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To explore future aspects of treatment of male
factor infertility due to the absence of
sperms.

To explore future aspects of treatment of female
infertility due to the absence of oocytes.

Learning Objectives



Infertility is a prevalent problem in 
our society today. The WHO 

estimates its worldwide diffusion 
near to 80 millions of women.



Infertility is both a medical and a 
social problem that affects a large 
female population worldwide and 

is undoubtedly a disease 
(Silvestris et al., 2015).



Modern techniques in infertility 
treatment almost solved all 

problems of infertility, except in 
couples where no oocytes or 
sperms could be retrieved.



Before selecting a 
treatment, there must 

be some evidence 
that this treatment is 

effective.



Questions to be answered in this talk

• Can we create gametes (oocytes and 
sperms)?

• Are the gametes capable of 
fertilization?

• Can they produce viable embryos?
• Could embryos implant and produce 

offspring?



Evidence on what is already 
achieved



In animals

Sources

• Embryonic stem 
cells

• Pluripotent stem 
cells

• Germ line stem 
cells

Products

• Artificial sperms
• Artificial oocytes
• Fertilization was 

achieved
• Off springs were 

produced



In animals

• Somatic cells could produce sperms and 
oocytes with no documentation of 
intermediate stages.

• Artificial sperms were produced in the 
female.

• Artificial oocytes were produced in the 
male.



In the humans

• Germ line stem cells 
and  embryonic stem 
cells

artificial sperms and 
artificial oocytes

• Fertilization was successful
• Normal development of genetic and 
epigenetic stability and births of babies were 
not yet achieved.



SSC culture

• In rodents testicular cells can be greatly 
expanded and maintain competence to 
generate spermatogenesis and regain 
fertility (Kanatsu-shinohara 2003)



Elhija et al. (2011) cultured 
testicular cells from a 7 days old 

mice and produced 
morphologically normal sperm. 
Studies were needed to confirm 
that these sperms are capable of 

fertilization



Stem cells for regeneration of 
spermatogenesis

• Adult tissue stem cells SSCs are located in 
basement membrane of seminiferous tubules 

• They are self-renewing and differentiating 
divisions to maintain continuous sperm 
production after several mitotic division and 
two meiotic divisions to produce sperm (Valli
et al., 2014)



Brinster et al., 2014 could engraft 
SSCs cells in the semineferous

tubules of mice previously treated 
with chemotherapy producing 

sperm and normal breeding



Sato et al., (2013) demonstrated 
that haploid germ cells from mice 
could be generated in testicular 

tissue organ culture. The produced 
sperm was capable of fertilizing 
oocytes and resulted in normal 

offspring.



Herman et al. (2014) was able to 
obtain functional sperm after 

autologous SSC transplantation in 
non-human primates. They were 
able to produce blastocysts after 

IVF.



Hayashi et al., (2011) used 
pluripotent stem cells which could 

be induced to primordial germ cells 
and were transplanted in infertile 

mice and generated 
spermatogenesis and fertilized 

oocytes and gave rise to offspring. 



Wistuba et al. (2010) performed 
autologous testicular grafting in 2 

studies and reported complete 
spermatogenesis



Problems in the human

• Few SSCs cells can be obtained for the human
• Very few cells are present in the prepubertal

testis.
• In cancer even if culture succeds, there is a 

risk of reintroducing the malignant cells.



Clinics worldwide are preserving 
testicular tissue which does not 

have sperms with hope of a future 
successful procedure 

(Vali et al., 2014)



Currently via stem cells 
There are tens of serious 

publications in Nature and in 
Science on how to develop eggs 

and sperms in experimental 
animals. 



Evidence on the use of stem cells in 
the treatment of female infertility



Detection and isolation of Ovarian 
Stem Cells

• Isolation and culture of germinal OSCs 
from purified neonatal and adult female 
OSCs from mice through a cell-sorting 
approach (Zou et al., 2009), followed by 
immunomagnetic isolation of cells.



In subsequent studies, Zou and co-
workers (2011) further tried to 

isolate OSCs by magnetic sorting
through three germinal markers.



Another group of investigators 
described the presence of both 
very small embryonic-like stem 

cells and germinal OSCs within the 
ovarian surface epithelium of adult 

mammals (Bhartiya et a., 2013).



While ovarian germ line stem cells are 
well-characterized in non-mammalian 
model, the findings that support their 

existence in  mammals is not confirmed
(Hanna et al., 2014).



To investigate the occurrence of OSCs in 
ovaries from adult women, the authors tried 
to isolate these cells from freshly collected 
ovarian cortical tissue, flow cytometry and 

fluorescence microscopy. It provided further 
evidence to the existence of OSCs in the 

human ovary (Silvestris et al., 2015).



Some controversial issues 

• Some groups doubt the presence of germ cell 
on the surface of the ovary  in mammals and 
humans (White et al. 2012).

• There is controversy whether bone marrow 
cells can produce oocytes (Eggan et al. 2006)



Skin-derived mesenchymal stem 
cells can differentiate into the 

three embryonic germ layers, and 
can differentiate into cells 

expressing germ-cell specific 
markers in vitro and form oocytes 

in vivo (Lai et al., 2014).



Female skin-derived mesenchymal
stem cells were used to restore 

ovarian function. Significant increases 
in total body weight and the weight of 

reproductive organs and partially 
restoring fertility in chemotherapy-

treated female mice. 
(Lai et al., 2014).



These findings suggest that skin-
derived mesenchymal stem cells 

may play a role within the ovarian 
follicle microenvironment in 

restoring the function of damaged 
ovaries and could be useful in 

reproductive health.



Human endometrial mesenchymal
stem cells restore ovarian function 
through improving the renewal of 

germ line stem cells in a mouse 
model of premature ovarian 

failure, and after a suitable clinical 
strategy for regenerative medicine 

(Lia et al., 2015)



Bone marrow transplantation 
restores follicular maturation and 
steroid hormones production in a 
mouse model for primary ovarian 
failure. Offspring were obtained 

from oocytes derived from ES cells 
(Ghadami et al.,2012)



Recent developments in 
production of artificial gametes



• 70 studies reported that in animals, 
artificial sperm and artificial oocytes 
generated from germline stem cells 
(GSCs), embryonic stem cells (ESCs) and 
induced pluripotent stem cells (iPSCs) 
have resulted in the birth of viable 
offspring. (West et al., 2013) 

• Since then tens of studies were 
published.



• Induced pluripotent stem cells allows the 
reprogramming of a differentiated somatic 
cell, into a pluripotent state. 

• Recent findings suggest that in mice, 
functional gametes can be generated in vitro. 
This strengthens the idea that it might be 
possible in the future to generate functional 
human sperm and oocytes from pluripotent
stem cells in culture. (Mouka et al., 2016).



Longevity in mice without a father
(Kawahara and Kono, 2010)

• Bi-maternal mice (BM) which were generated using 
two sets of female genomres, one derived from fully 
grown oocytes from normal adults and the other from 
non-growing oocytes from newborn pups.

• Lifespan of the control was determined.
• BM survived 186 days longer than controls.
• The body weight was significantly lower in the BM as 

compared with the controls at 20 months after birth 
(P<0.05).

• The findings demonstrate that the external genome 
may play a role in ontogenetic longevity



The human and future 
developments



The urge to have one’s own 
biological child supersedes any 

desire in life 



For this reason, science is 
progressing very fast and scientists 
are working very hard to sort out 
this serious and difficult problem.



• In humans, artificial sperm has been 
generated from ESCs and iPSCs. Artificial 
human oocytes have been generated from 
GSCs, ESCs and somatic cells (without 
documentation of intermediate stages of stem 
cell development). Fertilization of human 
artificial oocyte after haploidization by 
transplantation of a somatic cell nucleus into 
an enucleated donor oocyte was also 
reported. (Eguizabal et al., 2011)



• Normal developmental potential, epigenetic 
and genetic stability of human embryos and 
birth of children has not been reported 
following the use of human artificial gametes. 
(Hendriks et al., 2015)



The pace of scientific progress and 
time frame for any potential future 

clinical application of artificial 
gemetes is difficult to predict 

(Hinxton et al., 2008)



Ethics and conclusions



Any trial for producing gametes 
should be done in an experimental 

design approved ethically. These 
trials should never be done in the 

real practice of medicine.



While there has been progress in directing 
the development of embryonic stem cells 
and induced pluripotent stem cells toward 
a germ cell state, their ability to serve as a 
source of functional oocytes in a clinically 
relevant model or situation has yet to be 

established. (Hanna et al., 2014). 



Recommendation 

• Introducing artificial gametes in the clinical 
world must be preceded by proof of its clinical 
effectiveness and safety.

• Desirability and acceptability by potential 
users should be studied first.

• A social debate including stake holders should 
be initiated before its initiation.
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