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New insights about the evaluation of human sperm quality: the aromatase example
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Male contribution to the couple's infertility is at first evaluated by the routine examination of semen parameters upon optical microscopy providing valuable information for a rational initial diagnosis and for a clinical management of infertility. But the different forms of infertility defined according to the WHO criteria especially teratozoospermia are not always related to the chromatin structure or to the fertilization capacity. New investigations at the molecular level (transcript and protein) could be developed in order to understand the nature of sperm malformation responsible of human infertility and thus to evaluate the sperm quality. The profile analysis of spermatozoal transcripts could be considered as a fingerprint of the past spermatogenic events. The selection of representative transcripts of normal spermatozoa remains complex because a differential expression (increased, decreased or not modified levels) of specific transcripts has been revealed between immotile and motile sperm fractions issued from normozoospermic donors. Microarrays tests or real-time quantitative PCR could be helpful for the identification of factors involved in the male infertility. Differences in the expression of specific transcripts have been reported between normal and abnormal semen samples. With the aromatase example, we have noted a negative strong correlation between the amount of transcript and the percentage of abnormal forms especially in presence of head defects. Immunocytochemical procedures using fluorescent probes associated with either confocal microscopy or flow cytometry can be also helpful to proceed with further investigations about the localization of proteins in the compartmentalized spermatozoa or the acrosome reaction. The dual location of aromatase both in the equatorial segment, the mid-piece and the tail could explain the double role of this enzyme in acrosome reaction and motility.

Introduction

The spermatozoon is a highly differentiated cell characterized by a compartmentalized morphological structure and programmed to carry the paternal haploid genome throughout the male and female genital tracts in order to deliver it into the oocyte.

Spermiogenesis and epididymal maturation are essential steps for the acquisition of the final spermatozoal structure organization related to the protection and the transport of the genetic material throughout the genital tracts or the fertilization capacity on contact with the oocyte. But in the uterus and/or the fallopian tubes, spermatozoa must perform the pre-requisite steps of capacitation and acrosome reaction.

The semen analysis is the initial routine male investigation in couples with an history of infertility. Assessment of reproductive fitness has relied upon microscopic evaluation of sperm parameters including total sperm count, sperm concentration, percent of motile sperm and percent of normal sperm morphology thus providing valuable information about a rational initial diagnosis (azoospermia) or a clinical management of the infertility. However the definition of different forms of infertility (normozoospermia, asthenozoospermia, teratozoospermia or oligoasthenozoospermia) widely depends on the threshold values of sperm parameters based mainly on the World Health Organization standard [START_REF]WHO laboratory manual for the examination of human semen and sperm-cervical mucus interaction[END_REF]. This classification is essential for the choice of IVF treatment but cannot be considered as a predictive tool for the evaluation of sperm quality and for the IVF outcomes.

Relation between semen parameters and sperm functions

The relevance of the utility of semen parameters for assessing male infertility is still discussed. Normozoospermia is not always synonymous with fertilization. Despite of the use of sophisticated methods such as DNA fragmentation, acrosome reaction tests improving the prediction of fertilization capacity, fertilization failure cannot be excluded after conventional IVF. In patients with bordeline semen, the decision to choose either IVF or ICSI is critical because the risk of fertilization failure in conventional IVF is also difficult to predict [START_REF] Van Der Westerlaken | Conventional in vitro fertilization versus intracytoplasmic sperm injection in patients with borderline semen : a randomized study using sibling oocytes[END_REF]. Another problem results from the potential differences in sperm characteristics when semen analyses are performed before and during of oocyte retrieval. Globally 25-50% of cycles are rescued by ICSI when sibling oocytes are treated with conventional IVF and ICSI [START_REF] Plachot | Outcome of conventional IVF and ICSI on sibling oocytes in mild male factor infertility[END_REF][START_REF] Van Der Westerlaken | Conventional in vitro fertilization versus intracytoplasmic sperm injection in patients with borderline semen : a randomized study using sibling oocytes[END_REF].

Teratozoospermia is defined as the decrease of percent of normal sperm morphology but the threshold value differs according to the WHO criteria (<30%) [START_REF]WHO laboratory manual for the examination of human semen and sperm-cervical mucus interaction[END_REF] or to Gusick et al. (<11%) [START_REF] Gusick | Sperm morphology, motility and concentration in fertile and infertile men[END_REF]. Abnormal sperm morphology is classified as defects in the head, mid-piece or tail of the sperm with the helpful of either the modified David [START_REF] David | Anomalies morphologiques du spermatozoide humain. -Propositions pour un systeme de classification[END_REF] or Kruger [START_REF] Kruger | Sperm morphologic features as a prognostic factor for in in vitro fertilization[END_REF] classifications the last being more correlated with the likelihood of fertilization in IVF. Sperm morphology has been reported to be the most important sperm parameter for predicting fertilization success in IVF [START_REF] Gusick | Sperm morphology, motility and concentration in fertile and infertile men[END_REF]. Chocat et al have identified using a ROC curve a cutoff value of 17% of normal forms that can predict the absence of fertilization in 72% of patients when conventional IVF is performed [START_REF] Chocat | Valeur prédictive des parametres spermatiques non automatisés et des parametres cinétiques automatisés sur le taux de clivage en fécondation in vitro[END_REF].

Discordant studies of the effect of severe teratozoospermia on the fertilization capacity in IVF cycles have been reported. A better fertilization rate could be observed in ICSI compared with IVF [START_REF] Kihaile | Comparison of sibling oocytes outcomes after intracytoplasmic and in vitro fertilization in severe teratozoospermia in the first cycle[END_REF][START_REF] Pisarska | Fertilization after standard in vitro fertilization versus cytoplasmic sperm injection in subfertile males using sibling oocytes[END_REF]. But recently, Keegan et al [START_REF] Keegan | Isolated teratozoospermia does not affect in vitro fer-S16 I. Galeraud-Denis et al. ©Polish[END_REF] have noted that isolated teratozoospermia using Kruger/Tyneberg strict criteria does not affect in vitro fertilization outcome and is not an indication for intracytoplasmic sperm injection. But in their study, we can note the high proportion of isolated teratozoospermia in the population studied (55% with lower than 5% of normal forms). Severe teratozoospermia does not affect blastocyst formation, clinical pregnancy and live birth rates in ICSI cycles [START_REF] French | Does severe teratozoospermia affect blastocyst formation, live birth rate and other outcome parameters in ICSI cycles[END_REF]. These two recent reports suggest that sperm morphology especially assessed by Kruger's strict criteria seem to have a weak progostic value in assisted reproductive technology cycles.

Teratozoospermia is a common term gathering spermatozoa with different morphological phenotypes and thus aetiologies. Three groups of teratozoospermia have been globally studied. The first one concerns single structural defects resulting from a genetic origin and involving all the ejaculated spermatozoa such as either acrosome agenesis or globozoospermia or primary cilia dyskinesia [START_REF] Francavilla | Isolated teratozoospermia: a cause of male sterility in the era of ICSI?[END_REF]. The second one resulting from meiotic abnormalities gathers "enlarged head spermatozoa" with multiple tail and abnormal acrosome. The last group representing the most common cases is characterized by a polymorphic teratozoospermia where spermatozoa possess more than one morphological defect.

It is now apparent that some male factor infertility phenotypes associated with increased DNA fragmentation and/or chromosome aneuploidies may have effects on early embryogenesis [START_REF] Nanassy | Paternal effects on early embryogenesis[END_REF]. However a specific association between the degree of teratozoospermia and sperm chromosome abnormalities has not been found using fluorescence in situ hybridization even if teratozoospermia like asthenozoospermia or oligozoospermia has revealed a slight increase in the frequency of chromosome abnormalities [START_REF] Sun | Is there a relationship between sperm chromosome abnormalities and sperm morphology?[END_REF]. In men with normal karyotype, aneuploidy is present in almost all the "enlarged head teratozoospermia" but its frequency is slighty increased in the "polymorphic teratozoospermia" [START_REF] Machev | Chromosome abnormalities in sperm from infertile men with normal somatic karyotypes: teratozoospermia[END_REF].

The potential adverse effects of sperm DNA damage on fertilization and embryo developpement could be explored by the sperm chromatin structure assay parameters (SCSA), DNA fragmentation (DFI) and high DNA stainability (HDS). Despite of a small but significant relation between sperm DNA integrity and pregnancy rate in IVF and ICSI cycles, this marker is not sufficient to provide a clinical indication for routine [START_REF] Collins | Do sperm integrity tests predict pregnancy with in vitro fertilization?[END_REF]. IVF and ICSI fertilization rates, embryo quality and pregnancy rate are not influenced by the amount of either DFI or HDS which might be related to spontaneous abortion rates [START_REF] Lin | Sperm chromatin structure assay parameters are not related to fertilization rates, embryo quality, and pregnancy in in-vitro fertilization and intracytoplasmic sperm injection, but might be related to spontaneous abortion rates[END_REF].

Besides the classical sperm parameters (concentration, motility and morphology) and the SCSA parameters, new investigations at the molecular level (transcript or protein) could be necessary for the understanding of the sperm structure organization in relation to its functions (fertilization and implication in early embryonic development). The determination of sperm transcripts profile or the measurement of subcellular sperm functions using fluorescence signals could improve our knowledge about sperm quality and thus to assess male infertility.

Human sperm transcripts as candidate markers of infertility

Spermiogenesis is associated with profound architectural changes such as acrosome formation, DNA packaging, loss of cytoplasm, tail and mitochondrial sheath organization which are essential steps for the transformation of spermatids into functional spermatozoa. A wide range of transcripts synthetized either throughout the early spermatogenesis or during spermiogenesis has been found to be stored in translationally repressed ribonucleoproteins in round spermatids before their delayed activation for translation during spermiogenesis. During the last two decades numerous works have revealed an extended pattern of mRNA molecules using RT-PCR and/or in situ hybridization techniques [START_REF] Galeraud-Denis | Relationship between chromatin organization, mRNAs profile and human gamete quality[END_REF][START_REF] Galeraud-Denis | Differential expression of aromatase in human spermatozoa from normozoospermic and teratozoospermic patients[END_REF][START_REF] Grunewald | Mature human spermatozoa do not transcribe novel RNA[END_REF][START_REF] Grunewald | Stability of fluorochrome based assays to measure subcellular sperm functions[END_REF][START_REF] Guo | Differential expression of VASA gene in ejaculated spermatozoa from normozoospermic men and patients with oligozoospermia[END_REF][START_REF] Gusick | Sperm morphology, motility and concentration in fertile and infertile men[END_REF][START_REF] Harper | Dynamic resolution of acrosomal exocytosis in human sperm[END_REF][START_REF] Jedrzejczak | Quantitative assessment of transition proteins 1,2 spermatid linker histone H1-like protein transcripts in spermatozoa from normozoospermic and asthenozoospermic men[END_REF][START_REF] Keegan | Isolated teratozoospermia does not affect in vitro fer-S16 I. Galeraud-Denis et al. ©Polish[END_REF][START_REF] Kempisty | Evaluation of protamines 1 and 2 transcript contents in spermatozoa from asthenozoospermic men[END_REF][START_REF] Kihaile | Comparison of sibling oocytes outcomes after intracytoplasmic and in vitro fertilization in severe teratozoospermia in the first cycle[END_REF][START_REF] Krawetz | Paternal contribution: new insights and future challenges[END_REF][START_REF] Kruger | Sperm morphologic features as a prognostic factor for in in vitro fertilization[END_REF][START_REF] Lalancette | Paternal contributions: new functional insights for spermatozoal RNA[END_REF][START_REF] Lambard | Analysis and significance of mRNA in human ejaculated sperm from normozoospermic donors : relationship to sperm motility and capacitation[END_REF][START_REF] Lin | Sperm chromatin structure assay parameters are not related to fertilization rates, embryo quality, and pregnancy in in-vitro fertilization and intracytoplasmic sperm injection, but might be related to spontaneous abortion rates[END_REF][START_REF] Machev | Chromosome abnormalities in sperm from infertile men with normal somatic karyotypes: teratozoospermia[END_REF][START_REF] Miller | A complex population of RNAs exists in human ejaculate spermatozoa: implications for understanding molecular aspects of spermiogenesis[END_REF][START_REF] Miller | The controversy, potential and roles of spermatozoal RNA[END_REF], but also the presence of small RNAs (microRNAs, siRNAs) in the human spermatozoa [for review 5].

The use of either a step-by-step analysis associated with macroarrays, RT-PCR and in situ hybridization [START_REF] Dadoune | Identification of transcripts by microarrays, RT-PCR and in situ hybridization in human ejaculate spermatozoa[END_REF], or microarrays assay [START_REF] Ostermeier | Spermatozoal RNA profiles of normal fertile men[END_REF][START_REF] Platts | Success and failure in human spermatogenesis as revealed by teratozoospermic RNAs[END_REF] or serial analysis of gene expression (SAGE) [START_REF] Zhao | Characterization and quantification of mRNA transcripts in ejaculated spermatozoa of fertile men by serial analysis of gene expression[END_REF] has confirmed the diversity and the complexity of mRNA present in ejaculated and uncapacitated spermatozoa. These spermatozoal transcripts are mainly located within the head region probably as a structural component of the nuclear matrix in association with histone bound DNA and the nuclear membrane [START_REF] Dadoune | Spermatozoal RNAs : What about their functions?[END_REF][START_REF] Lalancette | Paternal contributions: new functional insights for spermatozoal RNA[END_REF] suggesting their putative role either in the first divisions of the embryonic development [START_REF] Ostermeier | Reproductive biology : delivering spermatozoan RNA to the oocyte[END_REF] and/or in the epigenetic repackaging of sperm chromatin [START_REF] Miller | Towards a better understanding of RNA carriage by ejaculate spermatozoa[END_REF].

Until recently the male genome was thought to be on a transcriptionnally dormant state in spermatozoa [START_REF] Grunewald | Mature human spermatozoa do not transcribe novel RNA[END_REF]. Thus transcripts present in ejaculated spermatozoa could be considered as untranslated stored remnants reflecting the past spermatogenic and spermiogenetic events [START_REF] Miller | A complex population of RNAs exists in human ejaculate spermatozoa: implications for understanding molecular aspects of spermiogenesis[END_REF]. The first difficulty to analyse the spermatozoal mRNAs concerns the preparation of spermatozoal RNA devoid of any other somatic cell types or immature germ cells since individually they contain a greater amount of RNA than a single human spermatozoon carrying just 10-20 fg [START_REF] Krawetz | Paternal contribution: new insights and future challenges[END_REF]. Thus, spermatozoa from native semen are selected using double swim-up or density gradient centrifugation followed by a hypotonic treatment [START_REF] Ostermeier | Spermatozoal RNA profiles of normal fertile men[END_REF] and/or the identification of somatic cell markers (CD 45 and E-cadherin) [START_REF] Lambard | Analysis and significance of mRNA in human ejaculated sperm from normozoospermic donors : relationship to sperm motility and capacitation[END_REF].

The analyses of the transcripts pattern in fertile and infertile patients could be used as a clinical tool [START_REF] Ostermeier | Spermatozoal RNA profiles of normal fertile men[END_REF]. In the future, the challenge is to define by microarrays technology the correct profile of transcripts present in normal spermatozoa and to justify the choice of transcripts as candidate markers of proven fertility taking account of individual variations of mRNAs distribution (absence and/or constant presence, large range in transcript signal). Using semi-quantitative PCR, we have compared the levels of spermatozoal transcripts coding for molecules involved in nuclear condensation (Prm1 and Prm2), capacitation (eNOS, nNOS), motility and sperm survival (P450arom and c-myc) in immotile and motile sperm fractions issued from normospermic donors. mRNA levels were either increased (eNOS, nNOS, Prm-1) or identical (c-myc, protamine 2) or decreased (aromatase) in low motile fraction compared to high motile fraction [START_REF] Lambard | Analysis and significance of mRNA in human ejaculated sperm from normozoospermic donors : relationship to sperm motility and capacitation[END_REF]. Variations of transcripts profiles are observed in the two fractions although the percentages of viable or apoptotic spermatozoa have been found unchanged. These data are concordant with those of Wang et al. [START_REF] Wang | A spermatogenesis-related gene expression profile in human spermatozoa and its potential clinical applications[END_REF] revealing a differential expression of two genes (TPX-1 and LDHC) in normal and motility impaired semen samples.

Differences in specific transcript levels in spermatozoa have been also observed between normal and abnormal sperm samples. Sperm mRNAs encoding for protamines have been largely studied and could be considered as candidate markers for the discrimination between fertile and infertile men [START_REF] Steger | Both protamine-1 to protamine-2 mRNA ratio and Bcl2 mRNA content in testicular spermatids and ejaculated spermatozoa discriminate between fertile and infertile men[END_REF] or between normozoospermic and asthenozoospermic men [START_REF] Kempisty | Evaluation of protamines 1 and 2 transcript contents in spermatozoa from asthenozoospermic men[END_REF]. The quantitative assessment of Hils1, transition proteins 1 and 2 mRNAs by real-time quantitative PCR has shown a reduction of these transcripts in asthenozoospermic compared to normozoospermic men [START_REF] Jedrzejczak | Quantitative assessment of transition proteins 1,2 spermatid linker histone H1-like protein transcripts in spermatozoa from normozoospermic and asthenozoospermic men[END_REF]. Only protamines (but not HILS1) and fertilin beta mRNA levels are well correlated to the embryo quality [START_REF] Depa-Martinow | Association between fertilin beta, protamines 1 and 2 and spermatid-specific linker histone H1-like protein mRNA levels, fertilization ability of human spermatozoa, and quality of preimplantation embryos[END_REF].

Regarding the expression of highly specific transcripts, very scarce studies have demonstrated the differential expression of specific transcripts which do not interfere with the chromatin reorganization. Microarrays tests have shown a differential mRNA distribution between normozoospermic and teratozoospermic patients [START_REF] Platts | Success and failure in human spermatogenesis as revealed by teratozoospermic RNAs[END_REF]. The expression of VASA mRNA and protein were significantly reduced in oligozoospermic semen samples [START_REF] Guo | Differential expression of VASA gene in ejaculated spermatozoa from normozoospermic men and patients with oligozoospermia[END_REF]. In our laboratory using real-time quantitative PCR, we have also analyzed 57 samples (18 normozoospermia N, 16 asthenozoospermia A, 11 asthenoteratozoospermia AT). A significant reduction of the ratio A/G is observed in the groups T (52%) and AT (67%). In the group AT, most of the samples have no detectable aromatase transcripts. A tight and negative correlation has been reported between the levels of aromatase mRNA and the spermatozoal morphology, especially in the case of microcephaly or acrosome malformations. By contrast, no differences have been observed when asthenozoospermic have been compared to normozoospermic semen samples. But asthenozoospermic patients could be divided in two subgroups characterized either by a low aromatase mRNA amount (~50% decrease) or by an elevated level in relation to a higher pH, a lower viability and a decrease of seminal alpha-glucosidase suggesting that asthenozoospermia is a form of infertility covering a large range of aetiologies [START_REF] Galeraud-Denis | Differential expression of aromatase in human spermatozoa from normozoospermic and teratozoospermic patients[END_REF]. The measure of aromatase transcripts levels could be helpful for a better characterization of asthenozoospermia. in fertilization steps (capacitation, acrosome reaction and/or fusion), tail responsible for the transport of chromosomal materiel and mid-piece involved in energy metabolism. Even in the sperm head, four regions (apical region, pre-equatorial region, equatorial segment and post-acrosomal region) have been isolated interacting specifically with the oocyte: the apical region playing a role in the binding of the oocyte zona pellucida although the pre-equatorial zone interfering mainly with acrosome reaction and the equatorial segment with fusion [START_REF] Gadella | Sperm head membrane reorganisation during capacitation[END_REF]. Immunocytochemical procedures using fluorescent signals associated with either confocal microscopy or flow cytometry could be also helpful to proceed with further investigations about the specific location of proteins or enzymes [START_REF] Cummerson | The complement regulatory proteins CD55 (decay accelerating factor) and CD 59 are expressed on the inner acrosomal membrane of human spermatozoa as well as CD46 (membrane cofactor protein)[END_REF][START_REF] Grunewald | Stability of fluorochrome based assays to measure subcellular sperm functions[END_REF]. Using confocal microscopy, we have co-localised two sites of aromatase: annular aromatase in the equatorial region of the head and intense staining in the mid-piece/tail. Differences of protein distribution can be observed in normal and abnormal spermatozoa [START_REF] De Vries | Caspase-independent exposure of aminophospholipids and tyrosine phosphorylation in bicarbonate responsive human sperm cells[END_REF]. The aromatase protein distribution can be modified in uncapacitated spermatozoa of teratozoospermic patients or after induction of the capacitation. The proportion of intact acrosomes could also be evaluated in uncapacitated spermatozoa via CD46 ( [START_REF] Grunewald | Stability of fluorochrome based assays to measure subcellular sperm functions[END_REF], Galeraud-Denis unpublished results). The acrosomal index established according the criteria of acrosomal Albert's classification seems to be overestimated by optical compared to confocal microscopy and to be decreased in T patients [START_REF] Galeraud-Denis | Differential expression of aromatase in human spermatozoa from normozoospermic and teratozoospermic patients[END_REF]. Using time-lapse fluorescence microscopy and CD 46 a marker of inner acrosomal membrane, Harper et al have shown that the acrosome reaction is a highly adapted form of exocytosis [START_REF] Harper | Dynamic resolution of acrosomal exocytosis in human sperm[END_REF].

Use of fluorescent labels with confocal microscopy or flow cytometry

To conclude, analysing mRNAs profile in man could be helpful either as a diagnostic tool to assess male infertility since they reflect spermatogenesis gene expression and/or a prognosis value for fertilization and embryo development since these RNAs are delivered to oocyte. The analysis of different acrosome membrane proteins by confocal microscopy could represent a new form of investigation for the evaluation of the acrosome reaction.

Because of the potential implication of aromatase and estrogen receptors in sperm cells during capacitation and/or acrosome reaction, the aromatase transcripts and protein could be also used as markers of sperm quality using respectively real time PCR and confocal microscopy.
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