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PRÉSENTATION DE L’ARTICLE 

 

Depuis longtemps, un paradigme largement admis considère que le potentiel de 

développement précoce de l’embryon reposerait sur  la qualité ovocytaire et sa compétence au 

développement  (Braude et al., 1988) tandis que les facteurs paternels n’auraient pas ou peu 

d’incidence sur ce développement avant l’activation du génome embryonnaire. Néanmoins, 

l’avènement de la technique d’ICSI (injection intra cytoplasmique de spermatozoïde) a permis 

aux hommes ayant une forte altération des paramètres spermatiques de concevoir, sans qu’on 

connaisse précisément les conséquences à long terme sur la descendance. Ainsi, identifier les 

facteurs pouvant se répercuter sur la genèse précoce de l’embryon représente un enjeu majeur 

dans la pratique de l’Assistance Médicale à la Procréation (AMP).  

Actuellement de plus en plus d’études portent sur le rôle du spermatozoïde et certaines ont 

souligné l’influence des facteurs masculins sur le développement embryonnaire et les issues 

cliniques, remettant en question le dogme qui place l’ovocyte comme seul déterminant des 

premières étapes du développement embryonnaire. En effet, des facteurs génétiques ou 

épigénétiques liés au sperme tels que l’immaturité de la chromatine, un ratio protamines 

P1:P2 altéré ou la présence de cassures double brin ont été rapportés comme pouvant impacter 

la qualité embryonnaire précoce (Carrell and Hammoud, 2010; Colaco and Sakkas, 2018; 

Sakkas et al., 1998; Seli et al., 2004). 

Récemment, l’essor du système d’incubation avec suivi en time lapse a permis d’obtenir de 

nouveaux paramètres morphocinétiques du développement embryonnaire préimplantatoire. 

Cependant, il est montré que la cinétique n’est pas superposable d’un laboratoire à un autre et 

peut varier en fonction de très nombreux facteurs. En effet, il a été rapporté que des 

paramètres extrinsèques comme le type de protocole de stimulation (Gryshchenko et al., 

2014; Gurbuz et al., 2016; Muñoz et al., 2013), la technique d’insémination ovocytaire (Bodri 

et al., 2015; Cruz et al., 2013), le type de milieu de culture (Ciray et al., 2012) ou la 

concentration en oxygène (Kirkegaard et al., 2013) seraient susceptibles de modifier la 

cinétique embryonnaire de développement. Ceci pourrait expliquer les résultats disparates 

observés sur les quelques études ayant examiné les effets des facteurs intrinsèques aux parents 

sur le développement embryonnaire précoce en time-lapse.  

En effet, si certains auteurs montrent que les paramètres morphocinétiques sont retardés avec 

l’âge maternel avancé (Akhter and Shahab, 2017; Faramarzi et al., 2019) ou chez les femmes 



 

  14 

obèses (Bartolacci et al., 2019; Leary et al., 2015); d’autres études récentes n’aboutissent pas 

à ces conclusions (Gryshchenko et al., 2014; Sacha et al., 2020; Warshaviak et al., 2019). 

De même, l’origine du sperme (testiculaire, épididymaire ou éjaculé) (Buran et al., 2019; 

Desai et al., 2018; Scarselli et al., 2018) ou les paramètres du spermogramme (mobilité, 

morphologie, fragmentation de l’ADN) (Esbert et al., 2018; Nikolova et al., 2020)  pourraient 

modifier la cinétique de développement embryonnaire mais le type d’impact (allongement ou 

raccourcissement des évènements morphocinétiques) diffère entre les travaux. Cette 

discordance peut s’expliquer par la complexité d’établir des modèles ajustés, compte tenu des 

nombreux facteurs de confusion potentiels. La majorité des études se concentrent sur un 

paramètre unique comme l’âge et se limitent à une analyse univariée ou encore comme le 

souligne Kirkegaard et al (Kirkegaard et al., 2016) sans évaluer le risque de considérer les 

embryons de chaque patient comme des observations dépendantes de l’origine de l’embryon, 

ce qui pourrait surestimer la présence de différences significatives.  

Notre étude a eu pour but d’évaluer à la fois la contribution des aspects maternels et paternels 

sur les premiers stades de développement, et identifier les facteurs parentaux susceptibles 

d’influencer la cinétique embryonnaire précoce. Nous avons ainsi développé un modèle 

d’étude original incluant uniquement des tentatives d’ICSI réalisées dans un programme de 

don de gamètes où les donneurs et donneuses inclus dans l’étude ont été attribués à au moins 

deux couples receveurs. Ainsi, deux études ont été réalisées comme le montre la Figure 1 : le 

premier design (TL-DO : Time Lapse-Donor Oocytes) utilise des ovocytes issus de 

donneuses afin de limiter l’impact des effets attribuables à la femme et de mieux appréhender 

ceux liés aux facteurs masculins. Le second design (TL-DS : Time Lapse-Donor Sperm) est 

le “miroir” du premier car il s’appuie sur du sperme de donneurs afin de mettre en lumière les 

effets maternels. L’avantage de ce modèle repose d’une part sur l’homogénéité relative des 

populations de donneurs et de donneuses de gamètes, mimant un groupe “contrôle”, et 

également sur l’homogénéité des conditions de culture embryonnaire et de stimulation 

ovarienne limitant ainsi considérablement l’impact de potentiels facteurs confondants. 
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Figure 1 Designs de TL-DO et TL-DS                                                                                    
TL-DO (Time Lapse – Donor Oocytes) TL-DS (Time Lapse – Donor Sperm)  

 

La combinaison de ce design avec une analyse statistique innovante reposant sur une analyse 

de la variance nous a permis de quantifier pour la première fois l’apport du versant féminin et 

celui du versant masculin sur les 48 premières heures de la morphocinétique embryonnaire. 

Les résultats confirment l’importance de la contribution féminine dès la fécondation puis sur 

les premières divisions du zygote. 

Par la suite, une analyse multivariée réalisée sur la moyenne des premiers temps du 

développement nous a donné la possibilité d’évaluer précisément si des facteurs spécifiques 

maternels ou paternels pouvaient modifier la cinétique embryonnaire, et ceci, 

indépendamment de potentiels facteurs de confusion tels que l’âge, l’IMC (indice de masse 

corporelle), le statut tabagique de la femme et de l’homme ou encore le protocole de 

stimulation.  Nos résultats mettent en évidence un temps tPNa significativement augmenté 

chez les femmes avec un IMC ≥ 30 kg/m² tandis que l’oligozoospermie avait tendance à être 

associée à des temps plus longs. Les résultats de notre étude sont présentés dans l’article 

suivant intitulé « Analysis and quantification of female and male contributions to the first 

stages of embryonic development : study from a time lapse system », actuellement en cours 

de soumission dans la revue internationale Human Reproduction. 
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Abstract 

Study question: Does early human embryonic development depend solely on female 

contribution?  

Summary answer: Female effects remain determinant for the first cleavages (almost 30 and 

10 times more for t2 and t4, respectively), but lower than male for t3.  

What is known already: Recently, new findings have underlined the influence of male 

factors on IVF and obstetric outcomes, casting doubt on the dogma that early embryo 

development depends exclusively on oocyte maturity. The few studies that examined the 

effect of male and/or female features on early embryo development, notably using the Time-

Lapse system (TLS), reported conflicting results. This can be explained by the restricted 

number of studies using adapted models as donors’ program or multivariate analyses.  

Study design, size, duration: We used two original designs to study female or male effects 

on embryonic development: 1/ based on embryos from vitrified donor oocytes (TL-DO), 2/ 

from cryopreserved donor sperm (TL-DS). In these two cases, each donor was matched with 

at least two couples. Firstly, we quantified the “parental” role using an ad hoc Intraclass 

Correlation Coefficient (ICC) and completed with a multivariate analysis to assess age, BMI 

(Body Mass Index) of partners and sperm parameters effects.  

Participants/materials, setting, methods: A total of 572 mature oocytes (TL-DO: 293 from 

31 oocyte donors and 67 men; TL-DS: 279 from 10 sperm donors and 27 women), fertilized 

by intracytoplasmic sperm injection (ICSI) and incubated in a TLS (Embryoscope®) were 

included in these two analyses from March 2013 to April 2019; 429 fertilized oocytes (TL-

DO: 212 & TL-DS: 217) and 402 embryos (TL-DO: 199 & TL-DS: 217) were assessed. 

Outcomes were times (in hours) of pronuclei apparition (tPNa) and fading (tPNf); the times to 

2,3 and 4 cells respectively t2, t3, t4; and the periods cc2 (t3-t2) and s2 (t4-t3). 
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Main results and the role of chance:  

The variability in the different times estimated due to female variance were significant for 

almost all timings: [ICC in (DO-DS) designs respectively: tPB2 (8-18%); tPNa (16-21%); 

tPNf (40-25%); t2 (38-24%); t3 (14-20%); t4 (21-32%); cc2 (9-0%); s2 (0-5%)]. 

Comparatively, the effects of male variance were lower, except for t3: [ICC in (DO-DS) 

designs respectively: tPB2 (0-0%); tPNa (0-0%); tPNf (0-6%); t2 (2-0%); t3 (25-6%); t4 (2-

2%); cc2 (21-4%); s2 (3-0%)]. After multivariate analyses in TL-DO design, the time of tPNa 

increased significantly for women with BMI ≥ 30 kg/m² (tPNa: +1.49h, 95%CI [+0.20; 

+2.79]; p=0.025) and oligozoospermia was associated with a tendency to increased timings: 

tPNf (+1.46h, 95%CI [-0.14; +3.06]; p=0.073); t2 (+1.77h, 95%CI [-0.01; +3.56]; p=0.052); 

t3 (+2.20h, 95%CI [-0.38 ; +4.77]; p=0.093); t4 (+2.14h, 95%CI [-0.01; +4.30]; p=0.052). 

Limitations, reasons for caution:  

Our analyses were based on selected population (i.e. young and healthy donors) and embryos 

were assessed until day 2, our findings cannot be generalized to embryos cultured up to the 

blastocyst stage.  

Wider implications of the findings:  

This study quantifies and highlights the role of the oocyte in the first stages of embryo 

kinetics, but it also found that sperm comes into play as soon as the first cleavage, maybe 

even since pronuclei disappearance. Other underlying effects such as epigenetic or genetic 

factors could be involved in these findings.  

 Study funding/competing interest(s) (option): none 

Keywords: embryo development / time lapse / male effect / female effect / morphokinetics 
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Introduction 

Traditional paradigms consider embryo developmental potential to be based on oocyte 

competency at least for the early stages while paternal contribution is widely unknown/limited 

(Braude et al., 1988). Recently, new findings have underlined the influence of male factors on 

IVF and obstetric outcomes (Carrell and Hammoud, 2010; Colaco and Sakkas, 2018; Sakkas 

et al., 1998), casting doubt on the dogma that early embryo development depends exclusively 

on oocyte maturity, and have challenged on the role of spermatozoa in the future health of 

ART children. Converging studies focused on the first events occurring in embryonic 

development, notably involving genetic or epigenetic defects (like sperm decondensed or 

immature chromatin, altered P1:P2 ratio, DNA strand breaks or sperm aneuploidy) may 

impact the quality and development of the embryo (Carrell and Hammoud, 2010; Colaco and 

Sakkas, 2018; Sakkas et al., 1998; Seli et al., 2004). 

However, the few studies that have examined the effect of male and/or female features on 

early embryo development, using the Time-Lapse System (TLS), report conflicting results. 

Indeed if some authors previously showed that morphokinetic events were prolonged in older 

women (Akhter and Shahab, 2017; Faramarzi et al., 2019), or in obese women (Bartolacci et 

al., 2019; Leary et al., 2015), recent studies report no evidence (Gryshchenko et al., 2014; 

Sacha et al., 2020; Warshaviak et al., 2019; Bellver et al., 2013; Watcharaseranee et 

al.,2014). Similarly, sperm origin (testicular, epididymal or ejaculated sperm) (Buran et al., 

2019; Desai et al., 2018; Scarselli et al., 2018) or sperm parameters (motility, morphology, 

DNA fragmentation) (Esbert et al., 2018; Nikolova et al., 2020) could modify the embryo 

kinetic although not all authors agree on the type of kinetic impact (faster or slower 

depending on the studies).  

These controversies can be explained by the complexity to establish adjusted models for such 

studies. Indeed, it has been showed that extrinsic parameters such as type of stimulation 

protocols (Gryshchenko et al., 2014; Gurbuz et al., 2016; Muñoz et al., 2013), oocyte 
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insemination techniques (Bodri et al., 2015; Cruz et al., 2013), type of culture media (Ciray et 

al., 2012) or oxygen concentration (Kirkegaard et al., 2013) report influence on embryos 

kinetics. Most authors focused their investigation on only one parameter, such as female or 

male age (Sagi-Dain et al., 2015) using univariate analysis and forgetting the potential 

multifactorial effects of both partners in early embryo development. Moreover, most of 

studies have treated embryos from each patient as independent observations, taking the risk of 

overestimating the statistical significance of potential correlations (Kirkegaard et al., 2016). 

Our study aimed to assess and quantify to the contribution of both male and female aspects in 

early embryo development and identify potential factors impacting the different kinetic 

stages. In order to address this issue, we developed an original model including two designs 

simultaneously: the first using oocytes from donors (TL-DO : Time Lapse-Donor Oocytes) to 

limit the female effects and to better analyze the paternal effects. The second, designed “in 

mirror”, using sperm from donors (TL-DS : Time Lapse-Donor Sperm) allowed us to evaluate 

the female effects. To enhance the control effect by using donor programs, we included only 

donors who were assigned to at least two different couples. For the first time, we proposed to 

quantify the general impact of male and female contribution on early embryo morphokinetics 

by performing variability analysis. Subsequently, multivariate analysis allowed us to identify 

specific male or female factors that could influence key stages of developmental kinetics, 

independently of potential confounding factors.  
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Materials and Methods 

Study design and population 

This retrospective study is based on two original designs, including embryos from 

vitrified donor oocytes in TL-DO and embryos from sperm donor in TL-DS. Each donor 

included has been previously assigned to at least 2 recipient couples, allowing us to study 

independently the effect of male and female factors on early embryo development. 

A total of 572 mature oocytes were included following 115 cycles, leading to 429 fertilized 

oocytes and 402 embryos were incubated in a Time Lapse imaging system (Embryoscope®, 

Unisense FertiliTech) from March 2013 to April 2019 at the University Hospital of Dijon. 

Both designs are presented in Figure 1bis. 

In the TL-DO design (Figure 1bis), 293 vitrified oocytes from 31 oocyte donors were 

thawed; 212 of them were fertilized with sperm from 67 men by intracytoplasmic sperm 

injection (ICSI) and resulted in 199 embryos. Oocyte donors were women aged 36 and less, in 

good general health. Ninety percent of oocyte donors (n=28) had children before. Allocation 

of oocytes donors was carried out according to main physical characteristics between the 

donor and the recipient. In most cycles (70%), four oocytes were assigned for each couple. 

For 80% of couples (54/67), a single allocation was performed. Eleven couples received 

oocytes from 2 donors whereas 2 couples received oocytes from 3 donors. Among oocyte 

donors, 18 of them (58%) had been associated with 2 recipient couples, while the others had 

been associated with 3 to 6 recipient couples. On average in TL-DO, 4.2 mature oocytes and a 

mean of 2.5 embryos were obtained for each attempt. 

In the TL-DS design (Time Lapse – Donor Sperm), 279 “fresh” oocytes were obtained in 27 

women after ovarian stimulation and 217 of them were fertilized with 10 sperm donors, 

resulting in 203 embryos. Sperm donors were aged 44 and less, in good general health; and all 

of them had had children before. All of them had a BMI < 30 kg/m² and supposedly non-
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smokers (despite 4 missing data). Three of them (30%) were oligozoospermic. Five sperm 

donors (50%) were allocated to 2 recipient couples, 3 donors to 3 recipient couples and the 

others to 4 and 5 couples. The number of mature oocytes retrieved from each of the 27 

women included varied greatly between 2 to 24. The 2 main indications of sperm donation 

were non obstructive azoospermia (NOA) (59%) and Klinefelter syndrome (15%). The 

infertility was of mixed origin for 20 recipient couples (74%) and most couples (n=24; 89%) 

suffered from primary infertility.  

The information used in the study was collected for clinical care. According to French Public 

Health Law, non-interventional studies on humans do not require approval from Institutional 

Review Board or written consent from the participants. Nevertheless, we obtained formal 

confirmation that ethical approval was not required for this observational study. 
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Figure 1bis TL-DO and TL-DS designs  

TL-DO (Time Lapse – Donor Oocytes) TL-DS (Time Lapse – Donor Sperm)  

* mature oocyte intact after thawing and microinjection $ mature oocyte intact after microinjection  

Each oocyte donor was allocated to at least 2 recipient couples. t0 is the time of microinjection, following kinetic parameters were assessed : the time of second polar body’ expulsion 

(tPB2), the time of pronuclei appearance and disappearance (respectively tPNa and tPNf), time to two, three, or four blastomeres (t2, t3, t4), s2= t4-t3, cc2 = t3-t2.
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Ovarian stimulation and oocyte retrieval 

The controlled ovarian stimulation protocols consisted in antagonist for oocytes donors in TL-

DO, and in either long GnRH agonist (76%), short GnRH agonist down-regulation (9%) or 

antagonist protocols (15%) in TL-DS, depending on women age and ovarian reserve. The 

short agonist protocol was preferred for patients with an expected low ovarian response while 

the antagonist protocol was used to prevent ovarian hyperstimulation syndrome. A single 

injection of hCG (Ovitrelle™, Merck Serono) or GnRH agonist (Decapeptyl® 0,2mg) was 

administered to induce final follicular maturation. Oocyte retrieval was performed by 

transvaginal ultrasound-guided follicle aspiration 36 hours after hCG injection.  

Oocyte preparation and vitrification  

The oocyte–cumulus complexes were denuded one hour after retrieval using hyaluronidase 

(Fertipro™, Belgium). In TL-DO, mature oocytes from donors were vitrified about 2h after 

denudation with Vitrolife RapidVit™ Oocyte or Irvine Vit Kit Freeze™ and stored in 

Vitrolife Rapid-i™ straws in liquid nitrogen. In TL-DS, only fresh oocytes were included. 

Sperm preparation 

Sperm preparation for ICSI was performed as previously described (Barberet et al., 2018). 

Sperm parameters (count and mobility) were determined the day of the attempt; results were 

expressed according to WHO (World Health Organization) recommendations (Cooper et al., 

2010). Donor sperms were frozen with slow freezing technique and stored in 

CryoBioSystem® high security straws in liquid nitrogen. Oligozoospermia was determined 

when sperm count inferior to 39 million per ejaculate and asthenozoospermia when sperm 

mobility (progressive motile spermatozoa) at 1h was inferior to 32%. Sperm morphology was 

determined on the last sperm analysis done in the laboratory but not the day of the attempt ; 

teratozoospermia was defined as less than 23% normal morphology sperm (modified David 

classification) (Auger et al., 2000). All cycles were performed with ejaculated sperm for 
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oocyte donors (TL-DO).and sperm selection was done by density gradient centrifugation. 

Sperm from donors was thawed beforehand the morning of the attempt in TL-DS design. 

ICSI and embryo culture 

ICSI was performed within 2 hours of oocyte retrieval/thawing on mature oocytes in TL-DS 

and TL-DO respectively. Inseminated oocytes were immediately transferred into pre-

equilibrated Embryoslide (Unisense Fertilitech) with 25μl of culture medium (Global, 

LifeGlobal) under oil (Nidoil, Nidacon). Then, the Embryoslides were incubated in the 

EmbryoScope at 37.0°C, 6% CO2, 5% O2. Embryo development was recorded every 20 

minutes in seven different focal planes. The images and related data were stored in the 

EmbryoViewer (Unisense FertiliTech) and subsequently analysed. 

Embryo morphokinetics 

In the two designs TL-DO and TL-DS, the main outcomes were the morphokinetic times 

described previously (Barberet et al., 2019; Desch et al., 2017); the exact timings were 

assessed in hours post micro-injection: tPB2 represents the time of second polar body 

expulsion, tPNa and tPNf represents the time of pronuclei appearance and disappearance 

respectively. Cell stages were described as the time from ICSI to the first frame in which the 

membranes of the two, three, or four blastomeres were completely separated (t2, t3, t4). s2 

represents the period to complete synchronous divisions i.e the duration of the transition from 

a three blastomere embryo to a four blastomere embryo (s2= t4-t3). cc2 represents the 

duration of the second cell cycle, as the time of division from a two blastomere embryo to a 

three blastomere embryo (cc2 = t3-t2). Outcomes were expressed as a mean difference in 

hours and limited to the first 48 hours after ICSI. 
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Statistical Analysis 

Variance analysis 

Our model including two mirror studies with donor gametes allowed for the quantification of 

female and male global effect on kinetic outcomes via variance analysis. Similarity between 

Donors and Couples was quantified using adhoc Intraclass-Correlation Coefficients (ICC) 

derived from a mixed effects model that incorporated fixed effects for known covariates 

effects on the outcome mean (like sperm numeration) and variance components (for male and 

female potential effects) suitable to the data structure. For each outcome, there were 3 factor 

levels: Female, Oocyte and Male. Oocytes were nested within Female. From Female j, 

(j=1,2,3..,27) were issued oocytes k, where k =1,..,nj and nj ∈ 

{2,5,6,7,8,9,10,11,12,13,14,15,16,21,24}. Oocytes were cross-classified by Male i (i = 

1,2,3,..,10). Variance components models with random effects for Female Fj and Oocyte Ojk 

were used to account for variability attributable to Female and Oocytes within Female, 

respectively. The cross-classification of Oocytes by Male was addressed by including random 

effect Hi for Male (Goldstein, 1987). All random effects (Fj, Ojk, Hi) and residual error (Eijk) 

were assumed to be independent and identically distributed (iid) with mean = 0 and variances 

σF
2, σO

2, σH
2, and σE

2, respectively. For each kinetic outcome (Xijk), tPB2, tPNa, tPNf, t2, t3, 

t4, cc2 and s2, variance components were estimated from the following multilevel mixed 

model:  

Xijk = μ + Hi + Fj + Ojk + Eijk  [1] 

Models were fit using the REstricted Maximum Likelihood (REML) method providing 

asymptotically unbiased parameter estimations (Jiang, 2007). Estimates of variability 

attributable to Male (sperm), Female and Oocyte as a percentage of the total variability were 

computed for each kinetic outcome. Outcomes reproducibility was assessed using the 

Intraclass Correlation Coefficient (ICC), which quantify the similarity between outcome 
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measures obtained on the same unit from different sources. The following 2 ICC were derived 

from equation [1] and estimated on our data:  

ICC (Female) = Corr (Xijk ,Xi’jk’ ) = σF
2/( σH

2 + σF
2 + σO

2 + σE
2) to estimate the similarity in 

outcomes obtained on different Males (sperms) from the same Female ;  

ICC (Male or Sperm) = Corr (Xijk ,Xij’k’ ) = σH
2/( σH

2 + σF
2 + σO

2 + σE
2) to estimate the 

similarity in outcomes obtained on different Females from the same Male (or sperm).  

The 95% confidence intervals of the ICC were computed using the delta method (Oehlert, 

1992). The following ranges were used to interpret similarity as estimated by the ICC: <1% :  

small group effect; 1% to 5% : medium group effect; >5% : strong group effect (Bliese, 

1998). All analyses were performed using SAS software version 9.4. 

Multivariate analysis 

Quantitative variables were expressed in terms of means ± standard deviation and in 

percentages for qualitative variables. The kinetics outcomes were considered as continuous 

variables expressed in hours, only those comprised in the first 48 hours of development were 

selected.   

To evaluate the impact of the different factors on embryo kinetics, an additive mixed linear 

model with a male random effect and a female random effect was used to take into account 

the intra-male and intra-female correlations. The REML (REstricted Maximum Likelihood) 

method was used to estimate the difference between the mean of the endpoint according to the 

modalities of the factors (Verbeke and Molenberghs, 2009). Male parameters analysed were 

age, BMI, smoking status in TL-DO only, sperm count and mobility (Cooper et al., 2010). 

Sperm morphology was not analysed as the evaluation of this parameter was performed prior 

to the day of ICSI, unlike sperm numeration and mobility. Analysis also considered female 

characteristics: age, BMI, smoking status, stimulation protocol in TL-DS and type of 

antagonist in TL-DO. 
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For the two study designs, univariate analysis was realized as a first step. To include potential 

confounding factors on embryo developmental kinetics, multivariate analysis was performed. 

Variables with p-value < 0.20 in univariate analysis were selected. Multivariate analysis was 

obtained after a backward selection strategy and a significance threshold at 0.10. Alpha risk 

was set at 0.05. 
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Results 

Participant & attempts characteristics 

Population characteristics of both TL-DO and TL-DS studies are described in Table 1. 

Table 1 Population characteristics of TL-DO and TL-DS 

Population characteristics 

 TL-DO  TL-DS 

              Male 

            (n=67) 

 Oocytes Donors 

       (n=31) 

 Sperm Donors 

(n=10) 

Female 

(n=27) 

Age (years)  36.8 ± 5.0  31.3 ± 3.6   37 ± 4.7      33.9 ± 4.5  

BMI (kg/m²)  25.6 ± 3.7  24.7 ± 5.1   23.5 ± 2.5      24.3 ± 5.1  

Smoking, n (%)           

   Never  37 (55%)  24 (77%)   6 (60%)  17 (63%)  

   Yes currently  18 (27%)   7 (23%)   0   3 (11%)  

   Yes before  10 (15%)  0   0   7 (26%)  

   Status unknown  2 (3%)  0   4 (40%)  0  

Sperm count (M/ejaculate)  150 ± 151.5  /   93.3 ± 85.4  /  

    Normozoospermia  52 (78%)  /   7 (70%)  /  

    Oligozoospermia  15 (22%)  /   3 (30%)  /  

Sperm Mobility (%)  43.8 ± 17.3  /   49.6 ± 17.1  /  

    Asthenozoospermia  20 (30%)  /   1 (10%)  /  

    Normal mobility  47 (70%)  /   9 (90%)  /  

 

Oocyte donors and male characteristics in TL-DO 

Mean BMI of oocyte donors was 24.7±5.1 kg/m². Five of them had a BMI > 30 kg/m². 

Concerning sperm parameters of men included in TL-DO, 15 (22%) men were 

oligozoospermic and 20 (30%) had asthenozoospermia. Except 3 patients with a history of 

varicocele treatment, no other medical history was found among oligozoospermic patients. In 

total, 35 (52%) men showed sperm count and /or mobility alteration (Table 1). 
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Female factors and sperm donors’ characteristics in TL-DS 

The average sperm count was 93.3 million spermatozoa per ejaculate, 7 of the sperm donors 

(70%) were normozoospermic and 9 of them (90%) had normal sperm mobility (Table 1). 

Oligozoospermia was very moderate among the 3 sperm donors with low sperm count (33.3 ± 

2.89 M/ejaculate). 

Embryo kinetic timings 

Embryo kinetic timings for TL-DO and TL-DS are reported in Suppl. Figure 1.  

Variability analysis: quantification of the parental role 

The results of the variability analysis for both TL-DO and TL-DS studies are presented in 

Table 2. The variability in the different times estimated due to female variance were 

significant for almost all timings: [(ICC in (DO-DS) designs respectively: tPB2:(8-18%); 

tPNa:(16-21%); tPNf:(40-25%); t2:(38-24%); t3:(14-20%); t4:(21-32%); cc2:(8-0%); s2:(0-

5%)]. Thus, the correlation between two timing of the first cleavage stages obtained from the 

same female but with different sperms was estimated between 8% and 40%. Comparatively, 

the effects of male variance were lower, except for t3 and cc2 in TL-DO study: [(ICC in (DO-

DS) designs respectively: tPB2:(0-0%); tPNa:(0-0%); tPNf:(0-6%); t2:(2-0%); t3:(25-6%); 

t4:(2-2%); cc2 (20-4%); s2(3-0%)].  
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Table 2 Variability analysis in TL-DO and TL-DS study, expressed as Intraclass-Correlation 

Coefficient (ICC) 

     Results expressed as means and 95% CI                                                                                                         

>5% : strong group effect; 1% to 5%: medium group effect, <1% : small group effect 

 

Multivariate analysis: identification of potential parental factors 

To evaluate the impact of female or male parameters on embryo kinetics, we secondly 

performed a multivariate analysis. The results are reported in Table 3 for TL-DO and TL-DS, 

respectively. 

Regarding oocyte donors’ characteristics, tPB2 happened significantly later the older the 

oocyte donor was (+0.10h, 95%CI [+0.03; +0.17]; p=0.009) although the difference was very 

slender and not observed in TL-DS study. The timing of pronuclei appearance (tPNa) 

increased significantly in oocytes for donors with BMI > 30kg/m², compared to those with 

BMI < 30kg/m² (+ 1.50h, 95%CI [+0.20; +2.79]; p=0.025). This difference was not observed 

for recipient women in TL-DS study, nevertheless, we observed that tPB2 happened later in 

obese women (+0.68h, 95%CI [-0.01; +1.37]; p= 0.054). 

  TL-DO  TL-DS 

Kinetic outcomes Female Male  Female Male 

tPB2 0.09 [0 ; 0.20] 0  0.18 [0.04 ; 0.34] 0  

tPNa 0.16 [0.02 ; 0.30] 0  0.21 [0.07 ; 0.36] 0  

tPNf 0.40 [0.22 ; 0.57] 0  0.26 [0.06 ; 0.45] 0.06 [0 ; 0.26] 

t2 0.38 [0.20 ; 0.56] 0.02 [0 ; 0.14]  0.24 [0.08 ; 0.40] 0  

t3 0.15 [0 ; 0.35] 0.25 [0.04 ; 0.47]  0.20 [0 ; 0.42] 0.06 [0 ; 0.27] 

t4 0.21 [0.01 ; 0.41] 0.02 [0 ; 0.25]  0.32 [0.04 ; 0.60] 0.02 [0 ; 0.26] 

cc2 0.09 [0 ; 0.28] 0.21 [0.01 ; 0.40]  0 0.04 [0 ; 0.12] 

s2 0 0.03 [0 ; 0.81]  0.05 [0.02 ; 0.08] 0 



 

  33 

 Concerning the impact of sperm count on embryo kinetics after multivariate analysis, we 

found out in TL-DO study that tPB2 occurred later in oocytes associated with 

oligozoospermic patients compared to embryos of normozoospermic patients: tPB2 (+0.66h, 

95%CI [+0.08; +1.25]; p=0.026).We observed also a tendency of longer PN appearance, 

fading and cleavage timings : tPNa (+0.30h, 95%CI [+0.62; +1.22]; p=0.520); tPNf (+1.46h, 

95%CI [-0.14; +3.06]; p=0.073); t2 (+1.77h, 95%CI [-0.01; +3.56]; p=0.052); t3 (+2.20h, 

95%CI [-0.38; +4.77]; p=0.093); t4 (+2.14h, 95%CI [-0.01; +4.30]; p=0.052); cc2 (+0.81h, 

95%CI, [-1.57; +3.19]; p=0.490); s2 (-0.17h, 95%CI [-1.31; +0.97]; p=0.770) for embryos 

issued from oligozoospermic patients. Although we observed the same trend between 

oligozoospermic and normozoospermic patients, no significant difference in kinetic outcomes 

was highlighted in TL-DS study : tPB2 (+0.10h, 95%CI [-0.53; +0.74]; p=0.730); tPNa 

(+0.58h, 95%CI [-0.81; +1.96]; p=0.400); tPNf (+1.19h, 95%CI [-1.70; +4.07]; p=0.360);  

and cleavage timings t2 (+1.66h, 95%CI [-1.04; +4.35]; p=0.210), t3 (+1.88h, 95%CI [-1.24; 

+5.00]; p=0.200) and t4 (+1.43h, 95%CI [-1.45; +4.31]; p=0.280]; cc2 (+0.71h, 95%CI [-

1.34; +2.77]; p=0.450); s2 (-0.32h, 95%CI [-1.64; +1.00]; p=0.570).  
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Table 3 Influence of male factors and oocyte donors’ characteristics on kinetics parameters 

from multivariate analysis in TL-DO & TL-DS studies 

 

 

 

 

 

 

TL-DO Male factors  Oocyte donors characteristics 

Kinetic 

outcomes 

Sperm count 

O  vs N 

 Donor BMI$  

Yes vs No 
Donor Age* (years) 

Diff 95%CI p    Diff           95%CI    p  Diff 95%CI p 

tPB2 0.66 [0.08 ; 1.25] 0.026     0.10      [0.03 ; 0.17]       0.009 

tPNa 0.30* [0.62 ; 1.22] 0.52  1.497      [0.20 ; 2.79]       0.025     

tPNf 1.46 [-0.14 ; 3.06] 0.073        

t2 1.77 [-0.01 ; 3.56] 0.052        

t3 2.20 [-0.38 ; 4.77] 0.093        

t4 2.14 [-0.01 ; 4.30] 0.052        

cc2 (t3-t2) 0.81 [-1.57 ; 3.19] 0.49        

s2 (t4-t3) -0.17 [-1.31 ; 0.97] 0.77     0.11 [-0.01 ; 0.22] 0.057 

TL-DS Sperm donors factors  Female characteristics 

  Kinetic 

outcomes 

Sperm count 

O  vs N 

 Women BMI$  

Yes vs No 
Women Age* (y) 

Diff CI95% p    Diff          CI95%    p   Diff    CI95%    p 

tPB2 0.10 [-0.53 ; 0.74] 0.73    0.68      [-0.01 ; 1.37]        0.054   

tPNa 0.58 [-0.81 ; 1.96] 0.40          

tPNf 1.19 [-1.70 ; 4.07] 0.36        

t2 1.66 [-1.04 ; 4.35] 0.21        

t3 1.88 [-1.24 ; 5.00] 0.20        

t4 1.43 [-1.45 ; 4.31] 0.28   2.05     [-0.62 ; 4.73] 0.125     

cc2 (t3-t2) 0.71 [-1.34 ; 2.77] 0.45       0.12     [-0.03 ; 0.27]  0.11 

s2 (t4-t3) -0.32 [-1.64 ; 1.00] 0.57        

*continuous variable, $ donor BMI ≥ 30Kg/m²                                                                                                                                

Diff: mean difference between the 2 modalities; CI95%: 95% confidence interval; O: oligozoospermic; N: normozoospermic 
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Discussion 

Our findings in both TL-DO and TL-DS designs demonstrate the important contribution 

of the oocyte in the first stages of embryo kinetics, but it also finds that sperm could play a 

role starting since the first cleavage, with no evidence for the early steps of the fertilization 

stage. To our knowledge, this is the first study that reports a quantitative evaluation of the 

parental contribution on the early kinetic of human embryo. This assessment was made 

possible by combining 1/an original study design allowing an independent evaluation of 

parental effects with 2/an innovative statistical analysis using variability analysis permitted an 

estimated quantification of each parental contribution and 3/based on early embryonic 

kinetics data obtained from ICSI-attempts monitoring by time lapse system.  

The remarkable concordance of the results of the variability analysis between TL-DO and TL-

DS studies demonstrated the importance of the female contribution, while simultaneously 

validating the study design used. Indeed, in both TL-DO and TL-DS studies, maternal 

contribution seems to begin as soon as the time of second polar body expulsion (tPB2) with 

an effect almost 10 to 30 times greater than paternal contribution in both studies. We reported 

that the highest ICC representing the female effect in TL-DS is half of the value found in the 

TL-DO design (20% vs 40%, respectively), however if it is possible to compare paternal and 

maternal effect in each model, caution must be exercised when making ICC comparison 

between two distinct models.  

In their interesting study focusing on the factors involved in the variation of kinetic 

parameters, Kirkegaard and al reported an ICC estimated to 31% involving embryo origin, 

defined in this study as maternal patient origin (Kirkegaard et al., 2016). However, contrary to 

our study, they did not evaluate the paternal factors. The interpretation of ICC remains 

challenging, considering the lack of studies for comparison, but emphasizes a quantitative 

approach and opens the door to future studies in the field.  
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Considering the high level of maternal contribution in the early embryonic kinetic, we 

evaluated the main potential female factors as maternal age and maternal BMI. Surprisingly, 

no female intrinsic effect was clearly identified, or only as an isolated issue. Indeed, if we 

reported a significant difference for solely tPNa with female BMI in TL-DO study, no 

significant result was observed in the “control” and specific TL-DS design established to 

detect female factors contribution. Nevertheless, our results should be considered with 

caution, as little women presented a BMI >30 kg/m2 in both designs (n=5 in TL-DO and n= 6 

in TL-DS).   

Maternal age is specifically considered a major factor in ART prognosis, as it reflects 

decrease in both the quantity and quality of the oocytes (Igarashi et al., 2015), and IVF 

success rate decreasing considerably with advanced age (Balasch, 2010). In our study, women 

age did not seem to affect early embryo kinetics. These results are in line with recent studies 

that report no impact of maternal age on morphokinetic parameters (Gryshchenko et al., 2014; 

Watcharaseranee et al., 2014), as published by Warshaviak and al  (Warshaviak et al., 2019), 

on specifically IVF embryos (to rule out male factor), who show no evidence of relation in 

kinetics between embryos from women > 42 years old compared to younger women, even if 

they showed a tendency to arrested development. The significant result observed on the 

timing of second polar body expulsion in TL-DO did not show a major difference and was 

isolated; no impact of the maternal age was detected on others timings and in the specific TL-

DS study. Moreover, TL-DO study was based on a control population of oocyte donors who 

were less than 36 years old that could limit the interpretation, contrary to TL-DS study which 

displayed a representative women population. 

These results raise the question of the oocyte competence, that seems little influenced by 

women age or BMI. Oocyte competence is dependent on maturation processes, leading to 

mRNA storage inter alia, and is acquired through complex/critical biological transitions 

starting in early folliculogenesis  (Conti and Franciosi, 2018). Thus, disruption of nuclear or 
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cytoplasmic maturation mechanisms has proved to severely compromise developmental 

potential in early embryo development. However, determine the causes or the origins of these 

defects and be able to assess remains still challenging. 

 There is much debate in literature as to whether early embryo development is influenced 

exclusively by maternal factors or whether there are also paternal influence at this early stage. 

It is well documented that the first two embryonic cell divisions are primarily controlled by 

the maternal genes and paternal effects begin admittedly at the 4-cell stage (Braude et al., 

1988). Here, and thanks to our robust statistical analysis, we offer for the first time an 

estimation of the ratio of female/male influence on the early embryonic development, and 

contrary to the previous “genetic” reports (that concluded to a late paternal effect occurring at 

the 4-cell stage), we observed a moderate but relatively early paternal effect since the first 

cleavage (and maybe even since pronuclei fading). These observations suggest that human 

embryo kinetics do not rely solely on oocyte mRNA stocks.  

Indeed, previous clinical studies reported that paternal defects could have an influence on 

early embryo development as well as the blastocyst formation including slower embryo 

cleavage, poor morphology, lower blastocyst formation and lower implantation rates  (Janny 

and Menezo, 1994; Parinaud et al., 1993). For example, Tesarik and al investigated the 

adverse paternal effect on embryo development and they propose the existence of a 

presumptive “early paternal effect” that could manifest as soon as the zygote stage and 

explain following delayed cleavage divisions (Tesarik et al., 2005), they suggest a lack of 

functional oocyte activating factor or eventual gene expression disturbances as an 

explanation. Existence of sperm transcripts in embryonic development was suggested by 

Krawetz and colleagues (Krawetz et al., 2011), who showed in their experimental study that 

paternal messenger RNA is delivered to the oocytes at fertilization (Ostermeier et al., 2004). 

Interestingly, we found a tendency for delayed kinetics in embryos issued from 

oligozoospermic patients in TL-DO, starting from tPB2 and until more than 2 hours of 
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differences for t4. We noticed that these results were not observed in TL-DS, probably 

because of the low number of oligozoospermic donors included in TL-DS. During the last 

decade, oligozoospermia has been associated with DNA methylation defects (Boissonnas et 

al., 2010; Hammoud et al., 2010; Houshdaran et al., 2007; Kobayashi et al., 2007; Laurentino 

et al., 2015; Marques et al., 2008; Montjean et al., 2013,  2015; Poplinski et al., 2010; Santi et 

al., 2017; Sato et al., 2011) and with improper histone to protamine replacement (Bowdin et 

al., 2007; Carrell and Hammoud, 2010; Marques et al., 2004, 2008). Moreover, numerous 

studies have reported that alterations of sperm chromatin configuration as well as high sperm 

DNA fragmentation could lead to poor embryo development (Colaco and Sakkas, 2018).  

Another explanation of the delayed timings observed in the embryos kinetic issued of 

oligozoospermic patients could be the consequences of setting up of chromatin repaired 

mechanism occurring during the first steps of the embryo reprogramming. Indeed, during the 

pronuclei fading process, a deep epigenetic reprograming and nuclear reorganization take 

place, mostly for paternal sperm protamines which are exchanged for maternal nucleosomes 

and it have been reported that when sperm with altered Histone-Protamine Ratio values is 

utilized in an ART procedure, it could result in desynchronized paternal genomic expression 

that alters preimplantation embryo development (Braude et al., 1988; Laurentino et al., 2015). 

The deep interest of our study lies on the methodology used and its design based on a “control 

population” to assess independently the parental contribution on the kinetic of Human 

embryo. However, this innovative evaluation constrained the size of our population. 

Moreover, our available data of embryos kinetics forced us to restrict the assessment on the 

first 48 hours of the embryonic development, limiting the exploration to the blastocyst stage 

and the potential evolution of kinetic after the embryonic genome activation. Without any 

context and in view of literature, it would also have been very interesting to be able to 

evaluate the sperm chromatin structure: sperm DNA methylation and/or sperm DNA 

fragmentation to assess their potential implication. Moreover, broaden the analyses to 
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pregnant issues is another attractive perspective; nonetheless, it would have implied to 

integrate in the multivariate analysis the potential confounding factors occurring in 

implantation that could largely decrease the power of the study.  

The dogma, largely based on empirical genetic reports, according to which early embryonic 

development depends solely on the maternal contribution, seems to be collapsing which is 

increasingly reopening the debate on the role and the impact of the spermatozoa on the 

embryonic development and further later in life. Currently, this question is crucial and should 

be largely investigated with adequate controlled studies, as the early embryonic development 

is a very sensitive period, conducive to many epigenetic modifications, with potential early 

and late consequences on development. Finally, to answer the fundamental question of the 

parental contribution on the embryonic development could also lead to proposing preventive 

measures in the periconceptional period for both parents.  
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CONCLUSIONS ET PERSPECTIVES 

DE L’ARTICLE 

 

Nos résultats obtenus avec les designs TL-DO et TL-DS confirment la participation 

importante de l’ovocyte sur les premiers stades de développement embryonnaire, mais ils 

mettent aussi en évidence un rôle possible du spermatozoïde dès le premier clivage. 

A notre connaissance, il s’agit de la première étude rapportant une évaluation quantitative de 

la contribution parentale sur la cinétique précoce de l’embryon humain. Cette évaluation a été 

rendue possible en combinant deux designs originaux qui ont permis une évaluation 

indépendante des effets parentaux ainsi qu’une analyse statistique innovante basée sur une 

étude de la variance obtenue à partir de données morphocinétiques en système time-lapse 

(Embryoscope®).   

La concordance remarquable entre les résultats de l’analyse de variance de TL-DO et TL-DS 

établit l’importance de la contribution féminine et valide par la même occasion le modèle 

utilisé pour cette étude. En effet, dans les deux designs, l’influence de la part maternelle 

semblent commencer dès l’expulsion du 2ème globule polaire (tPB2) avec un effet sur les 

paramètres cinétiques de 10 à 30 fois supérieur à celui lié au père. Nous rapportons un ICC 

(coefficient de corrélation intraclasse) moyen pour l’effet maternel dans TL-DS correspondant 

à la moitié de la valeur retrouvée dans le design TL-DO (respectivement 20 et 40%). .Mais 

tandis que la comparaison entre effets maternels et paternels au sein d’un même design est 

possible, il faut rester prudent lors de la comparaison des ICC entre les 2 designs, d’autant que 

l’interprétation de l’ICC en soi demeure délicate compte tenu du manque d’études pour 

comparaison. Seule l’étude de Kirkegaard et al en 2016, qui analyse les facteurs confondants 

dans les différents temps de la cinétique sur plus de 1000 embryons, retrouve un ICC de 31% 

liée à l’origine même de l’embryon, et donc à la patiente dont il est issu (Kirkegaard et al., 

2016). Contrairement à la publication danoise, notre étude a l’avantage de ne pas se limiter à 

la quantification de l’effet maternel mais d’inclure également l’effet paternel, ouvrant la 

possibilité à d’autres études de variance dans le domaine. 

Compte tenu de cette contribution maternelle majeure au début de la vie embryonnaire, nous 

avons évalué plusieurs facteurs maternels prépondérants, à savoir l’âge, l’IMC, le statut 
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tabagique et le protocole de stimulation/type d’antagoniste. De façon surprenante, aucun effet 

intrinsèque féminin n’a clairement été identifié, ou uniquement de manière isolée.  

Nos résultats retrouvent un impact de l’IMC de la donneuse sur le temps d’apparition des 

pronuclei (tPNa) (diff : +1.497h, IC95% [0.20 ; 2.79], p=0.025).Cet effet de l’IMC sur la 

cinétique a déjà été décrit dans la littérature (Bartolacci et al., 2019; Bellver et al., 2013). 

Néanmoins, nos chiffres sont à interpréter avec prudence puisque seules cinq de nos 

donneuses incluses (soit 16%) et six femmes dans TL-DS présentaient un IMC >30 kg/m². 

D’autre part, il s’agit d’un temps délicat à observer, donc sujet à de plus grandes variations. 

Si nous avons rapporté une différence significative pour tPNa en relation avec l’IMC maternel 

dans TL-DO, elle n’a pas été observée dans le design TL-DS, pourtant conçu pour détecter 

l’implication du facteur féminin spécifiquement (et faisant à ce titre office de « contrôle » en 

quelque sorte). Grøndahl et al ne rapporte pas ce résultat dans leur étude prospective portant 

sur 42000 embryons malgré le fait qu’il observe une tendance à un premier clivage plus tardif 

avec l’âge maternel avancé (Grøndahl et al., 2017). Ces observations concordent avec celles 

de Kirkegaard, qui ne font pas non plus ressortir de facteur maternel spécifique (Kirkegaard et 

al., 2016).  

L’âge maternel est considéré comme un facteur pronostic majeur en AMP, reflétant à la fois 

la quantité et la qualité des ovocytes (Igarashi et al., 2015). En effet, les taux de grossesses et 

de naissances vivantes obtenus en AMP sont connus pour chuter considérablement avec 

l’augmentation de l’âge de la mère, surtout après 37 ans (Balasch, 2010). Dans notre travail, 

l’âge de la femme ne semble pas affecter la cinétique embryonnaire précoce : le résultat 

significatif observé pour tPB2 dans TL-DO ne montre pas une différence importante et n’est 

pas retrouvé pour les autres temps, ni dans le design spécifique TL-DS. En outre, le design 

TL-DO est basé sur une population contrôle d’ovocytes de donneuses de moins de 36 ans ; cet 

aspect pourrait limiter l’interprétation contrairement au design TL-DS, où les femmes incluses 

sont représentatives de la population générale. Ces résultats concordent avec des études 

récentes ne rapportant pas d’impact de l’âge maternel sur les paramètres morphocinétiques 

(Gryshchenko et al., 2014; Watcharaseranee et al., 2014). Ainsi, Warshaviak et son équipe ne 

montrent pas de différence cinétique entre les embryons issus de femmes de plus de 42 ans et 

ceux issus de femmes plus jeunes, après FIV (fécondation in vitro) conventionnelle (réduisant 

ainsi le facteur masculin); même s’ils ont observé une tendance à un arrêt de développement 

(Warshaviak et al., 2019). Ces résultats soulèvent la question de la compétence ovocytaire, 

qui semble avoir plus d’influence que les facteurs intrinsèques comme l’âge ou l’IMC sur les 

premières étapes cinétiques. Cette compétence ovocytaire dépend de processus de maturation 
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qui aboutissent notamment au stockage d’ARNm, et s’acquiert par le biais de transitions 

biologiques complexes débutant lors de la folliculogenèse (Conti et Franciosi, 2018). Les 

dérégulations de ces mécanismes de maturation cytoplasmique et nucléaire sont alors 

susceptibles de compromettre le potentiel de développement de l’embryon, mais en 

déterminer leurs origines précises reste encore ardu.  

Dans la littérature, il est documenté depuis les années 90 que les deux premières divisions du 

zygote sont principalement contrôlés par les gènes maternels et que les gènes paternels 

commencent à s’exprimer après le stade 4 cellules, au moment de l’activation du génome 

embryonnaire (Braude et al., 1988; Lee et al., 2014; Schier, 2007) A l’heure actuelle, le débat 

est ouvert pour savoir si le début du développement embryonnaire est exclusivement 

influencé par les facteurs maternels ou s’il existe déjà au stade précoce un effet paternel, 

comme propose l’équipe italienne de Tesarik (Tesarik et al., 2005).  

Grâce à notre analyse statistique robuste, nous proposons pour la première fois une estimation 

du ratio de l’influence féminine et masculine sur les 48 premières heures de développement 

de l’embryon, et contrairement aux études précédentes rapportant un effet masculin 

uniquement à partir du stade 4 cellules, nous observons un effet paternel précoce dès le 

premier clivage, voir dès la disparition des pronuclei. Ces observations suggèrent que la 

cinétique de formation de l’embryon humain ne dépendrait pas uniquement du stock d’ARNm 

fournis par l’ovocyte. Malgré tout, cette influence paternelle semble relativement modérée, ce 

qui pourrait expliquer les divergences importantes dans les publications existantes quant au 

timing de développement et l’étendue des effets paternels sur la qualité embryonnaire 

(Beguería et al., 2014; Colaci et al., 2012; Colaco et Sakkas, 2018) . 

De fait, les études précédemment publiées rapportent un impact des facteurs paternels non 

seulement sur le développement embryonnaire précoce mais également sur la formation du 

blastocyste, incluant des temps de clivage allongés, une morphologie embryonnaire altérée, 

des taux de blastulation et d’implantation plus faibles (Janny et Menezo, 1994; Parinaud et 

al., 1993). Par exemple, Tesarik et son équipe ont étudié les effets potentiellement délétères 

sur le développement que pourraient provoquer les facteurs masculins : ils font l’hypothèse de 

l’existence d’un « effet paternel précoce » qui se manifesterait dès le stade zygote et 

expliquerait les retards dans les temps de clivage (Tesarik et  al, 2005). Cet effet serait corrélé 

selon eux à des défauts touchant le contenu cytoplasmique des spermatozoïdes tels qu’un 

déficit en facteur d’activation ovocytaire ou des anomalies d’expression génique. Plus 

récemment, des équipes comme celle de Krawetz ou Ostermeier (Krawetz et al., 2011) 

(Ostermeier et al., 2004) ont mis en évidence la présence de transcrits paternels et de petits 
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ARN non codants spermatiques même avant l’activation du génome embryonnaire ; ces 

derniers pourraient avoir un rôle dans le développement embryonnaire précoce (Avendaño et 

al., 2009; Jodar et al., 2013).  

De façon intéressante, nous faisons ressortir une tendance à une cinétique retardée chez les 

embryons issus de patients oligozoospermiques dans TL-DO dès le temps tPB2, avec plus de 

deux heures de différences avec les embryons issus de patients normozoospermiques pour les 

temps t3 et t4. En revanche, ces résultats ne se retrouvent pas dans le design TL-DS, 

probablement en raison du faible nombre de donneurs oligozoospermiques inclus dans ce 

design (n=3).  

Durant la dernière décennie, plusieurs études témoignent de défauts de méthylation de l’ADN 

spermatique chez les hommes oligozoospermiques (Boissonnas et al., 2010; Hammoud et al., 

2010; Houshdaran et al., 2007; Kobayashi et al., 2007; Laurentino et al., 2015; Marques et 

al., 2008; Montjean et al., 2013, 2015; Poplinski et al., 2010; Santi et al., 2017; Sato et al., 

2011) ainsi qu’une association entre oligozoospermie et défaut d’incorporation des 

protamines (Bowdin et al., 2007 ; Carrell and Hammoud, 2010 ; Marques et al., 2004, 2008). 

Une autre explication pour ces temps de clivage allongés en lien avec l’oligozoospermie 

pourrait découler de la mise en place de mécanismes de réparation de l’ADN au début du 

développement de l’embryon ; suite à la fécondation a lieu une reprogrammation épigénétique 

et une réorganisation des noyaux, au cours duquel le génome paternel subit là encore de 

profonds changements, les protamines sont remplacées par des histones maternelles (Rodman 

et al., 1981) et s’accompagne d’une déméthylation active de l’ADN. Cet état « déméthylé » 

perdure jusqu’à l’activation du génome embryonnaire, moment où de nouvelles marques 

épigénétiques sont apposées. Le rôle exact de ces remaniements chromatiniens sur le 

développement embryonnaire est encore peu connu, mais il a été rapporté que des altérations 

de compaction de la chromatine, du ratio de protamines ou de la fragmentation de l’ADN 

spermatique pourraient être responsables d’une diminution du taux de fécondation, d’un 

retard dans les premiers clivages et d’une morphologie embryonnaire dégradée (Colaco and 

Sakkas, 2018; Seli et al., 2004; Simon et al., 2014) bien que ces données restent encore 

controversées (Aston et al., 2015). 

L’intérêt principal de notre étude réside dans la méthodologie utilisée avec une population de 

donneurs et donneuses, se rapprochant d’un groupe « contrôle » pour évaluer 

indépendamment la contribution parentale sur la cinétique de développement précoce de 

l’embryon humain. Néanmoins, cette évaluation innovante restreint la taille de notre 

population puisque les donneurs/donneuses constituent le principal facteur limitant, d’autant 
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plus que leur inclusion se limite dans notre étude à ceux dont les gamètes ont été attribués à 

aux moins deux couples receveurs différents. De plus, les données cinétiques à notre 

disposition nous imposaient de restreindre l’évaluation aux 48 premières heures du 

développement embryonnaire, empêchant l’évaluation au stade plus tardif de blastocyste, et 

donc après l’activation du génome embryonnaire. Au regard de la littérature, il aurait 

également été intéressant d’évaluer la chromatine spermatique, tout comme la méthylation et 

la fragmentation de l’ADN spermatique afin de juger de leur implication potentielle. Mais si 

la perspective d’élargir les analyses est intéressante, elle implique d’intégrer de nouveaux 

facteurs confondants potentiels dans l’analyse multivariée et, de ce fait, pourrait fortement 

diminuer la puissance de l’étude. C’est pourquoi la perspective d’associer un modèle 

prospectif à une méthodologie similaire, incluant des facteurs féminins et masculins variés, 

pourrait être un choix pertinent afin d’obtenir des résultats solides dans le domaine. 

Le dogme largement basé sur des études génétiques empiriques, selon lequel le 

développement embryonnaire précoce est conditionné par la contribution maternelle, semble 

de plus en plus contesté ; ouvrant la porte aux débats sur le rôle et l’impact du spermatozoïde 

sur les premiers stades de développement de l’embryon humain. Cette question cruciale 

nécessite par la suite des études contrôlées adéquates, au vu de l’importance que revêt la 

période de développement embryonnaire précoce. Sujette à une reprogrammation 

épigénétique majeure, cette période sensible peut avoir des répercussions potentielles jusqu’à 

l’âge adulte. Ainsi, répondre à cette interrogation fondamentale sur la contribution parentale 

au développement de l’embryon pourrait également amener à des mesures préventives à 

proposer aux parents en période périconceptionelle. 
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Annexes 

 

TL-DS  

TL-DO 

 

Suppl Figure 1 Embryo kinetic outcomes in TL-DO and TL-DS                                       
Kinetic outcomes are expressed in hours, starting from t0 (time of microinjection)                                                 

Boxes represent interquartile range (Q1-Q3), bars represent minimum and maximum 
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