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Male infertility background
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Spermatogenesis
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Genetic, testis function and male infertility
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Genetic, testis function and male infertility
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Single gene defect linked to
guantitative spermatogenic anomalies
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Single gene defect linked to
guantitative spermatogenic anomalies

Single gene defect linked to
Qualititative spermatogenic anomalies
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Why gene editing should be considered to treat male infertility

When the etiology of spermatogenesis failure is a single gene defect

If no sperm is available for IVF/ICSI
Indeed alternatives, as donor insemination or adoption, may be proposed to the
infertile couple
But in some countries alternatives are not available



Prevalence of genetic cause of infertility in North-African men
Constantine-Algeria (599 men 2011-2012)

Figure 1: Photographs of representative spermatozoa from (a, a’) a normal
donor, (b, b') a patient with macrozoospermia (with a homozygous
aurora kinase C c.144delC mutation) and (c, ¢’) a patient with
globozoospermia (with a homozygous DPY19L2 deletion).

Homozygous AURKC mutation: 2.7 % of men with abnormal semen analysis
Homozygous DPY19L2 deletion: 1.2 % of men with abnormal semen analysis
Ounis et al, Asian J of Andrology, 2015




Why gene editing should be considered to treat male infertility

When the etiology of spermatogenesis failure is a single gene defect
If no sperm is available for IVF/ICSI
Indeed alternatives, as donor insemination or adoption, may be proposed to the

infertile couple
But in some countries alternatives are not available

Gene therapy as treatment of male infertility is not a new concept



Editing gene based therapy for male infertility is increasingly suggested
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Why gene editing should be considered to treat male infertility

When the etiology of spermatogenesis failure is a single gene defect

If no sperm is available for IVF/ICSI

Indeed alternatives, as donor insemination or adoption, may be proposed to the
infertile couple

But in some countries alternatives are not available

Gene therapy as treatment of male infertility is not a new concept

At present there is no efficient and safe procedure applicable to human
infertility treatment

However the ongoing experiments and technical developments of male germ
cell editing and manipulation in animal models allow to look ahead how gene
editing could be used to treat male infertility




How gene editing could be used to treat male infertility

Germ cells are available

Gene editing in vivo

Spermatogenesis in vivo
Gene editing in vitro <

Spermatogenesis in vitro

No germ cell available



Germ cell gene editing In vivo

The testicular microenvironment
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Mice: offspring +

In vivo transfection of testicular germ cells and transgenesis by
using the mitochondrially localized jellyfish fluorescent protein gene
Huang et al FEBS Letters 2000

Transgenic mice produced by retroviral transduction of
male germ line stem cells in vivo.
Kanatsu-Shinohara et al Biol Reprod. 2004

In Vivo genetic manipulation of spermatogonial stem cells and their
microenvironment by Adeno-Associated Viruses
Watanabe et al Stem Cell Reports 2018



Germ cell gene editing In vitro with spermatogenesis in vivo

Genetic selection in vitro

Kanatsu-Shinohara et al., 2005b
Transgenic mice were derived from GSCs
transfected with a plasmid vector carrying an
Egfp expression construct and drug resistance
gene

Kanatsu-Shinohara et al., 2006a
KO mice were produced by gene targeting
and random integration in GSCs

Wu et al., 2015
Genome-edited mice were produced by
CRISPR-Cas9 technology in GSCs

Transfection Drug selection

Genome- Chapman et al., 2015
edited Spermatogonial transplantation Genome-edited rats were produced by
offspring CRISPR-Cas9 technology in GSCs

Sato et al., 2015b

Knock-in mice were produced by TALEN
technology in GSCs

Takashima and Shinohara, Stem Cell Res, 2018

Spermatogonial stem cell transplantation into Rhesus testes regenerates spermatogenesis producing functional sperm

Hermann et al Cell Stem Cell 2012
Donor spermatogenesis in de novo formed seminiferous tubules from transplanted testicular cells in rhesus monkey testis

Shetty et al Hum Reprod 2018




In vitro spermatogenesis

Spermatogonia Spermatocyte Round Elongating Sperm
SSCs

spermatid spermatid
Mouse E> @ E>

g A=

Martinovitch, 1937 ¢
Nishimune, 1983

|
A-izawa, 1979 ?ﬁ I

|
‘ Dietrich, 1983 =——————y s—

Rassoulzadegan, 1993 ] == B

Organ culture
sy Tubule culture
s Cell culture

| sl 3D culture
Hofmann, 1992, 1994 s>

Feng, 2003 --------------

‘ Marh, 2003 ﬁﬁ offspring
Suzuki & Sato, 2003

__’ 8 cells
H Kanatsu-Shinchara, 2003 ‘

Lee HJ, 2006 s ‘
|
Stukenborg, 2008 l. EEEEENEEEE l—ﬁ_i_’

‘ Hasegawa, 2010 ssmsm ——- Offspring

Gohbara, 2010 #

Sato, 2011 #—|—_ Offspnng
Abu E|h|ja 2012 -_

Yokonishi, 2013 : XN
Yokonishi, 2014 = ' - P Offspring
Sato, 2015

—|

Komeya, 2016 | l I : P Offspring

Komeya et al Reprod Med Biol. 2018



Human in vitro spermatogenesis
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Y chromosome AZFa deletion - Sertoli cell only
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Stable iPSC lines with AZFa deletionsjwere generated,
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Ramathal et al. Sci Rep. 2015



Conclusion

Spermatogenic failure and male infertility are (and will be) more and more
explained by (single) gene defects.

Could editing these genes be a resonsible treatment of male infertility in the
future?

Probably yes when it will be possible to control the safe and efficient
production and maturation of edited germ cells and sperm in vivo or in vitro
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Cell Research (2015) 25:67-79.
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ORIGINAL ARTICLE

Correction of a genetic disease by CRISPR-Cas9-mediated
gene editing in mouse spermatogonial stem cells
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Classification of the genes expressed in testis

Testis enriched genes B
B Group enriched genes

Known cell type and
function of the 364
highly testis-enriched genes
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B Known cell type and unknown function
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Network plot of the testis-enriched genes showing
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