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BackgroundBackground

� Embryo freezing (Lassalle et al, Fertil 
Steril 1985)

� Blastocyst vitrification (Vanderzwalmen, 
Human Reprod 1997)

� Oocyte vitrification (Kuwayama et al, � Oocyte vitrification (Kuwayama et al, 
Reprod Biomed Online 2005)

� Blastomere cryopreservation (Leveroni, 
Cryobiology 1998, Strussman, 1999, 
Kusuda,2002)



hESC cryopreservation

� Slow-rate freezing, rapid thawing 
(Freshney, 1994)

� DMSO 10% + FBS 90%

� Survival rates: <15%� Survival rates: <15%

� High level of differentiation and cell death 

� 2 weeks to start prolifferation after 
thawed



VitrificationVitrification protocolosprotocolos

-Comparison of slow conventional method (FCS 90%) and 
OPS (20% FBS), DMSO, EG and sucrose 
-HES-1 and HES-2 lines



VitrificationVitrification protocolosprotocolos

-Better survival rate achieved
-Differentiation still an issue

Reubinoff et al, 2001



VitrificationVitrification protocolosprotocolos

-Quick and rapid and less toxicity 
-Small quantity of hESC colonies (4-6)

Reubinoff et al, 2001



VitrificationVitrification protocolosprotocolos

-Comparison of slow conventional method (FCS 90%), 
OPS (20% FBS) and CS (EG and sucrose), in VLN2 or LLN2

and HSA vrs FCS
-HES-3 and HES-4



VitrificationVitrification protocolosprotocolos

Richards et al, 2004



VitrificationVitrification protocolosprotocolos

Richards et al, 2004

-Acceptable survival rate
-Quick and rapid and less toxicity 
-Small quantity of hESC colonies (10-15)



FreezingFreezing methodsmethods

-Slow method (differents % of FBS, DMSO and CM) 
suspension vrs adherent way in matrigel and protected with 
Disaccharide trehalose 
-H1 and H9
-Using programmable freezer



Freezing in adherent system 

Ji et al, 2004

-Better survival rate
-Large quantity of hESC cells (106)
-No differentiation was studied 



FreezingFreezing methodsmethods

-Slow method without programmable freezer
-(FBS 95,50,5%), DMSO (5,10%), EG (5,10,20%) 
and grycerol (5,10,20%)
-SNUhES-3 line



FreezingFreezing methodsmethods

Ha et al, 2005

-Better survival rate
-No differentiation was studied
-Large quantity of hESC colonies (100) 



FreezingFreezing methodsmethods

- Slow cooling H9 DMSO (10%) WiCell protocol
- Short and long term storage
- Endogenous and Oct-4-EGFP reporter by FM and FCM
- Cell death (50% PI) and EGFP loosed (10%)



FreezingFreezing methodsmethods



FreezingFreezing methodsmethods

-Cryopreservation induce apoptosis (Heng et al, 2006) 

-Survival rate enhancement in H1

-WiCell protocol: DMEM/F12 medium, DMSO (10%) and FBS 
(20%):www.wicell.org/uploads/media/Freezing_HESC



Heng et al, 2007

-Spontaneous differentiation was not inhibited



FreezingFreezing methodsmethods

-Slow method using DMSO 
-Large quantity of hESC colonies (50-100)

Valbuena et al, 2008



SurvivalSurvival ratesrates
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MorphologyMorphology

Valbuena et al, 2008



GrowthGrowth curve of VALcurve of VAL--3 3 
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UndifferentiatedUndifferentiated stagestage

Valbuena et al, 2008

1.Oct-3/4 
2.Sox-2
3.Rex-1 
4.Nanog 
5. Cripto

6.Thy-1 
7.Ectoderm, Nfh
8.Mesoderm, Ren
9.Endoderm, amylase 
10.GAPDH



PosthawPosthaw HH9 9 in vivo in vivo 
DifferentiationDifferentiation

Valbuena et al, 2008



Cell Line
Last passage

Criovials 

VAL-3 10X, P42
80

29 CV

VAL-4 10X, P40
54

38 CV

VAL-5 10X, P43
49

37 CV

VAL-6M 10X, P45
49

29 CV

Embryo
Colony

Morphology 

Whole normal blastocyst stage embryo 

(46,XY) derivation in human foreskin 

Whole normal blastocyst stage embryo 

(46,XX) derivation in human foreskin 

Whole normal blastocyst stage embryo 

(46,XX) derivation in human foreskin 

Whole monogenetic affected embryo 

derivation  (DM Type1) 

(46,XY) in human foreskin

VAL-7 10X, P22
65

18 CV

VAL-8 10X, P6
22

30 CV

VAL-9 10X, P6
55

43 CV

VAL-10B

Derivation from single 

biopsied blastomere (46,XY)  

in human foreskin

10x, P13 
25

39 CV

VAL-11B

Derivation from single 

biopsied blastomere (46,XX)  

in human foreskin

10x, P15 
25

46 CV

Derivation from ICM isolated by laser 

(46,XY) in human foreskin

Whole normal blastocyst stage embryo 

(46,XX) derivation in human foreskin 

Whole normal morula stage embryo 

(46,XY) derivation in human foreskin 



SurvivalSurvival raterate per per colonycolony

hESC Line
Cryopreserved

colonies (n/ vial )

Day of first

passage

Successfully

thawed colonies 

(n/vial )

Survival rate per 

cryopreserved

colony (%)

Survival rate per 

cryovial (%)

VAL-3 55,6 7,9 8,9 15,7 94,4

VAL-4 57,6 11,1 16,5 18,2 60

VAL-5 53,5 9 3,9 6 43,5

VAL-6 30 10 7 23,3 80

VAL-7 35 5 5 14,29 50

VAL-8 30 7 4,7 15,6 33,3

VAL-9 30 7,5 12 40 80

VAL-10B 30 9,7 23,3 77,8 100

VAL-11B 33 9,8 10 30,5 100

H9 58,0 6,8 16,1 28,8 75

Global results 41,3 8,4 10,74 27,0 (%) 71,62 (%)

Valbuena et al, 
Cryomeeting 2010



FreezingFreezing methodsmethods

- Cryopreservation induce apoptosis (Heng et al, 2006) 
- KhES-1, 2 and 3 lines



FreezingFreezing methodsmethods

Watanabe et al, 2007



Freezing methodsFreezing methods

Survival rate

Apoptosis

Watanabe et al, 2007



FreezingFreezing methodsmethods

-Slow freezing (90% KSR+10%DMSO)

-CA1,CA2,H9,H1 lines



FreezingFreezing methodsmethods

Li et al, 2008

-Better survival rate (87-91%)

-Does not inhibit spontaneous differentiation



FreezingFreezing methodsmethods

-90% KSR, 10 DMSO
-Y-27632 in culture media before freezing and post-thaw
-ROCK inhibitor increases adherent properties and protects 
single apoptosis



FreezingFreezing methodsmethods

-Single dissociated hESC and iPS cells
-Y-27632 in freezing media vrs. freezing and post-thaw  media 



FreezingFreezing methodsmethods

-FCS and MEF



FreezingFreezing methodsmethods

-Undifferentiation stage better in cassette than cryovials
-High proliferation rates



ConclusionsConclusions

� The state of the art of hESC 
cryopreservation has been presented.

� We have developed an alternative freezing 
method without serum (Xeno-free).method without serum (Xeno-free).

� Survival rates are similar to stablished 
methods maintaining undifferentiation 
potential.

� Rock inhibitor is a promissing tool to 
improve cryopreservation efficiency.


