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1.Making gametes
• Embryonic stem cells (ESC). 
• Derivation and differentiation
• Gamete differentiation from ESC

- Derivation of oocytes
- Derivation of sperm

• Derivation of oocytes from fetal stem cells
• BM stem cells as a source of gametes?
2.Helping embryos
• Assisted hatching
• PGS 
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Embryonic Stem Cells: Self Renewal and Differentiation

Self-renewal DifferentiationAsymmetric
division
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Differentiation

GERM CELLS - GAMETES
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Formation of follicular structures

After 2 weeks in culture, structures similar to advanced follicle-like
structures appear. Most of them degenerate but around 20% give rise to
“oocytes”> 40 µm.

• The functional activity of the
follicles is evidenced by estradiol
production

Oocyte characterisation

• At D26 of culture, oocyte-like cells ( 50-
70 µm) are released from surrounding
somatic cells and float freely in the
supernatant. 

• All ZP markers are + except ZP1 
(accounting for fragile ZP structure)

Addition of gonadotrophins to
isolated follicles results in extrusion
of oocytes and formation of a polar 
body-like structure
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Blastocyst-like structures
derived from ES cells

• At about day 43, structures similar (morphology
and markers) to preimplantation embryos are 
found.

These blastocyst-like structures
represent parthenotes
(probably) induced by culture 
conditions
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• Culture conditions: 
Embryoid body 
differentiation

• Marker expression
• pluripotency (Oct4).
• GC development markers (Stella

,Fragilis)
• Genes exclusively expressed in 

GC line (Dazl, Piwil2, Rnf17, 
Rnh2, Tdrd1 y Tex14)

During embryoid body formation
pluripotency markers expression
decreased with some expression
of GC specific genes

•Upregulation of genes associated  with male 
germ cell development (Sry, Acrosin, Haprin, 
markers of Sertoli cells)

•No expression of Zp proteins.

•Within the context of EB differentiation, the 
default programm of female gametogenesis is 
suppressed.

PGC differentiation to functional gametes

Meiosis
EB microenvironment is permissive for 
male germ cell development and meiotic 
maturation, even though highly inefficient

EB derived cells have a 
similar morphology to testis 
derived haploid cells. Round 
spermatids?

Sperm morphology

• ICSI with haploid cells into recipient 
oocytes
• 50% of the embryos cleaved to 2 cell 
stage
• 20% reach the blastocyst stage.
• FISH: normal for sex chromosomes

Biological functionality
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• Germ cell in vivo production from mESC.
• Transplantation of ESC aggregates to 

testicular capsule.
• ESC derived cells can participate in 

spermatogenesis and produce functional 
germ cells in vitro

Nayernia et al, Developmental Cell 11, 125-132, July 2006
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• Establishment of two cell lines (Spermatogonial
stem cells- SSCs) with patterns of differentiation 
towards male germ cells .

• Derived from mESC (directed gene expression 
for premeiotic and haploid male germ cells)

• Motility of cells
• Formation of tail-like structures

• Positive for PGCs, 
premeiotic (Oct 4, 
Fragilis, Stella,..),, 
meiotic (Scp3, Acr) and
postmeiotic male germ
cells markers

• Formation of sperm
structures.

• Acrosome like
structures

• Condensation of
the nucleus

• Disruption of methylation imprints? 
• ICSI of in vitro-generated cells 

(haploid cells) into oocytes of wildtype
females.

• Polar body extrusion, PN formation  
and normal features of embryo 
development.

• Transfer into the oviducts of 
pseudopregnant females 

• 65 embryos transferred 
• 12 animals born.
• Larger or smaller offspring 
• Premature death (5 days to 5 

months after birth). 
• Abnormal methylation patterns 

and phenotypic abnormalities

interference with the essential
reprogramming events in gametogenesis
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Kerkis et al, 2008

Female GC differentiation

Reduction in 
chromosome number

Male GC differentiation

Science,2007
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Customised gamete
derivation by Nuclear 
Transfer

2006

•Stem cells isolated from the skin 
of porcine fetuses have the 
intrinsic ability to differentiate into 
oocyte-like cells.

• When differentiation was 
induced, a subpopulation of 
these cells expressed markers 
(Oct4, GDF9b,DAZL and Vasa), 
consistent with germ-cell 
formation. 

•On further differentiation, these 
cells formed follicle-like 
aggregates that secreted 
oestradiol and progesterone and 
responded to gonadotropin
stimulation.
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• Some of these aggregates extruded 
large oocyte-like cells that expressed 
oocyte markers, such as ZP, and 
meiosis markers,(SCP3). 

• Some of these oocyte-like cells 
spontaneously developed into 
parthenogenetic embryo-like 
structures. 

• Functional gamete-like cells can be obtained from
embryonic and fetal stem cells. 

• BM stem cells give rise to male gametes
• Customised gametes may be obtained from ESC using NT 

techniques.
• Derivation of gametes from SC brings new insights into

germ cell development , epigenetic reprogramming and
germline gene modification

* Stem cell derived gametes can become a valuable resource
for research. The use of such gametes in  ART remains a 
“distant prospect"

Conclusions



11

Assisted Zona Hatching

What is the evidence?

•Assisted hatching (AH) involves the artificial thinning or breaching of the ZP.

•Has been proposed as one technique to improve implantation and
pregnancy rates following in vitro fertilization (IVF). 

•An increased implantation rate following mechanical opening of the ZP 
(partial zona dissection-PZD) was first reported in 1990 (Cohen et al 1990)

•The assisted hatching procedure can be performed on day 3 or day 5 after
fertilization.
- drilling with acidified Tyrode’s solution
- PZD with a glass microneedle
- Laser photoablation
- Use of a piezomicromanipulator

Embryo Assisted hatching

Embryo Assisted hatching

The role of assisted hatching in in vitro fertilization: a review of the literature. A Committee opinion

The Practice Committee of the Society for Assisted Reproductive Technologya and the Practice Committee of the American Society for Reproductive Medicine

Fertil Steril Vol 86, Suppl 4, Nov 2006
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Conclusions

•The available published evidence does not support the routine or universal 
application of assisted hatching in all IVF cycles at this time. 

• Assisted hatching may be clinically useful in patients with a poor prognosis, 
including those with 2 failed IVF cycles and poor embryo quality and advanced
age women (38 years of age) 

• Higher clinical pregnancy and implantation rates have been observed after
assisted hatching. However, delivery rates have not significantly improved, 
possibly because the small sample sizes in studies reporting delivery rates have
lacked sufficient power to detect a difference.

Individual ART programs should evaluate their own patient populations to
determine which subgroup may benefit from AH

Embryo Assisted hatching

Preimplantation genetic
screening (PGS)

Is it useful for advanced age
patients?
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• Multicentre trial of preimplantation genetic screening
reported in the New England Journal of Medicine: an in-
depth look at the findings.
Cohen J, Grifo JA. 

• Substandard application of preimplantation genetic
screening may interfere with its clinical success.
Munné S, Gianaroli L, Tur-Kaspa I, Magli C, Sandalinas
M, Grifo J, Cram D, Kahraman S, Verlinsky Y, Simpson
JL.

• IVF with preimplantation genetic screening, a promising
new treatment with unexpectedly negative health
outcomes: the Hippocratic role of Data Monitoring
Committees.
Ankum WM, Reitsma JB, Offringa M; Hippocratic role of 
Data Monitoring Committees.
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