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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 Cell Lines
Derived from Human
Blastocysts
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Embryonic Stem Cells: Self Renewal and Differentiation
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Derivation of Oocytes from
Mouse Embryonic Stem Cells

Karin Hibner," Guy Fuhrmann,? Lane K. Christenson,*
James Kehler,” Rolland Reinbeld,” Rabindranath De La Fuente,®
Jennifer Wood,* Jerome F. Strauss II,* Michele Boiani,’
Hans R. Schéler'*

www .sciencemag.org SCIENCE VOL 300 23 MAY 2003
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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 pm.

A Estradiol « The functional activity of the
200 production follicles is evidenced by estradiol
production
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‘ Oocyte characterisation

« At D26 of culture, oocyte-like cells ( 50-
70 um) 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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3 Dexeus Blastocyst-like structures T

derived from ES cells

|+ Atabout 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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Tingting Qing « Yan Shi « Han Qin « Xin Ye - Wei

Wei . Haisong Lin « Mingxian Ding . Hongkui Deng.

Induction of oocyte-like cells from mouse embryonic stem cells by
co-culture with ovarian granulosa cells

l:l()ur results demonstrate that granulosa cells

were effective in inducing the differentiation of ES
cell-derived PGCs into oocvie-like cells through direct
cell-to-cell contacts. Our method offers a novel in virro
vstem for studving oogenesis; in particular, for study-
ing the interactions between PGCs and granulosa cells,
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Derivation of embryonic germ
cells and male gametes from
embryonic stem cells

Niels Geljsen'”, Melissa Horoschak™, Kitai Kim'*, Joost Gribnau’,
Kevin Eggan® & George 0. Daley'*
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Massadhusetts 02142, USA

*Center for Regenerative Medicine and Technalagy, Massachuserts Ceene ral
Haspiral Baston, Massachuserts 02114, USA

*Department of Bislogical Chemistry and Molocular Pharmacology,

Harvard Medical School, and Division of Pediatric Hematology/Oncology,
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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
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' PGC differentiation to functional gametes

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

?1

:] +No expression of Zp proteins.

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

Meiosis

EB microenvironment is permissive for
male germ cell development and meiotic
maturation, even though highly inefficient
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Sperm morphology Biological functionality

Taata FEl1- cells

Diary 20 ER FE=J1- colls

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

spermatids? « 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
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Embryonic stem cells can form gemn cells invito

Yayol Toyooka, Naoki Tsunekaws, Ryuko Akasu, and Toshiaki Noce*

Mitubishi Kagahu ttuteof Lf Science, 11 Minamiooya Machidashi Tokyo 1848511 lapan

PHAS | September30,2003 | wvol 100 | no.20 | 11450
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+ Germ cell in vivo production from mESC. -
« Transplantation of ESC aggregates to _-‘\:J é&—«
) 52 =
testicular capsule. -?7, i =
« ESC derived cells can participate in . NN % e
spermatogenesis and produce functional h‘—\:’\_f/’g/ﬁ
germ cells in vitro IS -
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Stem Cells Give Rise to Male Gametes
that Can Generate Offspring Mice

Nayernia et al, Developmental Cell 11, 125-132, July 2006

In Vitro-Differentiated Embryonic Short Article
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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
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Positive for PGCs, « Formation of sperm
premeiotic (Oct 4, structures.

Fragilis, Stella,..),, . .
meiotic (Scp3, Acr) and stru/j:flztrjssme like
postmeiotic male germ
cells markers « Condensation of
the nucleus
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Disruption of methylation imprints?
ICSI of in vitro-generated cells
(haploid cells) into oocytes of wildtype « 65 embryos transferred

females. « 12 animals born.

Polar body extrusion, PN formation « Larger or smaller offspring
and normal features of embryo + Premature death (5 days to 5
development. months after birth).

Transfer into the oviducts of « Abnormal methylation patterns
pseudopregnant females and phenotypic abnormalities

|:> interference with the essential
reprogramming events in gametogenesis
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’ chromosome number

Female GC differentiation

Male GC differentiation
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Kerkis et al, 2008
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REVIEW

Gametes from Embryonic Stem Cells:
A Cup Half Empty or Half Full?

George Q. Daley

When first reparted 4 years ago, gametogenesis fram embryonic stem (ES) cells promised an

accessible in vitro madel to fadiitate molecular analysis of the germ fineage,_Formation of

Enmﬂn‘hal germ cells is mhus_l but terminal gametogenesis remains inefficient and doubts

3bout_gamete functian persist. AINGUgh Usetul for research, dinical use of £5 celldenved
spect.

Science,2007
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In vitro germline potential of stem cells derived from
fetal porcine skin
Pl W. D', Liaa Wen and Jaag L
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«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 i g .
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.
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Derivation of male germ cells from bone
marrow stem cells

Recent studies have demonsirated that somalic stem cells have a more flexible potential than expected.
whether put inlo tissue or cullured under diMerent conditions. Bone marrow (BM)-derived stem cells can

transdifterentiate into multiineage cells, such as muscle of lung and liver of and brain
and skin of ectodenm orgin, Here we show that BM stem cells are able to ransditferentiate into male germ colls;
For derivation of male germ cells from adult BM stem :BM ! cels_ we used the StraBenhanced green
tluoresence protein (EGFF) ic mouse line in male germ cells. BMS cell-
derived germ cells . such as fragilis, stella,
Anf17, Mvh and Octd; as well as molecular markers of stem cells and including
Rbm, c-Kit, Tex18, Strad, Piwil2 Dazl, Hspdls, fi- and x&wlemnn Ou- ability to derive male germ cells from
BMS cells reveals novel aspects of germ cell ies for use of these cells in

reproductive medicine,
Laboratory Imvestigation (2006) 86, 654-663. dol:10.1038\abinvost 3700429; published online 1 May 2006

|, Dexeus Conclusions CMR[B]

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”
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Assisted Zona Hatching

What is the evidence?

Embryo Assisted hatching CMR[B]
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«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 CMR[B]
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e role of assisted hatchingin i it fetlizaton: a review of th terature, A Commitee opinion

e practce Commitee of the Sosiey for Assisted Reproduciive the American
Forul Stril Vol 6, 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
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Preimplantation genetic
screening (PGS)
Is it useful for advanced age
patients?
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Preimplantation genetic screening for abnormal number of
chromosomes (aneuploidies) in in vitro fertilisation or
intracytoplasmic sperm injection (Review)

Twisk M, Mastenbroek §, van Wely M, Heineman MJ, Van der Veen F, Repping §

Thisrecord should bected st
Toid M, Mastcobrock . van Wely M, Heineran MJ, Vo der Vs . Repping 5. ecimplonation gnctc secning orsbaorml
number of chiomoomes (ncuplodics) n n i s o nacytoplmic sperm inecion Coohrane Db of Syt
evioue 206, e 1. A, N CDOS 291, DOE 1010014651858 CDOS 201 b
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The NEW ENGLAND
JOURNAL o« MEDICINE

In Virro Fertilization with Preimplantation Genetic Screening
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Table 2, Qutcmes in Woman Whe Und implantati 5c Scrvaning and in Contreks.
Women Wha Underwent
Proimplantation Ganesic
Scresning Controls Rate Ratis
Oucame [N-206] [N=202) o e Pslue
Women with an cogoing pregnancy — no. (%) 105 09 (0.51-09%) ool
‘Women with &1 iochemical pregrancy no. (%) 81 (3% 07 (060-093) oooe
Total o, of biochemical pregnancies o 18
Weman with 31 clisical gnanzy — ma. (%) &1 (3 BB [44) 0Q£2 [0.52-038) 0003
Total no. of chnical pregnancies (13 a
Women wih =1 mis . ) 3708 36 (18 Lol 15y 0%
Total no. of ages 43¢
‘Women with 1 bve burth — no. (%) 49 [24) ey 068 (0.50-097) ool
Total no. of live births. L 4

iscarmiapes sccured beloee 12 wheks of pestition.

All miscarriapes coc
§ There were &
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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 |, 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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