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Use of frozen samplesUse of frozen samples



Systemic malignancies affect fertility Systemic malignancies affect fertility 
b f t t tb f t t tbefore treatmentbefore treatment

increased catabolic stateincreased catabolic state
malnutrition malnutrition 
hypothalamic dysfunction    hypothalamic dysfunction    VigerskyVigersky et al 1977et al 1977

stress hormone secretion  stress hormone secretion  SchenkerSchenker et al 1992et al 1992

testicular dysfunction   testicular dysfunction   FitoussiFitoussi et al 2000et al 2000



Impact of cancer therapy on Impact of cancer therapy on 
t it ispermatogenesisspermatogenesis



Male fertility and cancer treatmentMale fertility and cancer treatment

Puscheck E. Cancer Treat Reviews (2004) 30, 173–180



Cancer treatment can affect the genetic Cancer treatment can affect the genetic 
t i l f th ff it i l f th ff imaterial of the offspringmaterial of the offspring

SingleSingle--gene mutations and chromosomal gene mutations and chromosomal 

aberationsaberations in in spermatogoniaspermatogonia Witt and Bishop 1996Witt and Bishop 1996aberationsaberations in in spermatogoniaspermatogonia Witt and Bishop 1996Witt and Bishop 1996

PersistensePersistense of mutation (early of mutation (early vsvs late stage of late stage of PersistensePersistense of mutation (early of mutation (early vsvs late stage of late stage of 

spermatogenesis)spermatogenesis) MeistrichMeistrich et al 1993et al 1993



American Society of Clinical Oncology 
Recommendations on Fertility Preservation inRecommendations on Fertility Preservation in 

Cancer Patients

Stephanie J. Lee et al, J Clin Oncol vol 24 (18) 2006



Conservation of fertilityConservation of fertilityConservation of fertilityConservation of fertility

Sperm banking Sperm banking 

Testicular  tissue bankingTesticular  tissue banking

Spermatogonial stem cell banking and in vitro Spermatogonial stem cell banking and in vitro 
maturation?maturation?



Sperm bankingSperm bankingSperm bankingSperm banking

‘‘FUNDAMENTAL CRYOBIOLOGY’’ ‘‘FUNDAMENTAL CRYOBIOLOGY’’ = = understanding understanding the the gg
effects ofeffects of low temperature on cellular systems.low temperature on cellular systems.

Sample mixed with Sample mixed with cryoprotectantcryoprotectant, then undergo slow, then undergo slow--
freezing, and then maintained at freezing, and then maintained at --196196oo C, in liquid C, in liquid 
nitrogen tanks for many yearsnitrogen tanks for many yearsnitrogen tanks for many yearsnitrogen tanks for many years
Later use in IUI, IVF, ICSILater use in IUI, IVF, ICSI

Differences between species Differences between species (W.V. Holt, (W.V. Holt, TheriogenologyTheriogenology 53, 4753, 47––58, 58, 
2000)2000)

FreezeFreeze--drying of sperm ? M A Warddrying of sperm ? M A Ward ( Biol  ( Biol  ReprodReprod  69 (2003)  69 (2003) FreezeFreeze drying of sperm ?  M.A. Ward, drying of sperm ?  M.A. Ward, ( Biol. ( Biol. ReprodReprod. 69 (2003) . 69 (2003) 
21002100––2108)2108)



Distribution (%) of malignant diseaseDistribution (%) of malignant diseaseDistribution (%) of malignant diseaseDistribution (%) of malignant disease

K. Chung et al.  European Journal of Obstetrics & Gynecology and K. Chung et al.  European Journal of Obstetrics & Gynecology and 
Reproductive Biology 113S (2004) S7Reproductive Biology 113S (2004) S7––S11S11



Distribution (%) of malignant diseaseDistribution (%) of malignant disease.

Menon S  et al  Hum Reprod  Vol 24  37Menon S  et al  Hum Reprod  Vol 24  37 44  200944  2009Menon S. et al, Hum Reprod, Vol.24, 37Menon S. et al, Hum Reprod, Vol.24, 37 –– 44, 200944, 2009



Distribution (%) of nonDistribution (%) of non--malignant malignant 
diseasediseasedisease.  disease.  

Menon S. et al, Hum Reprod, Vol.24, 37Menon S. et al, Hum Reprod, Vol.24, 37 –– 44, 200944, 2009



Tissue bankingTissue bankingTissue bankingTissue banking

cryobiological complications arise due to the high tissue  cryobiological complications arise due to the high tissue  
t t li tit t li ticompartmentalizationcompartmentalization

variation in cell types, somatic cells (i.e., Leydig, Sertoli cells) variation in cell types, somatic cells (i.e., Leydig, Sertoli cells) 
and germ cellsand germ cellsand germ cells and germ cells 
protection of cellprotection of cell--toto--cell interactionscell interactions

Picton H.M et al,  Br. Med. Bull. 56 (2000) 603Picton H.M et al,  Br. Med. Bull. 56 (2000) 603––615.615.
Res U., et al , Res U., et al , Hum. Reprod. 15 (2000) 861Hum. Reprod. 15 (2000) 861––864.864.



Spermatogonial stem cell bankingSpermatogonial stem cell bankingSpermatogonial stem cell bankingSpermatogonial stem cell banking

Isolation of various preIsolation of various pre--meiotic cells of the germ linemeiotic cells of the germ line
In vitro maturation and cell expansionIn vitro maturation and cell expansion

Avarbock M.R. et al, Nat. Med. 2 (1996) 693–696.

Tissue draftingTissue drafting

Schlatt S et al  Biol  Reprod  68 (2003) Schlatt S et al  Biol  Reprod  68 (2003) 23312331 23352335Schlatt S.et al , Biol. Reprod. 68 (2003) Schlatt S.et al , Biol. Reprod. 68 (2003) 23312331––2335.2335.
Honaramooz A, et al Nature 15 (2002) 778Honaramooz A, et al Nature 15 (2002) 778––781.781.



Attitudes of Physicians and Parents Towards Attitudes of Physicians and Parents Towards 
Discussing Infertility Risks and Semen Discussing Infertility Risks and Semen 

C ti With M l Ad l t Di dC ti With M l Ad l t Di dCryopreservation With Male Adolescents Diagnosed Cryopreservation With Male Adolescents Diagnosed 
With Cancer With Cancer 

…because of the private character of sexuality and the potentially
inadequate maturity assessment by parents, semen cryopreservation

should be discussed separately with adolescent and parents...

de Vries et al, Pediatr Blood Cancer 2009;53:386–391



Process of freezingProcess of freezing--thawingthawingProcess of freezingProcess of freezing thawingthawing

Addition of Addition of cryoprotectantcryoprotectant
Freezing : dehydration and shrinkage of the cellFreezing : dehydration and shrinkage of the cell
Thawing : rehydration and swelling upon removalThawing : rehydration and swelling upon removalThawing : rehydration and swelling upon removalThawing : rehydration and swelling upon removal

This shrinkage and or swelling is capable of causing This shrinkage and or swelling is capable of causing 
damage or even cell deathdamage or even cell deathdamage or even cell deathdamage or even cell death
Potentially damaging intracellular ice will formPotentially damaging intracellular ice will form

D.Y.Gao et al Hum Reprod vol.10 no.5 pp.1109-1122, 1995



Effect of freezing on cell volumeEffect of freezing on cell volumeEffect of freezing on cell volumeEffect of freezing on cell volume

Gilmore J.A. et al Hum Reprod,Gilmore J.A. et al Hum Reprod, vol 12 , 112vol 12 , 112––118, 1997118, 1997



Effect of thawing on cell volumeEffect of thawing on cell volumeEffect of thawing on cell volumeEffect of thawing on cell volume

J.A.GilmoreJ.A.Gilmore et al Hum et al Hum ReprodReprod, , l.12 , 112l.12 , 112––118, 1997118, 1997



CryoprotectansCryoprotectans

GlycerolGlycerol

P l  C t l N t  164 (1949) 666 676Polge C et al,  Nature 164 (1949) 666–676

Dimethyl SulfoxideDimethyl Sulfoxideyy
Lovelock J.E. and Bishop M., Nature 183 (1959) 1394–1395..

OtherOtherOtherOther



Effect of type of cryoprotectant on 
i bilit d t il llisperm viability and tail swelling

Widiasih et al,Fertil Steril 2009;92:382–9. 2009, ;



Effect of multistep and single-step 
dditi f t t taddition of cryoprotectant

Widiasih et al,Fertil Steril 2009;92:382–9. 2009



Effect of cryoprotectant on sperm 
f tifunction 

Widiasih et al,Fertil Steril 2009;92:382–9. 2009



Freezing small quantities of spermFreezing small quantities of spermFreezing small quantities of spermFreezing small quantities of sperm

empty zona pellucida as the sperm carrier empty zona pellucida as the sperm carrier (Walmsley et al., (Walmsley et al., p y p pp y p p ( y ,( y ,
1998; Fusi et al., 2001)1998; Fusi et al., 2001)

microdroplets on ice ‘pills’ microdroplets on ice ‘pills’ (Gil(Gil--Salom et al., 2000) Salom et al., 2000) p pp p (( , ), )

open straws open straws (Koscinski et al., 2007)(Koscinski et al., 2007)

cryoloops cryoloops (Nawroth et al., 2002; Schuster et al., 2003; Isachenko et (Nawroth et al., 2002; Schuster et al., 2003; Isachenko et 
al  2004b  2005)al  2004b  2005)al., 2004b, 2005)al., 2004b, 2005)



SSurvival of microurvival of micro--organism during organism during 
ttcryostoragecryostorage

ChlamydiaChlamydia

Ureaplasma urealyticum and Mycoplasma hominisUreaplasma urealyticum and Mycoplasma hominis

YeastsYeasts

CytomegalovirusCytomegalovirus



Vapor phase storageVapor phase storageVapor phase storageVapor phase storage

…no direct evidence of cross…no direct evidence of cross
t i ti  t i ti  i   i   b kb kcontamination contamination in a in a cryobankcryobank….….

Tomlinson and Tomlinson and SakkasSakkas, Hum , Hum ReprodReprod 15, 246015, 2460--63, 200063, 2000

Cost of vapor phaseCost of vapor phasep pp p

Temperature stabilityTemperature stability



Vapor phase storageVapor phase storageVapor phase storageVapor phase storage

New New pathohenspathohens
Incubation period of pathogensIncubation period of pathogens
Liquid nitrogen is a Liquid nitrogen is a soursesourse
Microorganisms found in both types Microorganisms found in both types 
Temperature stabilityTemperature stabilityTemperature stabilityTemperature stability

Cost of vapor phaseCost of vapor phase



CryoinjuryCryoinjuryCryoinjuryCryoinjury

Damage on chromatinDamage on chromatinDamage on chromatinDamage on chromatin

chromatin condensation chromatin condensation ((HammadehHammadeh et al 1999et al 1999))

chromatin structure assay chromatin structure assay ( ( SpanoSpano et al 1999et al 1999))

Damage induced on membranesg

lipid peroxidation of unsaturated fatty acids by free radicals ( Bell  

t l 1993)et al.,1993)
acrosome reaction    ( Esteves et al, 2000)



CryoinjuryCryoinjuryCryoinjuryCryoinjury

Damage induced on chromosomesDamage induced on chromosomes

……..no alteration in the……..no alteration in the……..no alteration in the……..no alteration in the
frequency of chromosomal abnormalities or sex ratio infrequency of chromosomal abnormalities or sex ratio in
human spermatozoa after freezing…….. human spermatozoa after freezing…….. 

((ChernosChernos and Martin  and Martin  19891989, Martin et al., 1991, Martin et al., 1991))



Effect of freezing on sperm parametersEffect of freezing on sperm parameters

Menon S et al,  Hum Reprod, Vol.24, 37 – 44, 2009



Effect of freezing on sperm parametersEffect of freezing on sperm parametersEffect of freezing on sperm parametersEffect of freezing on sperm parameters

Ozkavukcu et al, J Assist Reprod Genet (2008) 25:403–411



Effect of freezing on sperm parametersEffect of freezing on sperm parametersEffect of freezing on sperm parametersEffect of freezing on sperm parameters

Ozkavukcu et al, J Assist Reprod Genet (2008) 25:403–411



Outcome of ART with cryopreserved 
tspermatozoa

Hourvitz et al Fertil Steril 2008;90:557–63Hourvitz, et al Fertil Steril 2008;90:557–63



Today, 1 in 700 young adults is a cancer survivor and it is Today, 1 in 700 young adults is a cancer survivor and it is 
estimated that 1 in every 250 adults will be a childhood estimated that 1 in every 250 adults will be a childhood 
cancer survivor in 2010cancer survivor in 2010

In United States, more than 20,000 children and youngIn United States, more than 20,000 children and young
people of reproductive age are exposed to of chemotherapypeople of reproductive age are exposed to of chemotherapypeople of reproductive age are exposed to of chemotherapypeople of reproductive age are exposed to of chemotherapy
and/or radiotherapy every yearand/or radiotherapy every year

Muller J. et al Horm Res 2003;59(Suppl. 1):12–20.
Blatt J. et al Med Pediatr Oncol 1999;33:29–33.
Arnon J  et al Hum Reprod Update 2001;7:394 403Arnon J, et al Hum Reprod Update 2001;7:394–403..



Necessary !Necessary !Necessary !Necessary !

  d t b  t  th t  … our database suggests that sperm 
cryostorage for fertility preservation 
i  l   ti tin male cancer patients
is under-utilized….

Chung et al. / European Journal of Obstetrics & Gynecology 
and Reproductive Biology 113S (2004) S7–S11



Thank you !Thank you !


