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DevelopmentalDevelopmental arrestsarrests

• Cytogenetic Genetic

• Epigenetic Metabolic (physiologic)

Culture medium/environment: 
Apoptosis/Imprinting

Age

Age
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Evolution of maternal and embryonic mRNA in the Human 
embryo



Fertilisation Fertilisation problemsproblems and and spermsperm
qualityquality

• Oocyte activation:Phospholipase zeta
• Up regulation of Pentose Phosphate 

pathway Quality of S Phase? 
(increased production of C5 sugars)

• Sperm head swelling (DNA compaction)
• Centrosome and first division failures



FertilizationFertilization and activationand activation

• When sperm activates oocytes, the signal for 
activation involves increases in the free
intracellular Ca++. Ca++ oscillations are driven
by inositol 1,4,5-triphosphate (InsP3)

• A specific cytosoluble sperm factor activates
the oocyte after sperm-egg fusion

• The sperm factor is a protein: Phospholipase C 
zeta

• In human heat sensitive factor, absent in some
patient sperm



CaCa++ ++ oscillatoryoscillatory patterns patterns andand embryoembryo developmentdevelopment
A A rolerole ofof oocyte activation on oocyte activation on furtherfurther embryonicembryonic

developmentdevelopment

• When Ca2+ oscillations are precociously
interrupted, the incidence of implantation is
compromised

• Hyper-stimulation of Ca2+ signaling events
compromises post-implantation development.

• Effect on gene expression and development to 
term

Ozil et al. 2006



SpermSperm qualityquality and S phaseand S phase
(bovine)(bovine)

Hours post insemination
(Eid et al 1994)



Centrosome and Centrosome and earlyearly cleavagecleavage

• An abnormal centrosome leads to cleavage
anomalies and fragments formation, but also to 
desequilibrated chromosome distributions 
(Simerly et al. 1995, Palermo et al. 1994). 

• For Asch et al. (1995), 25% of the oocytes 
apparently non fertilized are in fact submitted to 
cleavage arrests in relation with centrosome 
problems.



Centrosome in Centrosome in humanhuman fertilizationfertilization processprocess



EarlyEarly cleavagescleavages and and spermsperm

• Antisperm antibodies (Naz 1992): CSP, Oct 4
• Sperm DNA fragmentation blastocyst

formation and ongoing pregnancies reduced
(Sell et al. 2004, Virro et al. 2004) 



YM 2004



A A negativenegative impact impact ofof spermsperm morphologymorphology
on on embryoembryo developmentdevelopment ??

IVFIVF: : ParinaudParinaud et al. 1993, Ronet al. 1993, Ron--el et al. 1991, el et al. 1991, 
YovitchYovitch et al. 1994et al. 1994, , 

ICSIICSI: : controversialcontroversial ((seesee McMc KenzieKenzie et et alal. 2004. 2004))

In In factfact thethe realreal problemproblem isis thethe type type ofof morphologymorphology
defectdefect (Head)(Head)



SpermSperm qualityquality and and chromosomalchromosomal abnormalitiesabnormalities

Azoo Oligo (Millions)
Obstr Non <5m 5-10m >10m

• X(%) 1.4
• Y(%) 0.7 1.5 1.7 1.1

• Aut 1.4 11 6.7 3.2 0.3

• Total 2.1 16.7 9.7 4.3 0.5

From Vincent et al, J. of Androl . 2002



ChromosomalChromosomal anomalies in anomalies in embryosembryos conceivedconceived
fromfrom non non obtructiveobtructive azoospermiaazoospermia

Control: ICSI with ejaculated sperm
AneuploidAneuploid: 26.2%,: 26.2%,MosaMosaïïcc: 26.5%: 26.5%
Normal:41.8%Normal:41.8%

ICSI with extracted sperm
Normal: 22%, Normal: 22%, AneuploidAneuploid: 17%, : 17%, MosaMosaïïcc: 53%: 53%
70% 70% abnormalabnormal

SilberSilber et et alal., ., FertilFertil. . SteriLSteriL 20032003
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Distribution of X and Y signals in sperm Distribution of X and Y signals in sperm 
using 3using 3--color FISHcolor FISH
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Stage of developmental arrests in 
human IVF/blastocyst culture 

(Janny and Ménézo 1994)
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BlastocystBlastocyst transfers in IVF and ICSItransfers in IVF and ICSI

IVF ICSI

Attempts 242 161
Transfers 207 (85.5%) 123 (76.4%)*
Embryo/ Tfr 1.7 1.5
G/Tr 83/207 = 40.1% 50/123 = 40.7%
G/A 83/242 = 34.3% 50/161 =31.1%
Implantations 91/350 = 26% 51/195=26.1%

ISM1/2

*P<0.05, No one monozygotic twinning

Rank 2.3
ISM1/2 short insemination time YM 2003/4
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• DNA fragmentation = damages in the double 
strand due to « agression ». 

• Apoptosis,ROS, anomalies in topoisomerase
activity, sperm antibodies

Breaks
ADN



Very weak correlation between Sperm DNA 
fragmentation and other « classical » 

sperm parameters (numeration, motility, 
abnormal form…)



ModerateModerate DFI =11 %(M2) DFI =11 %(M2) HighHigh DFI = 4 % DFI = 4 % 
(M3)(M3)

Total DFI = 15 %Total DFI = 15 %



HighHigh SpermSperm DNA fragmentationDNA fragmentation

DFI: 68%DFI: 68%



ImprintingImprinting and and spermsperm qualityquality

• Aberrant DNA methylation of imprinted loci in sperm fr om
oligospermic patients 

Kobayashi et al. 2007
Abnormal methylation of imprinted genes in human sperm
is associated with oligospermia H19 and Mest (Silver-
Russel syndrom)

Marques et al. 2008 
• Negative correlation between sperm DNA fragmentation 

and DNA global methylation 
Nasr esfahani et al. 2008
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PaternalPaternal age age effecteffect on on outcomeoutcome in Humanin Human
ControversedControversed but….but….

• Paternal and maternal age are risk factors
for miscarriages:  De la Rochebrochard and 
Thonneau 2002

• The effect of advancing paternal age on 
pregnancy and live birth rates in couples 
undergoing IVF or GIFT: Klonoff-Cohen and 
Natrajan 2004 



Age and DFIAge and DFI1 135,852 135,852 6,172 ,0150

81 1782,774 22,010

82 1918,627

DDL Somme des carrés Carré moyen Valeur de F Valeur de p

Régression 

Résidu 

Total 

Tableau d’ANOVA
age vs  DFI

34,400 1,068 34,400 32,224 <,0001

,098 ,039 ,266 2,484 ,0150

Coeff icient Erreur standardisée Coef f . standardisé Valeur de t Valeur de p 

Terme cst.

DFI

Coeff. de  régress ion
age vs  DFI

25

27,5

30

32,5

35

37,5

40

42,5

45

47,5

50

52,5

ag
e

0 10 20 30 40 50 60 70
DFI

Y = 34,4 + ,098 * X; R^2 = ,071

Graphe de  régress ion 

P<0.0001: 83 patients
Y= 0.098X + 34.4

Age and DFI: our experience 

(Ménézo et al. 2005)
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PaternalPaternal and IUI: 16000 cyclesand IUI: 16000 cycles
Belloc et al. RBM online 2008Belloc et al. RBM online 2008



Pregnancies, deliveries, in 387 IUI, 388 IVF and 22 3 ICSI Pregnancies, deliveries, in 387 IUI, 388 IVF and 22 3 ICSI 

cycles according to cycles according to DFI <30% versus DFI >30DFI <30% versus DFI >30 %%

IUIIUI IVFIVF ICSIICSI

DFI DFI -- DFI +DFI + DFIDFI-- DFI +   DFI +   DFI  DFI  -- DFI +DFI +

No No 
cyclescycles 321321 6666 326326 6262 150150 7373

DeliveriesDeliveries 6161 11 9494 1616 5353 3131

DeliveriesDeliveries

Per attempt Per attempt 1919 1.51.5 2929 2626 35.3   4235.3   42
(%)(%)

DfiDfi +> 30%+> 30%

DfiDfi -- < 30%< 30%Bungun et al. 2007 ����������������������



ICSI for all patients ICSI for all patients withwith highhigh DFI?DFI?

Sperm generates ROS at the time of capacitation 
in regular IVF (De Lamirande et al 1997)

H(2)O(2) activates adenylyl cyclase to produce
cAMP, leading to protein kinase A signalling



SpermSperm DNA fragmentation and DNA fragmentation and outcomeoutcome in patients in patients 
withwith adequateadequate ovarianovarian functionfunction (IVF/ICSI)(IVF/ICSI)

FrydmanFrydman et al. et al. FertilFertil SterilSteril 20082008

• 117 women : <38 years old, normal serum day-3 FSH and inh ibin B 
levels

• IVF/ICSI
• Sperm with high (>30%) or low (<30%) fragmentation index 
• TUNEL, similar sperm counts in both groups

High FI (%) Low FI (%)
Patients 52 65
Clinical P 37 65
Ongoing P 23.5 57.8
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Possible long Possible long termterm effecteffect ofof DNA bases DNA bases 
oxidationoxidation

• 8-Oxo Guanine is mutagenic. In absence of DNA 
repair*, Adenine will preferentially replace the 
modified guanine at the time of DNA replication.

• T:> A will finally replace G:>C
• This may lead to problem for Ser, Pro, Thr, Ala

• * There is a 8-oxoGuanine ADN-glycosylase (OGG) involved
in DNA repair in human. However there is no longer any
DNA repair in sperm after spermatid stage

YM 2004



ICSI for ICSI for fragmentedfragmented spermsperm ??????

Long-Term Effects of Mouse 
Intracytoplasmic Sperm Injection with DNA-
Fragmented Sperm on Health and Behavior
of Adult Offspring.

Fernández-Gonzalez R et al. Biol Reprod 2008



ICSI ICSI withwith highlyhighly fragmentedfragmented spermsperm in mousein mouse

FernandesFernandes --gonzalesgonzales et al. et al. BiolBiol ReprodReprod 20082008

• Anatomopathological analysis of animals at 16 months of 
age showed some large organs and anincrease in 
pathologies (33% of CD1 females produced with DFS 
presented some solid tumors: lungs and dermis of 
back or neck.

• 20% of the B6D2F1 generated with DFS died during the fi rst 
5 months of age, 25% of the surviving animals showed
premature ageing symptoms

• 70% of mice died earlier than control with
different kind of tumors.

����������������������



ICSI ICSI withwith highlyhighly fragmentedfragmented spermsperm (DFS) (DFS) 
in mousein mouse

• Oocytes may partially repair fragmented DNA, producing
blastocysts able to implant and produce live offsprin g. 
Incomplete repair may lead to long term pathologies.

• DFS in ICSI can generate effects that only emerge in late r
life, such as, aberrant growth, premature ageing, abn ormal
behavior and mesenchymatical tumors.
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Impact of Impact of spermsperm nucleus nucleus 
decondensatondecondensaton

INCREASE IN CHROMOSOME 
ANOMALIES (Hafs et al.Zygote 2000)

*70% of the IVF embryos have Chromosomal
anomalies
Sperm DNA compaction:
A neglected parameter in IVF?

����������	



ApoptosisApoptosis, , cellcell cycle cycle arrestsarrests, DNA , DNA 
repairrepair, , ToleranceTolerance
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A A rolerole for for spermsperm mRNAmRNA

• The exemple of APEX:
Apurinic/apyrimidinic (AP) endonuclease
(APE)i.e. removal of altered bases

• a multifunctional DNA repair enzyme
• possessing both DNA repair and redox 

regulatory activities.

YM/SEL 2004



A A rolerole for for spermsperm mRNAmRNA ??

• The exemple of APEX:
A part of the DNA repair capacity of the
early embryo could be brought by the
spermatozoon itself and not only by the
oocyte….
Red-Ox regulatory activity: its action during
preimplantation embryogenesis depends
upon the half-life of the mRNA

YM/SEL 2004







EmbryoEmbryo competencecompetence and RNA and RNA 
polyadenylationpolyadenylation (bovine)(bovine)

• mRNA polyadenylation between oocyte maturation and first embryonic
cleavage is in relation with developmental competence

• PolyA tail can be reduced (Oct4, Cx 43…), or elongated (Cx 32).. Reduced
then elongated (HSP70, PAP, Glut1…) during the first 27 hrs post
insemination

• Effect of CT with asynchrony between the different RNA maturation 
stages…?

• Role of activation in regulation of traduction?

Brevini et al. 2002
RL, YM 2003
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RegulationRegulation ofof mRNAmRNA polyadenylationpolyadenylation duringduring final final 
stages stages ofof oocyte maturation in Mouse and Human.oocyte maturation in Mouse and Human.

• Human Mouse
VG MII VG MII

• MCT1 + + + +
• MCT2 + + + +

MCT4 - - + +
• Basigin - + - +
• GCS + + + +
• GPX - + + +
• Cu-Zn SOD + + + +
• Mn SOD - + + +
• Catalase - - - -





GeneGene expression and expression and chromatinchromatin
structure (structure (epigenesisepigenesis))

– *During preimplantation development protamines are 
replaced by histones. The major reprogramming of gene
expression is related to chromatin structure. 

– **Surimposed on genome activation is the development
of a chromatin-mediated transcriptionally repressive
state inducing histone hyperacetylation.



GeneticGenetic control control ofof preimplantation preimplantation embryosembryos survivalsurvival

LEVY R., International Review of Cytology, 2001

APOPTOSIS

GenePed

Heat shock
proteins

-HSP-

Early transcripts

� Polarisation : LEPTINE, STAT3, 
actine, IL1, TGF2, VEGF… Bcl 2 and  
Bax

� Régulation : 
� Cell cycle ; tumor supressor p21

� Survival : tumor supressor Wt1

� Transciption factor : Oct.4

TELOMERES and 

Telomerase activity

-hTCS-



ApoptosisApoptosis whatwhat for?for?

idemRemoval of abnormal
cells

CLEAVAGE COMPACTION -
DIFFERENTIATION

CAVITATION

GAMETES : ADN - CHROMOSOMES 
- AGE - NICOTINE  

Suboptimal conditions : Medium, GLUCOSE, UV, T°, O 2 -
STRESS

CASPASES +/- AIF

AGE



GeneticGenetic control control ofof apoptosisapoptosis

Normal

Maternal RNA + transcription de novo +++

Bcl-2, Bcl-xL, Bcl-w (anti-apoptotic)
Bax,  Bcl-xS (pro-apoptotic)

Fragments++

Bad, Bax, Fas, Bcl-xS (pro-apoptotic)

Bcl-2 (anti-apoptotic)

(Jurisicova , 1998, Exley 1999)



ApoptosisApoptosis preventionprevention ? ? 

(Paula - Lopes, 
2002)

DMSO

Z-DEVD-fmk

38°5C  41°C x 9H

Caspase activity (bovine)

Thermal shock
Apoptosis necessary for survival!!!

Caspase
inhibition

Apoptosis
inhibition

More cells

Less
embryos

D5
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Maternal mRNA Embryonic mRNA

Evolution of maternal and embryonic mRNA
(human )
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Composition of culture medium 
impacts on:

Timing and quality of
MZT maternal to zygotic
transition/transcription

R
Regulation of mRNA
Polyadenylation



Endogenous
pool

Aminoacids

Albumin

Lipids

ENVIRONMENT: O2 relative%

EMBRYO

Glucose Lactate*, pyruvate*

Anabolism

Catabolism
CO2
NH3 (Alanine)

Specific
transport 
systems

AlbuminAlbumin

EDTA, EDTA, freefree radical radical scavengersscavengers

((FeFe++: Fenton ++: Fenton reactionreaction ))

YM/KE 2004



HyperglycemieHyperglycemie , , ApoptoseApoptose et « et « sexsex ratio »ratio »
RoleRole de de XX--linkedlinked ApoptosisApoptosis inhibitorinhibitor (XIAP)(XIAP)

(Transfert de blastocystes bovins))(Transfert de blastocystes bovins))

Glucose Blastocysts/ Males Apoptosis
(mM) cleaved eggs (% total 

cells)

0 27% 52.5% 7.4
– 10 15.7%* 39% 20.1*
– 20 9.3%** 35.7%* 37.2**
– 30 8.2%** 29%* 42.1**

From Jimenez et al. 2003
Culture in SOF medium supplemented with Glucose



EmbryoEmbryo culture and culture and genegene expression expression 
(Mouse)(Mouse)

• Microarray analysis
• Culture from 1 cell to blastocyst, control with in 

vivo blastocysts

Expression of 114 genes is affected when culture is
performed in Whitten’s medium

29 genes are mis expressed after culture in KSOM 
+AA

MOUSE model for HUMAN????

Rinaudo and Schultz 2004



MethionineMethionine and and imprintingimprinting

In mouse embryos, silent paternal alleles of H19, Igf2, 
Grb10 and Grb7 are aberrantly expressed and 
hypomethylated in simplex media but not media with AA 
(Koshla et al. 2001)

• The methionine content is the critical difference wich ca n
affect DNA methylation and imprinting (Wolff et al. 1998, 
Waterland and Jirtle 2003, Niemitz and Feinberg 2004)

• Silencing of CDKN1C is associated with hypomethylation
at KvDMR1 in Beckwith-Wiedeman syndrom (Diaz-meyer et 
al 2003)



Age, Age, HomocysteineHomocysteine , , ImprintingImprinting

‘‘Ovarian hyperstimulation’’disturbs the endogenous amino
acid pool of the oocytes (including Met) 
The resulting methylation process is impaired
Women over 35 years old, are experiencing a progressive  
decline in biochemical regulatory functions in their
oocytes. 
The question of intake of folic acid in order to keep
Homocysteine under control before and after ART 
technologies has been addressed

Menezo et al. Fertil Steril 2009: Imprinting: RNA expression for homocysteine 
recycling in the human oocyte.  



ApoptosisApoptosis control: control: ImprintingImprinting ??

Less
apoptosis

Souris p53-/-

More 
blastocysts

+ IGF - I, IGF -
II

+ GM- CSF

+ GH

LARGE 
OFFSPRING 
SYNDROME

CYTOGENETIC 
ANOMALIES

(Hardy, J.Endocrinol. 2002 

et Byrne, Mol. Reprod. Dev. 2002)



ConclusionConclusion

A better selection of ICSI indications is needed taking
into account that paternal DNA decay, increasing with
age, has to be repaired by the oocyte, which has a 
finite capacity for repair, and whose quality decreases
with age.

Expression profile of genes coding for DNA repair in human
oocytes using pangenomic microarrays, with a special focus
on ROS linked decays Ménézo et al. 2007


