germ cell differentiation did not proceed beyond
spermatocytes.!® Both SSC transplants and testis tissue trans-
plants have the potential to re-introduce malignancy, which
may be a particular issue for hematological malignancies.!”
Therefore, development of these strategies for future clinical
use would require robust systems to ensure this cannot occur.

Future perspectives

Over recent decades, significant progress has been made
towards developing strategies to preserve fertility in young
people treated for cancer. For prepubertal boys facing gonado-
toxic treatments there are no clinical options to preserve fertil-
ity. The focus for future research should be on developing
strategies to protect the gonad in-situ and also on techniques
to generate viable gametes from cryopreserved testicular tis-
sue. Generation of functional germ cells from pluripotent stem
cells has recently been described'® although this approach
remains in its infancy. For any future strategy that is devel-
oped for clinical use, particular attention must be paid to
avoidance of re-introduction of malignancy, ensuring the
genetic and epigenetic stability of the germ cells, and careful
follow-up of offspring.
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Table 1. Options for fertility preservation in males with cancer.

Prepubertal Adolescent Adults
Established Semen cryopreservation X Vi v
Testicular sperm extraction X V% v
Experimental Protection of the in situ gonad v v v
SSC transplantation v v -
Testicular tissue transplantation v v -
In vitro maturation v v -
Pluripotent stem cells v v -

*QOption for pubertal individuals.

| 100 | Hematology Education: the education program for the annual congress of the European Hematology Association | 2017; 11(1)



A

= MADRID
DI 22N0 CONGRESS
Sl JUNE 22-25 12017

European Hematology Association

Fertility preservation in patients with hematological malignancies - Section 3

*4.

Picton HM, Wyns C, Anderson RA, et al. A European perspective on
testicular tissue cryopreservation for fertility preservation in prepubertal
and adolescent boys. Hum Reprod 2015;30:2463-75.

Summary of current provision for fertility preservation in European Centers

5.

*6.

and discussion of current established and experimental options.
Mitchell RT Saunders, PTK Sharpe RM, et al. Male fertility and strate-
gies for fertility preservation following childhood cancer treatment.
Endoc Dev 2009;15:101-34.

Kotzur T, Benavides-Garcia R, Mecklenburg J, et al. Granulocyte
colony-stimulating factor (G-CSF) promotes spermatogenic regenera-
tion from surviving spermatogonia after high-dose alkylating chemothe-
rapy. Reprod Biol Endocrinol 2017;11;15:7.

Study demonstrating the potential of a protective strategy for fertility using G-

7.

10.

CSF in chemotherapy-expsosed mice.

Mitchell RT, Nahata L, Quinn GP. Fertility preservation: don’t forget the
boys. BMJ 20147;356:j495. 7

Keros V, Hultenby K, Borgstrom B, et al. Methods of cryopreservation
of testicular tissue with viable spermatogonia in pre-pubertal boys under-
going gonadotoxic cancer treatment. Hum Reprod 2007;22:1384-95.
Wyns C, Van Langendonckt A, Wese FX, et a.. Long-term spermatogo-
nial survival in cryopreserved and xenografted immature human testicu-
lar tissue. Hum Reprod 2008;23:2402-14.

Baert Y, Van Saen D, Haentjens P, et al. What is the best cryopreserva-
tion protocol for human testicular tissue banking? Hum Reprod
2013;28:1816-26.

*11. Sato T, Katagiri K, Gohbara A, et al. In vitro production of functional

sperm in cultured neonatal mouse testes. Nature 2011;471:504-7.

First demonstration of in vitro spermatogenesis using neonatal mouse testis

12.

13.

*14.

tissue in a soft agar culture system.

Brinster RL, Avarbock MR. Germline transmission of donor haplotype
following spermatogonial transplantation. Proc Natl Acad Sci USA
1994;91:11303-7.

Hermann BP, Sukhwani M, Winkler F, et al. Spermatogonial stem cell
transplantation into rhesus testes regenerates spermatogenesis producing
functional sperm. Cell Stem Cell 2012;11:715-26.

Honaramooz A, Snedaker A, Boiani M, et al. Sperm from neonatal mam-
malian testes grafted in mice. Nature 2002;418:778-81.

First description of full spermatogenesis in xenografted testis tissue from

15.

16.

17.

*18.

immature mice.

Honaramooz A, Li MW, Penedo MC, et al. Accelerated maturation of
primate testis by xenografting into mice. Biol Reprod 2004;70:1500-3.
Sato Y, Nozawa S, Yoshiike M, et al. Xenografting of testicular tissue
from an infant human donor results in accelerated testicular maturation.
Hum Reprod 2010;25:1113-22.

Janhukainen K, Mitchell RT, Stukenborg JB. Testicular function and fer-
tility preservation after haematological cancer. Currt Opin Diabet
Endocrinol Obesity 2015;22:217-23.

Ishikura Y, Yabuta Y, Ohta H, et al. in vitro derivation and propagation
of spermatogonial stem cell activity from mouse pluripotent stem cells.
Cell Rep 2016;17:2789-804.

Use of pluripotent mouse embryonic stem cells to generate germline stem cell-

like cells capable of contributing to spermatogenesis.

Hematology Education: the education program for the annual congress of the European Hematology Association | 2017; 11(1) | 101 |






