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Pluripotency



Hochedlinger, Development 2009 (adapted 

from Waddington, 1957)



Van de Velde, 2009



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



Embryonic Stem cells





Embryonic Stem Cells

� Derived from the inner 

cell mass of the 

blastocyst (ICM) (day 5-7 

of development,  

± 150-200 cells). They 

ICM

± 150-200 cells). They 

give rise to the 3 germ 

layers: ectoderm, 

mesoderm and 

endoderm.



Embryonic Stem Cells: Self Renewal and Differentiation

Self-renewal DifferentiationAsymmetric

division



Embryonic stem cells

Embryo origin

• IVF embryos donated for research. 
PGD/PGS abnormal embryos

• Embryos created for research from • 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. Kaufman†

Letters to Nature
Nature 292, 154-156; 1981



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

good poorintermediate



Future Medicine, Reg. Medicine 

1(6), 739-750; 2006
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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
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Methodology

Zona pellucida removalZona pellucida removal

• Pronase: xenobiotic, less agressive

• Acid Tyrode’s: xenofree, more agressive



Methodology for hESC derivation

• ICM isolation



Methodology

ICM isolation (optional)

• Immunosurgery 

• Laser dissection• Laser dissection

• Mechanical dissection



Methodology

Immunosurgery

Use of antibodies (antihuman 

and complement) in order to 

lyse the cells of the 

trophectodermtrophectoderm

Solter and Knowles, 1975



Methodology

Laser dissection

2006

2007

2008



Methodology

Mechanical dissection

Flexible metal needles (0.125 mm diameter) used 

to open the ZP and dissect the ICM

2007



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

• ICMs or ZP free blastocysts are 
transferred to feeder dishes.

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



Feeder cells

• Unknown mechanisms that control the 
undifferentiated proliferation of hESC

Methodology

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, • 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



2006

2005

Report of derivation and culture of  feeder free hESC 

with protein components derived from recombinant 

sources or purified human material 

Report of the stablishment and characterisation of a 

hESC without animal origin components

2006



2007



Crook et al, 2007



hESC culture 

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

1st series
2PN 

zygotes

cleavage 
stage 

embryos blastocysts total

embryos 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 (30%) 2 (50%) 5 (29.4%)



Results of embryo thawing and hESC derivation (2nd series)

2nd series

cleavage stage 

embryos

embryos thawed 66

Banc de Linies Cel.lulars de Barcelona
Results

embryos thawed 66

embryos surviving (%) 58 (87.8%)

blastocysts (%) 13 (22.4%)

blastocysts/ICM seeded 11

outgrowths 1

hESC lines 1 (9.1%)



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

3rd series
cleavage stage 

embryos

embryos thawed 62

embryos surviving (%) 15 (24.2%)

Banc de Linies Cel.lulars de Barcelona
Results

embryos surviving (%) 15 (24.2%)

blastocysts (%) 4 (26.7%)

blastocysts/ICM seeded 5

outgrowths 3

hESC lines 3 (60%)



Aneuploidies Monogenic 

diseases

Total

Results of embryo thawing and hESC derivation from abnormal 
embryos (PGD)

Banc de Linies Cel.lulars de Barcelona
Results

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%)



 

Autor Year Lab. embryos ICM (n) Cell lines  
Effic. 
(%)* 

Thomson
4
  1998 WiCell, USA 36 14 H1,H7,H9, H13,H14  36 

Reubinoff
31

 2000 
Monash Inst. 

Austr./Singapore  N/A 2 HES-1, HES2 ? 

Lanzendorf
29

   2001 
Jones Inst for 

Reprod. Med., USA 110 18 
ES-76, ES-78-1, ES-

78-2 17 

Amit
40

 2002 
Rambam Med. 
Center, Israel 5 5 I-3, I-4, I-6 60 

Richards
50

  2002 
Dept. Obs. Gyn.   
NU Singapore 1 1 1 ? 

Hovatta
32

  2003 
Karolinska Inst. 

Sweden N/A 2 HS181, HS207 ? 

Mitalipova
26

  2003 BresaGen, USA 19 8 
BG01, BG02, BG03, 

BG04 50 

Park 
51

 2003 
MizMedi Hosp 
Seoul, Korea N/A 13 3 23 

Pickering
38

  2003 
Guy's, King's &St 
Thomas Med. UK 58 N/A 3 ? 

Baharvand
27

 2004 ? Baharvand
27

 2004 Royan Inst, Iran N/A 1 Royan H11 ? 

Heins
52

  2004 
Cellartis AB, 

Sweden N/A N/A 

SA002,FC018 
AS034,AS038 

SA121 SA181(abn) N/A 

Cowan
33

  2004 
Howard Hughes 

Medical Inst, USA 
286 clev.+ 
58 blasts 97 HUES1-17 18 

Park
53

 2004 
Maria Infertility 
Hospital, Korea 

20blastos 
20Pron.  

11             
3 

 MB01-07          
MB08-09 

64               
67 

Sjögren
20

  2004 
Goteborg Univ., 

Sweden 748 114 22 19 

Stojkovic
24

  2004 Univ. Newcastle, UK 
11 day-2 
embryos 7 HES-NCL1 14 

Strelchenko
43

  2004 
Repr. Genetic Inst 

Chicago, USA 

 46 
morula,  
39 blast. 
32 ICM 

11                       
12            
5 

8                               
7                              
5 

17                            
18                                  
16 

Suss-Toby
34

  2004 
Rambam Medical 

Center, Israel 60 6 I9 17 

Verlinsky
35

  2005 RGI Chicago, USA  72 N/A 18 abn N/A 

Chen
25

  2005 Tongi Hosp., China 130 10 2 20 
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Author Year Lab. embryos ICM (n) Cell lines  
Effic. 
(%)* 

Findikli
21

 2005 
Istambul Mem. 
Hosp., Turkey 31 N/A 7 N/A 

Genbacev
13

  2005 UCSF, USA 
192        
321 14     10 UCSF-2      UCSF-1 

7                
10 

Inzunza
42

  2005 
Karolinska Inst., 

Sweden 10 N/A HS293, HS206 N/A 

Kim HS 
39

 2005 
Seoul Nat. Univ., 

Korea N/A N/A 13 N/A 

Kim SJ 
54

 2005 
MizMedi Hosp. 

Korea N/A 16 Miz-Hes4-8, 10-13 56 

Klimanskaya
12

  2005 ACT, USA N/A 5 ACT-14 20 

Lee
55

  2005 
MRC MizMedi Hosp. 

Korea 
8 PN-
stage  7 Miz-endol,-2,-3 43 

Li 
56

 2005 
Hosp. Sun Yat-sen 

Univ., China N/A 4 CHES-1 25 

Lysdahl
57

  2006 
Aalborg Univ., 

Denmark 198 23 
CLS1, CLS2, CLS3, 

CLS4 17 

Mummery
37

  2005 
Hubrecht Lab., The 

Nederlands 22 N/A NL-HESC1 N/A 

Oh
58

  2005 
MRC, Seoul Nat 

Univ., Korea 73 10 SNUhES1-3 30 

Pickering 
46

 2005 
Guy's, King's &St 
Thomas Med. UK N/A N/A CF1 abn N/A 

Simon
36

  2005 
Valecia Stem Cell 

Bank 40 16 VAL-1, VAL-2 13 

Wang 
59

 2005 
Xiinhua Hospital, 

China N/A N/A SH1, SH2,SH7 N/A 

Baharvand 
48

 2006 Royan Inst, Iran N/A N/A 
Royan H2-3-4-5-6 

(abn) N/A 

Hampl  2006 
 Acad. Sci. Czech 

Republic 98 14 
CCTL8,9,6,10, 

12,14 42 

       Mardal
60

  2006 
Reliance Life 

Sciences, India N/A N/A ReliCell®hES1 N/A 

Mateizel 
47

 2006 
Res. C.  Reprod. 

Genetics, Belgium 69 52 VUB1,2, 3,4,5 (abn) 10 

Ludwig 
15

 2006 WiCell N/A N/A WA15, WA16 N/A 
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Autor 

Fresh/ 
Frozen 

embryos Feeders 
ICM 

Isolation 

 culture 
(d) before 

ICM 
isolation 

initial split* 
(Mec. Coll. 

Disp) 

Thomson
4
  

Fresh/ 
frozen Irrad MEF Immuno N/A   

Reubinoff
31

 Frozen  MitoC MEF Immuno 6 MD 

Lanzendorf
29

  Fresh Irrad MEF Immuno 6 M4-11 

Amit
40

 Frozen  MEF Immuno N/A   

Richards
50

  Frozen  
MitoC HF 
(FetMusl) Immuno N/A MD 10 

Hovatta
32

  Fresh 
Irrad 

postnatHFF Immuno 6 D9-19 

Mitalipova
26

  Frozen  Irrad MEF Immuno 6_7 M7-10 

Park 
51

 Frozen  MitoC MEF Immuno     

Pickering
38

  N/A N/A N/A N/A N/A 

Baharvand
27

 N/A MitoC MEF 
No 

Immuno 6 M1 Baharvand  N/A MitoC MEF Immuno 6 M1 

Heins
52

  
Fresh/ 
Frozen MitoC MEF Immuno 6_7 M7 

Cowan
33

  Frozen  MitoC MEF Immuno N/A M 

Park
53

 Frozen  MitoC STO Immuno N/A M5-8 

Sjögren
20

  
Fresh/ 
Frozen MEF Immuno 6_8   

Stojkovic
24

  Fresh Irrad MEF Immuno 8 M17 

Strelchenko
43

  N/A 
MitoC MEF or 

BRL Immuno N/A   

Suss-Toby
34

  Fresh Inact MEF 
No 

Immuno N/A M 

Verlinsky
35

  
Fresh 
PGD 

MitoC MEF or 
BRL     ED8-14 

Chen
25

  Fresh MitoC MEF Immuno 5_8 M5-8 
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Author 

Fresh/ 
Frozen 

embryos Feeders ICM Isolation 

 culture 
(d) 

before 
ICM 

isolation 

Initial 
split* 

(Mec. Coll. 
Disp) 

Findikli
21

 Fresh MitoC MEF 
15Immuno, 12 

direct 5_7 7-10 

Genbacev
13

  
Frozen 
Fresh 

Human 
Plancental 
fibroblasts No Immuno N/A 

M                              
c          

Inzunza
42

  
3frozen, 
7fresh Irrad HFF Immuno 6 M12 

Kim HS 
39

 Frozen  MitoC STO Immuno/Mechanical N/A  M7 

Kim SJ 
54

 Frozen  MitoC MEF Immuno N/A M 

Klimanskaya
12

  Frozen  
MitoC Lysed 

MEFs Immuno N/A   

Lee
55

  Frozen  

MitoC 
Human 

endometrial  Immuno N/A M6-8 

Li 
56

 Frozen  Irrad MEF Immuno N/A   Li  Frozen  Irrad MEF Immuno N/A   

Lysdahl
57

  Fresh Irrad HFF Immuno N/A M10-15 

Mummery
37

  Fresh MitoC MEF Immuno N/A MD8 

Oh
58

  Frozen  MitoC STO Immuno/ whole 5_7 M7-8 

Pickering 
46

 
Fresh 
PGD N/A N/A N/A M17 

Simon
36

  Frozen  
Human 

Plancental  No Immuno N/A M15  M21 

Wang 
59

 N/A 
Irrad MEF  
55Gy EDF Immuno ccc                        N/A M/C 10-14 

Baharvand 
48

 N/A  MitoC MEF Immuno 5,5 MD 10 

Hampl  Frozen MEF Immuno N/A  N/A  

       Mardal
60

  N/A  N/A  N/A  N/A  N/A  

Mateizel 
47

 
Frozen/ 
Fresh  

Irrad/MitoC 
MEF Immuno N/A  N/A  

Ludwig 
15

 Frozen  N/A  Immuno N/A  N/A  
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Parthenogenetic ES cells 
from human oocytes



Activation:

Ionomicin: 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)

D2 (10x) D5 (20x) D9 (20x) Established line

Oocytes 1PN1PB @ 18h Cleaved @ D2 Blastocysts @ D5 Cell lines

17 12 16 (94%) 6 (37.5%) 1 (6.25%)



DNA

Nanog

TRA 1-81

DNA

Oct4

SSEA3

DNA

Sox2

SSEA4SSEA4

Tra 1-60
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