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From Cryotherapy to Modern CryobiologyFrom Cryotherapy to Modern CryobiologyFrom Cryotherapy to Modern CryobiologyFrom Cryotherapy to Modern Cryobiology

� Egyptians, 2500 BC – to use low temperatures to 
stop bleeding, inflammation, &  create local anesthesia

� Sir Robert Boyle at 15th century – “New 
Experiments and Observations Touching Cold”
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Experiments and Observations Touching Cold”
→ “Boyle’s law” 

� Luyet & Gehenio in 1940 – “Life and Death at Low 
Temperature”



From Cryotherapy to Modern CryobiologyFrom Cryotherapy to Modern CryobiologyFrom Cryotherapy to Modern CryobiologyFrom Cryotherapy to Modern Cryobiology

� Polge et al., 1949 – “Revival of spermatozoa after 
vitrification and dehydration at low temperature”

≈

Cell injury associated 
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Cell injury associated 
with subzero temperature exposure

≈
� Whittingham et al., 1972 – “Survival of mouse 
embryos frozen to -196℃ and -269℃”



History of Mammalian  Oocyte CryopreservationHistory of Mammalian  Oocyte CryopreservationHistory of Mammalian  Oocyte CryopreservationHistory of Mammalian  Oocyte Cryopreservation

� Chang et al., 1952 – “Fertilizability of rabbit ova 
and the effects of temperature in vitro on their 
subsequent fertilization and activation in vivo”

� Leibo et al., 1978 – Cell survival ∝ cooling rate & 
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� Leibo et al., 1978 – Cell survival ∝ cooling rate & 
intracellular ice formation

-> slow cooling for cryopreserving oocytes



History of Human History of Human History of Human History of Human OocyteOocyteOocyteOocyte CryopreservationCryopreservationCryopreservationCryopreservation

Historical Overview of  Oocyte CryoperservationHistorical Overview of  Oocyte CryoperservationHistorical Overview of  Oocyte CryoperservationHistorical Overview of  Oocyte Cryoperservation

Porcu et al. 2008 1st healthy twins after oocyte

cryopreservation and bilateral ovariectomy for  ovarian 

cancer

Yang et al. 2007 First healthy male c frozen 
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Yang et al. 2007 First healthy male c frozen 

oocytes of a HD patient

Cha et al./Kuleshova et al. 1999  The first 

pregnancy and birth from vitrified oocytes

Chen et al. 1986 First healthy newborn from slowly 

frozen oocyte



Principles of Oocyte

Cryopreservation
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Cryopreservation



Principles of Oocyte Cryopreservation

VitrificationVitrificationVitrificationVitrification

Equilibration ProcedureEquilibration Procedure
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PrePre--equilibrationequilibration
EG 1.5 EG 1.5 M M 

For For 2.5 min2.5 min

Equilibration Equilibration 
EG EG 5.5 M + 1.0 M sucrose5.5 M + 1.0 M sucrose

For 20 secondsFor 20 seconds



Principles of Oocyte Cryopreservation

VitrificationVitrificationVitrificationVitrification

HighHighHighHigh coolingcoolingcoolingcooling raterateraterate

���� MinimizingMinimizingMinimizingMinimizing thethethethe volumevolumevolumevolume ofofofof CPACPACPACPA solutionsolutionsolutionsolution

---- UsingUsingUsingUsing specialspecialspecialspecial carrierscarrierscarrierscarriers;;;; EMEMEMEM gridgridgridgrid (Martino(Martino(Martino(Martino etetetet alalalal....,,,, 1996199619961996),),),),

OpenOpenOpenOpen PulledPulledPulledPulled StrawsStrawsStrawsStraws ((((VajtaVajtaVajtaVajta etetetet alalalal....,,,,1998199819981998),),),), CryoloopCryoloopCryoloopCryoloop (Lane(Lane(Lane(Lane
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OpenOpenOpenOpen PulledPulledPulledPulled StrawsStrawsStrawsStraws ((((VajtaVajtaVajtaVajta etetetet alalalal....,,,,1998199819981998),),),), CryoloopCryoloopCryoloopCryoloop (Lane(Lane(Lane(Lane

etetetet alalalal....,,,, 1999199919991999),),),), HemiHemiHemiHemi----strawstrawstrawstraw ((((VanderzwalmenVanderzwalmenVanderzwalmenVanderzwalmen etetetet alalalal....,,,, 2003200320032003),),),),

CryotopCryotopCryotopCryotop ((((KuwayamaKuwayamaKuwayamaKuwayama et al., 2005) et al., 2005) et al., 2005) et al., 2005) 

���� Slush Nitrogen (Yoon et al., 2007)Slush Nitrogen (Yoon et al., 2007)Slush Nitrogen (Yoon et al., 2007)Slush Nitrogen (Yoon et al., 2007)



Principles of Oocyte Cryopreservation

VitrificationVitrificationVitrificationVitrification

HighHighHighHigh concentrationconcentrationconcentrationconcentration ofofofof cryoprotectantcryoprotectantcryoprotectantcryoprotectant agentagentagentagent (CPA)(CPA)(CPA)(CPA) solutionsolutionsolutionsolution

���� Mechanism of the protective action of CPA is sameMechanism of the protective action of CPA is sameMechanism of the protective action of CPA is sameMechanism of the protective action of CPA is same

but  :  toxicities, permeability are differentbut  :  toxicities, permeability are differentbut  :  toxicities, permeability are differentbut  :  toxicities, permeability are different

���� Osmotic change before and after cryopreservationOsmotic change before and after cryopreservationOsmotic change before and after cryopreservationOsmotic change before and after cryopreservation
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→→→→ cause the death of cellscause the death of cellscause the death of cellscause the death of cells

���� Ethylene glycol (EG) only : low toxicity & rapid permeation Ethylene glycol (EG) only : low toxicity & rapid permeation Ethylene glycol (EG) only : low toxicity & rapid permeation Ethylene glycol (EG) only : low toxicity & rapid permeation 

���� EG + other CPA (DMSO, 1,2EG + other CPA (DMSO, 1,2EG + other CPA (DMSO, 1,2EG + other CPA (DMSO, 1,2----PrOH …)  PrOH …)  PrOH …)  PrOH …)  

→→→→ reduce concentration of single CPA reduce concentration of single CPA reduce concentration of single CPA reduce concentration of single CPA 

→→→→ decrease the individual specific decrease the individual specific decrease the individual specific decrease the individual specific toxicitytoxicitytoxicitytoxicity

(Cha et al.,2011)(Cha et al.,2011)(Cha et al.,2011)(Cha et al.,2011)



Current Status Current Status 

of Human Oocyte Cryopreservation
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Slush Nitrogen (SN2)Slush Nitrogen (SN2)

Current Status of Current Status of Current Status of Current Status of OocyteOocyteOocyteOocyte CryopreservationCryopreservationCryopreservationCryopreservation

LN2LN2

Application of negative 
pressure w/ vacuum

SN2
(mixture of liquid & solid nitrogen )

FERTILITY CENTER2012 2012 2012 2012 한국발생생물학회한국발생생물학회한국발생생물학회한국발생생물학회



Liquid Nitrogen (LN2) vs. Slush Nitrogen (SN2)Liquid Nitrogen (LN2) vs. Slush Nitrogen (SN2)

Current Status of Current Status of Current Status of Current Status of OocyteOocyteOocyteOocyte CryopreservationCryopreservationCryopreservationCryopreservation

LN2 SN2

Temperature

Vaporization

Cooling Rate

CPA Concentration

Cryo-damage

-196oC

Yes

-20,000oC / min

High

low

-210oC

No

-135,000oC / min

Low

very low
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Clinical Outcomes of IVFClinical Outcomes of IVFClinical Outcomes of IVFClinical Outcomes of IVF----ET Programs Using Vitrified Human ET Programs Using Vitrified Human ET Programs Using Vitrified Human ET Programs Using Vitrified Human 
OocytesOocytesOocytesOocytes from Stimulated Cycles by SN2from Stimulated Cycles by SN2from Stimulated Cycles by SN2from Stimulated Cycles by SN2

SNSNSNSN2222

No. of CyclesNo. of CyclesNo. of CyclesNo. of Cycles

No. of Vitrified / Thawed No. of Vitrified / Thawed No. of Vitrified / Thawed No. of Vitrified / Thawed OocytesOocytesOocytesOocytes

No. of Survived No. of Survived No. of Survived No. of Survived OocytesOocytesOocytesOocytes (%) (%) (%) (%) aaaa

No. of Injected No. of Injected No. of Injected No. of Injected oocytesoocytesoocytesoocytes

No. of Fertilized No. of Fertilized No. of Fertilized No. of Fertilized OocytesOocytesOocytesOocytes (%)(%)(%)(%)

30303030

364364364364

302  (82.9 302  (82.9 302  (82.9 302  (82.9 ±±±± 2.92.92.92.9))))bbbb

218218218218

168  (77.1 168  (77.1 168  (77.1 168  (77.1 ±±±± 3.5) 3.5) 3.5) 3.5) bbbb

Current Status of Current Status of Current Status of Current Status of OocyteOocyteOocyteOocyte CryopreservationCryopreservationCryopreservationCryopreservation

No. of Fertilized No. of Fertilized No. of Fertilized No. of Fertilized OocytesOocytesOocytesOocytes (%)(%)(%)(%)

No. of Cleaving 2PN Embryos (%)No. of Cleaving 2PN Embryos (%)No. of Cleaving 2PN Embryos (%)No. of Cleaving 2PN Embryos (%)

No. of Cycles Undergoing ETNo. of Cycles Undergoing ETNo. of Cycles Undergoing ETNo. of Cycles Undergoing ET

Pregnancies (%/ET)Pregnancies (%/ET)Pregnancies (%/ET)Pregnancies (%/ET)

Miscarriage (%)Miscarriage (%)Miscarriage (%)Miscarriage (%)

Delivery/ongoingDelivery/ongoingDelivery/ongoingDelivery/ongoing

No. of transferred embryosNo. of transferred embryosNo. of transferred embryosNo. of transferred embryos

Implantation Rate (%)Implantation Rate (%)Implantation Rate (%)Implantation Rate (%)

168  (77.1 168  (77.1 168  (77.1 168  (77.1 ±±±± 3.5) 3.5) 3.5) 3.5) bbbb

158  (94.0 158  (94.0 158  (94.0 158  (94.0 ±±±± 2.1) 2.1) 2.1) 2.1) bbbb

30  (100)30  (100)30  (100)30  (100)

13/30 ( 43.3)13/30 ( 43.3)13/30 ( 43.3)13/30 ( 43.3)

2  (15.4)2  (15.4)2  (15.4)2  (15.4)

4444cccc/ 7/ 7/ 7/ 7

120 (4.0 120 (4.0 120 (4.0 120 (4.0 ±±±± 0.2) 0.2) 0.2) 0.2) bbbb

17  (14.2)17  (14.2)17  (14.2)17  (14.2)

a No. of intact oocytes after warming (%/vitrified oocytes)
b Mean ± SEM
c Three singleton (male/male/female), one twin (male/male)
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((((Yoon et al., Yoon et al., Yoon et al., Yoon et al., FertilFertilFertilFertil SterilSterilSterilSteril 2007200720072007))))



Procedure of Procedure of Procedure of Procedure of oocyteoocyteoocyteoocyte vitrificationvitrificationvitrificationvitrificationProcedure of Procedure of Procedure of Procedure of oocyteoocyteoocyteoocyte vitrificationvitrificationvitrificationvitrification

Current Status of Current Status of Current Status of Current Status of OocyteOocyteOocyteOocyte CryopreservationCryopreservationCryopreservationCryopreservation

LN2 SN2

5.5M EG + 1M sucrose 5.5M EG + 1M sucrose

7.5%EG+7.5%DMSO+0.5M sucrose 7.5%EG+7.5%DMSO+0.5M sucrose

10%EG+10%DMSO+0.5M sucrose 10%EG+10%DMSO+0.5M sucrose
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1.0M sucrose1.0M sucrose1.0M sucrose1.0M sucrose

0.5M sucrose0.5M sucrose0.5M sucrose0.5M sucrose

0.2M sucrose0.2M sucrose0.2M sucrose0.2M sucrose

0.125M sucrose0.125M sucrose0.125M sucrose0.125M sucrose

10%EG+10%DMSO+0.5M sucrose 10%EG+10%DMSO+0.5M sucrose

15%EG+15%DMSO+0.5M sucrose 15%EG+15%DMSO+0.5M sucrose

In vitro 
maturation

In vitro 
fertilization



Current Status of Current Status of Current Status of Current Status of OocyteOocyteOocyteOocyte CryopreservationCryopreservationCryopreservationCryopreservation

The effect of different The effect of different The effect of different The effect of different cryoprotectantscryoprotectantscryoprotectantscryoprotectants & cooling speed of immature & cooling speed of immature & cooling speed of immature & cooling speed of immature oocytesoocytesoocytesoocytesThe effect of different The effect of different The effect of different The effect of different cryoprotectantscryoprotectantscryoprotectantscryoprotectants & cooling speed of immature & cooling speed of immature & cooling speed of immature & cooling speed of immature oocytesoocytesoocytesoocytes
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Cleavage StageCleavage StageCleavage StageCleavage Stage BlastocystBlastocystBlastocystBlastocyst StageStageStageStage

(Cha et al., 2011)(Cha et al., 2011)(Cha et al., 2011)(Cha et al., 2011)
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The effect of different The effect of different The effect of different The effect of different cryoprotectantscryoprotectantscryoprotectantscryoprotectants & cooling speed of mature & cooling speed of mature & cooling speed of mature & cooling speed of mature oocytesoocytesoocytesoocytesThe effect of different The effect of different The effect of different The effect of different cryoprotectantscryoprotectantscryoprotectantscryoprotectants & cooling speed of mature & cooling speed of mature & cooling speed of mature & cooling speed of mature oocytesoocytesoocytesoocytes

FERTILITY CENTER2012 2012 2012 2012 한국발생생물학회한국발생생물학회한국발생생물학회한국발생생물학회

Cleavage StageCleavage StageCleavage StageCleavage Stage BlastocystBlastocystBlastocystBlastocyst StageStageStageStage

(Cha et al., CERM, 2011)(Cha et al., CERM, 2011)(Cha et al., CERM, 2011)(Cha et al., CERM, 2011)



Current Status of Current Status of Current Status of Current Status of OocyteOocyteOocyteOocyte CryopreservationCryopreservationCryopreservationCryopreservation

Alterations in calcium oscillatory activity in vitrified eggsAlterations in calcium oscillatory activity in vitrified eggsAlterations in calcium oscillatory activity in vitrified eggsAlterations in calcium oscillatory activity in vitrified eggsAlterations in calcium oscillatory activity in vitrified eggsAlterations in calcium oscillatory activity in vitrified eggsAlterations in calcium oscillatory activity in vitrified eggsAlterations in calcium oscillatory activity in vitrified eggs
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(Kim et al., (Kim et al., (Kim et al., (Kim et al., EurEurEurEur J J J J PhysiolPhysiolPhysiolPhysiol, 2011), 2011), 2011), 2011)
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Alterations in calcium oscillatory activity in vitrified eggsAlterations in calcium oscillatory activity in vitrified eggsAlterations in calcium oscillatory activity in vitrified eggsAlterations in calcium oscillatory activity in vitrified eggsAlterations in calcium oscillatory activity in vitrified eggsAlterations in calcium oscillatory activity in vitrified eggsAlterations in calcium oscillatory activity in vitrified eggsAlterations in calcium oscillatory activity in vitrified eggs
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(Kim et al., (Kim et al., (Kim et al., (Kim et al., EurEurEurEur J J J J PhysiolPhysiolPhysiolPhysiol, 2011), 2011), 2011), 2011)



Clinical Application Clinical Application 

of Oocyte Cryopreservation
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First baby First baby First baby First baby bbbborn from vitrified orn from vitrified orn from vitrified orn from vitrified oocytesoocytesoocytesoocytes

CLINICAL APPLICATION 
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(Yoon et al, (Yoon et al, (Yoon et al, (Yoon et al, FertilFertilFertilFertil SterilSterilSterilSteril, 2003), 2003), 2003), 2003)

Male; Birth weight=2.9 kg;
NSVD on August 7, 1999



Needs  for Fertility Preservation  

Unfortunately, many young women with cancer lose their fertility 

after aggressive cancer therapy, since gonads are susceptible to 

cytotoxic treatment especially to alkylating agents and radiation 

For young cancer survivors, fertility is one of the most important 

quality of life issue

FERTILITY PRESERVATION

quality of life issue

Especially in female survivors higher risk of menopause-related 

complications at a young  age and loss of fertility
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Oocyte Banking: Cancer patients

Oocyte banking for cancer patients 

(Fertility Center of CHA Gangnam Medical Center, July 1999-August 2011)

13.025.5± 9.522.5± 0.52AML

10.0 ± 6.014.4 ± 6.729.0 ± 2.35*MDS

14.2± 9.9

Retrieved

26.4± 5.5

Mean Age (Year)

10.8 ± 7.6**13CML

MatureNo. of PatientsDiagnosis

12.019.027.01ALL

FERTILITY PRESERVATION

* Embryo Freezing (n=2), ** Immature Oocyte (n=1)

1.51.529.01(Lupus)

6.0± 2.39.5± 3.930.8± 3.64Breast Ca

19.7± 0.9

9.0

20.7± 1.2

18.0

14.0± 0.93Lymphoma

5.01HD

6.011.031.01
Mucinous 
liposarcoma

26.044.038.01
Endometrial stromal 
sarcoma

12.019.027.01ALL

14.024.0 4.01Thyroid Ca

14.0± 12.323.3± 13.228.0± 1.23Rectal
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Oocyte Banking 

• Oocytes of cancer patients stored over the 

FERTILITY PRESERVATION

(Kim et al., J Assit Reprod Genet, 2011)

long-term can successfully develop to the in 

vitro cleavage stage and result in a live birth. 
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Cryopreservation of Human Ovarian TissuesCryopreservation of Human Ovarian TissuesCryopreservation of Human Ovarian TissuesCryopreservation of Human Ovarian Tissues

Diagnosis
No. of 

patients (n)

Mean age at ovarian

Cryopreservation (years)

Mean storage period 
a (years)

CML 1 20 11

Endometrial 

adenocarcinoma
4 38.5 ± 2.1 6.4 ± 2.9

Cervical cancer 2 31.5 ± 3.5 5 ± 1.4

ESS 1 38 2

Total 9 34.6 ± 7.9 6.3 ± 3.1

From January, 2000 To August, 2011 , CHA Fertility CenterFrom January, 2000 To August, 2011 , CHA Fertility CenterFrom January, 2000 To August, 2011 , CHA Fertility CenterFrom January, 2000 To August, 2011 , CHA Fertility Center

(Kim SS et al .,2009)

Cervical cancer  (29 yr) : Stage II b

Clinical Experience of Ovarian TransplantationClinical Experience of Ovarian TransplantationClinical Experience of Ovarian TransplantationClinical Experience of Ovarian Transplantation

FERTILITY PRESERVATION

Cervical cancer  (29 yr) : Stage II b

2002.08.; Frozen by slow freezing before Radiation Therapy 

2003.10.; Transplanted beneath the skin of abdomen and Hip 

2004.11.; 1st COH c GF 300IU + hMG 75IU – Retrieval Failure

2005.06; 2nd COH c GF 225IU*5 – CL*2 Freezing

2005.11; 3rd COH c GF 225IU*9 – 2PN*1, 4Cell*1 Freezing

2010.03; Natural cycle – Retrieval Failure
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Applications of Applications of Applications of Applications of OOOOocyteocyteocyteocyte cryopreservationcryopreservationcryopreservationcryopreservation
CLINICAL APPLICATION 

A successful method to maintain fertility for cancer pts & pts who are 

faced with losing their ovarian function 

Emergency oocyte freezing in the case of incidental azospermia

Fertility preservation for old single women as getting enormously 

FERTILITY CENTER2012 2012 2012 2012 한국발생생물학회한국발생생물학회한국발생생물학회한국발생생물학회

Fertility preservation for old single women as getting enormously 

increased late marriage

Alternative  method for storing the excess oocytes & avoiding the 

development of more embryos

Oocyte banking for oocyte donor program



Conclusion

In spite of excellent clinical results of IVF with vitrified/warmed oocytes, 

there are low enrollments of fertility preservation program of cancer 

patients. 

Fertility specialist should be cooperated more actively with oncologists.

All cancer patients who are faced with losing their fertility should be All cancer patients who are faced with losing their fertility should be 

informed about fertility preservation. 

For old single women & POF patients, social reconsideration about oocyte

freezing & oocyte banking is requested. 

Further studies & improvements are necessary to imply this technique in 

human assisted reproductive technology.


