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Pluripotency
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The four blastomeres of a 4-cell stage human embryo are able
to develop individually into blastocysts with inner cell mass
and trophectoderm



# Pluripotent Stem Cells can be obtained
from cells located in the inner cell mass
of blastocysts and from nuclear
reprogramming (SCNT and iPS).



Embryonic Stem cells



OPINION M ATURE| Vol 454017 July 2008

ESSAY

30 years: from [VF to stem cells

Ruth Deech, former chair of Britain's Human Fertilisation and Embryology Authority, reflects
on how the science that gave an infertile couple a baby has been extended to saving lives.

liiud Evening News

Meet Louise, the world’s
first test-tube arrival

The Mobel Prize in Physiology or Medicine 2010
Fobert G. Edwards




Embryonic Stem Cells

% Derived from the inner
cell mass of the
blastocyst (ICM) (day 5-7
of development,

+ 150-200 cells). They
give rise to the 3 germ
layers: ectoderm,
mesoderm and
endoderm.

Timelapsegroup Rigshospital Copenhagen and Braedstrup Hospital, Denmark




Embryonic Stem Cells: Self Renewal and Differentiation
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Asymmetric Self-renewal Differentiation
division




Embryonic stem cells

Embryo origin
» [VF embryos donated for research.
PGD/PGS abnormal embryos

 Embryos created for research from
donated gametes

 Embryos created through somatic cell
nuclear transfer (SCNT)

» Other possibilities: parthenogenesis,...



Methodology for hESC derivation
« Embryo culture. Embryo quality



Establishment in culture of pluripotential cells from mouse embryos
M. J. Evans* & M. H. Kaufmant
Letters to Nature
Nature 292, 154-156; 1981

Embryonic Stem Cell Lines Derived from Human
Blastocysts

James A. Thomson, et al.

Science 282, 1145 (1998);

AVAAAS DOI: 10.1126/science.282.5391.1145




Methodology

Embryo thawing and culture to the
blastocyst stage.

Zona pellucida removal
ICM isolation (optional)
Seeding



Methodology

* Embryo thawing® or warming*.
* Embryo culture®.

Embryos at different developmental stages (day 1, day
2 , day 3) have to be cultured to the blastocyst
stage.

* Protocols developed at the IVF laboratory to be followed



Blastocyst classification

« Expansion degree
* Number of cells of the ICM
* Number of cells and trophectoderm appearance

intermediate poor




Expandiion &§llus Irirezr SOl MAESS 30 POArNIE Trophci odinm Sppakr D

Proposal for a universal minimum information convention for the reporting on

the derivation of human embrvonic stem cell lines.

Emma Slep]lemuu“, Peter Braude™, Chris Mason!

Future Medicine, Reg. Medicine
1(6), 739-750; 2006




Derivation, Characterization, and Differentiation
of Human Embryonic Stem Cells

Nico HEns ,** MIKARL C.0. ENGLUND?® CECILIA SJOBLOM ** ULF DAHL " ANNA ToNNING?
CHRISTINA BERGHS ANDERS LINDAHL? CHARLES HANSON,® HENRIK SEME"

Decrivation of Human Embryonic Stem Cells from Day-8
Blastocysts Recovered after Three-Step In Vitro Culture
MionRAG STOJKOVIC, MAJLINDA LAKG,* PETRA STOJKOVIC,? REBECCA STEWART.?

STEFAN PRZYBORSKLY LYLE ARMSTRONG," JERRY Evans,* Mary HErRBERT, Louise HysLop,?
SAJJAD ANMAD * ALISON MURDOCIL® TOM STRACHAN?

2004

2003

Derivation of Embryonic Stem-Cell Lines
from Human Blastocysts 2004

Chad A. Cowan, Ph.D.. Irina Klimanskaya, Ph.D., Jill McMahon, M.S., Jocelyn Atienza, B.S.,
Jeannine Witmyer, Ph.D., Jacob P. Zucker, B.S., Shunping Wang, Ph.D., Cynthia C. Morton, Ph.D.,
Andrew P. McMahon, Ph.D., Doug Powers, Ph.D., and Douglas A. Melton, Ph.D.




Optimal Timing of Inner Cell Mass Isolation Increases
the Efficiency of Human Embryonic Stem Cell
Derivation and Allows Generation of Sibling Cell Lines

Alce E. Chen,®® Dieter Egh,*® Kathy MNiakan,* Jie I:.‘!H;ﬂ.? Hid e il ARutsw,® Marko Yamakd ? Chad Cowan,'#f
Claire Fitz-Gerald ' Kun Zhang,” Douglas A. Maton, 4" and Kewin Bggan'=4"

Table 1. Derivation Is Most Efficient on Day & Postfertilization

Mumbar of Mumber of
Blastocysts Attachment Sites Percent
U=zad for {Parcant of Mumbar of 1CM Mumber of Call Damvation
Day of 1ICM Isalation Deariva tion Blastocysts) Outgrowths Lines Efficien cy
5 18 6 31) 1 1 5
L] 27 22 (81) 15 14 52
[ er 22 (81) g g o
2] 18 17 (20) 5 5 28
a i1 10(81) 4 4 el
Mo Eolation 10 10 {100) 1 1 10
Unknown® 27 ND ND 11 40

2009




Embryo quality and derivation efficiency

« Discarded embryos; Mitalipova, 2003

« Poor quality blastocysts; Cowan, 2004

« Day 3 low score embryos; Chen 2005

* Arrested embyos; Zhang, 2007;Feki 2008
« Poor quality embryos; Lerou, 2008

« Poor quality blastocysts,; Raya, 2008

« Poor quality blastocysts; Aran, 2010






Methodology

Zona pellucida removal

. Pronase: xenobiotic, less agressive
. Acid Tyrode’s: xenofree, more agressive



Methodology for hESC derivation
» |[CM isolation



Methodology

ICM isolation (optional)
* Immunosurgery
« Laser dissection
* Mechanical dissection




Methodology

Immunosurgery

Use of antibodies (antihuman
and complement) in order to
lyse the cells of the
trophectoderm

Solter and Knowles, 1975




Methodology
Laser dissection

Laser-assisted blastocyst dissection and subsequent cultivation of
embryonic stem cells in a serum/cell free culture system:
applications and preliminary results in a murine model

Noriko Tanaka!, Takumi Takeuchi!, Queenie V Neri!, Eric Scott Sills2 and

Gianpiero D Palermo*!

2006

Evaluation of a laser technique to isolate the inner cell mass
of murine blastocysts

Jos€ Luis Cortés*', Fernando Cobo*, Purificacion Cartalina*, Ana Nieto*,
Carmen Cabrera*, Rosa Montes*, Angel Conchat and Pablo Menendez*'

2007

L.aser-assisted derivation of human embryonic stem
cell lines from IVF embryos after preimplantation
genetic diagnosis

T. Turetskyl", E. Aizenman3-", Y. Gill, N. Weinberg?3, Y. Shufaro!-2, A. Revel?, N. Laufer2,
A. Simon3, D. Abeliovich? and B.E. Reubinoff!2-+

2008




Methodology

Mechanical dissection

Human Reproduction Vel2Z, Nold ppe MS1-MIEE; 247 o 10, 1093 Shumrepdem 335
Advamce Access publicaton on October 24, 2007

Mechanical isolation of the inner cell mass is effective in
derivation of new human embryonic stem cell lines

Susanne Strom'’, José Inzunza®', Karl-Henrik Grinnemo®, Kerstin Hoelmberg?,
Eija Matilainen', Anne-Marie Strimberg!, Elisabeth Blennow* and Outi Hovatta's

2007

Flexible metal needles (0.125 mm diameter) used
to open the ZP and dissect the ICM



Methodology

Alternatives to the ICM isolation and seeding

* Whole blastocysts
Heins, 2003

 Morula
Strelchenko, 2004;
Tesar, 2005

« Single blastomeres
Klimanskaya, 2006
Chung, 2007




Methodology

Embryo seeding — hESC culture

» |[CMs or ZP free blastocysts are
transferred to feeder dishes.

« hESC culture medium: Knockout DMEM
with 2nmol/ml Glutamax, 0.05 mmol/| 2-
mercaptoethanol, 8 ng/ml bFGF, 1% non
essential aminoacids, 20% knockout SR
and 0.5% penicillin-streptomycin.



Methodology

Feeder cells

Unknown mechanisms that control the
undifferentiated proliferation of hESC

Feeder cells must produce factors associated
with cell surface adherence and are
responsible for the maintenance of the
undiferentiated phenotype of the hESC



Methodology for hESC derivation

« hESC derivation and culture conditions
— Feeder cells



Methodology

Feeder cells

« Mouse embryonic fibroblasts
Thomson, 1998

« Human foreskin fibroblasts
Hovatta, 2003

 Human placental fibroblasts
Genbacev, 2005




Methodology for hESC derivation

« hESC derivation and culture conditions
— Xeno-free, feeder free and GMP derivation



Methodology

Alternative matrices

Proteic matrix of complex composition
« Matrigel; Xu, 2001

« Mouse embryonic fibroblast extracellular matrix,
Klimanskaya, 2005

Proteic matrix of defined composition
« Laminin; Xu, 2001; Li 2005

* Collagen IV, laminin, fibronectin and vitronectin;
Ludwig, 2006



W Human embryonic stem cells derived without feed gy s

] . P | TS TEEE, RF LSS foar Smeaey p—

2005

Derivation of human embryonic stem cells in
defined conditions 2006

Tenneille E Ludwigh * °, Mark E Levenstein®, Jeffrey M Jones™ “, W
Travis Berggren®, Erika R Mitchen?, Jennifer L Frane™ >, Leann ]
Crandall®, Christine A Daigh® ®, Kevin R Conard?®, Marian S
Piekarczyk!, Rachel A Llanas® & James A Thomsont = 3 %3

Report of derivation and culture of feeder free hESC
with protein components derived from recombinant
sources or purified human material

Derivation of a Xeno-Free Human Embryonic Stem Cell Line
2006

CATHARMA ELLERTROM Y Runioss STREFLL® Eipima AMova® EaTARNG ANDERSSoN ]
b
CHEETING Brech.” KErsT1 Lomnis,” Joras HYLLiER" HENRIE SEME

Report of the stablishment and characterisation of a
hESC without animal origin components



Testing of nine different xeno-free culture media
for human embryonic stem cell cultures 2007

Kristiina Rajalal-4, Heidi Hakalal, Sarita Panulal, Suvi Aiviol, Harri PihlajamikiZ,
Riitta Suuronen!, Outi Hovattal-? and Heli Skottman!

Test reagent

Control hESC medium

Human serum

Lipumin™ 10

Plasmanate

SerEx 0=

Serum substitute
supplement (555)

SR3

TeSE1

X=-Vivo 10

X=Vivo 20




The Generation of Six Clinical-Grade
Human Embryonic Stem Cell Lines

Source & quallly cGMP- Sowrce & quality cGMPIFDA- S
compliant reagents & = approved human su‘d::n':ﬂ:::?n ':::L:_t:“
Priaterials fibroblast feeder line L *”"'
1 | Autsnomous domor congent |
Prodocal development/optimisation: i‘
1, hESG darivation :
2. Feader & hESC culturs GGMP fasder lne | Donorscresning |
3. Feader & hESC cryo/sioregs banking *
4. hESC asseyology &
1 I—j-[ Embryos thawed & cultured |
| Batch record & SOP preparation I 1M sutgrowth manually
1 massaged 1o hESC colonles
cEMP training of perssnnel — Enzymatic expansion of
| | hESC cultures Crook et aI, 2007
Audits of eGMP cell production, [ hESC freezing for MCB production |
storage & testing facilities: .i.
1. Qriac International
2. Invitrogen | cGMP MCE Storage |
3. Q-Gen
4. Sydney VF "
5. Cook Ausbraka - —
. Lings characterisation:
6, Cryosibe
7. Biotec-UK \aripotamey lin witraivive)
harl Ri g y £ P Hﬂpmlﬂ',’ (]
8. Charlas River (pre- & post-testing) cGMP biosalety testing




hESC culture

Isolation and culture conditions without
animal origin products and defined
conditions are needed to envisage

therapeutic approaches (GMP
conditions)



Results



Banc de Linies Cel.lulars de Barcelona

Results

Results of embryo thawing and hESC derivation (1st series)

cleavage

2PN stage
1st series zygotes embryos blastocysts total
embryos
thawed 20 35 6 61
embryos
surviving (%) 10 (50%) 28 (80%) 4 (66.7%) 42 (68.8%)
blastocysts (%) 3 (30%) 10 (35.7%)
blastocysts/ICM
seeded 3 10 4 17
outgrowths - 3 2 5
hESC lines 0 3 (80%) 2 (50%) 5 (29.4%)




Banc de Linies Cel.lulars de Barcelona
Results

Results of embryo thawing and hESC derivation (2"d series)

cleavage stage
2nd geries embryos
embryos thawed 66
embryos surviving (%) 58 (87.8%)
blastocysts (%) 13 (22.4%)
blastocysts/ICM seeded 11
outgrowths 1
hESC lines 1(9.1%)




Banc de Linies Cel.lulars de Barcelona
Results

Results of embryo thawing and hESC derivation (3" series)

cleavage stage

3rd series embryos
embryos thawed 62
embryos surviving (%) 15 (24.2%)
blastocysts (%) 4 (26.7%)
blastocysts/ICM seeded 3
outgrowths 3
hESC lines 3 (60%)




Banc de Linies Cel.lulars de Barcelona

Results
Results of embryo thawing and hESC derivation from abnormal
embryos (PGD)
Aneuploidies Monogenic Total
diseases

Thawed blastocysts 67 19 86
Survival blastocysts 44 (65.7%) 14 (73.7%) 58 (68.1%)
Blastocysts/ICM seeded 33 9 42

Lines

1

1 (2.4%)




Effic.

Veiga, 2007

Autor Year Lab. embryos | ICM (n) Cell lines (%)*
Thomson® 1998 WiCell, USA 36 14 H1,H7,H9, H13,H14 36
; Monash Inst.
Reubinoff’ 2000 | Austr./Singapore N/A 2 HES-1, HES2 ?
o Jones Inst for ES-76, ES-78-1, ES-
Lanzendorf’ 2001 | Reprod. Med., USA 110 18 78-2 17
0 Rambam Med.
Amit 2002 Center, Israel 5 5 I-3, -4, 1-6 60
. 50 Dept. Obs. Gyn.
Richards 2002 NU Singapore 1 1 1 ?
2 Karolinska Inst.
Hovatta 2003 Sweden N/A 2 HS181, HS207 ?
2% BG01, BG02, BGO3,
Mitalipova 2003 BresaGen, USA 19 8 BG04 50
51 MizMedi Hosp
Park 2003 Seoul, Korea N/A 13 3 23
. 2 Guy's, King's &St
Pickering 2003 Thomas Med. UK 58 N/A 3
Baharvand®’ 2004 Royan Inst, Iran N/A 1 Royan H11
SA002,FC018
52 Cellartis AB, AS034,AS038
Heins 2004 Sweden N/A N/A SA121 SA181(abn) N/A
33 Howard Hughes 286 clev.+
Cowan 2004 Medical Inst, USA 58 blasts 97 HUES1-17 18
. Maria Infertility 20blastos 11 MBO01-07 64
Park® 2004 Hospital, Korea 20Pron. 3 MB08-09 67
20 Goteborg Univ.,
Sjégren 2004 Sweden 748 114 22 19
11 day-2
Stojkovic®? 2004 | Univ. Newcastle, UK | embryos 7 HES-NCL1 14
46
morula, 11 8 17
i Repr. Genetic Inst | 39 blast. 12 7 18
Strelchenko 2004 Chicago, USA 32 ICM 5 5 16
. Rambam Medical
SUSS-TObys 2004 Center, Israel 60 6 19 17
Verlinsky™ 2005 | RGI Chicago, USA 72 N/A 18 abn N/A
Chen®® 2005 | Tongi Hosp., China 130 10 2 20




Effic.

Veiga, 2007

Author Year Lab. embryos | ICM (n) Cell lines (%)*
; Istambul Mem.
Findiki 2005 Hosp., Turkey 31 N/A 7 N/A
. 192 7
Genbacev 2005 UCSF, USA 321 14 10 | UCSF-2  UCSF-1 10
2 Karolinska Inst.,
Inzunza 2005 Sweden 10 N/A HS293, HS206 N/A
29 Seoul Nat. Univ.,
Kim HS 2005 Korea N/A N/A 13 N/A
54 MizMedi Hosp.
Kim SJ 2005 Korea N/A 16 Miz-Hes4-8, 10-13 56
Klimanskaya'® | 2005 ACT, USA N/A ACT-14 20
55 MRC MizMedi Hosp. 8 PN-
Lee 2005 Korea stage 7 Miz-endol,-2,-3 43
56 Hosp. Sun Yat-sen
Li 2005 Univ., China N/A 4 CHES-1 25
. Aalborg Univ., CLS1, CLS2, CLSS,
Lysdahf 2006 Denmark 198 23 CLS4 17
- Hubrecht Lab., The
Mummery’ 2005 Nederlands 22 N/A NL-HESC1 N/A
58 MRC, Seoul Nat
Oh 2005 Univ., Korea 73 10 SNUhES1-3 30
' 4 Guy's, King's &St
Pickering 2005 Thomas Med. UK N/A N/A CF1 abn N/A
% Valecia Stem Cell
Simon 2005 Bank 40 16 VAL-1, VAL-2 13
50 Xiinhua Hospital,
Wang 2005 China N/A N/A SH1, SH2,SH7 N/A
48 Royan H2-3-4-5-6
Baharvand 2006 Royan Inst, Iran N/A N/A (abn) N/A
Acad. Sci. Czech CCTL8,9,6,10,
Hampl 2006 Republic 98 14 12,14 42
0 Reliance Life
Mardal 2006 Sciences, India N/A N/A ReliCell®hES1 N/A
v Res. C. Reprod.
Mateizel 2006 | Genetics, Belgium 69 52 VUB1,2, 3,4,5 (abn) 10
Ludwig " 2006 WiCell N/A N/A WA15, WA16 N/A




culture

Veiga, 2007

Fresh/ (d) before initial split*
Frozen ICM ICM (Mec. Coll.
Autor embryos Feeders Isolation | isolation Disp)
4 Fresh/
Thomson frozen Irrad MEF Immuno N/A
Reubinoff’ | Frozen | MitoC MEF | Immuno 6 MD
Lanzendorf® | Fresh Irrad MEF Immuno 6 M4-11
Amit* Frozen MEF Immuno N/A
MitoC HF
Richards® Frozen (FetMusl) Immuno N/A MD 10
Irrad
Hovatta® Fresh postnatHFF | Immuno 6 D9-19
M/ta/ipova26 Frozen Irrad MEF Immuno 6 7 M7-10
Park °! Frozen MitoC MEF | Immuno
Pickering® N/A N/A N/A N/A N/A
No
Baharvand®’ | N/A MitoC MEF | Immuno 6 M1
s Fresh/ _
Heins Frozen MitoC MEF | Immuno 6 7 M7
Cowan® Frozen | MitoC MEF | Immuno N/A M
Park™ Frozen | MitoC STO | Immuno N/A M5-8
20 Fresh/
Sjégren Frozen MEF Immuno 6 8
Stojkovicz" Fresh Irrad MEF Immuno 8 M17
4 MitoC MEF or
Strelchenko N/A BRL Immuno N/A
No
Suss-Toby® | Fresh Inact MEF | Immuno N/A M
5 Fresh MitoC MEF or
Verlinsky® PGD BRL ED8-14
Chen®® Fresh | MitoC MEF | Immuno 58 M5-8




culture

Veiga, 2007

(d) Initial
Fresh/ before split*
Frozen ICM (Mec. Coll.
Author embryos | Feeders ICM Isolation isolation Disp)
. 15lmmuno, 12
Findikl? Fresh MitoC MEF direct 57 7-10
Human
i3 Frozen Plancental M
Genbacev Fresh fibroblasts No Immuno N/A
o 3frozen,
Inzunza 7fresh Irrad HFF Immuno 6 M12
Kim HS *° Frozen | MitoC STO | Immuno/Mechanical N/A M7
Kim SJ** Frozen | MitoC MEF Immuno N/A M
' i MitoC Lysed
Klimanskaya Frozen MEFs Immuno N/A
MitoC
55 Human
Lee Frozen | endometrial Immuno N/A M6-8
Li% Frozen Irrad MEF Immuno N/A
Lysdahf”’ Fresh | Irrad HFF Immuno N/A M10-15
Mummery®” | Fresh | MitoC MEF Immuno N/A MD8
Oon*® Frozen MitoC STO Immuno/ whole 57 M7-8
Fresh
Pickering*® | PGD N/A N/A N/A M17
' 36 Human
Simon Frozen Plancental No Immuno N/A M15 M21
59 Irrad MEF
Wang N/A 55Gy EDF Immuno N/A M/C 10-14
Baharvand ®® | N/A MitoC MEF Immuno 55 MD 10
Hampl Frozen MEF Immuno N/A N/A
Mardal”’ N/A N/A N/A N/A N/A
e Frozen/ | Irrad/MitoC
Mateizel Fresh MEF Immuno N/A N/A
Ludwig ° Frozen N/A Immuno N/A N/A




Parthenogenetic ES cells
from human oocytes



Fertilization

o

Oocyte | Eggeell

Parthenogenesis

SN

Activation
lonamyeine B.DMAP

Oocyle | Eggeell

151 Polar body

15t Polar body
46
] ey I e
Heterozygous
Parthenogenic Parthenote
zygote

Activation:
lonomicin: flux of intracellular Ca++ - reactivation
of meiosis
6-DMAP: block the 2nd PB extrusion - 2n embryo
Culture:
G1/G2 medium for human IVF embryos up to blast
(D+5/7)

parthencgenic

stern call

Oocytes

1PN1PB @ 18h

Cleaved @ D2 | Blastocysts @ D5 | Cell lines

17

12

16 (94%) 6 (37.5%) 1(6.25%)
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Welcome

Welcome

Home

Detailed Search

Register:
Show available Cell Lines

- Cell Line
Show all Research Projects y . E Research Project

Show all Provider

My hESCreg Login to my hESCreg

Login

Register

About hESCreg

Project Structure

EU hESC Research

Legislation Welcome to the European Human Embryonic Stem Cell Registry — hESCreg

You have entered the work-in-progress site of the hESCreg database. Here you can browse the database orlog in using the
Username/Password combination issued to you. Atthe first login we advise you to change your personal Username/Password
combination ta one only known to yourself. If you are a provider of hES cell lines we are calling on you to complete the minimum
registration information for your pre-registered cell lines. Ifthere are any new lines please add them as well. We would greatly
appreciate if you could complete this by the end of November 2007. Apart from that we are looking forward to receiving your
cornments or suggestions. Should you have any problems operating the database or would like to contribute to the further
development of the database please direct all communication to helpdesk@hescreg.eu.

Until the official launch of hESCreg on January 18, 2008, in Berlin the interim weh page at www hescreg.eu will act as the official
infarmation resource of the initiative.

Thank you very much in advance for your contributions!

Copyright 2007 @ hESCreg European Human Embryonic Stem Cell Registry
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