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Uses of Sperm Cryopreservation

• Pre-treatment for Cancer

Freezing provides people 

with future fertility potential

• Pre-treatment for Cancer

• Pre- operative  or vasectomy insurance

• Post surgical retrieval of testicular sperm

for ART



The effects of 

cryopreservation on 

sperm quality



Cryo-injury is expressed as

Structural Damage-

• loss of membrane integrity

• ↓↓↓↓ intact acrosomes 

• cytoplasmic vacuolation

• mitochondrial distortion• mitochondrial distortion

(reviewed by  Nijs and Ombelet, 2001)

• ↓↓↓↓ normal morphology

(~40%, ↑ amorphous heads and midpiece abnormalities)

(Verheyen et al,1997; Hammadeh et al, 1999; O’Connell et al, 2002)

• Alterations in permeability  and conformation of 

phospholipid bilayers 

(Mazur et al, 1984; Parks and Graham, 1992)



Alterations in  plasma and 

mitochondrial membrane potentials

• ↓ [Ca2+]i  and ↓ response to Progesterone

• → [Ca2+]
e entry → Capacitative motility

• ↓ intact acrosomal caps ↓ acrosin activity• ↓ intact acrosomal caps ↓ acrosin activity

• ↓ R123 uptake -36%

• ↓ R123 activity -47%

• ↓ Progressive motility -41% (greater in infertile sperm)

(Mack and Zanevald, 1987;Alvarez and Storey, 1993; Rossato et al, 2000;

O’ Connell et al, 2002)



Cryo-injury is expressed as
Loss of viability 

(Nijs and Ombelet, 2001)

Functional Damage to the surviving population-Functional Damage to the surviving population-

• Loss of Motility ( 25-75%), VSL, VCL, VAP

(Hammadeh et al, 1999; Esteves et al, 2000; Nijs et al, 2000; Donnelly et al, 2001)

• Infertile mens’ sperm more susceptible to cryoinjury

(Holden et al, 1997; Nijs et al, 2000, Donnelly et al, 2001; de Paula et al, 2006) 



• No chromosomal damage
(Li, Overstreet et al, 2007)

• ↑↑↑↑ Abnormal DNA condensation→→→→ ↓↓↓↓ fertilization
(Hammadeh et al, 2000, 2001)

Cryopreservation and Genome

(Hammadeh et al, 2000, 2001)

• ↑↑↑↑ Chromatin  structure alterations 

(DNA – Protamine relationships) →→→→ ↓↓↓↓ fertilization
(Royere et al, 1991)

• ↓↑↓↑↓↑↓↑ DNA fragmentation
(de Paula et al, 2006; Gandini et al, 2006; Amann et al, 1999 Ward et al, 2004, 

Evenson et al, 1991-2010)



When does Cryo-injury  Occur?

During freezing
• intracellular ice formation

• Osmotic stresses

(Muldrew and McGann, 1988;  Watson, 1995;  Devireddy et al, 2000,  Morris et al, 
2007)

During thawingDuring thawing
• Rapid warming prevents recrystallization
(Watson, 1995)

Not during storage
• Cryoprotectants are crucial for protection...?

(Mortimer, 1994; Yildiz et al, 2007 )



The effects of 

cryopreservation on ART 

outcomes with ejaculated and 

epididymal sperm



Cryo-injury leads to reduced 
success in ART

• IUI by husband- ↓ CPR 
(Sherman, 1973)

• IUI by donor - ↓ CPR
(Richter et al, 1984)(Richter et al, 1984)

• IVF and ICSI - ↓ FR, IR, CPR
(Critser et al, 1987; Crabbe et al, 1999; Hammadeh et al, 1999)

• Conversely-

• ICSI/MESA- ↑ CPR with F-T sperm
(Devroey et al, 1995,  Wood, Lewis-Jones et al, 2002)



The effects of 

cryopreservation on ART 

outcomes with testicular 

spermsperm



No difference in sperm DNA  fragmentation 
when f-t in suspension or in biopsy



Current success rates of 
fresh v frozen testicular (OA) cycles

• FR, IR and CPR significantly reduced

(Nicopoullos et al, 2003,Dr Croo et al, 1998; Wood et al, 2002)

• IR significantly impaired • IR significantly impaired 

( RR1.75,95% CI 1.10-2.80, p=0.02: meta-analysis-of 1476 cycles Nicopoullos et al, 2004)

• No impairment in outcome- FR, IR, CPR or LBR

(Friedler et al, 1998;Ben- Yosef et al, 1999; Tournaye et al, 1999 ;Habermann et al, 2002 ; 

Thompson- Cree et al, 2003)



Reasons for Conflict in Literature

• Lack of Randomization

• Patient Choice

• Previous failure with frozen sperm or

• Their frozen sperm may be fitter!

• Should include only first time cycles

• But this can ↓ cases by 50% 



Success rates depend on 
aetiology of azoospermia

• FR are higher  and miscarriage rates are 
lower for men with acquired azoospermia 

but CPR and LBR are similarbut CPR and LBR are similar
(meta- analysis Nicopoullos et al, 2004)

• ↓↓↓↓ CPR with time post vasectomy
(Abdelmassih et al. 2002;  Borges et al., 2003;  McVicar et al, 2004 )

• ↓↓↓↓ CPR with NOA (usually fresh)



A danger of 

incubating

post-thaw

testicular sperm testicular sperm 

to acquire 

motility



Compaction of DNA by
crosslinkage in epididymis

A testicular sperm

An ejaculated sperm



Overnight incubation of 
post-thaw testicular sperm

• routine clinical practice

• reasons: convenient• reasons: convenient

non invasive

quick viability test
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A better way to freeze 
sperm
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Challenges of  Cryopreservation

Reduction of cryoinjury from-

• Ice crystals- reduction  or prevention
(Mudrew and McGann,  1988;  Devireddy et al, 2000)(Mudrew and McGann,  1988;  Devireddy et al, 2000)

Combat with  

• programmable freezing 

• cryoprotectants
(Mortimer, 1994; Watson, 1995)



Vitrification or Ultra Rapid 
Freezing

•Process involves solidifying liquids without crystallization

•Blastocysts and births from  slow rate frozen embryos from 
vitrified oocytes with rapid plunge  frozen sperm

Merlo et al, 2008; Wang et al, 2008; Chen et al, 2008Merlo et al, 2008; Wang et al, 2008; Chen et al, 2008

•Embryo cryopreservation by vitrification  
Shaw et al, 1991; Stehlik et al, 2005; Zhou et al, 2005,   Libermann and Tucker, 2004;

in  LiqN2
Yavin et al, 2008

• Semen Vitrification > 30 0000C/min 

v  <1000C/min vapour and LiqN2 plunge



Vitrification of Sperm

Rapidly cooled human sperm: no evidence of 

intracellular ice formation
GJ Morris, 2006

Acromosomal status and mitochondrial activity of human 

sperm vitrified with sucrose
Isachenko et al, 2008



Figure 2. DNA integrity of spermatoza according to treatment and cryopreservation method. Each bar represents the median, 25th and 75th
percentile, minimum and maximum values. Bars with different letters within each treatment group indicate a signi®cant difference (P < 
0.05).



Mouse sperm freeze dried for ICSI only

sperm plunged into LiqN2 for 20s then freeze- dried for 4h

• stored at 40C

• ↓↓↓↓ zygotes with normal karyotypes (96% v 75%)

• ↓↓↓↓embryos developing into fetuses ( 58% v 35%)

• no further deterioration with time

•normal live offspring were born after 1.5yr

•Benefit of storage and shipping at RT



Mouse sperm frozen without cryoprotectant

•sperm  kept on surface of  LiqN2  for 10 min then plunged into 
LiqN2 , thawed at RT for 5 min

•↓ zygotes with normal karyotypes (87% v 75%)

• ↓embryos developing into fetuses ( 45% v 35%)

• no further deterioration with time

• normal live offspring were born after 1.5yr



Benefits of antioxidant  addition 
during cryopreservation

• Catalase maintains motility
( Foote, 1967, Bilodeau et al, 1999)

• ∝∝∝∝- tocopherol and ascorbate → ↑ viability

• SOD and Catalase → ↑ embryo numbers 
(Roca et al, 2005)

• Ascorbate  → ↑ hamster egg penetration

→ ↑ implantation in cows
(Beconi et al, 1993, Kumar et al, 2003)



The need for sperm 
cryopreservation for 

cancer patientscancer patients



• In UK, 5,000 men diagnosed/yr  with NHL- an increase of 40% between 1987-2006

• 2000 new cases of testicular (T) cancer were registered  (increasing 1-6%/yr) 

• Caucasian populations seem at particular risk- lets sperm bank!

• But is there an increase in congenital abnormalities or cancer incidence of future?

• Cryobanking is  expensive service, (£200/sample/yr)• Cryobanking is  expensive service, (£200/sample/yr)

• >10% of samples are used

• Not all oncologists are supportive of cryobanking  (48% do not offer service) 

(Schover et al, USA survey, 2002)

• due to  lack of time to inform and counsel, perceived high costs, lack of  knowledge 

or facilities, poor return rates

• We need to develop guidance for oncologists to make this standard practice 

(Am Soc Clin Oncologists Recomendations 2006)



As survival rates improve.....

• 80-90% of patients can now be cured 

• Children of survivors are set to become a 
larger part of Society

• Survival  highlights  greater  need to protect 
fertility and protect gametes from  DNA 
damage



•Disease process influences spermatogenesis

•Oligozoospermia is present in 28% of  men presenting •Oligozoospermia is present in 28% of  men presenting 

with testicular, 25% of Hodgkin’s, 57% of leukaemia

• DNA integrity and compaction are impaired in  testicular 

and Hodgkins

• Pre treatment  parameters are most NB predictor of 

recovery



• N=121 (GCC and HL) v  137 controls

• 3 year follow up

• SCSA and DFI• SCSA and DFI

• Pre treatment + 8% DFI ( 95% CI 3.2-8.8)

• no increase in DFI between pre and post 

treatment regardless of treatment

• pre and post cryo 0% for donors and 4%  

patients



• HL (81%) and TC (37%) patients had 

normozoospermia 

• ? Sperm DNA damage cf healthy men

• No  increase  in either group with TUNEL

• No increase  in HL,  but higher in TC with CMA3

• Significantly more damage  in both groups

with  the Comet assay



• Before chemotherapy, DNA damage was 

higher ( 35% v 15%  in controls)

• 24 months post treatment, TC (67%) and HL 

(60%) had normal sperm concs and high FSH

• But by 6 mth, sperm DNA had increased and 

remained elevated at 12 mth and 24 mth



18% of men achieved a spontaneous pregnancy 

Schover et al, 2009

9 TC, 12 HL and 8 other cancers

87 ART cycles  (42 IUI, 26 IVF and 19 ICSI)

18% pregnancy ( 45% IUI, 23% IVF,37% ICSI)

75% resulted in live births

No congenital abnormalities



• Between 1991-1994, 186  cancer patients stored 

sperm

• 6 months later,  27% had recovered normal • 6 months later,  27% had recovered normal 

spermatogenesis

• 30 ICSI cycles were performed using frozen sperm 

and 15% pregnancies resulted

• Cost/benefit ratio is favourable



Effects of alkyating agents on 
sperm DNA 

• they act to create DNA adducts

modify bases

form cross linkagesform cross linkages

• all of which prevent accurate replication 
of DNA

• As sperm have no facility for repair, 
these modifications may  be irreversible



Aim: to survey male patients (14-50)
recently treated for cancer re future family

• 77 % were childless at diagnosis

J Clinical Oncology 2002 20 1880-1889

•Despite fear of non- survival and risk to future  child’s health

•51% of men  wanted  children in future

•All felt experience of cancer made this desire greater

• 51% had been offered cryopreservation

• 24% had banked semen

• 25% did not bank due to inadequate information



Psychological Benefits of 
Cryobanking

• fear of infertility is a significant stressor 
upon diagnosis (Saito et al, 2005) 

• knowledge that their fertility is protected 
gives them important  psychological 
benefit during their treatment

(Crawshaw et al, 2008)





•Elective SET has brought cryotechnology of oocytes and 
embryos to the fore

•Oocyte  slow freezing- not successful

•Oocyte vitrification- simpler, more convenient and more 
effective than slow cooling (Vajta and Nagy, 2006)

• Less ice crystal formation and osmotic shock (Lucena et al, 2006)

• better meiotic spindles and chromosome  configuration • better meiotic spindles and chromosome  configuration 

( Lane and Gardner, 2001) less zona hardening

• no increases in abnormal karyotypes of congenital 
abnormalities – 16 pregnancies (Porcu et al, 2000)

• still only  600-1000 babies worldwide

• More data needed, future directions-

• Sugars, antifreeze proteins and antioxidants

•Freezing immature oocytes





The latest in female fertility preservation

•Banking of oocytes prior to  fertility threatening surgery or 
therapy

•Orthotopic transplants of fresh or frozen ovarian tissue 

•Follicle culture

•Follicle transplantation

• research into more rapid revascularization• research into more rapid revascularization

by vitrification techniques

by  advanced media with growth factors , EC matrix 
support

• Immunoassays to evaluate maturation

•Non primate models are essential 
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