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Course 3 - Pre-congress course organised by the  
 

Special Interest Group “Embryology” 
 

“Towards a comprehensive approach of fertilization failure and how 
to  

 make the best choice between IVF and ICSI” 
 

PROGRAM 
 

 
Course co-ordinators:  D. Royere (F), K. Lundin (S), C. Magli (I), E. Van den 
Abbeel (B) 
 
Topic 1: Gamete Activation  
 
09.00 - 09.30  Oocyte activation – J. Carroll (UK) 
09.30 - 10.00     Acquisition of sperm fertilizing capacity – L. Fraser (UK) 
 
Topic 2:  Gamete interaction 
 
10.00 - 10.30  Current status on sperm-egg interaction – J.P. Wolf (FR) 
10.30 - 11.00      Fertilisation failure: How and why? –  J. Van Blerkom (USA) 
 
11.00 - 11.30 Coffee break 
 
Topic 3: How to make the right choice? 
 
11.30 - 12.00 Does looking to sperm morphology have any value? –  
 Ch. Barrat (UK)    
12.00 - 12.30  How to define the limits between IVF and ICSI? - H. Tournaye (B)
  
12.30 - 13.30  Lunch 
 
13.30-14.30 Business Meeting of the Special Interest Group Embryology 
 
Topic 4: Genomic activation 
 
14.30 - 15.00 Animal models - V. Duranthon (F)     
15.00 - 15.30 Human embryo development, gene expression and genomic  
 activation - M. Monk (UK) 
 
15.30 - 16.00 Coffee break 
 
Topic 5: Clinical and laboratory factors of fertilization failure? 
 
16.00 - 16.30  Egg sharing as a tool for discriminating egg vs sperm quality –  
 T. Tuuri (FIN) 
16.30 - 17.00 Laboratory conditions and fertilization failure - R. Cutting (UK) 
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Acquisition of sperm fertilizing capacity 
 

Lynn R Fraser 
Reproduction & Rhythms Group 

School of Biomedical & Health Sciences 
King’s College London 
London SE1 1UL, UK 

lynn.fraser@kcl.ac.uk* 
 

 
 

de Lamirande E, Leclerc P and Gagnon C (1997) Capacitation as a regulatory event that 
primes spermatozoa for the acrosome reaction and fertilization. Mol Hum Reprod 
3,175-194.     General review covering many aspects of capacitation. 

De Jonge C (2005) Biological basis for human capacitation. Hum Reprod Update 11,205-214.     
Review focusing on human sperm capacitation in vivo. 

Meizel S (2004) The sperm, a neuron with a tail: ‘neuronal’ receptors in mammalian sperm. 
Biol Rev 79,713-732.     Recent review of various receptors on sperm. 

Gibbons R, Adeoya-Osiguwa SA and Fraser LR (2005) A mouse sperm decapacitation factor 
receptor is phosphatidylethanolamine-binding protein 1. Reproduction 130,497-508.     
Identification of a decapacitation factor receptor present in mouse and human 
sperm. 

Fraser LR and Osiguwa OO (2004) Human sperm responses to calcitonin, angiotensin II and 
FPP in prepared semen samples from normal donors and infertility patients. Human 
Reprod 19,596-606.     Recent study demonstrating human sperm responses to 
peptides found in seminal plasma. 

Fraser LR, Adeoya-Osiguwa SA and Baxendale RW (2003) First messenger regulation of 
capacitation via G protein-coupled mechanisms: a tale of serendipity and discovery. 
Mol Hum Reprod 9,739-748.     Review of signal transduction pathways that are 
present in mammalian sperm and appear to regulate capacitation. 

Fraser LR, Beyret E, Milligan SR and Adeoya-Osiguwa SA (2006) Effects of estrogenic 
xenobiotics on human and mouse spermatozoa.  Hum Reprod 21 (in press).     Recent 
study showing that human sperm respond to xenobiotics and undergo precocious 
acrosome reactions. 

Adeoya-Osiguwa SA, Gibbons R and Fraser LR (2006) Identification of functional α2- and β-
adrenergic receptors in mammalian spermatozoa. Hum Reprod 21 (in press).     Recent 
study demonstrating the presence of functional adrenergic receptors in mouse and 
human sperm. 

 

*pdfs available upon request 
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Current status on sperm-egg interaction 
 

A. Ziyyat1  
V Barraud-Lange1

N. Naud-Barriant1

M. Bomsel2 and J.P. Wolf 1

1 Laboratoire de Biologie de la Reproduction 
UFR SMBH, Université Paris 13 
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93017 Bobigny2  

Laboratoire "Entrée muqueuse du VIH et immunité muqueuse" 
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Learning objectives 
 
This lecture will focus on the sperm-egg interaction at their membrane level upon 
fertilization. Fertilization results of the sperm and oocyte’s membranes fusion which allow the 
incorporation of the sperm within the ooplasme. In order to achieve fertilization, gametes 
have to bind first and then to fuse. This lecture will summarise the current status on this 
gamete interaction process and reviewed the possible future of the understanding. 
 
Lecture summary 
 
The model of fusion mediated by sperm ADAM proteins and the egg integrin α6β1. 
Almeida et al. had discovered the sperm receptor on the oolemma and its ligand of the sperm 
membrane 1. Indeed, Fertilin α and Fertilin β form a heterodimer and were initially 
discovered through the generation of a mAb to Fertilin β that strongly inhibited sperm-egg 
fusion 2. Fertilin β is located to the equatorial region of the sperm3 and the soluble 
extracellular domains of Fertilin α and Fertilin �could bind to the microvillar region of 
mouse eggs 4,5. Moreover, fertilin β peptides were shown to inhibit the binding of sperm to 
oocytes and fusion 1,3. Several laboratories have also demonstrated that isolated soluble 
fertilin β proteins, or particular domains, inhibited the binding of sperm to the oocyte 4-6. In 
some studies, this resulted in inhibition of sperm-egg fusion 5. These studies have pointed at a 
critical role for the disintegrin domain of fertilin β  1,5-7. Both fertilin � and fertilin � (also 
known as ADAM-1 and ADAM-2 respectively) belong to the ADAM (A Disintegrin And 
Metalloprotease) family of plasma membrane proteins 8. Male mice with invalidation of 
fertilin β and cyritestin (ADAM3) genes were infertile 9,10. Both fertilin β-/- and cyritestin-/- 
sperm yielded a dramatic reduction in the sperm ability to bind to the zona pellucida and to 
zona-free oocytes. Sperm with knock-out of fertilin β had a 50% decreased ability to fuse with 
zona-free oocytes 9 but sperm lacking cyritestin fused at normal rates 10,11. Fertilin β-/- 
cyritestin-/- double-knockout sperm are similar to Fertilin β-/- sperm. Disintegrins were 
originally identified in snake venom proteins and interact with integrins through a domain 
containing tripeptide sequences that mimic the Arg–Gly–Asp (RGD) tripeptide recognition 
sequence of various integrin ligands 12. This further supported the proposal that the egg 
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receptor for fertilin β could be an integrin. In support of this hypothesis, a mAb to 
α6β1 integrin was shown to inhibit sperm-egg fusion and binding of fertilin β peptides and 
recombinant fertilin β proteins to the oocyte 1,13-15. The α6β1 integrin was also reported to 
mediate the binding of cyritestin disintegrin domain to the egg surface 13.. RGD peptide was 
actually shown to inhibit sperm egg interaction reducing the number of fused spermatozoa 
when co-incubated with both gametes 18. Since the integrin α6β1 is not RGD sensitive, we 
have to conclude that another integrin is involved in the gamete binding process. Fibronectine 
and vitronectin, glycoproteins that contain functional RGD sequences are both present on 
human spermatozoa 19,20 and integrin αvβ3, that recognize these ligands, have been detected 
on both spermatozoa and eggs in human 21,22. GdRGDSP which blocks both fibronectine and 
vitronectin receptors significantly inhibits the binding of human sperm to oolemma of zona 
pellucida free hamster eggs 23. But recently the understanding of this process was questioned 
by several experiments. Firstly, some data concerning integrins were not confirmed by others 
4,16,17. Secondly, integrins were found to be dispensable for sperm-egg fusion. Oocytes lacking 
the α6 integrin subunit could be fertilized in vitro at normal rates 17. To determine whether 
other integrins could functionally compensate for the lack of the integrin α6β1, He et al. 
generated mice producing oocytes lacking β1 integrin using the Cre-loxP system. These 
females were completely fertile and the oocytes collected in these mice had normal binding 
and fusion with sperm in an in vitro fertilization assay. Moreover, blocking antibodies to the 
β3  or αv integrin did not inhibit sperm-egg fusion in vitro, using β1-integrin null eggs. Thus, 
it was concluded that integrins do not play an essential role during sperm-egg fusion 24. 
Whether integrins play an accessory role remains to be determined. In this regard, the α6β1 
integrin clusters at the site of sperm contact 25 is subjected to a major redistribution upon 
fertilization 26.  
 
Other molecules on the egg side 
CD9 and the tetraspanin web: the role of CD9 in sperm-oocyte fusion was firmly established 
in 2000, when mice with deletions in this gene were generated in three laboratories 27-29. The 
major defect of these mice was a severely reduced fertility of the females. Indeed, in vitro 
fertilization assays demonstrated a defect in the fusion process. However, the binding of 
sperm to zona-free Cd9-/- eggs was not normal. Sperm attached normally to the surface of 
mutant eggs but they id not detach when washed gently 90 minutes after insemination 29. 
Sperm in the perivitelline space did not attach to the membrane but instead moved actively. 
Additionally mAbs to CD9 were shown to inhibit in vitro fertilization27,30. How CD9 
functions to regulate the process of sperm-egg fusion is so far unknown. The assembly of 
membrane microdomains by tetraspanins suggests that CD9 could regulate the function of a 
molecule to which it directly associates.  

GPI-anchored proteins: GPI-anchored proteins possess a covalently linked glycosylated 
phosphatidylinositol moiety which serves to attach the protein portion of the molecule to the 
cell surface lipid bilayer 31. GPI-anchored proteins can be released from the cell surface by 
treatment of cells with the highly specific enzyme phosphatidylinositol specific phospholipase 
C (PI-PLC) 32. Coonrod et al. demonstrated that treatment of eggs with PI-PLC significantly 
reduced sperm–egg binding and fusion, indicating a role for GPI-anchored proteins from the 
oolemma in sperm-egg fusion 33. Two molecular-weight protein clusters were released from 
the oolemma as a result of PI-PLC treatment. 

 
Molecules on the sperm side 
The Izumo protein was identified through the generation of a mAb that inhibits sperm-egg 
fusion 34. The expression of Izumo was found to be testis-specific. However, Izumo was not 
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detectable on the surface of fresh sperm but become exposed only after the acrosome reaction 
had occurred. The size of the Izumo protein is 56 kDa in the mouse and 37 kDa in humans. 
The localization of Izumo is not restricted to the equatorial segment. The Izumo gene encodes 
a novel immunoglobulin superfamily (IgSF), type I transmembrane protein with an 
extracellular immunoglobulin domain that contains one putative glycosylation site. Izumo-/- 
females had a normal fecundity. Izumo-/- males were sterile despite normal mating behaviour 
and ejaculation. Many sperm were found in the perivitelline space of oocytes collected in 
females mated with Izumo -/- males, indicating a defect in fusion but not of migration. This 
defect in fusion was confirmed by in vitro fertilization assays since no egg could be fertilized 
in vitro with Izumo -/- sperm. Izumo is likely to play a role in the fusion process in human 
since a polyclonal antibody blocked binding and fusion of human sperm with hamster oocytes 
35. 

Conclusions 
Every thing is much more complicated than expected. There is not a single molecule acting as 
a receptor but a multimolecular complex which affinity for its ligand is controlled by a subset 
of molecules. We recently described a reorganisation of the α6β1 integrin localisation that 
occurs upon fertilization under the control of the tetraspanine web, namely CD9, CD151 and 
CD81. On the oocyte membrane, this complex includes probably several integrins such as 
α6β1 and αvβ3. We also have just discovered that the α6β1 integrin is also present on the 
sperm side. This finding linked to recent discovery of the Izumo protein suggests that a 
membrane adhesion complex is also present on the sperm side. As the sperm does not bind to 
other cell within the female genital track, it means that the membrane complex probably 
induced by the onset of the acrosome reaction has its avidity and affinity up regulated during 
the interaction with the oocyte membrane component. The analysis of the shear force that are 
induced during gamete interaction becomes an essential step for the understanding of the 
molecular mechanism of the gamete fusion process as well as the common fusion mechanism 
of other types of cells. We have several mutant mice bearing specific molecules deletion 
which will allow us to further analyse the dynamic of both sperm and oocyte adhesions 
complex. 
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Fertilization and early developmental failure: how and why 
 

Jonathan Van Blerkom 
Department of Molecular, Cellular and Developmental Biology 

University of Colorado, Boulder, Colorado 
Colorado Reproductive Endocrinology 

Rose Medical Center, Denver, Colorado 
 
 In the broadest view, fertilization is generally assumed to encompass a  
progressive series of molecular and cellular events that begins with the attachment 
of spermatozoa to the zona pellucida, followed by its binding to the oolemma and 
in normal circumstances, penetration of a single gamete into the ooplasm. 
Penetration is followed by ‘activation’ of meiosis that was arrested at metaphase 
II, abstriction of the second polar body, movement of the sperm nucleus within 
the cytoplasm, the evolution of the male and female pronuclei, DNA replication 
and the condensation of chromatin into chromosomes. Fertilization can be 
considered to end with pronuclear membrane dissolution and the mixing of 
maternal and paternal chromosomes prior to the first cleavage division.  
 
In the relatively early days of clinical IVF, fertilization failure for some or all of 
the meiotically mature oocytes obtained in stimulated cycles was not unexpected 
and in instances of insemination with normospermic samples, was largely 
attributed to defects intrinsic to the female gamete, such as a zona pellucida that 
was refractory to sperm attachment or penetration. In the latter instance, an 
impenetrable zona was suspected of having undergone ‘hardening’ because of 
premature cortical granule exocytosis. Common cytoplasmic abnormalities 
observed by light microscopy were described by Van Blerkom and Henry (1992) 
under the rubric, ‘cytoplasmic dysmorphism’, and some were associated with 
abnormalities in the fertilization process, early developmental arrest, or high 
frequencies of chromosomal aneuploidy. More recently, this descriptor has been 
applied to a wide range of cytoplasmic characteristics observed in human oocytes, 
some of which may be more apparent than real with respect to their impact on 
fertilization and embryo competence.  
 
Static and time-lapse imaging of the cellular elements of fertilization in human 
oocytes free of apparent dysmorphisms has revealed temporal and spatial aspects 
of this process that lead to the development of a normal embryo, as well as 
specific defects associated with failure at each phase (Ash et al, 1995; Van 
Blerkom et al, 1995; 2000). When correlated with molecular and biochemical 
studies, morphodynamic imaging can provide important insights into subtle 
causes of fertilization failure that involve both paternal and maternal gametes. For 
example, subtle differences and defects in the spatial organization of the smooth-
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surfaced endoplasmic reticulum in the human oocyte may be associated with 
perturbed calcium signaling and disorders in the cell cycle, cytokinesis and 
genomic imprinting (Otsuki et al, 2004). In this respect, contemporary research in 
early human development has made the necessarily transition from subjective 
microscopic studies of gametes to the objective molecular and cellular analyses 
that can define specific defects whose consequences include fertilization failure 
and early embryo demise.  
 
As laboratory-based methods to assess oocyte competence and procedures for 
sperm analysis, selection and preparation have steadily improved, the frequency 
with which fertilization failure occurs for most or all MII stage oocytes within 
cohorts has declined markedly. Indeed, in current clinical IVF, insemination 
options that include ICSI have resulted in fertilization failure per se becoming 
increasingly rare. For example, failure with conventional insemination is often 
followed by ICSI when no signs of fertilization are evident within the first 16-20 
hours. In our experience, an earlier re-insemination protocol largely avoids the 
developmentally compromising effects of spontaneous oocyte aging (e.g., loss of 
meiotic spindle integrity), is rarely accompanied by dispermy, and if performed 
when pronuclei are first detectable (between 8-to-10 hours after conventional 
IVF), has outcomes similar to time-appropriate fertilizations (i.e., ICSI or IVF 
within a few hours after ovum retrieval).  
 
The increased ability of the clinical IVF laboratory to avoid significant or 
complete fertilization failure has shifted emphasis to understanding the etiology of 
early embryo demise and developmental abnormality in general, and in particular, 
the extent to which the causes may originate in the gametes; i.e., fertilization and 
early embryo failure may be expressions of common defects in the sperm or 
oocyte. While manipulations of the fertilization process, such as insemination or 
re-insemination by ICSI combined with calcium ionophore activation, may 
enhance the probability of obtaining embryos (in what could otherwise be failed 
cycles), whether they are developmentally normal remains a central question. In 
this context, while certain aspects of the fertilization process can be accomplished 
by physical or chemical manipulations, the underlying defect(s) that required their 
use may not be understood or may not be recognized as potentially problematic 
for normal development. This is particularly relevant in circumstances where a 
clinical IVF program’s imperative is to achieve fertilization ‘by whatever 
methods’ in order to avoid presenting the often emotionally devastating news of 
failure to an infertile couple; the occurrence of apparent cytoplasmic defects that 
have the potential for demise after embryo transfer is weighed against a programs 
experience with normal outcomes in these situations. Decisions concerning which 
oocytes to fertilize or embryos to transfer are the most difficult when they occur 
against a background of evident dysmorphisms that may produce embryos with 
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high frequencies of implantation failure, post-implantation demise, or most 
recently, the possibility they contain disorders in genomic imprinting (Otsuki et 
al, 2004).   
 
AN AWARENESS OF THE SUBTLER MOLECULAR AND CELLULAR ASPECTS OF 
HUMAN OOCYTES AND SPERM THAT CONTRIBUTE TO FERTILIZATION AND EARLY 
DEVELOPMENTAL FAILURE IS THE PRINCIPAL LEANING OBJECTIVE OF THIS 
PRESENTATION.  
 
Sperm analyses that examine the extent of chromatin breakage by flow cytometry, 
or in individual cells by the TUNEL or Comet assays, have recently entered the 
clinical IVF field as evaluative methods to determine the following: (i) the extent 
to which breakage may have contributed to unexpected fertilization and early 
embryo failure, and as a predictive means to (ii) assess relative sperm DNA 
integrity prior to IVF. Competent sperm contain a low frequency of chromatin 
breaks that arise naturally during the condensation, remodeling and nuclear 
packaging stages of spermatogenesis. Normally, these breaks are repaired by 
ligating enzymes during the unfolding, decondensation and replication phase of 
male pronuclear evolution that precedes the first cell division. Studies (to be 
described) which used an experimental in vitro assay to determine the ability of 
the human ooplasm to repair breaks in both maternal and paternal DNA show that 
this enzymatic activity varies widely between normal-appearing metaphase II 
oocytes, both within and between cohorts; for some oocytes, this capacity was 
undetectable. Of particular note are findings showing that immature oocytes (GV 
and early MI stage) obtained in gonadotropin-stimulated cycles which matured in 
vitro to MII may be largely deficient in this capacity; this defect may contribute to 
the high frequencies of structural chromosomal abnormalities reported after their 
fertilization. The inability of the ooplasm to adequately repair normal levels of 
DNA breakage, beginning at the pronuclear stage, may be an occult and 
proximate factor in competence determination for the embryo that likely increases 
with maternal age. The extent to which DNA ligating activity is associated with 
specific cytoplasmic dysmorphisms will be discussed. In instances of sperm 
chromatin breakage beyond baseline levels, oocyte-specific differences in ligating 
ability may be a significant determinant of embryo chromosomal normality, and 
when severe, likely exceeds the normal repair capacity of the oocyte.  
 
Evaluations of the pattern and rate of sperm motility prior to insemination are 
often used to decide whether insemination should involve conventional IVF or 
ICSI. Although infrequent, an abrupt drop-off and premature cessation of motility 
during insemination are observed during the insemination phase of IVF. The 
etiology of this phenomenon is especially puzzling when initial count, 
morphology and motility pattern are normal, and similar samples were used 
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previously in multiple IUI procedures (and recoded as normal), although without 
a successful outcome. With respect to outcome in these IVF cycles, this 
phenomenon is particularly problematic because most or all of the presumably 
competent MII oocytes are unpenetrated and unfertilized when inspected for 
pronuclear formation (usually between 16 and 20 hours after insemination). 
Typically. it is at this  time that the cessation of motility for virtually all of the 
sperm is first noted.  The results of follow-up studies (to be presented) which 
examined  subsequent ejaculates from affected individuals, show that a 
precipitous cessation of sperm motility is accompanied by a sudden depolarization 
of the inner mitochondrial membrane potential, the electrochemical force that 
drives the conversion of ADP to ATP.  
 
Preliminary results show that mitochondrial depolarization is preceded by a 
sudden efflux of calcium from these energy-generating organelles, which is 
associated with the presence of an instability in the mid-piece portion of the 
sperm plasma membrane. This abnormal activity  occurs in a wide variety of 
culture media and atmospheric conditions, and its restriction to the midpiece is 
suggested by the absence of unusual levels of DNA breakage or discontinuities in 
the plasma membrane overlying the acrosome. To date, we have detected acute 
mitochondrial depolarization only in sperm isolated from the seminal fluid, as is 
commonly done in preparation for IVF. However, its frequency is significantly 
reduced when isolated sperm are incubated at room temperature, or below. For 
some men, this focal plasma membrane instability may be associated with the 
elimination of seminal proteins and other bioactive molecules, but it’s apparent 
inhibition at subnormal temperatures is inconsistent with conventional 
fertilization in vitro, owing to disruption of the meiotic spindle in the oocyte at 
reduced temperature. We are examining the dynamics of this process in affected 
individuals by investigating whether sperm  isolation increases mitochondrial 
reactive oxygen species generation to levels that can destabilize mitochondrial 
membranes (inner and outer) or  effect the integrity of  overlying plasma 
membrane; damage at either level can lead to  profound changes in mitochondrial 
polarity and calcium homeostasis which in turn, will have toxic effects on 
fertilizability. For clinical purposes, our laboratory protocol now includes the 
inspection of control (oocyte-free) insemination dishes during the first 3 hours of 
culture and immediate ICSI if a precipitous motility drop-off is detected and no 
sperm are observed within the zona pellucida after complete denudation by 
mechanical or enzymatic treatment of the oocytes. Recognition of this 
phenomenon from previous IVF attempts, or timely treatment by ICSI with the 
remaining few motile sperm, has resulted in successful outcomes where 
fertilization failure would have normally occurred.   
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While conventional analyses of the male gamete in infertility evaluation and 
treatment examine grossly detectable numerical and morphological 
characteristics, the above findings illustrate how subtle defects that may be 
relatively common (DNA breakage), or comparatively rare (acute global 
mitochondrial depolarization), can adversely affect the ability of apparently 
normal sperm to penetrate a competent oocyte and perhaps, establish a 
chromosomally normal embryo.  Because of the limited number of human oocytes 
obtained in stimulated cycles and their intended use for IVF, studies of 
fertilization failure that may involve the female gamete have been largely 
confined to light microscopic observations; the primary intent of these studies has 
been to  identify cellular and extracellular features that may be inconsistent with 
normal competence. In this respect, experimental studies of the ‘natural’ causes of 
fertilization and embryo developmental failure that originate with the oocyte can 
be more difficult to design and undertake that those using sperm. 
 
Recent evidence suggests that subplasmalemmal cytoplasm is a site of regulatory 
activities in the oocyte and early embryo that can determine the normality of 
fertilization and subsequent development. This notion derives from the detection 
of regulatory molecules (reviewed by Edwards, 2005), mRNA (for transcription 
factors; Deb et al, 2006), and domains of high-polarized mitochondria (reviewed 
by Van Blerkom, 2004) in the subplasmalemmal cytoplasm of  mouse and human 
oocytes and early embryos. We have reported that high-polarized mitochondria 
that are complexed with discrete arrays of smooth endoplasmic reticulum occur in 
stable subplasmalemmal domains in human oocytes; their absence in the intact 
oocyte, or focal elimination into small cytoplasts as a result of certain types of 
limited, spontaneous (minor) fragmentation, can have adverse effects during 
fertilization and for the early embryo, the effects are blastomere-specific (Van 
Blerkom and Davis, 2006). A relatively small number of high-polarized 
mitochondria are localized in subplasmalemmal domains and as a result of 
position, we have proposed they represent  ‘vanguard’ mitochondria involved in 
ionic homeostasis and signal transduction; downstream developmental 
consequences may result if  their polarity is perturbed, and if  spontaneously 
eliminated from the cell (oocyte, pronuclear embryo, blastomere), they are not 
replaced nor are the domains re-established.  
 
Several studies have shown that a low mitochondrial (mt) DNA copy number is 
associated with fertilization failure and demise for the early human embryo (see 
review by Van Blerkom, 2004). Although reduced ATP production is generally 
assumed to be the developmentally toxic factor, preliminary findings suggest that 
such oocytes may also be unable to establish a normal complement of ‘vanguard’ 
mitochondria and as a result, may be deficient in their ability to establish 
regulatory processes that may  normally reside in subplasmalemmal domains; 
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evidence to be presented indicates that a subplasmalemmal deficit, rather than a 
metabolic insufficiency, may be a proximate cause of certain developmental 
defects observed during human preimplantation embryogenesis.  
 
Spatial perturbations of polarized subplasmalemmal domains of regulatory 
proteins, mRNA, and organelles, such as high-polarized mitochondria, likely  
represent another class of spontaneous activities with negative effects on human 
oocyte and early embryo developmental competence. Preliminary observations 
from time-lapse imaging of human MII oocytes and pronuclear embryos show 
that small fragments elaborated from the animal pole (peri-polar body region) can 
move within the perivitelline space and are often reabsorbed at the ‘vegetal’ pole, 
and vice versa. If confirmed by experimental manipulations with ‘tagged’ 
fragments, as will be discussed, it could indicate that domains of regulatory 
molecules and organelles may spontaneously transpose. This in turn could effect 
cell-specific inheritance patterns during cleavage and although speculative at 
present, one consequence of their elimination or transposition could be to alter 
cell-type specification and function at the blastocyst stage (Antczak and Van 
Blerkom, 1999; Edwards, 2005; Deb et al, 2006). 
 
The ‘occult’ disturbances described above are part of an emerging picture of early 
human embryogenesis that offers new insight into how their expression in the 
gametes and nascent embryo may determine the normality of fertilization and 
subsequent development, respectively. In clinical IVF, information of this type 
may lead to the identification of  common origins for developmental 
abnormalities exhibited by embryos during culture, as well as those that may 
adversely influence implantation and post-implantation competence. The present 
challenge is to relate these specific molecular and cellular findings to oocyte and 
embryo phenotypes that clearly indicate their occurrence.   
 
Selected References     
 
(Van Blerkom Lab)  
 
Antczak, M. and J. Van Blerkom (1999) Temporal and spatial aspects of  
   fragmentation in early human embryos:  Possible effects on developmental  
   competence and association with the differential elimination of regulatory  
   proteins from polarized domains.  Human Reprod. 14:429-447. 
Van Blerkom, J. (2004) The role of mitochondria in human oogenesis and 
  preimplantation embryogeneisis: engines of metabolism, ionic regulation and  
  developmental competence. Reproduction 128: 269-280.  

26



Van Blerkom, J. and G.H. Henry (1992) Oocyte dysmorphism and aneuploidy in  
  meiotically-mature human oocytes after controlled ovarian stimulation. Hum.  
  Reprod. 7(3):379- 390. 
Van Blerkom, J., J.P. Davis, J. Merriam and J. Sinclair (1995)    Nuclear and cyto- 
  plasmic dynamics of sperm penetration, pronuclear formation, and   microtubule  
  organization during fertilization and early preimplantation   development in the  
  human.  Human Reprod. Update 1:429-461.   
Van Blerkom, J., Davis, P. and Alexander, S. (2000). Differential mitochondrial  
   inheritance between blastomeres in cleavage stage human embryos:  
   determination    at the pronuclear  stage and relationship to micotubular  
   organization, ATP content   and developmental competence. Hum. Reprod. 15:  
   2621-2633. 
Van Blerkom, J and Davis, P. (2006) High-polarized (ΔΨmHIGH) mitochondria are  
    spatially polarized in human oocytes and early embryos in stable  sub- 
    plasmalemmal domains: developmental significance and the concept of  
    vanguard mitochondria. Reprod. BioMed. Online (in press). 
                                    ________________________ 
 
Ash, R., Simerly, C, Ort, T. et al (1995). The stages at which human fertilization  
   arrests: microtubule and chromosome configurations in inseminated oocyes  
   which failed to complete fertilization and development in humans. Mol. Hum.  
   Reprod. 1, 1897-1906. 
Deb, K., Sivaguru M, Yong, H and Roberts, M. (2006). Cdx2  gene expression  
   and trophectoderm lineage specification in mouse embryos. Science 311: 992- 
   996. 
Edwards, R (2005).  Changing genetic world of IVF, stem cells and PGD.  
   Polarities and gene expression in differentiating embryo cells and stem cells.  
   Reprod. BioMedicine Online 11:761-76. 
Meriano J, Alexis J, Visram-Zaver S, Cruz M, Casper, R. (2001).  Tracking of  
   oocyte dysmorphisms for ICSI patients may prove relevant to the outcome in  
   subsequent patient cycles. Hum Reprod.16 :2118-23. 
Otsuki J, Okada, A, Morimoto, K et al (2004). The relationship between  
   pregnancy outcome and smooth endoplasmic reticulum clusters in MII human  
   oocytes. Hum Reprod 19: 1591-1597.  
 

27



Sperm morphology is of limited clinical use – so what else is on the horizon? 
The - omic revolution? 
 

Christopher LR Barratt 
Linda Lefievre 

Sarah J Conner 
Jackson C Kirkman-Brown 

Steve J Publicover and Chris WL Ford 
1Reproductive Biology and Genetics Group 
Division of Reproductive and Child Health 

University of Birmingham 
Edgbaston, Birmingham B15 2TT, UK. 

2Assisted Conception Unit, Birmingham Women’s Hospital 
Birmingham B15 2TG, UK. 

3School of Biosciences, University of Birmingham 
Edgbaston, Birmingham, B15 2TT, UK 

†To whom correspondence should be addressed: 
E-mail: c.l.barratt@bham.ac.uk

Room WX 1.30, West Wing 
Medical School, Division of Reproductive and Child Health 

University of Birmingham 
Birmingham B15 2TG, UK 

Tel: +44 121 414 7628 
 
Learning objectives  
1. Understand the development (and limitations) of current techniques of sperm 

morphology assessment as a part of semen analysis. 
2. Understand the sterilizing defect globozoospermia as a clinical example of 

isolated teratozoospermia.  
3. Understand, and have an appreciation for, the new methods of diagnosing sperm 

function, their importance and potential applications. The use of - omics. 
 
Background 
There is a clear need to significantly improve our understanding of the cellular basis of 
normal sperm function. This knowledge is fundamental for two key developments in 
male fertility: firstly, to provide the basis for effective diagnostic tools and, secondly, to 
facilitate the study of the physiology of abnormal/dysfunctional cells which is central to 
developing rational, non-ART therapy. Epidemiological data shows that 1:7 couples are 
classed as sub-fertile. Sperm dysfunction is the single most common cause of infertility 
and affects approximately 1:15 men. Studies using semen assessment as the criteria for 
sub fertility (sperm concentration <20X106/ml) show that 1:5 18 year olds are classed as 
sub-fertile. This is a high proportion of the population compared with other prevalent 
diseases such as diabetes. Thus, male sub-fertility is a very significant global problem 
and, what is most worrying, are the recent reports suggesting that its prevalence is 
increasing. 
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Sperm morphology : Is it of value? 
“We have come to the end of something, surely someone will want to carve a headstone 
for traditional sperm analysis or perhaps a mausoleum would be more fitting”  Paul G 
McDonough 1997 
The value of traditional semen parameters (concentration, motility and morphology) in 
the diagnosis and prognosis of male infertility has been debated for over 60 years and, 
perhaps not surprisingly, the debate continues. Suffice it to say traditional semen 
parameters do provide some degree of prognostic and diagnostic information for the 
infertile couple. However, it is only at the lower ranges of the spectrum that these 
parameters are most useful and, even then they can only be used as guidance for couples 
and do not represent absolute values. Traditional semen analysis will therefore only be a 
limited first line tool in the diagnosis of male infertility. Consequently, the emphasis in 
reproductive medicine has been on developing simple, robust and effective tests of sperm 
function. Yet despite the plethora of potential assays available, results have been very 
disappointing and this is one reason why we are still debating the value of traditional 
semen parameters.  
 
There are several guiding principles before any conclusions relating to sperm 
morphology can be presented: 
 
1. Our expectations of the usefulness (value) of sperm morphology in the 

reproductive medicine are unrealistic. The % ‘normal’ forms are significantly 
correlated with sperm concentration and motility. Morphology is only one aspect 
of a semen assessment-reflecting the quality of a semen sample - and as such 
should only rarely be considered on its own.  

2. Morphology is a subjective assessment and there is, unfortunately, no 
internationally accepted universal standard.  

3. Consequently, methods of assessment, quality control and assurance, reporting 
values, reference ranges etc are often personalised (regionalized) and thus rarely 
can be used/tested in other environments (e.g. clinical settings). 

4. Many studies have used inadequate numbers of subjects, inappropriate end points, 
and minimal, if any, quality control. Such studies often conclude that morphology 
is of no importance. 

5. With the use of high standards, consistent assessments, large numbers and 
appropriate end points morphology has been shown to have limited clinical value. 

Bearing this in mind what do we conclude? 
 
Conclusion 1 
An accurate assessment of sperm morphology shows that the % ‘normal’ forms is related 
to progress of the sperm through the female tract (e.g. penetration of cervical mucus, 
transport to the oviduct and binding to the zona). Thus, it is of little surprise that, in 
appropriately controlled studies, using in vivo conception (birth) as an endpoint sperm 
morphology has some predictive value. Of course what is often forgotten (or not 
reported/hidden in the small print) is the large confidence limits associated with 
morphology values in such studies. In fact, although morphology has some predictive 
value (pregnant/not pregnant or time to pregnancy) very often, female factors (e.g. age) 
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and length of infertility have a far greater influence on the outcome. Thus, sperm 
morphology assessment has a limited value in the diagnosis/prognosis of future (natural) 
fertility in the infertile couple.  
 
Conclusion 2 
When assessing the predictive/diagnostic value of sperm morphology for assisted 
reproduction (IUI, IVF) things become more challenging. This is simply because we are 
selecting cells and placing them closer to the egg. Additionally, there have been 
significant improvements in IUI and IVF techniques with time and thus studies from 20 
years ago based on IVF techniques have limited relevance today.   
 
Conclusion 3  
When selecting cells for ICSI we are asking different/more refined questions to those in 
normal semen assessment. Consequently the overall morphology of a semen sample has 
little relevance. However, when individual cells are selected based on their morphology it 
has some value  
 
Conclusion 4 
Although the correlation is relatively weak there is a significant association between the 
shape of a cell (normal/abnormal) and it’s genetic material – often represented as 
chromosome number.   
 
Conclusion 5  
There are specific morphology profiles that provide very clear diagnostic information. 
For example, large headed sperm, two heads, multiflagellar sperm, and distinct midpiece 
abnormalities. However, because the majority of spermatozoa in a human semen sample 
are ‘abnormal’ the proportions of these stated abnormalities need to be significant. Some 
sterilizing defects do occur e.g. globozoospermia. These conditions are rare and, 
unbelievably, often missed by the laboratory.  
 
Overall conclusion on sperm morphology 
Sperm morphology is usually performed poorly (as is semen analysis) and as such will 
have no value. However, it is relatively easy to do well and all effort should be made to 
understand the nature of the test and maintain an effective training programme. Even 
when performed to the highest standards, it should only be used in conjunction with other 
surrogate markers of fertility assessment (including female factors).  
 
Globozoospermia - isolated teratozoospermia. 
Globozoospermia is manifested as a severe form of teratozoospermia, where 100% of the 
spermatozoa have a rounded globular (spherical) head (fig 1, 2). It is an uncommon 
condition and the literature is confined to a few case reports. Consequently, little is 
known about its incidence, cause and pathogenesis. It was first described by in 1971.  
Before ICSI, men with globozoospermia were regarded as sterile. Preliminary in vitro 
sperm function studies suggested the failure of round headed spermatozoa to bind to zona 
free hamster oocytes and penetrate the human zona pellucida. The first successful 
pregnancy after intracytoplasmic injection was described as a case report 1994. Although 
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several successful pregnancies have subsequently been reported with ICSI, with and 
without oocyte activation (it’s not clear if it is needed), the fertilisation rates remain 
variable and low.  Interestingly, the majority of men have almost normal sperm 
concentrations with a relatively high proportion of motile spermatozoa.  
 
New tools in assessing sperm physiology.  
 
1.  Understanding the calcium toolkit as a basic function of the spermatozoon- 
signalsome. 
As the functioning of a spermatozoon is critically dependent upon the tight regulation of 
calcium which, when disrupted, results in fertilisation failure there is a clear need to 
understand its regulation.  However, in contrast to somatic cells an understanding of 
Ca2+-signalling in the sperm cell is only now developing. In our laboratories we have 
developed a complex model for sperm Ca2+-homeostasis involving several types of Ca2+ 
permeable channel in the plasma membrane and at least two stores (fig 3). It is clear that 
these toolkit components are distributed to allow localisation of [Ca2+]i signals. It appears 
that the acrosome functions as an IP3-releasable store, activated by agonists linked to 
phospholipase C. Recent studies suggest mobilisation of acrosomal Ca2+ is intimately 
involved in activation of acrosome reaction. A separate store, probably the 
RNE/calreticulin store, exists in the neck. We can only speculate as to the function of the 
latter store but we believe it may be controlling calcium oscillations in the sperm which 
are related to significant flagellar movement patterns.  
 
2.. The Sperm and Testis Transcriptome 
Following considerable debate, it has now been established that human sperm contain 
complex populations of RNA. Using cDNA micro arrays, the possibility of the sperm 
RNA profile as an indication of male fertility has been tested.  A rigorous study by 
Ostermeier and colleagues documented sperm RNA profiles of fertile men. Comparisons 
were made with gene expression in the testis and lymphocyte controls. Intriguingly, there 
was minimal overlap with the lymphocyte profile suggesting an essentially pure 
population of sperm RNA. Additionally, one individual ejaculate contained almost all the 
unique ESTs (expressed sequence tags) as were detected in the pooled fertile controls. 
Concordance between testicular and the sperm profiles supported the view that sperm 
RNA can be used to monitor past events during spermatogenesis. This study paves the 
way for the more detailed molecular examination of sperm dysfunction and may 
represent a powerful non-biased systematic approach. 
 
There have been a large number of publications using microarray analysis to study the 
transcriptome of the animal testis. A variety of approaches have been developed ranging 
from relatively simple methods examining a very limited gene set, to more sophisticated 
techniques developing subtracted cDNA libraries.  The widespread use of gene 
expression array technology to assess global transcription represents a very powerful tool 
to study a plethora of exciting developments in sperm production such as profiling the 
specific stages of genes expression in spermatogenesis, examining the effect of androgens 
on gene expression  obtaining expression profiles of isolated germ cells and in 
reproductive toxicology. 
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An example of the power of this technology is given by the study by Schultz and 
colleagues. They used an Affymetrix mouse  [U74 v2] oligonucleotide array set 
analyzing approximately 20,000 genes to study the germ cell-enriched gene expression 
profile from post-partum day 1 to adult mice. There were a significant number of testis-
specific transcripts identified coincident with or after meiosis - approximating to 4% of 
the mouse genome. These data provided a large number of candidate genes for 
contraceptive targeting as well as a number of proteins that may be involved in 
fertilization. Comparison of specific post-meiotic gene transcripts to the literature 
database showed approximately 50% of the genes led to complete loss of fertility in 
knock out (KO) animals. These results encourage examination of late/post meiotic 
transcripts to assess their potential as contraceptive targets.  
 
The advent of microarrays to scan the genome makes it now possible to study human 
spermatogenesis in normal and sub fertile populations. In conjunction with non-invasive 
fine needle aspirations of the testis we are likely to see a number of studies of human 
expression profiles associated with male fertility.  
 
3. The sperm proteome: understanding the sperm cell and diagnosis of sperm dysfunction 
 
Comprehensive and systematic identification and quantification of proteins expressed in 
cells and tissues are providing important and fascinating insights into the dynamics of 
cell function. Spermatozoa are ideally suited for proteomic analysis as they have no 
transcription or translation machinery and thus are solely dependent on post translational 
protein modification for signaling.  Additionally, spermatozoa are relatively simple cells 
having jettisoned a number of their organelles and much of their cytoplasm at the late 
stages of spermiogenesis in order to develop a hydrodynamically efficient specialized cell 
capable of swimming in the female tract, locating the egg and delivering their DNA. . 
Comprehensive studies are now being reported of the human sperm proteome. For 
example, Johnston and colleagues have performed an initial proteomic analysis of sperm 
from one normal man. 1,760 proteins were identified with high confidence.  Many 
originated from the accessory glands and a large number were either novel proteins or 
ones where no gene ontology was yet available. Proteomics are also being used to 
examine sperm specific processes, for example proteins that are tyrosine phosphorylated 
during capacitation. Interestingly, it is over 10 years since the discovery of tyrosine 
phosphorylation as a putative marker of capacitation yet the role of the proteins and their 
sequence of activation is very sketchy and, with the exception of the AKAPs (AKAP3 
and AKAP4), only a small number of candidate proteins have been identified. We are 
still a long way from obtaining even a minimal ‘picture’ of events.  
 
In our laboratory we have been using proteomic strategies to identify defects in sperm 
function responsible for fertilization.  Specifically we are interested in identifying 
differences in sperm protein expression between control (fertile) men and patients with 
spermatozoa that failed to fertilize oocytes in vitro. Our initial studies have focused on a 
2D gel-based approach and developing a series of fertile controls (with several ejaculates) 
in order to determine if any differences observed in the patient samples are real. Initial 
results are interesting. To our surprise, there was relatively little intra-donor and inter-
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donor variation (1.4 % and 1.8 % of the total number of spots identified, respectively). 
However, differences between gels do occur and when accounting for this, we have 
categorized one man where we have identified 20 differences from the control that we are 
confident represent true differences.   
 
Summary 
There is an urgent need to develop a more detailed understanding of the physiological, 
biochemical and molecular functioning of the human sperm cell. We can use this 
knowledge as a platform to improve the diagnosis of male infertility and importantly to 
develop potential non ART based therapies. The tools at our disposal have never been 
more sophisticated and it is likely that rapid progress will be made in this area within the 
next 5 years. Perhaps then we will see a decrease in the use of inappropriate ART 
treatment. 
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Learning objectives 
 
• the main aim of ART should always be to use the simplests and least expensive 
procedure, with the greatest long-term chance of a healthy child 
 
• whenever performing IVF for borderline male infertility corrective measures towards 
insemination concentration are to be taken 
 
• there is currently no evidence that a split insemination strategy (ICSI vs IVF) on sibling 
oocytes has any added value when high insemination concentrations are used for IVF. 
 
Lecture summary 
 
Defining the limits between IVF-ICSI is an important issue because it has not only a 
repercussion on the success rate of an IVF program, but may have an important 
psychological impact on the couple. Complete fertilisation failure is an unwanted event 
because it has an important negative psychological impact on the couple.  The prevalence 
of fertilisation failure in conventional in-vitro fertilisation is reported to occur for non-
male indications in 5 to 15% of cycles, when IVF is performed for male indications, the 
complete fertilisation failure rate can be as high as 50% (Molloy et al 1991, Ben-Schlomo 
et al 1992, Coates et al 1992, Lipitz et al 1993, Lipitz et al 1994).  The causes of 
complete fertilisation failure after IVF are related to either oocytes factors or sperm 
factors (especially in male indications) or eventually lab factors.  Furthermore, complete 
fertilisation failure after IVF has been reported to be repetitive in 30 to 50% of cycles.  In 
contrast, after ICSI, complete fertilisation failure occurs in less then 3% of started cycles 
(Liu et al 1995, Flaherty et al 1998) and can be present in subsequent cycles in up to 
25%. Although ICSI has been proposed as the most robust technique for achieving 
fertilisation in an IVF program, the aim of any method of assisted reproduction should 
always be to use the simplest and least expensive procedure with the greatest long-term 
chance of healthy children (Tucker et al 1993).  But even apart from these considerations, 
the question remains whether ICSI is the method of choice for all IVF indications.  The 
Cochrane Library of Systematic Reviews includes one meta analysis on IVF versus ICSI 
(Van Rumste et al 2000). The last update of 2003 dealing with non-male indications only 
comprised 10 randomised control trials (RCTs) all, except for one (Bhattacharya et al 
2001), had a sibling oocyte set-up design.  In this set-up, oocytes obtained after ovum 
pick up are randomly assigned to either conventional IVF or ICSI.  Because the 9 RCTs 
on sibling oocytes do not allow any conclusion towards implantation and pregnancy 
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rates, the Cochrane review only selects the study by Bhattacharya as best evidence.  This 
study is a large multicentre RCT powered to detect a 10% difference in implantation rate.  
It comprises 206 conventional IVF cycles versus 209 ICSI cycles.  Although there was no 
difference in complete fertilisation failure between IVF or ICSI (5% versus 2% 
respectively), the fertilisation rate per oocyte was significantly higher after IVF then after 
ICSI (58% versus 47% respectively).  Furthermore, the implantation rate per embryo 
after IVF was also higher then after ICSI (30% versus 22%, p=0.03).  The lower 
implantation rate after ICSI may be attributed to the denuding step in ICSI, which may 
alter the implantation potential of the eventual embryo. Given the results of this 
adequately powered multicentre study, there is obviously no benefit in performing ICSI 
for non-male indications.  The choice between IVF or ICSI for these indications is thus 
easy. 
 
But what about male indications? 
 
Although clinical evidence is lacking for many typical ICSI indications, there are strict 
male indications for ICSI: use of surgically retrieved sperm, use of spermatozoa with 
flagellar dyskinesia (immotile cilia syndromes), use of round-headed spermatozoa 
(globozoospermia).  Although good evidence is lacking, the prevalence of relevant titers 
of antisperm antibodies may also be an indication for performing ICSI (Nagy et al 1995, 
Lahteenmaki et al 1995, Vasquez-Levin et al 1995).  The same goes for cryopreserved 
sperm from cancer patients.  Again, no prospective comparative studies are available in 
the literature, however, based on retrospective case series it may be assumed that for most 
of these patients, given the poor quality of sperm cryopreserved, the post-thaw sperm 
damage and the limited numbers of spermatozoa frozen, ICSI is the method of choice 
when assisted reproduction is indicated (Kellehers et al 2001, Tournaye et al 2003).   
But what about oligoasthenoteratozoospermia?  The cut-off values used for conventional 
IVF are mostly experience-based and extrapolated from small, older studies not always 
using the same laboratory standards as of today. Apart from the motile count after sperm 
preparation, motile count in the native semen sample as well as morphology according to 
Tijgerberg criteria has been used for accepting couples for conventional IVF treatment. 
Kastrop et al proposed a motile count of at least 1 million spermatozoa in the native 
semen sample (Kastrop et al 1999).  When the motile progressive count after sperm 
preparation is taken as a criterion, numbers vary from 1 million (Fisch et al 1991) to 0.5 
million progressive motile spermatozoa (Verheyen et al 1999) or even 0.2 million motile 
progressive spermatozoa (Payne et al 1994)!  When morphology is taken as a criterion, in 
general 5% normal morphology is the cut-off value below which a low fertilisation after 
conventional IVF is anticipated (Kruger et al 1988, Grow et al 1994).  Exceptionally, a 
combination of morphology and motile count is used: Plachot et al proposed 0.5 million 
normal motile progressive count in the ejaculate for accepting couples for conventional 
IVF (Plachot et al 2002).  Nowadays, strategies for defining the limits between IVF and 
ICSI are either based on these experience-based preset cut-off values or are based on the 
assumption that ICSI is the more robust insemination technique.  Then, a split IVF-ICSI 
set up is also proposed as a strategy (Plachot et al 2002).   
But even when the preset cut-off values for conventional IVF are met, as in “border-line 
male infertility”, the choice between conventional IVF and ICSI may be difficult. In our 
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meta-analysis, dealing only with border-line oligoasthenoteratozoospermia, we concluded 
that the fertilisation and fertilisation failure rate after IVF can be highly depended on the 
insemination protocol used for conventional IVF.  Although corrective measures have 
been proposed many years ago (Oehninger et al, 1988) still today, many IVF programs 
use suboptimal insemination concentrations for couples with border-line 
oligoasthenoteratozoospermia).  In our own study (Tournaye et al 2003) fertilisation rate 
after conventional IVF was 37.5% per oocyte versus 64.2% after ICSI when an 
insemination concentration of 0.2 million progressively motile spermatozoa per ml were 
used for conventional IVF.  However, after correcting the insemination concentration to 
the 0.8 million progressively motile spermatozoa per ml, the fertilisation rate after IVF 
was 59.7% versus 67.6% (difference not significant).  With the suboptimal insemination 
concentration complete failure of fertilisation occurred in 25.7% of cycles while with the 
optimised protocol total fertilisation failure only occurred in 5.26% of cycles. The results 
of the meta-analysis corrobrate these findings: RCTs a suboptimal insemination 
concentration report a significant higher fertilisation rate per oocyte after ICSI than after 
conventional IVF.  However, subanalysis of the 3 RCTs in which a high insemination 
concentration was used shows no significant benefit of ICSI over IVF. Although the 
current evidence is limited, the result of this meta-analysis calls for caution when 
promoting ICSI for border-line oligoasthenoteratozoospermia.   
 
Is a split IVF-ICSI set up the way to go? 
 
Performing a split IVF-ICSI strategy in a clinical setting as performed in the RCTs 
mentioned above, has been proposed as the method of choice when attempting a first IVF 
cycle in couples with border-line male infertility. Eventually embryos transferred are 
derived both from conventional IVF and ICSI, and therfore this approach is not allowed 
in all countries.  But even then, it is far from clear whether this approach is indeed the 
first choice.  One study concluded that “this strategy enabled ... to avoid 32.8% of 
complete fertilisation failures after IVF” (Plachot et al 2002).  However, in another study 
with a similar set-up, the complete fertilisation failure after conventional IVF was only 
7.1% (Elizur et al 2004).  Strikingly, the main methodological difference between both 
studies was that in the former study an insemination concentration of only 0.06 million 
motile spermatozoa was used. Another study also failed to show any benefit of a split set 
up in patients with moderate oligoasthenoteratozoospermia (Hershlag et al 2002).   
 
From the above may be concluded that we need better methods to define the limits 
between IVF and ICSI and that the outcome of the two methods are closely related to the 
methodology used in the IVF laboratory.  Preferentially, each IVF program should try to 
define its own limits based on a prediction of fertilisation failure after conventional IVF 
in its own setting.  Rhemrev et al. published a perfect example of this approach (Rhemrev 
et al 2001).  In their study, first they constructed a multiple regression model based on a 
set of 2366 couples undergoing IVF with a complete fertilisation failure rate of 25% as 
being acceptable.  Then, they validated their model on a subsequent set of 917 other 
couples.  They used a high insemination concentration of 1 million motile spermatozoa 
per ml. They showed that apart from the post-preparation motile count, the number of 
follicles is an important predictor for complete fertilisation failures. For example, if a 
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pick up is scheduled in a couple in which the wife shows less then 5 follicles, at least 1.11 
million motile spermatozoa are to be obtained after sperm preparation for accepting the 
couple for conventional IVF with an anticipated risk for complete fertilisation failure of 
25%.  On the other hand, when more than 15 follicles are present, the post preparation 
motile count can be as slow as 0.35 million before the risk for complete fertilisation 
failure after conventional IVF exceeds 25%.  They also calculated, based on the number 
of follicles, probabilities of a total fertilisation failure according to the postwash total 
progressive motile count.  For example, when the number of follicles in their model is 
between 10 and 15, the probability of a complete fertilisation failure is 23% when the 
post wash total progressive motile count was 1 million.  But the probability drops to 14% 
when this count is 3 million.  The approach as proposed by Rhemrev seems to be very 
rational and hopefully more studies will be performed with centre-specific adaptations 
proving that it is a valuable strategy.  Depending on the local situation towards 
reimbursement and costs of IVF versus ICSI, a predefined and acceptable total 
fertilisation failure rate can be introduced in the predictive model.  When complete 
fertilisation failure is totally unacceptable, a split IVF-ICSI set up can be proposed 
although clinical evidence for the superiority of this approach is currently lacking.   
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Learning objectives :  
 
1. Nucleo-cytoplasmic interactions at genome activation : interspecific differences. 
2. Molecular identification of the earliest functions expressed by the embryonic genome. 
 
Introduction: Transcriptional activation and epigenetic reprogramming. 
 
Fertilization brings together two haploid genomes that are transcriptionally silent.  These two 
genomes come from highly differentiated cells, namely the gametes. The epigenetic histories 
of these genomes are quite different and the molecular reasons resulting in their 
transcriptional silence also differ. The molecular support of oocyte genome silencing remains 
poorly understood, whereas high compaction of paternal genome mediated by the histone-
protamine replacement at the end of spermatogenesis is responsible for sperm genome 
silencing. At fertilization the zygotic cell is totipotent which means that it can give rise to a 
complete, normal and fertile individual. This totipotent state is quite transient : it only spans 
few cell cycles, and as soon as the blastocyst stage, the embryo only contains two cell 
categories regarding their potency : inner cell mass pluripotent cells and trophectoderm 
differentiated cells, the first differentiated cells of the whole organism. Pluripotency is defined 
as the cell ability to participate to all tissues of the embryo itself (excluding the 
extraembryonic tissues) when introduced in a normal embryo, thus giving rise to a chimeric 
individual. 

 
The first function of oocyte cytoplasm at fertilization (Fig.1), is to assume both the 
transcriptional activation of the newly formed embryonic genome and the epigenetic 
reprogramming in order to restore nuclear totipotency. These molecular processes occur 
concomitantly and are tightly linked. They require precisely regulated nucleo-cytoplasmic 
interactions.  
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Fig 1: First function of the oocyte cytoplasm at fertilization : transcriptional activation and 
epigenetic reprogramming of the newly formed embryonic genome.  
 
Epigenetic modifications of the genome ensure proper gene activation during development. 
They involve genomic methylation changes, assembly and post-translational modifications of 
histones and remodelling of other chromatin-associated proteins. Modifications of DNA 
methylation have been extensively studied in the mouse model where an active and rapid 
demethylation of paternal DNA occur during the one cell stage, followed by a passive 
demethylation of the whole genome during cleavage (1). This situation however is not 
representative of DNA methylation modifications in all other species. In the sheep for 
example, paternal DNA is not demethylated after fertilization and the passive demethylation 
over cleavages is only partial (2). Analyzing alternative models is thus absolutely required 
before concluding on the functional significance of such modifications. Histone post-
translational modifications during genome transcriptional activation period are being 
precisely characterized by numerous studies, until now, nearly all of them use the mouse 
model.  
 
I Genome transcriptional activation: a progressive event. 
 
Early development relies on maternal information synthesized and stored all over oogenesis 
as transcripts and proteins. The time and developmental stage when embryonic transcripts are 
absolutely required for further development varies according to species (Table1). This stage 
can be experimentally defined as the stage where embryo development stops in culture media 
containing RNA polymerase II inhibitors (usually α amanitin). It often corresponds to a 
blockage stage in non optimal culture conditions and coincides with a significant increase in 
transcription level and to major changes in the protein synthesis pattern. It corresponds to 
major transcriptional activation. 
 

 
Species  Elapsed time between fertilization 

and Major transcriptional activation
Major transcriptional activation 

Developmental stage 
Mouse 24 hours 2 cell 
Rat ND 4 cell 
Rabbit 36 hours 8-16 cell 
Cattle 60-70 hours 8-16 cell 
Sheep 45-60 hours 8-16 cell 
Goat 48-60 hours 8-16 cell 
Horse 72 hours 8-16 cell 
Pig 72-96 hours 4 cell 

 
Table 1 : Genome major transcriptional activation in different mammalian species 
 
Embryo is however able to transcribe before this stage. In all tested species, transcriptional 
activity is detected as early as the end of the one cell stage. The period when the embryo is 
transcriptionally active but does not depend on its own transcripts to develop further is called 
the minor transcriptional activation period. This period spans one (mouse) to several cell 
cycles (four in cattle and rabbit for example). It is experimentally evidenced by incorporation 
of labelled ribonucleotides, transcription of injected plasmidic constructions and even 
transgene expression. During this period, the transcriptional activity remains weak. The 
functions encoded by the embryonic genome are not well known.  
 

46



Preceding the onset of the minor transcriptional activation period, the embryo is unable to 
transcribe. This inability is probably due to biochemical properties of the egg cytoplasm since 
transcriptionally active nuclei transferred in such egg cytoplasm become silent. 
 
Embryonic genome transcriptional activation is thus a progressive event. The kinetics of this 
activation relative to morphological events such as cell cleavage varies according to the 
species (Fig 2) and the mouse kinetics is not representative of most mammalian species. In the 
mouse, major transcriptional activation occurs as soon as the G2 phase of the two cell stage, 
only after one DNA replication cycle (3). Whereas in all other species, embryonic 
transcriptional activation spans over several cell cycles (4).  
 
As a consequence, most mechanistic studies concerning embryonic genome transcriptional 
activation use the mouse model, but have to be either confirmed or completed using 
alternative models that may be more relevant because more representative of most species.  
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Fig 2: Kinetics of genome transcriptional activation : comparison between mouse and rabbit 
embryo. 
 
 
II Preimplantation development : a specific period governed by two distinct genetic 
information regulated at two distinct levels. 
 
All over this progressive transcriptional activation, two different genetic information co-exist 
in the embryo (Fig 3): embryonic transcripts progressively accumulate whereas maternal 
transcripts are progressively degraded with distinct kinetics. 
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Fig 3 : Messenger RNA quantification 
            in rabbit embryo. 
 
 
 
 
 
 
 
 
 
 
 
 

Maternal and embryonic information are encoded by two distinct genomes and are regulated 
at two very distinct levels: maternal information is post-transcriptionally regulated whereas 
embryonic information is mainly regulated at the transcriptional level. These two distinct 
information interact very tightly all over the preimplantation period. Maternal information 
regulates embryonic genome activation and complex epigenetic events responsible for 
genome reprogramming, but embryonic encoded products may also interfere with maternal 
information regulation. So that nucleo-cytoplasmic interactions are decisive for the onset of 
embryonic development (Fig 4). These nucleo-cytoplasmic interactions are also decisive for 
long term development due to their involvement in the epigenetic reprogramming of the 
embryonic genome (5). 
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Fig 4: Determinant interactions between maternal and embryonic information at embryonic 
genome activation. 
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III Transcripts profiling at major transcriptional activation. 
 
Large scale genomic analyses have been developed mainly in the mouse species. They have 
demonstrated accurate and dynamic patterns of gene expression during early development, 
and have predicted relevant biological themes and signal pathways at each stage including 
genomic activation. They confirm previous data obtained from studies dealing only with few 
genes but also give some new insight into early regulation of genome expression.  
 
First of all, early embryonic transcriptome is very complex and contain both ubiquitously 
expressed and very specific genes. The complexity at that stage is illustrated by the proportion 
of genes whose transcript levels are above a threshold (the so called Present call) when 
analysing a 36 000 gene Affimetrix array, this proportion reaches 47% (6). Sequencing the 
early expressed EST results in the identification of still unknown genes, whatever the species, 
and even in the mouse. Analysing the genes represented by ESTs from a two cell stage mouse 
embryo cDNA library, Evsikov et al. (7) have identified 2 771 known genes and 1 155 
unknown genes. In the pig, a very recent study (8), sequencing and assembling ESTs from 
preimplantation stages libraries obtained 1114 unknown clusters from a total of 2489 clusters. 
Our own unpublished observations show that sequencing and assembling EST expressed at 
the major transcriptional activation in cattle embryo provides about 20% new contigs 
corresponding to unknown genes. 
 
Using a transcriptomic array dedicated to early developmental stages, Hamatani et al (9) have 
provided a very interesting large scale analysis of preimplantation gene expression patterns. It 
points to global waves of gene activation at different stages, the earliest taking place at major 
transcriptional activation of the genome. This wave concerns 1700 genes (among 12 000) 
mainly involved in basic cellular machinery. In the mouse model, expression of genes 
involved in morphological events such as compaction and first differentiation is delayed to a 
second wave of transcription that begins at the 8 cell stage onward and spans the morula and 
blastocyst stages. These observations however have to be confirmed in mammalian species 
where major transcriptional activation occurs closer to the first differentiation events (rabbit 
or cattle).  
 
In an independent study, Zeng and Schultz (10) detected 2600 genes whose expression is α 
amanitin sensitive at major transcriptional activation in the mouse. These 2600 genes 
represent 17% of the transcripts detected at that stage and are mainly involved in ribosome 
biogenesis, protein biosynthesis, nucleic acid metabolism, RNA processing and transcription.  
The restricted number of functions encoded by early transcribed genes shows that 
transcriptional activation of the genome is probably not as promiscuous and global as 
previously proposed. 
 
Clustering the genes according to their patterns of expression (k-means clustering) confirms 
the three main aspects of embryonic genome activation involvement in the maternal –
embryonic transition : elimination of an exclusively maternal program, activation of an 
embryonic program of gene expression, and pursuing the expression of genes present as 
maternal transcript and also necessary for further embryo development (9). 

 
The expression of retrotransposons and retroviral sequences has been recently reported at 
embryonic genome activation in the mouse (7). The first transcribed gene detected in the 
mouse embryo as soon as 8 hours post fertilization encodes for an endogenous retrovirus like 
gene MuERV-L (11). But also chimeric transcripts containing retrotransposon 5’ sequence 
and an endogenous gene coding sequence are expressed at that stage. Indeed, expression of 
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such retrotransposon sequences alone or involved in chimeric transcripts was shown to be 
tightly regulated during oogenesis and early development (12).  
 
This regulated expression raises questions about its functional significance and its 
evolutionary meaning. Only few observations are available to answer the first question : these 
sequences may be necessary to the embryo since inhibiting their expression impairs 
preimplantation development (13,14). Moreover, RNA interference processes are involved in 
the regulation of their expression level (13). 
 
IV Identification of minor transcriptional activation encoded functions. 
 
Only few genes transcribed during the minor transcriptional activation period have been 
identified in the mouse. As mentioned above, Mu-ERVL is the earliest expressed gene. This 
transcript doesn’t contain the env gene: its function, if any, is thus restricted to inside the cell. 
 
Few other genes have been shown to be transcribed either at the end of the one cell stage 
(Hsp70-1 (15), TRC transcripts) or during the G1 phase of the two cell stage in the mouse 
(eFIα (16)), U2afbp-rs (17). 
 
Two functions have been shown to be encoded by the embryonic genome before the major 
transcriptional activation. Maternal pronucleus encodes some function involved in the 
inhibition of blastomere fragmentation as soon as the one cell stage in the mouse (18).  
In the rabbit embryo, we have shown (our unpublished data) that early embryonically 
transcribed function (at the four cell stage) regulates some maternal transcripts stability. 
 
Conclusion: Embryonic genome transcriptional activation results from fine tuned nucleo-
cytoplasmic interactions. It is concomitant with an extended epigenetic remodelling of the 
newly formed genome, so that some expressions may be promiscuous and only progressively 
regulated. Large scale analysis however point to accurate and dynamic patterns of gene 
expression at the beginning of development. The robustness of such patterns remains to be 
checked: does the embryo come back (and how it comes back) to an essential pattern of gene 
expression when perturbed by micromanipulations or micro-environmental changes such as in 
vitro culture (19, 20)? Are early modifications of this pattern compatible with preimplantation 
and long term development ? These puzzling questions still remain to be answered. 
 
Readings :  
 
Interspecies differences in methylation patterns :  
Young LE, Beaujean N. 2004 DNA methylation in the preimplantation embryo: the differing 
stories of the mouse and sheep. Anim Reprod Sci.;82-83:61-78. Review. 
 
Retroviral and transposon expression in oocyte and early embryo: 
Shapiro JA 2005 Retrotransposons and regulatory suites.Bioessays;27(2):122-5. Review.  
 
Global gene expression patterns in preimplantaion development : 
Hamatani T, Carter MG, Sharov AA, Ko MS. 2004 Dynamics of global gene expression 
changes during mouse preimplantation development. Dev Cell.;6(1):117-31.  
 
Global gene expression patterns at embryonic genome transcriptional activation: 
Zeng F, Schultz RM. 2005. RNA transcript profiling during zygotic gene activation in the 
preimplantation mouse embryo. Dev Biol. 1;283(1):40-57. 
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Alteration of gene expression patterns by in vitro culture: 
Wang S, Cowan CA, Chipperfield H, Powers RD. 2005 Gene expression in the 
preimplantation embryo: in-vitro developmental changes. Reprod Biomed Online.;10(5):607-
16.  
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Gene Expression and its Regulation
in Early Mammalian Development

Mouse Human

Professor Marilyn Monk

Institute of Child Health

London

Gene Expression in Development
Clinical Relevance

• Progress and evaluation of assisted reproduction

IVF  ICSI  IVM
Imprinting
Contraception

• Pre-implantation diagnosis

• ES cell research and tissue transplantation

• Cancer genes and cancer vaccines

0h

Mouse Early Development     - Rosa Beddington

Sensitive Single Cell Molecular Assays
Gene transcription, mutation, modification
X linked enzyme activity
Hprt/Aprt 3H inosine 3 H IMP  / 14C adenine 14C AMP
Pgk-1A  and Pgk-1B
G6PD
etc

PCR specific genes
Gene expression (RT-PCR), gene mutation, CpG methylation

Single embryo amplified cDNA and libraries

Gene expression and its regulation in development
• X-inactivation - timing / imprinted paternal XCI. 
• Regulation - genome deprogramming, specific gene 

CpG methylation, methylation dependent DNA 
binding proteins, reconstruction by transgenesis. 

• Pre-implantation diagnosis.
• Imprinting - Onset mono-allelic expression.
• Gene expression in human oogenesis,

preimplantation embryos and primordial germ cells.

• Embryo / cancer  genes. Deprogramming genes
Monk et al 1977 - 1983

Imprinting Deprogramming

Late origin of the germ line

Deprog

Meiosis

X-chromosome inactivation
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Sperm Pre-Blastocyst8CEgg Post-& Gastrulation

Somatic

Extra-Embryonic

Germ Line
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et
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n

Demethylation deprogramming in early development

Monk et al,   1987

Imprinting
•Differential modification of sperm and egg.

•Differential expression of paternal and maternal genes. 
(The failure to erase gametic modification differences prior to 
delineation of extra-embryonic and embryonic tissues.)

•XCI in soma is regulated by Xist gene methylation.

•Imprint may be difference in methylation of
sperm and egg Xist promoter.

Zuccotti &
Monk, 1992

Xist

Xist

MDBP-X

Huntriss et al , 1997

Xist

Gene expression and its regulation in development
• X-inactivation - timing / imprinted paternal XCI. 
• Regulation - Genome deprogramming, specific gene 

CpG methylation, methylation dependent DNA 
binding proteins, reconstruction by transgenesis. 

• Pre-implantation diagnosis.
• Imprinting - Onset mono-allelic expression.
• Gene expression in human oogenesis,

preimplantation embryos and primordial germ cells.

• Embryo / cancer  genes. Deprogramming genes

Single Cell PCR

Monk & Holding 1985 -
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Early Models for Preimplantation Diagnosis

Monk et al, 1987 Holding & Monk, 1989          Monk & Holding, 1990

Single cell PCR

HPRT

APRT

ADA

DMD

FraX

AR

MD

XIST

βThal

Sickle

SNRPN

UBE3A

IPW

NDN

PEG etc

Gene expression and its regulation in development
• X-inactivation - timing / imprinted paternal XCI. 
• Regulation - Genome deprogramming, specific gene 

CpG methylation, methylation dependent DNA 
binding proteins, reconstruction by transgenesis. 

• Pre-implantation diagnosis.
• Imprinting - Onset mono-allelic expression.
• Gene expression in human oogenesis,

preimplantation embryos and primordial germ cells.

• Embryo / cancer  genes. Deprogramming genes.

Human embryos and germ cells
• Very few cells 
• Rare
• Ethical constraints

Need single cell sensitive techniques to study
gene mutation/modification/expression.

Amplified cDNA and cDNA libraries from individual 
oocytes and embryos.
(Direct analysis still required for epigenetic analyses.)

cDNA libraries from single embryoscDNA libraries from single embryos
a limitless resource of all the expressed genes in a limitless resource of all the expressed genes in 

egg           2 cell         4 cell           8 cell   blastocyst      PGCs

Human eggs and embryos, surplus to IVF requirement and  
donated for research.

Stages of oogenesis, hormonally induced, naturally ovulated  
matured in vivo and in vitro.

Human fetal primordial germ cells, EC and ES cells.

Lysed to release mRNA which is copied and amplified as cDNA.  
Amplified cDNA screened for known and novel embryonic genes

PGCs

Oligo dT-attached
magnetic beads

RTase adds CCC

SMART oligo anneals to CCC

First strand cDNA elongated 
and tagged by SMART primer

PCR with
SMART and CDS 3’primers

Oocyte Embryo

mRNA isolation

CCC

GGG
NTTTT

SMART oligo
TTTTTTTT
TT TTTTTCDS 3’primer

TTTTTT
AAAAAAAAAAA

NTTTTTTT TTTTTCDS 3’primer
CCC

T

CDS 3’ primer

CC
C

GGG
NTTTTTTTTTTTTCDS 3’
AAAAAAAAAAAASMART primer

SMART primer

GGG

CCC NTTTTTTTTTTTTCDS 3’
AAAAAAAAAAAA

NTTTTTTTTTTTTCDS 3’

AAAAAAAAAAA

TTTTTTTTTTT

mRNA

cDNA

Amplified cDNA from embryonic cells
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Holding, Bolton & Monk, 2000

Imprinted genes in human
• Mono-allelic expression due to differential modification of 

the gene in sperm and egg

• Disturbance of imprinting in development is associated with 
disease and cancer.   Need to monitor imprinting with 
assisted reproduction procedures 

• Determine onset of expression and onset of mono- allelic 
expression in pre-implantation development

• Studies on mechanisms.

cDNA maps of imprinted genes and position of primers for PCR

3300

F1

1 5´ region Single exonNDN

F2
R1

R2
545 bp

F2 R2

UBE3A

PEG1

IPW

2462
121110987654321

F1
F2

R1
R2

1075 bp

1

KVLQT1

R2

20753211

F1 R1642 bp

Poly A signal

F1 R1380 bp

1 31861615141312111098765431

F1 R1217 bp
F2 R2

1413121110987654321 151

SNRPN 876543210–11

F1 R1142 bp

1326

F2 R2

F2

Poly A signal150 bp

2038

F2

H19
543

R2
730 bpF1 R1

21

a

UBE3A exon 2 is alternatively spliced.

141   bp

ooc 2c 4c 8c bl –

1053  bp

360  bp

829  bp

SNRPN

UBE3A

H19

PEG1

10w 
fetal

2c 4c 8c –10w

2c 4c 8c –10w

4c –

Imprinted genes expressed
in human oocytes and embryos

3/7 tested expressed in human pre-implantation embryo
SNRPN and PEG1 = paternal ;  UBE3A = maternal

Salpekar & Monk, 2001

Huntriss et al, 1998

Gene expression and its regulation in development
• X-inactivation - timing / imprinted paternal XCI. 
• Regulation - Genome deprogramming, specific gene 

CpG methylation, methylation dependent DNA 
binding proteins, reconstruction by transgenesis. 

• Pre-implantation diagnosis.
• Imprinting - Onset mono-allelic expression.
• Gene expression in human oogenesis,

preimplantation embryos and primordial germ cells.

• Embryo / cancer  genes. Deprogramming genes.
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Gene expression in oogenesis, embryogenesis 
and in PGCs

Oocyte-, embryo- and PGC-specific genes
Stage-specific, treatment-specific (ART)

Examples -

Differential expression of zona pellucida genes

Isolation of PGC specific member of OLF-R family 

Genes markers for oogenesis – GV, MII. IVM, S/O 

Novel embryonic genes re-expressed in cancer cells
Deprogramming and maintenance of embryonic stem cells

ZP1

ZP2

ZPB

M
ooc 4c 8c bl

a
b  m  g M  F U  D

339bp

254bp

143bp

soma PGC EC

ZP3 1.3kbp

β-actin 470bp

HPRT 386bp

Expression of human zona pellucida genes 
in oocyte and embryo cDNAs

Salpekar & Monk, unpub.

AAAAA

NTTTTT

AAAAA

gene A
cDNA Oligo(dT) primer

gene B
cDNA

gene C
cDNA

H-AP primer
NTTTTT

Oligo(dT) primer

Oligo(dT) primer

AAAAA
H-AP primer

NTTTTT

H-AP primer

Oocytes Somatic 

Cut out and sequence
Differential Display Gel

Embryos PGCs
1    2     3    4             1    2     3   4             Γ Ε b    m    g

Isolation of new embryonic genes     - Differential Display

• Design primers within differential display sequence 
to isolate the full length cDNA by 5’RACE

• Database analysis
• Functional analysis

M F C

Differential display of human primordial germ cell cDNA
compared with fetal cDNA

PGC-specific
expression

M = male PGC cDNA

F = female PGC cDNA

C = fetal cDNA

Goto et al, 1999

Goto et al, 1999

N-terminus
Olfactory receptor

V
I

I VIII IVII VII

MAYDRYVAIC PMLNPFConserved peptide sequences

Corresponding degenerate 
PCR primers

hOR-1 hOR-2

Amplified PCR product Expected size  525 bp

Scheme for isolation of OLF-R sequences in PGC cDNA

Goto, Salpekar & Monk, 2001
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M F C    mouse
PGC              testis

M      1      2      3

OLF-R (525 bp)

β-actin (470 bp)

Expression of OLF-R in PGC cDNA

M = male PGC cDNA

F = female PGC cDNA

C = fetal cDNA

Goto, Salpekar & Monk, 2001

Olfactory Receptor Gene SequencesOlfactory Receptor Gene Sequences
in Human Primordial Germ Cellsin Human Primordial Germ Cells

30 clones from PCR products sequenced 
(16 from male and 14 from female PGCs)

There are 1000 members in the OLF-R family,
yet 12 out of the 30 clones were the same sequence

This PGC-specific OLF-R sequence is identical 
to human testis-specific OLF-R gene – HT2

Use of testis-specific OLF-R gene primers confirmed
the same sequence expressed in the PGCs

Germ cell OLF-R functions in migration of PGC  and sperm?

Olfactory receptor HT2 (410 bp)

β-actin (470 bp)
M 1 2 3 4 5 6 7 8 9 10 11 12 13 14

ooc 8c bl b m g
PGC

EC ECD

Expression of human testis specific OLF-R
in oocytes and PGCs

M   F

Goto, Salpekar & Monk, 2001

Stages of Stages of OogenesisOogenesis -- GV and MIIGV and MII
Stage specific and Stage specific and 

treatment specific gene expression treatment specific gene expression 

Hormonally stimulated Hormonally stimulated 
or naturally ovulatedor naturally ovulated

MII from GV matured MII from GV matured 
in vivoin vivo or or in vitroin vitro

Stage and treatment of human oocytes

Monk, Hu. Jones and Trounson, unpub

Expression of known genes in GV and MII oocytes

Monk, Hu, Jones, Goto, Trounson. unpub
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TG & H-AP1 TG & H-AP2

1.1
1.2

1.3

1   2   3   4   5   6  7   8   9  10 11 bl

GV MII

2.1
2.2

2.3

1   2   3   4   5   6  7   8   9  10 11 bl

GV MII

TG & H-AP7

7.1

1   2   3   4   5   6  7   8   9  10 11 bl

GV MII

1   2   3   4   5   6  7   8   9  10 11 bl 1   2   3   4   5   6  7   8   9  10 11 bl

GV GVMII MII

TG & H-AP4 TG & H-AP6

4.1

4.2

6.1

Differential display of GV, MII and cumulus cDNAs Expression of new oocyte specific sequences

Monk, Hu, Jones, Goto, Trounson, unpub

Genes specifically expressed in Genes specifically expressed in 
human embryonic cells?human embryonic cells?

De-programming to proliferative stem cell - initiation
Erasure gametic epigenetic programmes (demethylation)

Immortality - maintenance 
Embryonic cells removed from developmental constraints 
grow indefinitely,   e.g.,     ICM ES      PGC EG

Undifferentiated stem cell state
Embryonic cells are the archetypal totipotent stem cell

Invasiveness 
Embryonic cells are invasive,  
e.g.,  trophectoderm,  PGC migration (OLF-R?)

Sperm Pre-Blastocyst8CEgg Post-& Gastrulation

Somatic

Extra-Embryonic

Germ Line

M
et

hy
la

tio
n

Demethylation deprogramming in development

Monk et al,   1987

Human embryonic genes Human embryonic genes 
rere--expressed in cancer cells?expressed in cancer cells?

Human embryonic cells grow indefinitely, 
undifferentiated and invasive.

Cancer cells share these properties.

Test human embryonic genes isolated for their 
expression on cancer cells
New cancer vaccines?
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Differential display identifies 
human embryo-specific expressed genes

ooc 4c           8c         bla somatic        PGC
1 2  3     1 2  3     1  2  3    1 2  3      b m g b m g    M F

A
B

C
D

E
Monk & Holding, 2001

ooc         4c           8c           bla M  F  b  m  g  EC  ECD H20

E

GAPDH

beta-actin

C

D

B

A

Confirmation of specificity of expression of human embryonic genConfirmation of specificity of expression of human embryonic geneses

Monk & Holding, 2001

40kb

chr3q13.13

chr3q29
chr1p35.3
chr1p13.2
chrYq11.21
chr3p14.2

1   ACTTCAAACA AATGAGCAAT TTACAGCTCC ACAAAAAGCT AGATGCAAAA 
51   TACCAGCCCT TCCCTTGCCG ACCATTTTGC CTCCCATTAA TAAGGTGTGT 
101   CGGGACACTT TGCGGGACTG GTGTCAACAA CTCGGTTTGA GTACTAATGG 
151   C  ‘1’

152    AAGAAAATC GAAGTTTATC TGAGGCTTCA TAGGCATGCT TACCCTGAAC 
201   AACGGCAA  ‘2’

209           GA TATGCCTGAA ATGTCACAAG AGACCAGATT ACAGCGATGT 
251   TCGAGGAAAC GCAAGGCAGT GACCAAGAGA GCAAGGCTTC AGAGAAGTTA 
301   TGAGATGAAT GAGAGAGCAG AAGAGACCAA TACAGTTGAA GTGATAACTT 
351   CAGCACCGGG AGCCATGTTG GCATCATGGG CAAGAATTGC TGCAAGAGCT 
401   GTTCAGCCTA AGGCTTTGAA TTCATGTTCC ATTCCTGTTT CTGTTGAGGC
451   CTTTTTGATG CAAGCCTCTG GT  ‘3’

473   GTCAGGTG GTGTGTGGTC CATGGCAGAC 
501 TTCTCTCGGC AGACACAAAG GGTTGGGTAC GCCTGCAGTT TCATGCAGGT
551   CAGGCCTGGG TGCCTACCAC TCACAGGAGG ATGATTTCTC TCTTCTTGTT
601   ACCTGCCTGC ATTTTCCCAT CCCCAGGCAT AGAAGATAAT ATGTTATGCC
651   CCGACTGTgc taag ‘4’

665                  aggaat aagaagatga tgaaaagatt aatgacagta
701 gagaagtagc agcaacctgt ttgaatacaa tgtactaaag g  ‘5’

742                                                agggatgta
751   ctttcagatc atgtaaccta ttacgaagga gtggaagagg agacaatttg
801   aatgaatcct catgatctac aaaacaaaat catagtgact aggactccac
851   agtgaagatg gttgactagt gacacagccc catctaaaga atccctttct
901   gtatgtctga aaacccatta aaataaagtc actgcaaaaa aaaa ‘6’

Chromosome location and database extension            Sequence A.
‘1’ ‘2’ ‘3’‘4’ ‘5’ ‘6’

Monk & Holding, 2001
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Gene MonkA

1    2    3    4    5    6    7    8    9

10  11  12  13 14 15

-ve control15

Pooled testes (+ve control)14

Lymphnode; lymphoma13

Lymphnode; lymphoma12

Lung; adenocarcinoma11

Colon; adenocarcinoma10

Lung, carcinoma9

Colon; adenocarcinoma8

Colon; adenocarcinoma7

Lung; adenocarcinoma6

Lymphnode; lymphoma5

Lung; SCC4

Lymphnode; lymphoma3

Colon; adenocarcinoma2

Colon; adenocarcinoma11kb marker

506bp

Monk Cebon Svobodova, unpub

Gene MonkE

positive
-ve control14
Pooled testes13
Colon; adenocarcinoma12
Colon; adenocarcinoma11
Colon; adenocarcinoma10
Lung; SCC9
Colon; adenocarcinoma8
Breast; infiltrating  in situ7
Colon; adenocarcinoma6
Colon; adenocarcinoma5
Colon; adenocarcinoma4
Lymphnode; lymphoma3
Lymphnode; lymphoma2
Lymphnode; lymphoma11kb marker

1    2    3     4     5     6     7     8     9   

10   11   12   13  14

305bp

305bp

Placenta and EC cells

Monk Cebon Svobodova, unpub
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Gene MonkA

0/1 (0%)LIVER

1/20  (Thymus)NORMALS
11/110 (10%)TOTAL

0/4 (0%)BREAST
2/34 (5%)COLON
2/32 (6%)LYMPHNODE
3/6 (50%))(Lung SCC
2/9 (22%))(Lung adenocarcinoma
7/21 (33%)LUNG
0/18 (0%)META. MELANOMA

NUMBERCANCER TISSUE

Monk Cebon Svobodova, unpub

Gene MonkE

27 of 60 (45%)TOTAL
4/12 (33%)Metastatic Melanoma
0/1 (0%)Head and neck
3/3 (100%)BREAST
10/22 (45%)COLON
2/10 (20%)LYMPHNODE
8/12 (66%)LUNG

TYPECANCER TISSUE

Monk Cebon Svobodova, unpub

SummarySummary
Gene expression and its regulation in embryonic development 

Single cell molecular analysis – gene mutation, gene modification, gene expression

XCI, deprogramming. mechanisms of imprinting  (mouse)

Preimplantation diagnosis

Human oocyte, embryo and PGC cDNAs.   
Extensive comparative studies of gene expression within and between human oocytes, 
embryos and PGCs.   Marker genes for oogenesis.

Onset mono-allelic expression SNRPN &PEG in human embryos

Known genes - imprinted genes, zona pellucida genes, oogenesis stage specific genes
Novel genes - new members of known gene families - OLF-R in PGC

new embryonic genes
embryo/ cancer genes
genes associated  with initiation and maintenance of deprogramming
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Egg sharing as a tool for discriminating egg vs sperm quality 
 

Timo Tuuri, PhD 
Family Federation of Finland, Infertility Clinic 

Fredrikinkatu 47 
00100 Helsinki 

Finland 
 
Learning objectives 
 
1) Understand the potential of ovum donation/egg sharing in discriminating egg and sperm quality 
 
2) Understand the power of statistical analyses 
 
3) Learn the theoretical sperm derived factors affecting early embryogenesis 
 
Embryo quality is one of the most important factors affecting the outcome of IVF treatments. The 
quality of any given embryo is, in turn, the sum of various internal and external factors. The early 
development of human embryo is mostly quided by maternal and paternal proteins and mRNAs 
imported to zygote by oocyte and sperm cell. The embryo’s own genome is activated at 4-8 cell 
stage where after the inluence of the inherited proteins and other factors on its development 
gradually decrease. The present article and presentation are focused on questions a) how to analyse 
the relative impact of germ cells on early developing embryos and b) what are the theoretical germ 
cell derived factors affecting the early embryonic growth. 
 
Evaluation of the embryo quality 
 
Currently, embryo quality is usually evaluated based on its morphological appearance and 
blastomere cleavage rate. At zygote stage the pronulcear (PN) morphology and especially the 
number, size and location of nucleolar precursor bodies (NPB) in pronuclei has been thought to be 
predictive for embryo quality. Also, the appearance of the cytoplasmic halo at the periphery of 
zygote stage embryos has been associated to embryo implantation capacity (see review Rienzi et al. 
2005).  
 
The most important aspects evaluated at cleavage stage embryos (days 2-3 after aspiration) are the 
number (= cleavage rate) and size of the blastomeres and the amount of cellular fragmentation. 
According to general understanding the day 2 embryos should have 4-5 blastomeres of +/- equal 
size with minimal (< 5 % of total volume) fragmentation. Also, the timing of the first cleavage may 
be predictive for embryo quality: embryos that have finished their first cleavage within 25 hours 
after insemination (corresponding to 22-23 hours after fertilization) seem to have the highest 
implantation rates. The presence of anuclear fragments is inversely proportional to pregnancy rates 
but, on the other hand, fragmented embryos are not necessarily developmentally incompetent 
(Rienzi et al. 2005).  
 
Although the above mentioned embryo parameters are unquestionably highly predictive for embryo 
quality, the only absolute parameter that definitively measures the quality of the embryo is (clinical) 
pregnancy rate. This, on the other hand, may be dependent on various other factors that cannot be 
controlled. For example, the receptivity of the uterus may be affected by the physiological condition 
of the woman, environmental factors (like cigarette smoke) or some unknown genetic factors. The 
hormonal stimulation, purity of the used hormones etc may affect the competence of the developing 
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oocytes (and hence the embryo quality) as well. In IVF/ICSI treatments also the cell culture system 
is of importance. For example, normoxic culture conditions (oxygen pressure about 20 %) that are 
generally applied in IVF clinics may be detrimental for developing embryos. Finally, the quality of 
the cell culture media plays a major role in supporting the early embryonic development and 
general viability of the (embryonic) cells.  
 
Ovum donation/Egg sharing as a model 
 
Probably the most important components determing the quality and viability of the early embryo are 
the germ cells that form it. Their roles, however, may be difficult to asses. To analyse the possible 
role of sperm cells on embryonic quality oocytes from a single source should be inseminated with 
various sperm samples. Alternatively, the impact of the oocytes could be analysed with similar kind 
of assay by fertilizing several “identical” oocyte groups by a single sperm sample and then 
comparing embryonic and clinical parameters. Ideally these experiments would necessitate some 
hundreds of oocytes divided to groups of 10-20, inseminated with studied sperm samples and 
transferred as single embryos as identical uteri as possible. 
 
Of course, these kinds of study designs are non-applicable to human. However, of the every day 
clinical practises both ovum donation and egg sharing procedures can be used for dissecting the 
possible effects of oocytes and sperm cells. In ovum donation treatments healthy, fertile and 
preferable young females donate oocytes for infertile couples suffering lack of oocytes. Because of 
the constant shortage of the egg donors, oocytes from single donor are generally divided between 
two (or more) recipients. In egg sharings couples undergoing IVF treatment themselves donate part 
of their oocytes to other infertile couples. In both cases oocytes from single source are fertilized by 
two sperm samples which allow at least to some extent the comparison of the influence of the 
paternal factors on embryonic parameters and, with sophisticated mathematical analyses, also the 
influence of oocytes may be estimated. The major difference between the two methods is in the 
“quality” of the donors: in ovum donation treatments the donors are in most clinics proven to be 
fertile (i.e. they have conceived naturally), while in egg sharing procedures the reason for infertility 
may be linked to oocyte quality as well. It should be stressed that despite the oocytes in both cases 
are of common origin, oocytes are never identical. There may be major genetic and cytoplasmic 
variation within the oocytes of a given donor and this may also reflect on parameters measured. 
 
Ovum donation: Individual patients 
 
Tesarik et al. published 2002 a study where early embryos of a group of six oocyte recipients (study 
group) were compared to embryos from recipients receiving the sibling oocytes (sibling group) 
from the same donors. The study group patients repeatedly produced embryos with significantly 
lower zygote stage grade (based on NPB number and distribution) and implantation rates when 
compared to sibling group embryos. In study group, of the 92 formed embryos, only 16 % (15) 
were of good zygote morphology grade while in the sibling group 66 % (57 out of 87 embryos) 
were of top quality. Likewise, the implantation rates were 5 % and 29 % for study and the sibling 
groups, respectively. Although the study included only a small number of individuals the results 
suggest that paternal factors might contribute the early human development as soon as zygote stage, 
far before the actual genomic activation of the developing embryo occurs. 
 
Ovum donation: Statistical approach 
 
Ovum donation programme was initiated in our Infertility clinic in 1991. To asses the possible roles 
of oocytes and sperm cells on early embryo development we analysed retrospectively embryonic 
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parameters from 59 ovum donation cycles with 118 recipients performed during 1992-2001. Only 
normal IVF cycles with day 2 embryo transfer were included in this study.  
 
The average number of oocytes retrieved/collection was 18.1 yielding an average of 5.5 embryos / 
recipient. To evaluate the influence of distinct sperm parameters, we classified patients into three 
groups according to the morphology of their sperm samples. Group 1 patients had less than 4 %, 
group 2 between 4 and 14 % and group 3 more than 14 % morphologically normal sperm cells. The 
main outcomes measured were fertility rates, morphological embryonic grade (sum of 
fragmentation and blastomere size) and blastomere cleavage rate.  
 
Our approach was to analyse the data with two statistical models. With simple correlation analyses 
(Pearson’s correlation analyses, SPSS 10.1.0) we could determine the influence of the oocytes on 
the investigated parameters. For this, the average blastomere number and embryo grade were 
calculated for both recipients of each donor. The values for recipient couples were then allocated 
between the x- and y-axes and the correlation was calculated. As in general correlation analyses, the 
closer the correlation coefficient (r) is to 1 the more identical the samples are. In this case the 
interpretation is that if the values are same in both recipients the sperm effect must be negligible.  
 
To investigate all putative factors that might influence the embryo quality we carried out a mixed 
ANOVA test (SAS 8.1). The approach assumes that variability in embryos results from the 
variability of oocytes, sperm samples and some other residual (unknown) factors like differences 
between the oocytes of the same donor. The test estimates the contribution of each of the studied 
factors to the overall embryo variability and relates each studied factor to the probability. The 
factors are divided to random and fixed factors. Random factors are either unknown (residual) or 
those that cannot be specified (in this case general sperm and oocyte factors). Fixed factors were the 
known sperm parameters (motility, morphology and concentration) and they were further analysed 
by the corresponding regression analyses showing the relation between sperm characteristic and 
embryo parameter. 
 
As a result we find direct correlations between germ cells and embryos. By Pearson’s correlation 
analyses we were able to show that the average embryo morphology was strongly correlated 
between the recipients of the same donor (p<0.001) while weaker correlation was found in the 
average blastomere numbers between the recipients of the same oocyte donor (p<0.005). The results 
indicate that oocytes have major impact on overall morphology and less profound but significant on 
blastomere division rate as well. Also the mixed ANOVA test revealed similar influences of 
oocytes on embryo morphology (p<0.001) and blastomere cleavage rate (p=0.01) confirming the 
results of correlation analyses. Sperm factor didn’t seem to influence on general morphology of the 
early embryos, but it was linked to blastomere cleavage rate (p=0.015). More specifically, sperm 
morphology was positively associated to blastomere division rate (p=0.03) while the influence of 
sperm count and motility (before and after semen preparation) were negligible.  
 
Egg sharing as a model 
 
There are only a few publications of the use of egg-share as a model to investigate the possible 
paternal effects on early embryo development. Sakkas et al published 2004 their analyses about a 
total of 111 egg-sharing cycles in Birmingham, UK. Their egg-share procedure includes random 
and equal distribution of oocytes from one patient to herself and to one recipient. Mean number of 
shared eggs was about 9 leading to mean zygote number of 6,5 for both donor and recipient. The 
results of the analysed data indicate, again, that approximately 30 % of the compared couples 
(donor vs. recipient) have clear differences in their overall embryo quality regardless of way of 
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fertilization (IVF or ICSI). Sperm characteristics didn’t seem to affect embryo score which was a 
sum of the blastomere number and morphological appearance of the embryo. The conclusion is that 
sperm factor affecting the early development of human embryos exists. 
 
Theoretical sperm cell derived factors 
 
The fact that reproductive cloning by somatic nuclear transfer is possible (although with low 
frequency) indicates that oocytes can provide all the necessary support needed to early developing 
embryos. Studies with several animal species have revealed various proteins that are exclusively 
expressed in oocytes and are absolutely required for normal fertilization or development of the early 
embryos. This does not, however, mean that the contribution of sperm cells would be restricted to 
bringing the haploid genome. From above mentioned studies we can learn that sperm cells indeed 
regulate the development of the early embryos even before embryo’s own genomic contribution can 
be detected. The following section shortly describes what is thought about these poorly 
characterized sperm derived factors and what are their possible targets in oocytes/embryos.  
 
1) Oocyte activation  
 
During oocyte activation large number of biochemical signalling pathways is activated resulting for 
example in modification of Zona Pellucida, the sperm nuclear envelope break down and chromatin 
remodelling. Many of the early processes are triggered by Ca2+ oscillations starting within a few 
minutes after sperm-egg fusion and lasting up to few hours until the pronuclei are formed. The 
duration and amplitude of oocyte Ca2+ oscillations seem to be critical for mammalian oocyte 
activation and early embryogenesis. Abnormal oscillation may lead to failure in completing the 
second meiotic division and pronuclear formation. Notably, also the developmental capacity of 
mammalian embryos has been shown to be dependent on Ca2+ oscillation patterns. The factor that 
most likely triggers the Ca2+ oscillations in fertilized oocytes has been recently identified as a novel 
PLC isoform called PLCζ brought to zygote by sperm cell. Injection of purified recombinant 
PLCζ or its cRNA into unfertilized oocytes is able to induce pulsatile Ca2+ oscillations resembling 
those occurring after natural fertilization and oocytes activated by it show reasonable developmental 
capacity up to blastocyst stage without any contact to sperm cells. PLCζ has been cloned from 
human as well and it appears to induce Ca2+ oscillations also in human oocytes (see review by 
Malcuit et al. 2006). PLCζ would be an ideal sperm factor candidate that could explain at least part 
of the early developmental variation linked to sperm cells that we and others have found in ovum 
donation and egg-sharing studies. 
 
2) Sperm DNA damage 
 
Recent studies have indicated that male germ cells are vulnerable to DNA damages occurring at 
testicular, epididymal or post-ejaculatory levels. Detailed analyses suggested that sperm samples 
with poor morphological quality and low motility include high numbers of sperm cells with 
aberrant DNA content. DNA damage is not necessarily associated to fertilization capacity of the 
given sperm cells (especially if ICSI is used) but it seems to be linked to lower cleavage rate of 
early embryos and also, to decreased pregnancy rates (see review by Lewis et al. 2005). Hence, one 
component of the sperm effect on embryonic cleavage rate may be related to the integrity of the 
sperm DNA. 
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3) Dysfunctional centrosome 
 
In most mammals (including human) the centriole brought by sperm cell is essential for the 
formation of functional centrosomes needed for pronuclear migration and further cell cleavage. 
Indeed, oocyte centrioles are actively degenerated during oogenesis in several animal species from 
flies to human (Manadhar et al. 2005). It is possible that dysfunctional (or total lack of) centrioles 
could affect the early embryonic development. A recent case-report article showed that pathology of 
the sperm centriole might be responsible for abnormal sperm aster formation, syngamy and 
blastomere cleavage (Rawe et al. 2002). Dysfunctional centrioles could also explain the variation in 
statistical sperm factor analyses and it might explain male linked impaired embryogenesis at least in 
some individual cases. 
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	TEXT5.pdf
	Globozoospermia is manifested as a severe form of teratozoospermia, where 100% of the spermatozoa have a rounded globular (spherical) head (fig 1, 2). It is an uncommon condition and the literature is confined to a few case reports. Consequently, little is known about its incidence, cause and pathogenesis. It was first described by in 1971.  Before ICSI, men with globozoospermia were regarded as sterile. Preliminary in vitro sperm function studies suggested the failure of round headed spermatozoa to bind to zona free hamster oocytes and penetrate the human zona pellucida. The first successful pregnancy after intracytoplasmic injection was described as a case report 1994. Although several successful pregnancies have subsequently been reported with ICSI, with and without oocyte activation (it’s not clear if it is needed), the fertilisation rates remain variable and low.  Interestingly, the majority of men have almost normal sperm concentrations with a relatively high proportion of motile spermatozoa. 


