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AVANT-PROPOS          

 

Le travail de recherche présenté dans ce document a été réalisé au sein de 

l'unité médicale de génétique de l'infertilité et de diagnostic préimplantatoire (GI-DPI) 

du CHU Grenoble Alpes dirigée par le Professeur Ray, Directeur de cette thèse, et en 

collaboration avec l'équipe de recherche génétique épigénétique et thérapie de 

l'infertilité (GETI) attachée à l'UGA, l'IAB, l'INSERM (INSERM U1209) et le CNRS 

(CNRS UMR 5309). L’équipe GETI, codirigée par le Pr Pierre Ray (spécialiste de la 

génétique de la reproduction, professeur des universités et praticien hospitalier au 

CHU de Grenoble) et le Dr Christophe Arnoult (spécialiste de la spermatogenèse, 

docteur vétérinaire et directeur de recherche au CNRS), est leader dans le domaine 

de l’exploration des gènes responsables des causes génétiques d’infertilités 

masculines. L’activité diagnostique au sein de l’unité médicale du CHU permet de 

mettre en application en routine par la réalisation des analyses de biologie médicale, 

les nouvelles découvertes dans ce domaine. Mon travail au sein de cette unité a porté 

sur la recherche de nouvelles anomalies génétiques dans une pathologie bien connue 

de l’équipe de recherche qu’est la globozoospermie, une infertilité masculine primaire 

causée par la production de spermatozoïdes à têtes rondes avec une absence 

d’acrosome, en se concentrant en particulier sur un gène découvert par cette même 

équipe : DPY19L2. Ce travail a permis de proposer une nouvelle stratégie 

diagnostique permettant une meilleure prise en charge des patients globozoocéphales 

et de contribuer à une meilleure caractérisation des causes génétiques de cette 

pathologie. 
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Ce travail est présenté dans ce document sous la forme d’une introduction 

comprenant une revue de la littérature en deux parties, d’un article scientifique original 

et d’une conclusion. La première partie de l’introduction présente une revue rapide de 

la littérature couvrant l’infertilité féminine et masculine, en se concentrant sur les 

étiologies de ces affections et en particulier sur les causes génétiques. La seconde 

partie de l’introduction détaille le phénotype au cœur de mon sujet de thèse qu’est la 

globozoospermie, et les différents gènes impliqués. Cette seconde partie est rédigée 

en anglais car elle est issue d’une revue de la littérature portant sur les anomalies de 

la tête du spermatozoïde que j’ai co-rédigée et qui a été acceptée dans la revue « Best 

Practice & Research Clinical Endocrinology & Metabolism ». La troisième partie de ce 

manuscrit contient l’article original qui représente l’essentiel de mon travail de thèse et 

qui porte sur l’analyse génétique d’une cohorte de patients présentant une 

globozoospermie. Cet article est également présenté en anglais, tel qu’il a été accepté 

dans le journal « Human Genetics ».  Enfin, une quatrième partie permettra de 

présenter les perspectives de mon travail et de positionner le travail réalisé dans le 

contexte des connaissances actuelles sur le sujet.  
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PARTIE 1 – INFERTILITE        

 

L'infertilité est définie par une absence de grossesse après un an de relations 

sexuelles régulières et non protégées d’après l’Organisation Mondiale de la Santé 

(OMS). Il s’agit d’un problème de santé majeur, qui touche environ 50 millions de 

couples dans le monde (Mascarenhas et al. 2012), soit 12,5 % des femmes et 10 % 

des hommes (Datta et al. 2016). Dans 30% des cas aucune cause n’est retrouvée  

(Smith 2003), dans les 70% restants les causes d’infertilités des couples sont 

partagées à part approximativement égales entre homme et femme. En effet un tiers 

des causes sont féminines, un tiers sont masculines et le tiers restant est attribué à 

des facteurs combinés féminins et masculins (Mallepaly et al. 2017). 
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INFERTILITE FEMININE 

Chez la femme les causes d’infertilité sont variées et l’on retrouve à la fois des 

anomalies génétiques, endocrines, anatomiques ou immunologiques du système 

reproducteur. Les troubles ovulatoires, première cause retrouvée, constituent environ 

25% des cas (Smith 2003) et se manifestent par des aménorrhées dans les cas les 

plus graves mais parfois seulement par des cycles irréguliers. Ces troubles sont 

majoritairement liés au syndrome des ovaires polykystiques qui, par un dérèglement 

hormonal, entraine un hyperandrogénisme bloquant l’ovulation chez plus de 40% des 

patientes atteintes (Azziz 2018). L’insuffisance ovarienne prématurée qui se traduit par 

une réduction importante du stock folliculaire conduisant à une ménopause précoce 

avant l’âge de 40 ans, est également un trouble fréquent. Même si la majorité des cas 

reste idiopathique, une origine génétique est évoquée chez 50 à 90% des patientes 

(Shelling et al. 2015) avec une prédominance des anomalies du chromosome X : les 

syndromes de Turner et les prémutations du gène FMR1 étant les plus fréquemment 

observés(Yatsenko and Rajkovic 2019). Les anomalies anatomiques pour leur part 

sont dominées par les infertilités tubaires, dans 20% des cas (Smith 2003), suivies par 

les malformations ou absence de développement utérins ainsi que par l’endométriose. 

Dans toutes ces pathologies, de nombreuses anomalies génétiques causales ou 

prédisposantes ont été décrites (Yatsenko and Rajkovic 2019). Globalement, les 

anomalies génétiques allant de grands déséquilibres chromosomiques aux mutations 

ponctuelles de séquences géniques, constituent une part importante des causes 

d’infertilité féminine avec un large panel d’anomalies déjà décrites comme le montre 

la figure de Yatsenko et al. publiée en 2019 (Figure 1) (Yatsenko and Rajkovic 2019).  
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Figure 1 - Processus biologiques et causes génétiques impliquées dans l'infertilité féminine (Yatsenko and Rajkovic 2019). 

Les altérations importantes du chromosome X sont la cause la plus fréquente de la dysgénésie ovarienne. Des phénotypes  plus 

subtils se manifestant par une aménorrhée primaire ou secondaire, une viabilité fœtale réduite peuvent également être observés 

chez les patientes présentant des réarrangements équilibrés, des altérations submicroscopiques et des anomalies monogéniques. 

Le potentiel reproductif des patientes présentant des altérations génomiques et des atteintes syndromiques dépend fortement d u 

diagnostic, des gènes affectés et des manifestations concomitantes. Les gènes responsables sous-tendent des processus 

biologiques clés, mais ils peuvent être impliqués dans de multiples voies, affectant plusieurs stades du développement ovocytaire. 
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INFERTILITE MASCULINE 

Chez l’homme, en dehors des origines psychogènes, des troubles vasculaires, 

métaboliques, ou neurologiques peuvent entrainer des dysfonctions sexuelles 

érectiles ou de l’éjaculation (anéjaculation ou éjaculation rétrograde). Cependant ces 

déficits peuvent être contournés par différents systèmes relativement simples de 

stimulation de l’éjaculation ou de récupération des spermatozoïdes en vue de 

protocoles de procréation médicalement assistée (PMA). La prise en charge peut être 

plus complexe pour certains cas d’infertilités masculines dont la cause est liée à un 

défaut sévère de la production des spermatozoïdes. Ces défauts concernent des 

troubles de la quantité ou de la qualité des spermatozoïdes, qui peuvent avoir une 

origine multifactorielle impliquant des composantes environnementales (polluants, 

tabac, infections,…), anatomiques, ou traumatique. On estime cependant que la 

principale étiologie des troubles spermatiques est la cause génétique. En effet plus de 

4000 gènes sont impliqués dans la spermatogenèse humaine (Jan et al. 2017) et grâce 

aux récentes évolutions technologiques du séquençage, la cause de l’anomalie est de 

plus en plus fréquemment retrouvée chez les patients. Cependant, environ 50% des 

cas d’infertilité masculine restent idiopathiques (Krausz 2011), il est donc important de 

parvenir à améliorer ces performances diagnostiques. C’est pourquoi ce travail s’est 

concentré sur la recherche de nouvelles anomalies génétiques, qui pourraient 

représenter jusqu’à 50% des cas idiopathiques (Yatsenko et al. 2010), cela afin 

d’accroître les diagnostiques étiologiques et d’améliorer la prise en charge des 

nombreux hommes atteints de troubles de la fertilité. 
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DEFAUTS QUANTITATIFS DES SPERMATOZOIDES 

Concernant les troubles quantitatifs de la spermatogenèse, ils sont définis par 

l’OMS comme une quantité de spermatozoïdes dans l’éjaculat inférieure à 39 millions 

(Cooper et al. 2010). Ils représentent environ un quart des troubles de la 

spermatogenèse. Ces déficits peuvent aller d’une diminution plus ou moins sévère de 

la quantité de spermatozoïdes dans l’éjaculat, appelée oligozoospermie, jusqu’à 

l’absence totale de spermatozoïdes, l’azoospermie. Ce dernier phénotype concerne 

environ 10% des patients infertiles (Tournaye et al. 2017), et se divise en azoospermie 

sécrétoire et excrétoire. 

 

ANOMALIES EXCRETOIRES 

Les anomalies excrétoires sont dues à une obstruction des canaux déférents 

qui limite le transport des spermatozoïdes produits dans le testicule, empêchant ainsi 

leur éjaculation. La cause génétique de ce trouble n’est plus à démontrer avec une  

prédominance des anomalies du gène CFTR retrouvées dans plus de 60% des 

tableaux d’Absence Bilatérale des Canaux Déférents (ABCD) (Bieth et al. 2020). Le 

gène ADGRG2 a également été décrit dans cette pathologie de manière plus 

sporadique et enfin quelques gènes candidats tels que SLC9A3 et PANK2 pourraient 

être impliqués mais ne bénéficient pas encore d’un niveau de preuve suffisant chez 

l’homme (Bieth et al. 2020). 
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ANOMALIES SECRETOIRES 

Rappel concernant la spermatogenèse 

Les anomalies sécrétoires, aussi appelées azoospermies non obstructives, 

correspondent à un défaut de production testiculaire des spermatozoïdes, c'est-à-dire 

à un défaut de la spermatogenèse dans ses premières étapes. Pour rappel la 

spermatogenèse est un processus complexe qui permet de produire en 74 jours des 

spermatozoïdes matures à partir de cellules germinales indifférenciées, les 

spermatogonies. En effet, dès l’âge de la puberté chez l’homme, en parallèle du 

renouvellement mitotique qui perdure pour maintenir le stock de cellules souches, les 

spermatogonies de type A initient une division hétéronyme qui constitue le début de la 

différentiation. Les cellules filles produites, spermatogonies de types B, effectuent 

plusieurs divisions mitotiques pendant 27 jours afin de produire un stock de clones qui 

pourra poursuivre sa différenciation dans la lumière des tubules séminifères du 

testicule. Chaque spermatogonie B permet de produire deux spermatocytes primaires 

qui rentreront dans une phase de méiose en deux étapes. Une première méiose durant 

23 jours permet de produire deux spermatocytes secondaires haploïdes puis la 

seconde division méiotique aboutit en un jour seulement à quatre spermatides rondes 

haploïdes (Figure 2A). Ces spermatides rentrent ensuite dans une étape de 

différenciation morphologique durant 23 jours, la spermiogénèse, au cours de laquelle 

de nombreuses modifications ont lieu :la formation de l’acrosome à partir des vésicules 

du Golgi, l’apparition du flagelle, l’élimination du cytoplasme et l’allongement du 

spermatide et de son noyau associé à une compaction de la chromatine, le tout 

aboutissant à un spermatozoïde mature haploïde qui sera libéré dans la lumière du 

tubule séminifère afin d‘être excrété (Figure 2). L’ensemble de ces modifications a lieu 

simultanément dans le compartiment adluminal du tubule séminifère. Concernant le 
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noyau, il va évoluer progressivement d’une forme ronde contenant une chromatine 

pâle et homogène à une forme allongée contenant une chromatine compactée plus 

sombre. De plus la membrane nucléaire s’épaissit aux deux pôles apical et caudal, 

respectivement en regard de l’acrosome et du système centriolaire. En parallèle de 

cette condensation du noyau, l’acrosome se forme au pôle apical de la future tête. Sa 

biogenèse débute par la production de vésicules pro-acrosomales par l’appareil de 

Golgi renfermant les enzymes protéolytiques nécessaires à la réaction acrosomique 

(exocytose du contenu de l’acrosome permettant la lyse de la zone pellucide et donc 

la pénétration du spermatozoïde dans l’ovocyte). Ces vésicules fusionnent pour former 

une unique poche enzymatique, l’acrosome, qui vient ensuite coiffer la moitié apicale 

du noyau. Dans le spermatozoïde mature, l’acrosome est divisé en deux segments : 

la partie antérieure qui fusionnera avec la membrane cytoplasmique pour former des 

pores et libérer les enzymes lors de la réaction acrosomique ; la partie postérieure, ou 

équatoriale, qui persiste après la réaction acrosomique et permet la fusion avec la 

membrane de l’ovocyte. Dans le même temps, la biogenèse de l’axonème débute par 

la migration des deux centrioles au futur pôle caudal, le centriole proximal au contact 

du noyau reste inactif initialement tandis que le centriole distal forme des microtubules 

à l’origine de l’axonème. Par la suite l’axonème s’allonge pour progressivement former 

le flagelle mature du spermatozoïde. Enfin, dès les premières étapes de la 

spermiogénèse, des microtubules se forment de part et d’autre du noyau pour 

constituer la manchette. Ces microtubules permettent l’allongement de la tête et la 

migration du cytoplasme et de son contenu vers le pole distal. Dans ce contenu 

cytoplasmique les mitochondries s’allongent et vont s’enrouler autour de l’axonème 

pour former le manchon mitochondrial au niveau de la pièce intermédiaire du flagelle, 

ce manchon constituera la principale source d’énergie pour la réalisation des 
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mouvements du flagelle. A la fin de la spermiogénèse, la synthèse protéique s’arrête 

et l’appareil de Golgi accompagné d’autres organelles inutiles au spermatozoïde 

mature migre avec le reste du cytoplasme vers le pole caudal. L’ensemble forme la 

gouttelette cytoplasmique qui est éliminée du spermatozoïde sous forme de corps 

résiduel qui sera phagocyté par les cellules de Sertoli. La spermiation permettra la 

libération du spermatozoïde mature dans la lumière du tubule séminifère en vue de 

son excrétion. 

 

Figure 2 – Spermatogenèse. A) Spermatogenèse dans le tubule séminifère des 

cellules germinales diploïdes indifférenciées aux spermatozoïdes haploïdes matures. 

B) Spermiogénèse : maturation des spermatides rondes aboutissant à la formation 

d’un spermatozoïde mature libéré dans la lumière du tubule séminifère. 
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Etiologies des anomalies sécrétoires 

Il existe de nombreuses causes d’azoo- et d’oligozoospermie non obstructives 

incluant des antécédents de chimio- ou radiothérapie, la présence de varicocèle qui 

est une dilatation variqueuse des veines du cordon spermatique, les traumatismes et 

les infections telle que l’orchi-épidydimite. On retrouve également des causes 

endocriniennes, dites pré-testiculaires, par altération de l’axe hypothalamo -

hypophysaire tel que le déficit en GnRH isolé ou le syndrome de Kallmann 

(MIM308700) qui associe une anosmie a un déficit en GnRH induisant un 

hypogonadisme hypogonadotrophique entrainant une absence de puberté. Mais 

l’étiologie principale est la présence d’une anomalie génétique impactant la 

spermatogenèse dans le testicule. En premier lieu les anomalies chromosomiques 

représentent environ 15% des azoospermies non obstructives (Krausz and Riera-

Escamilla 2018) avec une prédominance des anomalies gonosomiques associées aux 

phénotypes les plus sévères (Mallepaly et al. 2017). Le syndrome de Klinefelter, 

patients présentant un caryotype 47,XXY ou une mosaïque 46,XY/47,XXY, est la 

principale étiologie recherchée. Il associe aux troubles de la fertilité des pathologies 

hormonales, auto-immunes, thromboemboliques, cognitives ou psychiatriques. On 

retrouve parmi ces hommes plus de 90% de patients azoospermiques, le pourcentage 

restant présentent à minima une cryptozoospermie (spermatozoïdes non détectables 

dans l’éjaculat à l'état frais mais présence de spermatozoïdes dans le culot après 

centrifugation) ou une oligozoospermie sévère (oligozoospermie inférieure à 1 million 

de spermatozoïdes dans l’éjaculat) (Krausz and Riera-Escamilla 2018). Les autres 

anomalies détectables sur un caryotypes sont moins fréquentes et correspondent au 

syndrome de De la Chapelle, ou syndrome du mâle 46,XX, et aux remaniements 

chromosomiques de structures tels que les chromosomes Y isodicentriques, tronqués 
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ou en anneau ou encore les translocations réciproques ou Robertsoniennes qui sont 

plus fréquemment retrouvées dans les phénotypes d’oligozoospermie (Ceylan et al. 

2009). Concernant les anomalies moléculaires, la microdélétion du locus AZF, reliée 

aux troubles quantitatifs de la spermatogenèse pour la première fois en 1976 (Tiepolo 

and Zuffardi 1976), est retrouvée chez 10% des patients azoospermiques et 3 à 5% 

des patients oligozoospermiques (Tournaye et al. 2017). Le locus AZF regroupe 

différentes sous-régions pouvant être délétées et conduisant à différents types 

d’azoospermie : la région AZFa est la plus rarement délétée mais la plus pathogène 

entrainant un syndrome Sertoli-cell only (SCOS) avec absence de cellules germinales 

tandis que les délétions des régions AZFb ou AZFb+c entrainent un blocage méiotique. 

Enfin, la majorité des patients délétés (environ 80%) ont  une microdélétion AZFc 

isolée et présentent une spermatogenèse résiduelle permettant dans plus de la moitié 

des cas, de récupérer des spermatozoïdes grâce à une ponction testiculaire en vue 

d’une prise en charge en PMA par injection intracytoplasmique de spermatozoïde 

(ICSI) (Krausz et al. 2014).Les autres anomalies génétiques moléculaires décrites sont 

des anomalies monogéniques, avec en premier lieu TEX11décrit chez 1% des patients 

azoospermiques(Mitchell et al. 2017), suivi de TAF4B, ZMYND15, TEX15, MCM8, 

SPINK2,etSYCE1. Les anomalies de TAF4B décrites bloquent la prolifération des 

spermatogonies(Falender et al. 2005), TEX11,TEX15, MCM8 et SYCE1 lorsqu’ils sont 

altérés bloquent la spermatogenèse au stade méiotique(Yang et al. 2008; Bolcun-Filas 

et al. 2009; Lutzmann et al. 2012), tandis que les anomalies de ZMYND15 et de 

SPINK2ont un impact post-méiotique avec un arrêt au stade de spermatide (Yan et al. 

2010; Kherraf et al. 2017, p. 2). Il existe encore d’autres anomalies plus rares que nous 

ne détaillerons pas ici mais il faut noter que de nombreux cas d’azoo- ou 

d’oligozoospermie restent idiopathiques à l’heure actuelle et il est donc important de 
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continuer à rechercher de nouveaux gènes candidats dans ces pathologies et c’est le 

travail que mène actuellement l’équipe GETI. 

 

DEFAUTS QUALITATIFS DES SPERMATOZOIDES 

J’en viens maintenant à la dernière partie de cette introduction sur l’infertilité 

avec les défauts qualitatifs des spermatozoïdes. Cette catégorie rassemble la 

tératozoospermie qui correspond aux anomalies morphologiques des spermatozoïdes 

avec moins de 4% de formes typiques, l’asthénozoospermie pour les anomalies de la 

mobilité avec moins de 32% de mobilité progressive et la nécrozoospermie concernant 

la vitalité avec moins de 58% de formes vivantes (Cooper et al. 2010). 

Je ne m’attarderai pas ici sur les causes de la nécrozoospermie qui sont 

rarement d’origine génétique mais le plus souvent liées au stress oxydatif, à une 

température trop élevée ou à des infections. On estime que la nécrozoospermie ne 

représente que 0,2 à 0,4% des infertilités masculines (Dumont et al. 2017). 

Concernant les asthénozoospermies isolées, 3 gènes ont été décrits : 

SEPT12avec des mutations altérant la structure du flagelle en empêchant la formation 

de filaments de septine au niveau de l’anneau de Jensen qui fait la jonction entre pièce 

intermédiaire et flagelle, CATSPER2 qui s’exprime dans le flagelle et qui a été relié à 

un défaut d’influx calcique réduisant la motilité des spermatozoïdes, et SLC26A8 qui 

participe à la structure de la pièce intermédiaire en formant un complexe 

SLC26A8/CFTR nécessaire à la capacitation et à l’activation de la motilité du 

spermatozoïde (Ray et al. 2017). Cependant, la plupart des anomalies du flagelle 

entrainant des défauts de motilité sont à la fois morphologiques et fonctionnelles et 

sont donc qualifiées d’asthénotératozoospermie, qui est fréquemment retrouvée chez 
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les hommes infertiles (Curi et al. 2003). Le principal phénotype 

d’asthénotératozoospermie, est le phénotype MMAF pour anomalies morphologiques 

multiples du flagelle ou « multiple morphological abnormalities of the sperm flagella », 

qui associe différentes anomalies morphologiques comprenant : des flagelles courts 

("short tails") ou une absence totale ou quasi-totale de flagelle ("stumptails"), des 

flagelles enroulés, avec une angulation anormale, de calibre irrégulier ou avec un 

cytoplasme résiduel anormal, ainsi que des anomalies de la gaine mitochondriale, de 

la jonction tête-flagelle ou pièce médiane - pièce principale(Touré et al. 2020). Il a tout 

d’abord été associé à des délétions des gènes AKAP3 et AKAP4décrites chez un seul 

patient (Baccetti et al. 2005)qui doivent encore être confirmées. Par la suite DNAH1 a 

été décrit avec une absence de la protéine entrainant une désorganisation axonemale 

globale incluant une anomalie de localisation des doublets de microtubules 

périphériques et une absence de la paire centrale et des bras de dynéine internes 

(Ben Khelifa et al. 2014). Au cours des deux dernières années le séquençage 

exomique ou whole exome sequencing (WES) a permis de découvrir 17 autres gènes 

impliqués dans cette pathologie(Touré et al. 2020). Les protéines codées par ces 

gènes sont trouvées dans le flagelle à différents niveaux, principalement dans 

l'axonème, mais également au niveau des structures périaxonémales, l'espace 

axonémo-periaxonémal et de la pièce centrale, soulignant la complexité des réseaux 

de protéines et des mécanismes qui régissent le fonctionnement du flagelle 

spermatique. Malgré ces récentes découvertes 50% des MMAF restent idiopathiques 

à ce jour(Touré et al. 2020). 

Les autres tératozoospermies rencontrées sont les anomalies affectant la tête 

du spermatozoïde avec trois phénotypes décrits : la macrozoospermie avec des 

spermatozoïdes à tête large, la globozoospermie pour les spermatozoïdes à tête ronde 



33 

 

et enfin les spermatozoïdes acéphaliques en cas d’absence de la tête. Seul le gène 

AURKC a été impliqué dans la macrozoospermie à flagelles multiples chez l’homme, 

décrit pour la première fois par Dieterich et al. en 2007 (Dieterich et al. 2007). Ce gène 

code pour un composant du complexe CPC (Chromosome Passenger Complex) 

(Slattery et al. 2008), il est donc impliqué dans la liaison des chromosome au 

kinétochore et joue un rôle essentiel dans les divisions cellulaires et la cytokinèse. 

L’absence de la protéine fonctionnelle AURKC entraine un défaut méiotique et une 

macrozoospermie avec la production de spermatozoïdes tétraploïdes(Dieterich et al. 

2009). Concernant les spermatozoïdes acéphaliques, lorsqu’ils sont retrouvés dans 

l’éjaculat la cause principale est une anomalie du gène SUN5 qui code pour une 

protéine localisée dans la membrane nucléaire interne au niveau de la jonction tête-

flagelle dans les spermatides allongés et les spermatozoïdes matures(Yassine et al. 

2015a). Les protéines à domaine SUN interagissent directement avec les domaines 

KASH des protéines à domaine KASH (Klarsicht, ANC-1, Syne Homology) pour former 

le complexe LINC (Linker of Nucleoskeleton and Cytoskeleton) entre les membranes 

nucléaires interne et externe afin de relier le noyau au cytosquelette, SUN5 assurant 

ainsi la liaison tête-flagelle du spermatozoïde(Tzur et al. 2006). Deux autres gènes ont 

été décrits dans cette pathologie: PMFBP1 dont la protéine est localisée à la jonction 

tête-flagelle et interagit avec SUN5 et SPATA6 pour établir la liaison tête-flagelle(Zhu 

et al. 2018) et TSGA10 exprimé dans la pièce intermédiaire du spermatozoïde qui 

pourrait en cas d’anomalie entrainer une cassure de la pièce intermédiaire du 

spermatozoïde(Sha et al. 2018). Enfin, des anomalies des gènesDNAH6, BRDT et 

CEP112 ont été retrouvées chez des patients présentant des spermatozoïdes 

acéphaliques mais ces gènes nécessitent encore des investigations pour confirmer  

leur implication dans cette pathologie. La globozoospermie est la dernière anomalie 
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morphologique de la tête des spermatozoïdes décrite et c’est le cœur de ce travail, 

elle sera détaillée dans la deuxième partie de l’introduction. 

Pour terminer il est important de noter qu’un défaut qualitatif du spermatozoïde 

peut aussi concerner sa capacité à féconder l’ovocyte car c’est là son unique fonction. 

Un défaut dans cette capacité a été retrouvée chez quelques patients et reliée à un 

déficit de la protéine Phospholipase C Zeta 1 (PLCZ1)(Escoffier et al. 2016). Les 

anomalies génétiques de l’infertilité masculine sont donc extrêmement variées et 

concernent l’ensemble des étapes de production et de maturation des spermatozoïdes 

(Figure 3) 

 Pour conclure cette première partie, l’infertilité est un problème majeur de santé 

publique et il a été résumé ici les principales étiologies en se concentrant sur les 

principales anomalies génétiques décrites dans la littérature. Au cours de la seconde 

partie de l’introduction je détaillerai le phénotype ainsi que les différents gènes 

impliqués dans la globozoospermie, étiologie simplement citée précédemment. 
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Figure 3 – Principales causes génétiques d’infertilité masculine décrites dans la 

littérature. GnRH : Gonadotropin Releasing Hormone ; FSH : Follicle Stimulating 

Hormone ; LH : Luteinizing Hormone ; MMAF : Multiple Morphological Abnormalities 

of the sperm Flagella ; Oligo : Oligozoospermia ; Crypto : Cryptozoospermia ; Globo : 

Globozoospermia ; Astheno : Asthenozoospermia ; Macro : Macrozoospermia ; 

CBAVD : Congenital Bilateral Absence of the Vas Deferens. Trois stades d’atteintes 

impactent l’infertilité masculine : pré-testiculaire (fond vert), testiculaire (fond rouge) et 

post-testiculaire (fond bleu). Les différents mécanisme et cellules touchées sont 

représentés par des images, de l’axe gonadotrope aux canaux déférents en passant 

par les différents stades de développement du spermatozoïde. Les étiologies sont 

listées dans des encadrés noirs. Les différents phénotypes observés sont notés en 

bleu en dessous des encadrés correspondant. 
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PARTIE 2 (rédigée en anglais) – GLOBOZOOSPERMIA – 
LITERATURE REVIEW         

 

First described in humans in 1971, globozoospermia (MIM 613958, 

Spermatogenetic Failure 9 (SPGF9)) is a rare (incidence 0.1%) and severe form of 

teratozoospermia characterized by the presence in the ejaculate of a large majority of 

round spermatozoa lacking acrosome(Sen et al. 1971; Dam et al. 2007a). 

Globozoospermic sperm are unable to adhere to or penetrate the zona pellucida, 

causing primary infertility. This phenotype exhibits two forms: “total” globozoospermia 

referring to patients with a homogeneous phenotype with ~100% round-headed sperm 

and “partial” globozoospermia characterized by a mosaic of normal and round-headed 

sperm in the ejaculate even if no precise cut-off threshold was clearly established. 

However, considering that globozoospermic sperm cells can be found with a proportion 

up to 9% in the general fertile population(Auger et al. 2016), globozoospermia is in 

practice diagnosed by semen analysis when a minimum of 20% to 50% of round -

headed sperm cells is found in the ejaculate(Dam et al. 2011; Modarres et al. 2018; 

Oud et al. 2020). A rarer subtype of globozoospermia also known as pseudo-

globozoospermia or acrosome hypoplasia has been described as the presence of an 

atrophied acrosome and almost systematically detached from the sperm 

head(Chemes 2018). Although some contradictory results were reported in literature, 

an increased aneuploidy rate was regularly described in round headed sperm as well 

as DNA damages related to defective chromatin condensation and DNA fragmentation 

compared to normal sperm cells(Yassine et al. 2015b; Coutton et al. 2015). 

The physiopathological mechanism leading to globozoospermia was widely 

explored and, even if some uncertainty persists, it has been demonstrated that this 
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phenotype mainly arises from a failure of pro-acrosomal Golgi-derived vesicles 

formation, trafficking and fusion and/or a disruption of the interaction between the 

acrosome and the sperm nuclear envelope through the acroplaxome junction(Coutton 

et al. 2015). From a functional point of view, this abnormal acrosome formation results 

in a total depletion of hydrolytic and proteolytic acrosomal enzymes indispensable for 

the sperm-egg adhesion and penetration as well as for the oocyte activation with the 

phospholipase C zeta (PLCζ) which is a sperm-borne specific phospholipase located 

along the inner acrosomal membrane and in the perinuclear theca(Yoon et al. 2008; 

Escoffier et al. 2015). 

Genetic exploration of the globozoospermia phenotype began first with the 

creation of different knock-out mouse models allowing the identification of several 

genes involved in the different steps of the acrosome biogenesis(de Boer et al. 2014; 

Coutton et al. 2015). To date, more than 60 genetically modified mice reported in the 

Mouse Genome Informatics database (http://www.informatics.jax.org) contain in their 

phenotypic description a term related to “globozoospermia”. This finding is not 

surprising in view of the complexity and the multitude of proteins involved in acrosome 

biogenesis (Alvarez Sedó et al. 2012). Despite of this large list of candidate genes, 

only a few mutations have been identified in their human orthologs. In fact, currently, 

only 5 genes are confidently associated with globozoospermia in human: SPATA16, 

DPY19L2, PICK1, ZPBP1 and CCDC62. 
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SPATA16 

Spermatogenesis associated 16 or SPATA16 (also previously named NYD-SP12) 

is a protein highly expressed in human testis(Dam et al. 2007b), which is located in the 

Golgi apparatus and in pro-acrosomal vesicles which fuse to form the acrosome during 

spermiogenesis (Xu et al. 2003; Dam et al. 2007b) and whose function is hypothetically 

to be involved in maintaining the integrity of the sperm acrosome (Figure 4). It was the 

first gene found to be responsible of human globozoospermia in 2007: a homozygous 

mutation (c.848G>A, p.R283Q) in SPATA16 was identified in three affected brothers 

from a consanguineous Ashkenazi Jewish family(Dam et al. 2007b). This variant 

induces the fourth exon skipping which causes a disruption in the C-terminal 

tetratricopeptide repeat domain (TPR domain) of SPATA16 (Figure 5). It is described 

as a protein-protein interaction module, highly conserved in mammals, which probably 

interact with GOPC and HRB proteins(Dam et al. 2007b). Moreover, in 2016, two out 

of nineteen globozoospermic patients showed a new SPATA16 homozygous deletion 

affecting the exon 2 (ElInati et al. 2016) (Figure 5). Interestingly, this new mutation led, 

in addition of severe total globozoospermia, to 39% of spermatozoa with double or 

multiple heads, 26% of spermatozoa with multiple flagella (two or more), a high rate of 

aneuploidy (6% in SPATA16 mutated patients against 2.38% in controls) but also an 

important DNA damage like fragmentation (44% in SPATA16 mutated patients against 

10.25% in controls) (Ghédir et al. 2019). SPATA16 mutations may thus disturb the TPR 

domain, disorganizing numerous protein–protein interactions and leading to an 

abnormal meiosis, which could explain this particular phenotype of total 

globozoospermia. 
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Figure 4 - Known proteins involved in acrosome biogenesis whose functional 

absence leads to globozoospermia in human. Acrosome biogenesis includes 

several steps including protein processing within the endoplasmic reticulum, vesicle 

trafficking from the Golgi apparatus, vesicle fusion, acrosome integrity, interaction of 

the acrosomal and nuclear membranes with the acroplaxome and maintaining integrity 

of the acrosomal matrix. 
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Figure 5 - Location of mutations in the intron-exon structure and in the protein 

representation of the five genes (DPY19L2, PICK1, SPATA16, ZPBP1 and 

CCDC62) associated with globozoospermia in human. Exons are indicated as a 

black box, untranslated region as a clear box, introns as a line and the localization of 

the identified point mutations is shown by a line and the span of the identified genomic 

deletions is indicated by a line with two arrows at the end. Colored boxes indicate the 

known identified domains of the corresponding proteins. 
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PICK1 

PICK1 or Protein interacting with C kinase 1 is a peripheral membrane protein 

involved in protein trafficking, a function that has been initially well characterized in 

neurons. PICK1 is ubiquitously expressed but mostly abundant in the brain and testis 

and remarkably contains both PSD-95/DlgA/ZO-1 (PDZ) domain and Bin-

Amphiphysin-Rvs (BAR) domain through which the protein binds to a large number of 

membrane proteins and lipid molecules(Li et al. 2016). In testis, PICK1 was highly 

expressed in round spermatids and localized to Golgi-derived proacrosomal granules. 

Xiao et al. first observed that PICK1 interacted with GOPC and the primary catalytic 

subunit of protein kinase 2 (CK2α′), proteins whose deficiencies lead to 

globozoospermia in mice, and thus suggested that PICK1 is involved in vesicle 

trafficking from the Golgi apparatus to the acrosome(Xiao et al. 2009) (Figure 4). More 

recently, ICA1L, a protein which is also critical for acrosome formation at 

spermiogenesis, was identified as a new binding partner of PICK1(He et al. 2015). In 

human, only one mutation in PICK1gene has been reported in 2010(Liu et al. 2010) in 

a Chinese total globozoospermic patient with homozygous missense mutation 

(c.198G>A) in exon 13 (p.G393R) (Figure 5). Authors suggested that the altered amino 

acid G393R in the C-terminal domain may influence the negative regulation with the 

BAR domain and affect the formation of the acrosome because of the perturbation of 

lipid-BAR domain binding. Although PICK1 is involved in numerous biological 

functions, only isolated infertility with no other clinical features were reported for this 

patient, suggesting that the altered amino acid G393R only may induce alteration of 

germinal functions of PICK1 (Liu et al. 2010). In 2012, PICK1 was studied by 

Yatsenko’s team in 381 teratozoospermic and 204 controls patients. No statistically 



42 

 

significant and functionally relevant mutations were discovered in the PICK1 

gene(Yatsenko et al. 2012).  

 

ZPBP1 

The mouse ortholog ZPBP1 (sp38) was first shown to be required for sperm 

acrosome formation, compaction and sperm-egg binding(Lin et al. 2007). The lack of 

this protein in KO mice leads to acrosome fragmentation, disrupted Sertoli-spermatid 

junctions and a defective sperm head morphology with characteristics reminiscent of 

globozoospermia in human. In human, ZPBP1 is involved in sperm-egg interaction 

(binding and penetration) during fertilization and is located in the acrosomal membrane 

and likely interacts with multiple acrosomal matrix proteins(Lin et al. 2007) (Figure 4). 

In 2012, Yatsenko et al. identified homozygous and heterozygous missense and 

splicing mutations in ZPBP1 in 15 out of the 381 men with abnormal sperm head 

morphology (Figure 5). These mutations were not observed in 240 matched 

controls(Yatsenko et al. 2012). They hypothesized that most of the missense mutations 

exert a dominant-negative effect due to altered ZPBP1 protein folding and protein-

protein interactions in the acrosome(Yatsenko et al. 2012). All the identified mutations 

were found in patients with 64% to 98% of heads defects(Yatsenko et al. 

2012)resembling the abnormal head morphology phenotype of Zpbp1 mouse knockout 

model(Yatsenko et al. 2012). More recently Oud et al. identified a nonsense mutation, 

c.931C>T; p.(Gln311Ter), in a total globozoospermic patient (Figure 5). This variant is 

absent of the general population and is located in a homozygosity region of 

approximately 24 Mb on chromosome 7. This mutation may lead to a truncated protein 

lacking the 40 last amino acids of the conserved SP38 domain of the protein. 
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CCDC62 

Coiled Coil Domain-Containing 62 (CCDC62) was first described in 2017 in 

infertile male mice presenting spermatozoa with low motility (only less than 5% motile 

spermatozoa), middle piece, head and acrosome defects(Li et al. 2017). CCDC62 is 

likely present in the Golgi apparatus during the first stages of spermatogenesis and 

then in the acrosome during the elongation and maturation phases (Figure 4). It 

appeared that CCDC62 was required for cytoplasm removal and acrosome formation 

during spermiogenesis. CCDC62 shares similar coiled-coil domains with GOPC and 

PICK1, proteins whose deficiencies lead to globozoospermia in mice, but may interact 

only with GOPC(Wang et al. 2015). Interestingly, in humans, CCDC62 was also shown 

to be co-expressed with ZPBP1.Recently, Oud et al. identified two homozygous 

mutations in CCDC62 in one patient with globozoospermia: one nonsense mutation 

c.442C > T; p.(Gln148Ter) and one missense mutation c.847C > T; p.(His283Tyr) 

(Figure 5). The premature stop codon is located before the missense variant and is 

predicted to cause nonsense-mediated decay resulting in an absence of protein.  
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DPY19L2 

In 2011, a recurrent whole-gene deletion of DPY19L2 was reported in 15 

patients out of 20 globozoospermic patients(Harbuz et al. 2011). In spermatozoa, the 

DPY19L2 protein is located in the inner nuclear membrane and anchors the developing 

acrosome to the nuclear envelope through a cytoskeletal plate designated 

acroplaxome(Pierre et al. 2012) (Figure 4). In fact, in spermatozoa from DPY19L2 

mutated patients, the inner nuclear membrane is destabilized and then separated from 

the outer nuclear membrane, leading to the entire detachment of the acrosome. 

Furthermore, it has been shown that other nuclear proteins, like SUN proteins, 

expressed during spermatogenesis were involved in sperm head formation. Once 

stabilized in the inner nuclear membrane of spermatozoa, SUN proteins enroll KASH 

(Klarsicht, ANC-1, Syne Homology) proteins (Pasch et al. 2015), located in the outer 

nuclear membrane, thus forming the LINC (Linker of Nucleoskeleton and 

Cytoskeleton) complex binding the two inner and outer nuclear envelopes, ensuring 

the maintenance of the nuclear membrane rigidity and anchoring the nucleus to 

cytoplasmic structure through the cytoplasmic domain of KASH proteins. It was then 

hypothesized that DPY19L2, SUN and KASH proteins may be potential interacting 

partners(Ray et al. 2016) and that DPY19L2 may stabilize the LINC complex. 

DPY19L2 has also a large N-terminus intra-nuclear domain, which may bind at the 

same time the nuclear dense lamina. The super structure comprising the DPY19L2 

and the LINC complex may therefore links luminal component of the nucleus to the 

acroplaxome. A recent study using three-dimensional fluorescence in situ hybridization 

(3D-FISH) demonstrated that DPY19L2-deficient globozoospermic patients display 

impaired sperm chromocenter organization and altered spatial organization of 

chromosome 7, 18 and X(Abdelhedi et al. 2019). This study further strengthens the 
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hypothesis that DPY19L2 might be considered as a LINC-like protein having a crucial 

role in the organization of nuclear chromatin in sperm nucleus through its interaction 

with nuclear lamina. Therefore, after a first step of acroplaxome-acrosome complex 

docking on the outer nuclear membrane during spermatogenesis, a second step of 

partnership between DPY19L2, SUN proteins and KASH proteins would allow and 

stabilize the establishment and spreading of the acrosome (Pereira et al. 2019). This 

hypothesis has however not been formally confirmed and the molecular partners of 

DPY19L2 remain to be characterized. Comparative testicular transcriptome studies of 

wild type and globozoospermic Dpy19l2 KO mice were also realized to attempt to 

identify Dpy19l2 molecular partners but no conclusive result was obtained(Karaouzène 

et al. 2013). More recent proteomic sperm analyses of globozoospermic patient 

carrying a DPY19L2 homozygous deletion showed that 491 sperm proteins 

differentially expressed between patients and controls(Guo et al. 2019)including 

protein involved in acrosome biogenesis but also in chromatin composition, sperm–

egg binding and egg activation. In particular, authors identified IZUMO family proteins 

(IZUMO1-4) among the mostly downregulated(Guo et al. 2019). In addition to its 

structural function during acrosome biogenesis, the C-mannosyltransferase function of 

its ancestral protein DPY-19 has raised the hypothesis that DPY19L2 may have also 

a function in glycosylation of sperm proteins but this remains to be 

demonstrated(Buettner et al. 2013). 
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NEW CANDIDATE GENES 

Using whole-exome sequencing, a recent study also identified interesting five 

candidate genes to explain the globozoospermia in a cohort of 15 patients(Oud et al. 

2020). They identified rare missense mutations in C2CD6 (also known as ALS2CR11), 

CCIN, C7orf61 and DHNA17 in one patient each and a frameshift mutation in GGN in 

two patients. All these genes may have putative location or function in acrosome but 

these assumptions are not clearly supported by the mutant model when available. 

Moreover, these missense mutations were not validated with functional work and 

should be interpreted with caution. As example, missense and truncating mutations in 

DNAH17 were formally associated with another teratozoospermia leading to severe 

flagellum malformations known as MMAF phenotype in human and mouse in three 

recent and independent publications(Touré et al. 2020). 

 

The next part of this work is an original article presenting the genetic analyses 

performed on a large cohort of 69 globozoospermic patients in order to obtain an 

etiological diagnosis of their pathology. 
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PARTIE 3 – ARTICLE ORIGINAL (rédigé en anglais) -
GENETIC ANALYSES OF A LARGE COHORT OF INFERTILE 

PATIENTS WITH GLOBOZOOSPERMIA, DPY19L2 STILL THE 
MAIN ACTOR, GGN CONFIRMED AS A GUEST PLAYER  

 

Cette troisième partie se décline sous la forme d’un article scientifique original 

tel qu’il a été accepté dans le journal « Human Genetics ». Ce travail de thèse a été 

réalisé dans un contexte de diagnostic génétique chez des patients masculins atteints 

d’une infertilité causée par la présence de spermatozoïdes globozoospermiques dans 

l’éjaculat. Comme expliqué en introduction, le gène DPY19L2 est la principale cause 

de cette affection, nous avons donc dans un premier temps recherché la présence 

d’anomalies de ce gène puis, dans un second temps, au niveau des autres gènes 

décrits chez l’homme comme étant impliqués dans la globozoospermie. Nous avons 

également confronté leurs résultats de spermocytogrammes aux résultats des 

analyses génétiques. L’ensemble de ce travail avait pour objectifs d’analyser 

l’implication de DPY19L2 et d’autres gènes candidats au sein d’une large cohorte de 

patients globozoospermiques et d’étudier la corrélation génotype-phénotype dans leur 

pathologie, le tout afin d’envisager une amélioration de la stratégie diagnostique 

actuellement utilisée chez ces patients pour perfectionner leur prise en charge. 
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Genetic analyses of a large cohort of infertile patients 

with globozoospermia, DPY19L2 still the main actor, 

GGN confirmed as a guest player.  
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ABSTRACT 

Globozoospermia is a rare phenotype of primary male infertility inducing the 

production of round-headed spermatozoa without acrosome. Anomalies of DPY19L2 

account for 50 to 70% of all cases and the entire deletion of the gene is by far the most 

frequent defect identified. Here, we present a large cohort of 69 patients with 20% to 

100% of globozoospermia. Genetic analyses including multiplex ligation-dependent 

probe amplification, Sanger sequencing and whole exome sequencing identified 25 

subjects with a homozygous DPY19L2 deletion (36%) and 14 carrying other DPY19L2 

defects (20%). Overall, 11 deleterious single nucleotide variants were identified 

including 8 novel and 3 already published mutations. Patients with a higher rate of 

round-headed spermatozoa were more often diagnosed and had a higher proportion 

of loss of function anomalies, highlighting a good genotype phenotype correlation. No 

gene defects were identified in patients carrying <50% of globozoospermia while  

diagnosis efficiency rose to 77% for patients with >50% of globozoospermia. In 

addition, results from whole exome sequencing were scrutinized for 23 patients with a 

DPY19L2 negative diagnosis, searching for deleterious variants in the nine other 

genes described to be associated with globozoospermia in human (C2CD6, C7orf61, 

CCDC62, CCIN, DNAH17, GGN, PICK1, SPATA16 and ZPBP1). Only one 

homozygous novel truncating variant was identified in the GGN gene in one patient, 

confirming the association of GGN with globozoospermia. In view of these results, we 

propose a novel diagnostic strategy focusing on patients with at least 50% of 

globozoospermia and based on a classical qualitative PCR to detect DPY19L2 

homozygous deletions. In the absence of the latter, we recommend to perform whole 

exome sequencing to search for defects in DPY19L2 as well as in the other previously 

described candidate genes. 
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INTRODUCTION 

Infertility is a major health concern, affecting approximately 50 million couples 

worldwide (Mascarenhas et al. 2012), or 12.5% of women and 10% of men(Datta et al. 

2016). Among the factors leading to male infertility, alterations of spermatogenesis are 

the major cause including quantitative defects (azoo- or oligozoospermia) or qualitative 

defects (teratozoospermia or asthenozoospermia). Globozoospermia is a rare 

(incidence 0.1%) and severe form of teratozoospermia characterized by the presence 

in the ejaculate of a large majority of round spermatozoa without acrosome 

(#MIM102530). Globozoospermic sperm are thus unable to adhere and to penetrate 

the zona pellucida, causing primary infertility. It is important to differentiate total 

globozoospermia referring to patients with a homogeneous phenotype with ~100% 

round-headed sperm and partial globozoospermia with a variable percentage of 

spermatozoa of typical shape (Figure 6). A minimum threshold of 20 to 50% of round 

headed spermatozoa is commonly used in the literature to confirm the diagnosis of 

globozoospermia(Dam et al. 2007, 2011; Modarres et al. 2018; Oud et al. 2020). 
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Figure 6 – Optical microscopic observations of spermatozoa. Scale = 10µM.The 

acrosome is at the tip of the white arrow. A) Semen of a control patient with only normal 

spermatozoa (absent from the cohort). Zoom on a spermatozoon’s head of typical 
shape (white square in the upper right corner). The acrosome can be identified as the 

white halo at the front of the head. The nucleus is the black part closer to the 

intermediate piece. B) Semen from a patient with partial globozoospermia. Zoom on a 

round headed spermatozoon without acrosome, the shape of the head follows the 

shape of the nucleus (white square in the upper right corner). Zoom on a spermatozoon 

with an intermediate shape close to the normal spermatozoon in image A but with a 

smaller irregular acrosome at the front (white square in the lower left corner). C) Semen 

of a patient with total globozoospermia containing only globozoospermic spermatozoa. 

Zoom on a round headed spermatozoon without acrosome, similar to the one on image 

B (white square in the upper right corner). 
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Genetics analyses permitted to decipher the different factors involved in the 

pathogenesis of globozoospermia.  Alterations of many genes encoding for proteins 

involved in several critical steps of acrosome biogenesis such as the vesicle transport 

from the Golgi to the acrosome, vesicle fusion, and membrane interaction, have been 

demonstrated to be responsible for globozoospermia or globozoospermia-like 

phenotypes (Coutton et al. 2015). As the phenotype is very severe and specific, all 

cases of total globozoospermia are believed to have a genetic cause. To date, 

mutations in C2CD6, C7orf61, CCDC62, CCIN, DNAH17, GGN, PICK1, SPATA16 and 

ZPBP1 have all been described in globozoospermia patients, but only a handful of 

patients carrying variants in any of these genes have been described(Dam et al. 2007; 

Liu et al. 2010; Yatsenko et al. 2012; ElInati et al. 2016; Oud et al. 2020).The main 

genetic causes of total globozoospermia are alterations of the DPY19L2 gene which 

are found in approximately two-thirds of globozoospermia patients(Coutton et al. 

2015). 

DPY19L2, located in 12q14.2, is predominantly expressed in the testis and 

encodes a transmembrane protein which is part of the DPY19 protein family. The study 

of wild type and homozygous knock out (KO) Dpy19l2 male mice demonstrated that 

the protein is present from the round spermatid stage onwards and that it localizes to 

the inner nuclear membrane, exclusively in regards to the forming acrosome (Pierre et 

al. 2012). In the absence of DPY19L2, the forming acrosome separates from the 

nucleus before being totally removed from the sperm with the cytoplasmic droplets, 

demonstrating that DPY19L2 is necessary to anchor the acrosome to the nucleus 

(Pierre et al. 2012). In addition to its structural function during acrosome biogenesis, 

the C-mannosyltransferase function of its ancestral protein DPY-19 has raised the 

hypothesis that DPY19L2 may have a function in glycosylation of sperm proteins but 
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this remains to be demonstrated (Buettner et al. 2013). A recurrent 200-kb 

homozygous deletion is the most frequent event affecting DPY19L2, identified in a 

variable proportions of globozoospermic patients ranging from 19%(Koscinski et al. 

2011) to 75%(Harbuz et al. 2011). This variability may be explained in part by the 

geographical origins of the studied cohorts of patients, the degrees of consanguinity of 

the studied patients but mainly by the inclusion of different proportion of patients with 

partial globozoospermia(Ray et al. 2017). The mechanism leading to the deletion is 

however consensual and was described to be due to a Non-Allelic Homozygous 

Recombination (NAHR) occurring between two homologous 28-kb low copy repeats 

(LCRs) located on each side of the gene(Harbuz et al. 2011; Koscinski et al. 2011; 

Elinati et al. 2012; Coutton et al. 2013). Many point mutations and small deletions have 

also been described as causal (Elinati et al. 2012; Modarres et al. 2016; Chianese et 

al. 2015; Shang et al. 2019; Coutton et al. 2012b; Zhu et al. 2013; Ghédir et al. 2016; 

Oud et al. 2020). Overall, a total of 22 deleterious variants has been described 

including 5 splice variants, 9 loss of function variants, a deletion of three nucleotides 

and 7 missense variants. All of them represent approximately 20% of the pathological 

alleles (Ray et al. 2017). Based on these data, the consensual diagnosis strategy for 

patients presenting a total or partial globozoospermia is to first screen for the presence 

of the DPY19L2 gene deletion before searching for DPY19L2 point mutations and then 

defects in other candidate genes. 

Here we present the genetic results from a large cohort of 69 patients presenting 

with globozoospermia. We performed a first-line screening using MLPA for all patients 

allowing to quantify the number of DPY19L2 alleles present in each patient. In the 

absence of a homozygous deletion of the whole gene, we subsequently performed 

either Sanger sequencing of the 22 DPY19L2 exons and/or whole-exome sequencing 
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(WES). We identified 8 novel homo- or hemizygous point mutations, 3 causal variants 

already reported in other publications and 2 heterozygous variants of unknown 

significance. Then we continued the analysis in 23 patients without a causal DPY19L2 

anomaly and for which we performed a whole exome sequencing allowing us to look 

for variants in the genes described to be associated with globozoospermia in Human 

(C2CD6, C7orf61, CCDC62, CCIN, DNAH17, GGN, PICK1, SPATA16 and ZPBP1). 

For these 9 genes analyzed in 23 subjects, we only identified one deleterious variant 

present in a single patient. The variant was a homozygous loss of function variant 

affecting the GGN gene. We also compared the sperm parameters in our cohort of 

patients according to their DPY19L2 genotype to explore a potential genotype-

phenotype correlation. This work permitted to identify new deleterious variants and to 

refine the current diagnostic strategy for globozoospermia. 
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MATERIALS AND METHODS 

Patients 

We recruited 73 patients, all addressed to Grenoble Hospital between 2012 and 

2019 for the genetic investigation of globozoospermia. All patients had a medical 

consultation for infertility and a sperm analysis revealing complete or partial 

globozoospermia. Informed consent was obtained from all the patients participating in 

the study according to local protocols and the principles of the Declaration of Helsinki. 

The study was approved by local ethics committees, and samples were then stored in 

the CRB Germethèque (certification under ISO-9001 and NF-S 96-900) following a 

standardized procedure or were part of the Fertithèque collection declared to the 

French Ministry of health (DC-2015-2580) and the French Data Protection Authority 

(DR-2016-392). Most patients originated from France (43/73 patients) or North Africa 

(n=26 including 13 from Tunisia, 12 from Algeria and 1 from Morocco) but also from 

Turkey (n=3), Cape-Verde (n=1), Iraq (n=1). All patients were unrelated and 

unpublished globozoospermic patients except for 3 Algerian patients who are brothers. 

Within our cohort, 10 patients reported consanguinity in their family. Their geographical 

origin is representative of the cohort with 5 patients from France, 3 patients from North 

Africa (2 Tunisians and 1 Algerian), 1 patient from Iraq and finally 1 of Turkey. We 

excluded patients with less than 20% of round headed spermatozoa without acrosome 

and patients with a sperm concentration under 1 Million per milliliter (Figure 7). Overall 

69 patients were analyzed and are presented here. 
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Semen analysis 

Sperm analysis was performed during the routine biological examination of the 

patients according to World Health Organization Guidelines (Cooper et al. 2010).It was 

carried out in different source laboratories and protocol variations cannot be excluded. 

Sperm parameters from the different groups of patients were compared according to 

their genotype, as described in Table 1. A two-tailed t test analyzing was employed to 

identify significant differences between patient groups using GraphPad Prism version 

8.4.2 for Windows, GraphPad Software, San Diego, California USA, 

www.graphpad.com. 

 

Table 1 - Comparison of sperm parameters between groups according to the 

patients’ genotype. 

Patients 
Group 1 : Loss of 
function anomaly 

(n=30) 

Group 2 : Hemi- 
or Homozygous 

missense 
mutation (n=10) 

Group 3 : Absence 
of causal anomaly 

(n=29) 

 Mean SD Mean SD Mean SD 

Sperm volume (mL) 3.42 1.32 3.07 1.78 3.64 1.53 
Nb spz (x10^6 per mL) 73.18 47.95 49.34 56.20 33.03 38.22 

Vitality 68.67 14.43 62.86 16.70 53.70 16.37 
Motility (A+B. 1h) 30.62 10.94 20.13 9.78 23.50 16.86 

Round cells (x10^6 per mL) 3.22 4.26 4.38 7.73 3.18 3.08 
Normal spermatozoa  0.06 0.24 0.00 0.00 2.08 3.60 

Intermediate piece angulation 16.00 10.19 17.33 9.78 24.04 14.16 
Rolled flagella 14.07 8.81 21.17 11.98 12.12 9.10 

Flagella of irregular caliber 2.93 6.42 1.00 0.89 2.77 8.54 
Shortened flagella  0.93 1.34 1.80 2.71 3.15 2.80 
Absence of flagella  1.43 2.06 4.00 3.90 3.12 4.08 

Multiple flagella  1.29 1.58 1.67 1.37 2.12 3.57 
Multiple heads 1.43 1.72 2.67 4.68 2.85 3.59 

Acrosome anomaly 98.96 3.21 97.75 3.67 92.75 11.14 
Round head 94.33 11.51 89.33 17.26 60.08 29.43 

Microcephaly 81.79 32.62 68.67 26.66 40.77 28.72 
Base anomaly 23.23 34.96 23.00 24.80 47.48 31.31 

Multiple anomalies index  2.62 0.59 2.35 0.54 2.66 0.58 

Values are expressed in percent, unless specified otherwise. SD = Standard deviation 

 

http://www.graphpad.com/
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DNA extraction 

DNA was extracted from blood and saliva samples. Saliva was collected with 

ORAGEN DNA OG-500 kits from DNA GENOTEK Inc and extraction was performed 

using the manufacturer’s recommendation. Concerning blood samples, DNA was 

isolated from EDTA blood using the DNeasy Blood & Tissue Kits from QIAGEN SA 

(Courtaboeuf, France). 

 

MLPA analysis 

MLPA analysis uses probes specific of exons 1, 17 and 22 according to our 

protocol, already described by Coutton et al. 2012a, b. We realized it to investigate 

DPY19L2 entire gene deletion in 69 patients. 

 

Whole-exome sequencing and bioinformatics analyses 

Whole-exome sequencing was performed for 28 out of 69 patients without 

DPY19L2 homozygous deletion. Coding regions and intron/exon boundaries were 

sequenced after enrichment using Sure Select Human All Exon V6 –from Agilent. An 

alignment-ready GRCh38 reference genome (including ALT, decoy and HLA) was 

produced using "run-gen-ref hs38DH" from Heng Li’s bwa kit package 

(https://github.com/lh3/bwa). The exomes were analyzed using a bioinformatics 

pipeline developed in-house. The pipeline consists of two modules, both distributed 

under the GNU General Public License v3.0 and available on github. The first module 

(https://github.com/ntm/grexome-TIMC-Primary) takes FASTQ files as input and 

produces a single merged GVCF file, as follows. Adaptors are trimmed and low-quali ty 

reads filtered with fastp 0.20.0(Chen et al. 2018), reads are aligned with BWA-MEM 
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0.7.17 (Li 2013), duplicates are marked using samblaster 0.1.24 files are sorted and 

indexed with samtools 1.9 (Li et al. 2009). SNVs and short indels are called from each 

BAM file using strelka 2.9.10 (Kim et al. 2018) to produce individual GVCF files. These 

are finally merged with merge GVCFs_strelka.pl to obtain a single multi-sample GVCF, 

which combines all exomes available in our laboratory. The second module 

(https://github.com/ntm/grexome-TIMC-Secondary) takes this merged GVCF as input 

and produces annotated analysis-ready TSV files. This is achieved by performing up 

to 15 streamlined tasks, including the following. Low-quality variant calls (DP<10, 

GQX<20, or less than 15% of reads supporting the ALT allele) are discarded. Variant 

Effect Predictor v92 (McLaren et al. 2016) is used to annotate the variants and predict 

their impact, allowing to filter low-impact variants and/or prioritize high-impact ones 

(e.g. stop-gain or frameshift variants). Gene expression data from the Genotype-

Tissue Expression project (GTEx v7) are added. Variants with a minor allele frequency 

greater than 1% in gnomAD v2.0, 3% in 1000 Genomes Project phase 3, or 5% in 

NHLBI ESP6500 are filtered. Variants are also compared to those obtained from 250 

exomes of healthy control individuals or of patients presenting a clearly different 

phenotype. Because all variants result from the same bioinformatics pipeline, this 

allows to filter artifacts due to the pipeline itself, as well as genuine variants that may 

be missing from public databases but are actually not so rare in our cohorts. Finally, 

the resulting TSV files can be opened with spreadsheet software such as Libre Office 

Calc or Microsoft Excel for further filtering and sorting, in order to identify candidate 

causal variants. 

Candidate variants identified in DPY19L2 and other genes were subsequently 

confirmed by Sanger sequencing using an Applied Biosystems 3500XL Genetic 

Analyzer. Analyses were performed according to the protocol described below. 
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DPY19L2 Sanger sequencing 

Full DPY19L2 Sanger sequencing was performed for 16 patients including five 

patients without DPY19L2 deletion and eleven patients with a heterozygous deletion. 

The 22 DPY19L2 exons and intronic boundaries were amplified using the PCR 

primers described in supplementary table 1. Sequencing reactions were performed 

using the BigDye Terminator v3.1 sequencing kit (Applied Biosystems) and sequence 

analyses were carried out on an ABI3500XL Genetic Analyzer (Applied Biosystems). 

Sequences were analyzed using the Seqscape software (Applied Biosystems). The 

nomenclature of the identified variants was established according to Human Genome 

Variation Society (HGVS)(den Dunnen and Antonarakis 2000).Sequence numbering 

refers to ENST00000324472 for the cDNA sequence and variations or probes are 

based on the UCSC GRCh38/hg38 assembly. 

 

In-silico analyses of sequence variants 

The pathogenicity of the identified variants was predicted using Varsome 

(https://varsome.com/) (Kopanos et al. 2019) and Polyphen 

(http://genetics.bwh.harvard.edu/pph2/index.shtml) (Adzhubei et al. 2010). The 

potential effect of these variants on RNA splicing was assessed with Human Splicing 

Finder – V3.1 (http://www.umd.be/HSF) (Desmet et al. 2009). 

 

  

https://varsome.com/
http://genetics.bwh.harvard.edu/pph2/index.shtml
http://www.umd.be/HSF
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RESULTS 

A total of 73 globozoospermic men were addressed for the genetic analysis of 

DPY19L2. Four patients were excluded as they did not pass the eligibility criteria: one 

had less than 20% of globozoospermic spermatozoa and three had an insufficient 

sperm concentration (<1million per milliliter) (Figure 7). 

 

Figure 7 – Schematic representation of the molecular diagnostic investigations 

carried out on the cohort of 69 patients with globozoospermia. 73 patients were 

recruited, we excluded 4 subjects because of a low rate of round-headed spermatozoa 

(n = 1) or a low concentration of sperm in the ejaculate (n = 3). We performed MLPA 

on 69 patients and diagnosed 25 homozygous DPY19L2 deletions. We carried out 

Sanger sequencing of DPY19L2 22 exons in 11 heterozygous patients and diagnosed 

5 patients with a missense variant and 3 patients with loss of function variant on their 

only allele. Among 33 patients without any DPY19L2 deletion detected by MLPA, we 

detected 1 patient with a homozygous loss of function variant, 5 patients with a 

missense variant and 2 patients with a single heterozygous variant. 25 Patients 

presented no anomalies in DPY19L2. Among the 30 patients without any detected 

DPY19L2 causal anomaly, we performed Whole Exome Sequencing for 23 of them 

and detected only one homozygous loss of function variant in GGN in one patient. 
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Gene defects were only search in the genes already associated with globozoospermia 

in Human (C2CD6, C7orf61, CCDC62, CCIN, DNAH17, GGN, PICK1, SPATA16 and 

ZPBP1). For the 22 other patients, no deleterious variants were identified in these 

genes and investigations are pursued to identify new globozoospermia candidate 

genes. 

 

DPY19L2 investigations in our cohort of 69 globozoospermic patients 

We performed MLPA analysis on 69 DNA samples extracted from 

globozoospermic patients: 25 carried a homozygous deletion of the whole DPY19L2 

gene (36.2%) including the three Algerian brothers, 11 had a heterozygous deletion 

(15.9%) and 33 patients harbored no DPY19L2 deletion (47.8%) (Figure 7). 

Further analyses were carried out for the 44 subjects who did not carry a 

homozygous deletion. Sanger sequencing of DPY19L2 22 exons was performed for 

16 patients including the first five recruited patients without DPY19L2 deletion and all 

patients (n=11) carrying a heterozygous deletion. Whole exome sequencing was 

performed on the remaining 28 non-deleted patients. 

For the heterozygous deleted subjects, eight patients (73%) harbored a 

hemizygous deleterious mutation on their unique allele and no deleterious variants 

were identified in the three remaining subjects (Figure 7). For the 33 patients without 

the DPY19L2 deletion, six had a homozygous variant (6/33, 18.2%) and two had a 

heterozygous variant (2/33, 6.1%) (Figure 7).These two variants correspond to a 

missense mutation in exon 14, c.1478C>G ; p.Thr493Arg, with an uncertain impact on 

the protein (Polyphen score of 0.372, predicted as benign while SIFT indicated the 

variant as pathogenic with a score of 0.01) and the other is a synonymous mutation, 

c.1461G>A ; p.Ala487=, affecting the last nucleotide of the exon 14 and predicted by 

Human Splicing Finder (HSF) to alter the donor splice site of the intron 14 (Table 2).  
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Table 2 - All point mutations identified in our cohort of 69 globozoospermic 

patients and their predicted impact according to ACMG classification. All 

mutations are homozygous or hemizygous unless specified otherwise. 

Patient 
Genomic 
mutation 

Type of 
mutation 

Localization 
Protein 

modification 

ACMG 

Classification(Richards 
et al. 2015) 

16IF004 c.1461G>A 
Synonymous 

(heterozygous) Exon 14 p.Ala487= Likely pathogenic 

15IF010 c.1478C>G 
Missense 

(heterozygous) Exon 14 p.Thr493Arg Uncertain significance 

17IF120 c.153_189del Frameshift Exon 1 p.Trp52SerfsTer7 Pathogenic 

16IF026 c.575A>G Missense Exon 4 p.His192Arg Likely pathogenic 

14IF073 c.586G>C Missense Exon 4 p.Glu196Gln Likely pathogenic 

19U0060 
15IF090 

c.869G>A * Missense Exon 8 p.Arg290His Likely pathogenic 

12IF037 
14IF051 
17IF104 

c.892C>T ** Missense Exon 8 p.Arg298Cys Likely pathogenic 

19U0058 c.893G>A Missense Exon 8 p.Arg298His Likely pathogenic 

15IF087 c.925C>A Missense Exon 8 p.Gln309Lys Likely pathogenic 

14IF02 c.1183delT*** Frameshift Exon  11 p.Ser395LeufsTer9 Pathogenic 

13IF035 c.1438G>A Missense Exon 14 p.Glu480Lys Uncertain significance 

17IF108 c.1580+1G>A 
Splice-site 
mutation 

Intron 16 p.512_527delfsTer5 Pathogenic 

14IF069 c.1840G>T Nonsense Exon 19 p.Glu614Ter Pathogenic 

* Coutton et al., 2012 ; Elinati et al., 2012 ; Zhu et al., 2013(Coutton et al. 2012b; 
Elinati et al. 2012; Zhu et al. 2013) 
** Elinati et al., 2012 ; Ghédir et al., 2016(Elinati et al. 2012; Ghédir et al. 2016) 
***Elinati et al., 2012(Elinati et al. 2012) 
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Overall 14 patients out of 44 without a homozygous deletion (32%) were 

considered to have a positive DPY19L2 diagnosis including 8 compound heterozygous 

with a heterozygous deletion and a point mutation and 6 with a homozygous variant. 

In total 11 different causal variants were identified. There were 4 loss of function 

variants and 7 missense mutations (Figure 7 and 8). Patient 14IF02 presents a 

c.1183delT ; p.Ser395LeufsTer9 variant associated with a heterozygous deletion of 

the other allele (Table 2). This variant has already been reported in 2012 (Elinati et al. 

2012), it produces a 403 amino acid truncated protein and removes the last three 

transmembrane domains and the C-terminal end (Figure 8). The variant c.153_189del 

; p.Trp52SerfsTer7 is a homozygous frameshift mutation presents in patient 17IF120 

(Table 2) which introduces a premature stop codon and leads to a truncated protein of 

58 amino acids instead of 758. The mutation of patient 15IF090, c.1840G>T; 

p.Glu614Ter is associated with a heterozygous deletion of the entire gene (Table 2). It 

is also a truncating mutation which produces a protein of 613 amino acids by replacing 

the glutamine by a stop codon, eliminating the C-terminal domain of the protein (Figure 

8). We detected one splice site variant, c.1580+1G>A; p.512_527delfsTer5, on the 

only allele of patient 17IF108, abrogating the donor site at the beginning of the intron 

16 (Table 2). The alternative splicing is predicted to cause skipping of exon 16 inducing 

a stop codon in position 517 (Figure 8). 
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Concerning the missense variants, 2 were already reported in the literature and 

five are novel (Table 2 and Figure 8). The variant c.869G>A ; p.Arg290His is the most 

frequently reported point mutation of DPY19L2 (Coutton et al. 2012b; Elinati et al. 

2012; Zhu et al. 2013) and was found in two patients from our cohort in association 

with a heterozygous deletion of the other allele (Table 2). This variant affects an 

extramembrane domain likely located in the perinuclear space (Figure 8). The 

c.892C>T ; p.Arg298Cys variant is present with a homozygous status in three patients 

from our cohort (Table 2). It was also already described previously (Elinati et al. 2012) 

as a deleterious mutation affecting a conserved amino-acid in DPY19L2 sixth 

transmembrane domain (Figure 8). Indeed, the change of an arginine at position 298 

into a cytosine is extremely rare (GnomAD: 3.99*10-6) and this alteration is predicted 

to be deleterious by SIFT (score: 0) and Polyphen (score: 1). Interestingly, another 

patient (19U0058) presents a different coding variant affecting the same arginine in 

position 298: c.893G>A ; p.Arg298His (Table 2). Three other missense variants 

(c.586G>C ; p.His192Arg , c.575A>G ; p.Glu196Gln and c.925C>A ; p.Gln309Lys) are 

each present in one patient of our cohort, all of them in association with a heterozygous 

deletion of DPY19L2 gene (Table 2). A last homozygous missense variant was 

detected in patient 13IF035: c.1438G>A ; p.Glu480Lys (Table 2). These four missense 

variants are all absent of the general population according to GnomAD and have a 

deleterious impact on DPY19L2 protein according to SIFT (score <0.005) and 

Polyphen (score > 0.94). 

 



66 

 

 

Figure 8 – Location of the point mutations found on the DPY19L2 gene and their 

consequence on the DPY19L2 protein. (A) Location of the 30 deleterious variants 

present on DPY19L2 including 6 splice variants, 11 loss of function variants, a deletion 

of three nucleotides and 12 missense variants. Exons are indicated as a black box, 

untranslated region as a clear box, introns as a line, the localization of the identified 

point mutations is shown by a line and the span of the identified genomic deletions is 

indicated by a black line with two arrows at the end. The numbers under the boxes 

indicate the exon number. Point mutations identified in our present work among 69 

globozoospermic patients are represented in red and bold. Point mutations in 319 

already published patients are represented in black and bold. An asterisk marks the 

three variants present in our cohort and already present in the literature. Adapted from 

Zhu et al. (2013)(Zhu et al. 2013). (B) Representation of the DPY19L2 protein and its 

eleven transmembrane domains with first and last transmembrane domains amino-

acid (black numbers), our missense mutations (blue segment) and truncating 

mutations (red segment). Exon 8 contains 4 different missense mutations, impacting 

56.5% of all published patients with a causal missense mutation on the third 

extramembrane domain in the perinuclear space and the sixth transmembrane 

domain. 
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Overall, a causal alteration of the DPY19L2 gene was found in 39 patients 

(39/69, 56.5%) including 25patients with a homozygous deletion of the full gene (25/69, 

36.2%), 6 carrying a homozygous deleterious point mutation (6/69, 8.7%) and 8 

carrying a heterozygous deletion and a hemizygous deleterious variant (8/69, 11.6%). 

No DPY19L2 defects were identified in 25 subjects (25/69, 36%) and five patients 

harbored a single pathogenic alteration (5/69, 7.2%) including a heterozygous 

DPY19L2 deletion for 3 patients (3/69, 4.35%) and a heterozygous point mutation for 

the other two (2/69, 2.9%). As the transmission of DPY19L2 related globozoospermia 

is strictly recessive these events were not considered to be responsible for the patients’ 

phenotype and a total of 30 patients were considered to have a negative diagnosis 

(30/69, 43.5%) (Figure 7). 

Among the 10 patients reporting inbreeding in their family only 30% (3/10) had 

a homozygous deletion, 20% (2/10) had a homozygous missense mutation and 50% 

(5/10) had no DPY19L2 abnormalities. 

 

Whole exome sequencing analysis of other genes involved in globozoospermia 

in Human 

 Among the 30 patients without causal anomaly detected in DPY19L2, 23 had a 

whole exome sequencing performed (Figure 7) and the 7 others had only a Sanger 

sequencing of the DPY19L2 22 exons. Whole exome sequencing allowed us to search 

for anomalies in all the know candidates genes in globozoospermic patients (C2CD6, 

C7orf61, CCDC62, CCIN, DNAH17, GGN, PICK1, SPATA16 and ZPBP1)(Dam et al. 

2007; Liu et al. 2010; Yatsenko et al. 2012; ElInati et al. 2016; Oud et al. 2020). We 

only considered the variants affecting one of the 9 candidate genes with a protein 
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impact predicted to be deleterious. Only one homozygous frameshift variant was 

detected in one patient affected by a partial globozoospermia with 82% of round 

headed spermatozoa. This alteration is a deletion of 22 nucleotides in GGN exon 3, 

c.416_437del, introducing a stop codon in position 147 of the Gametogenetin protein, 

p.Leu139ArgfsTer8 (Figure 9). It induces the production of a truncated protein of 146 

amino acids losing the interaction domain with GGNBP2 and OAZ3 in positions 491 to 

652 and truncating the GGNBP1 interaction domain located in positions 123 to 486 

(Figure 9). 
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Figure 9 – Representations of the loss of function variant found in GGN and 

Sanger validation. A) GGN has 4 exons indicated as boxes including 2 coding exons 

(exons 3 and 4) indicated as black colored boxes, introns are represented with a line, 

the localization of the identified point mutations is shown by a line. Numbers under the 

boxes depict the exons and UTR domains of the gene. B) Representation of GGN 

protein; the anomaly is represented by a black line on amino acid 139 and the induced 

stop codon represented by a dotted line in position 147. Three interaction domains are 

localized on the protein. The GGNBP1 interaction domain from amino acid 123 to 486 

and the GGNBP2 and OAZ3 interaction domain between positions 491 and 652. The 

CRSIP2 interaction domain overlaps the GGNBP2 and OAZ3 interaction domain and 

extends on the 158 C-terminal amino acids. All these domains are impacted by the 

loss of function mutation of GGN. C) Electropherograms of Sanger sequencing 

showing the deletion of 22 nucleotids in patient. The deleted nucleotids are 

represented in red and bold on the sequence below. D) String representation of GGN 

proteic interactions with FANCL, CRISP2, GGNBP1, GGNBP2 and OAZ3. Proteins are 

represented by green circles linked by strings according to the existing evidence of 

functional link: an experimental or biochemical data (red string), the co-mention in a 

Pubmed abstract (blue string). 
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Comparison of sperm parameters 

Sperm parameters were compared between three groups of patients according 

to their DPY19L2 genotype. The first group is composed of 28 patients who carry bi-

allelic loss of function variants (25 patients with a homozygous deletion of DPY19L2 

and 4 patients with homo- or hemizygous truncating mutations) for whom no functional 

DPY19L2 protein is expected (Figure 7). The second group is composed of 10 patients 

carrying a deleterious homo- or hemizygous missense variant of DPY19L2 with an 

unpredictable effect on the protein expression or function (Figure 7). The third group 

contains the 30 patients without bi-allelic alteration of DPY19L2, including patients with 

a unique heterozygous variant (Figure 7).  

Mean and standard deviation of all the sperm parameters for each group are 

presented in the Table 1 and in Figure 10. Several sperm parameters are statistically 

different between the first group of patients (without functional protein) and the third 

group of patients (without genetic alterations) (Figure 10). The first group presents a 

higher proportion of round headed spermatozoa with an adjusted p value = 0.000005 

and more microcephalic spermatozoa with an adjusted p value = 0.000061. Vitality and 

concentration of sperm are also increased in the first group with a respective adjusted 

p values of 0.006799 and 0.010454. The third group shows an increased frequency of 

shortened flagella (adjusted p value = 0.004551). The normal spermatozoa proportion 

is enhanced in the third group (adjusted p value = 0.049672). There was no significant 

difference between these two groups concerning the other sperm parameters (Figure 

10). No statistically significant differences were identified between the second group 

of patients carrying a missense mutation and the two other groups (Figure 10). 
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Figure 10 – Bar chart representing mean and standard deviation (SD) for each 

sperm parameters between the three groups of patients according to their 

DPY19L2 genotype. No statistically significant differences exist between the group of 

patients carrying a missense mutation and the two other groups. The rate of normal 

spermatozoa is significantly enhanced, and the rate of globozoospermia significantly 

decreased, in patients without causal anomaly detected in DPY19L2 in comparison 

with patients with a loss of function variant, respective p values of 0.049672 and 

0.000005 (grey arrows).  
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Diagnostic performances 

Table 3 presents the genetic results of DPY19L2 screening according to the rate 

of round headed spermatozoa in our patients. We divided our cohort in three groups 

of patients: less than 50% of round headed spermatozoa, 50 to 89% and more than 

90%. In these three groups we determined the proportion of each genetic profile 

(presence of a loss of function anomaly, presence of a causal missense mutation and 

the absence of DPY19L2 causal anomaly) to determine the diagnostic performance in 

each group. Interestingly, we observed no positive diagnosis in the first group of 

patients with less than 50% of globozoospermia whereas a positive diagnosis was 

obtained for nearly 74% of patients carrying a minimum of 50% of round headed 

spermatozoa (Table 3). Logically, if we compare the patients with what could be 

described as total globozoospermia (>90% of globozoospermia) with those with partial 

globozoospermia (50-89% of globozoospermia) we observe in the first group a higher 

diagnosis rate (80% vs 54%) and a higher percentage of loss of function variants (63% 

vs 31%).  

 

Table 3 – Diagnostic performance according to the rate of round headed 

spermatozoa 

Round-headed 
sperm 

Loss of 

function 
anomalies 

Missense 
variants 

Absence of 
causal anomaly 

Positive 

diagnosis (all 
biallelic 

variants) 
 n % n % n % n % n % 

<50 16 23,19 0 0,00 0 0,00 16 100,00 0 0,00 

50-89 13 18,84 4 30,77 3 23,08 6 46,15 7 53,85 
90-100 40 57,97 25 62,50 7 17,50 8 20,00 32 80,00 

>50 53 76,81 29 54,72 10 18,87 14 26,42 39 73,58 
All 69 100 29 42,03 10 14,49 30 43,48 39 56,52 
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DISCUSSION 

This study outlines the genetic diagnosis investigations performed in the largest 

cohort of globozoospermic patients published so far. We analyzed the DPY19L2 gene 

in 69 patients from Europe, Africa and the Middle East, with a variable percentage of 

round headed spermatozoa ranging from 20 to 100%. We detected a DPY19L2 

homozygous deletion of the entire gene in 36.2% of our patients and causal point 

mutations in 20.3% (Figure 7). We found 3 causal mutations already published in 6 

patients: p.Arg290His, p.Arg298Cys and p.Ser395LeufsTer9 (Table 2) and discovered 

8 novel point mutations each present in one patient including 5 missense (p.His192Arg, 

p.Glu196Gln, p.Arg298His (c.893G>A), p.Gln309Lys and p.Glu480Lys) and 3 loss of 

function mutations (p.Trp52SerfsTer7, p.512_527delfsTer5 and p.Glu614Ter) (Table 

2). Comparing the phenotype of different groups of patients according to their genotype 

allowed us to observe a genotype-phenotype correlation and led us to new 

recommendations in terms of diagnosis process. 

Our statistical results allowed us to correlate the identification of DPY19L2 loss 

of function anomalies with a higher rate of globozoospermic spermatozoa and logically 

with a lower proportion of normal spermatozoa in comparison with patients without 

causal bi-allelic alteration of DPY19L2. In accordance with these correlations we 

obtained a higher diagnostic performance, reaching 80%, in patients with at least 90% 

of round headed spermatozoa (Table 3) who could be considered as total 

globozoospermic patients. We observed that we found DPY19L2 bi-allelic causal 

anomalies exclusively in patients with more than 50% of globozoospermia with a 

diagnostic performance of 73.6% whereas our diagnostic performance was null in 

patients with less than 50% of globozoospermic spermatozoa (Table 3). This results 

led us to recommend to initiate a targeted search for DPY19L2 defects only in patients 
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with a minimum of 50% of globozoospermic spermatozoa. Interestingly loss of function 

variants (in particular the complete DPY19L2 deletion) were twice as frequent in 

subjects with total globozoospermia (>90%) compared with those with partial 

globozoospermia (50-89%).  

Surprisingly we observed a decrease in shortened flagella and an increased in 

microcephaly, vitality and sperm concentration in the group with loss of function 

variants. The difference in the rate of microcephalic sperm is probably explained by 

discrepancies in the semantic of different biologists: some characterizing round -

headed sperm as globozoocephalic, others as microcephalic. We therefore do not feel 

that the observed difference is relevant. The other differences observed could be 

explained by the low specificity of the recruitment, some centers prescribing the 

genetic analysis of DPY19L2 for patients with low percentage of globozoospermic 

spermatozoa. In addition, the size of our cohort and the wide geographical origins of 

our patients could also contribute to the observed phenotypic heterogeneity, in 

opposition to studies focusing on specific populations (Harbuz et al. 2011; Zhu et al. 

2013; Chianese et al. 2015). Furthermore, the fact that the sperm analyses were 

realized in many different centers is on one hand a guarantee of the representativeness 

of the general population and on the other hand a weakness as it induces a great 

variability in the characterization of the sperm samples. Another explanation is a biased 

interpretation of biologists when a high rate of globozoospermic spermatozoa is 

observed in a semen sample, we can assume that they could then pay less attention 

to other anomalies such as head or flagella anomalies. Finally, two phenotypes are 

close to globozoospermia : acrosomal hypoplasia which can coexist with 

globozoospermia in the same semen sample (Chemes 2018) and pseudo-

globozoospermia(Anton-Lamprecht et al. 1976; Singh 1992; Coutton et al. 2015). It 
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could be relevant to verify that those phenotypes are not mistaken for real 

globozoospermia and that criteria used to characterize round-headed spermatozoa by 

the different centers are the same in order to avoid any recruitment bias. 

 In this large study we found 36.2% of DPY19L2 homozygous deletions in 69 

globozoospermic patients. This value seems low, compared to what has been 

described in the past with an average rate of 52.3% of DPY19L2 homozygous deletion 

(Ray et al. 2017). Nevertheless the proportion of homozygous deletion is still 

concordant with the literature varying from 19% (Koscinski et al. 2011)to 75% (Harbuz 

et al. 2011)and very close to a recent study with 35% of DPY19L2 homozygous 

deletions among a large cohort of 63 patients (Alimohammadi et al. 2020). In fact 

several globozoospermia studies recruited only total globozoospermic patients (Zhu et 

al. 2013; Shang et al. 2019; Ghédir et al. 2019) and observed a much higher rate of 

DPY19L2 positive diagnosis. This is consistent with the correlation that we observed 

here between the high rate of globozoocephalic spermatozoa and the presence of loss 

of function DPY19L2 variants or deletions.  

Concerning the causal point mutations found in our cohort we observed a 

mutational hotspot in exon 8 (Figure 8). In fact, this latter concentrates 4 out of the 

eleven variants identified in this study concerning half of the mutation carriers and 7 

out of 10 missense mutations carriers (Table 2). If we add our patients to the literature, 

the proportion of exon 8 missense mutation carriers represent approximately56.5% of 

all published patients with a causal missense mutation(Coutton et al. 2012b; Elinati et 

al. 2012; Zhu et al. 2013; Modarres et al. 2016; Ghédir et al. 2016; Shang et al. 2019; 

Oud et al. 2020). In addition, 4 of our patients harbor a missense mutation impacting 

the conserved arginine in position 298 (Table 2) described to be essential for the C-
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mannosyltransferase activity of DPY-19, the DPY19L2 ortholog in Caenorhabditis 

elegans (Buettner et al. 2013). This supports the idea that the central domain of 

DPY19L2 protein has a critical function (Ray et al. 2017) and we could go further 

assuming that this critical function concern in particular the third loop of the internuclear 

space and the sixth transmembrane domain coded by the exon 8 (Figure 8). We also 

identified a truncating mutation toward the end of the cDNA (p.Glu614Ter) indicating 

that the C-terminal domain of the protein also plays a critical role in protein function, 

perhaps permitting to anchor the acrosome to the acroplaxome. 

There was no significant difference in the DPY19L2 abnormalities found in the whole 

cohort and in patients declaring a familial consanguinity. Indeed, the percentages of 

loss of function and missense anomalies of 30% and 20% respectively are very close 

to those of the whole cohort corresponding to 36.2% and 20.3%. As could be expected, 

only homozygous abnormalities were found in patients with related parents. These 

results are to be put in perspective as all patients probably did not declare their 

consanguinity. The anomalies identified in our cohort and the genotype-phenotype 

relationship confirms the predominance of DPY19L2 defects in globozoospermia. 

However five patients carried a single heterozygous event (3 with a whole deletion and 

2 with a heterozygous variant). As heterozygous fathers are fully fertile, DPY19L2 

globozoospermia is considered to have a strict recessive inheritance. The presence of 

a single variant thus cannot explain the five patient’s phenotype, even if their impact 

on the protein is predicted to be deleterious. We did not find any other point mutation 

in these patients, nevertheless the sequencing technique used cannot detect the 

presence of deep intronic mutations or partial deletions of one or more DPY19L2 

exons. 
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Among the 30 patients without causal DPY19L2 anomalies, 23 had a whole 

exome sequencing performed after MLPA (Figure 7). In these patients, after the 

analysis of the 9 genes described to be associated with human globozoospermia 

(C2CD6, C7orf61, CCDC62, CCIN, DNAH17, GGN, PICK1, SPATA16 and 

ZPBP1)(Dam et al. 2007; Liu et al. 2010; Yatsenko et al. 2012; ElInati et al. 2016; Oud 

et al. 2020) we only found one homozygous deleterious variant in GGN in one patient 

with partial (82%) globozoospermia. Only one globozoospermic patient with a GGN   

defect has been described before and carried a homozygous truncating mutation in 

the same exon than the subject described here (Oud et al. 2020). GGN is located on 

chromosome 19 in 19q13.2 and encodes for the Gametogenetin, a protein of 652 

amino acids almost exclusively expressed in the testis. This protein has been detected 

in late pachytene spermatocytes and round spermatids before being incorporated into 

the principal piece of the sperm tail (Jamsai et al. 2008). GGN interacts with several 

other proteins such as FANCL (Lu and Bishop 2003), GGNBP1, GGNBP2, OAZ3 

(Zhang et al. 2005; Zhou et al. 2005) and CRISP2 (Jamsai et al. 2008). All these genes 

have been related to sperm development, however only GGNBP1 has been described 

to be associated with round headed spermatozoa and the lack of acrosome(Han et al. 

2020). In fact GGN has been described to be related to FANCL which is implicated in 

double strand breaks repairs and the survival of pre-implantation embryos (Jamsai et 

al. 2013). GGNBP2 was also described to be involved in cellular division (Guan et al. 

2012). OAZ3 is implicated in spermatogenesis but was described to be necessary for 

the formation of a rigid junction between head and tail (Tokuhiro et al. 2009). CRISP2 

is expressed in the acrosome of the spermatozoon, however the GGN-CRISP2 

interaction was described to take place in the sperm tail (Jamsai et al. 2008). Thus the 

link between GGN anomalies and globozoospermia does not seem to be connected to 
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the interactions it may have with these proteins. In contrast GGNBP1, is also 

predominantly expressed in the testis, has been related to acrosome development and 

sperm head shape(Han et al. 2020). Finally the GGN knock out male mice are not 

described to have globozoospermia but present an embryonic lethality at the beginning 

of the pre-implantation development and Ggn +/- mice present defects in double strand 

break repairs(Jamsai et al. 2013). Therefore although our results provide some strong 

evidence to link GGN with globozoospermia, further investigations should be 

performed to understand GGN function and clarify its implication in globozoospermia. 

It’s interaction with GGNBP1 seems to be the best lead to follow.  

 

No deleterious variants were identified in the other candidate genes explored 

but the phenotype-genotype relationship is not clearly proved for the last published 

genes C2CD6, CCIN, C7orf61 and DHNA17. In fact all these genes may have a 

putative location or function in acrosome but these assumptions are not clearly 

supported by their mutant models when available. Moreover, the published missense 

mutations were not validated with functional work and should be interpreted with 

caution. For example, missense and truncating mutations in DNAH17 were formally 

associated with another severe flagellum malformations known as the MMAF 

phenotype in human and mouse in three recent and independent publications (Touré 

et al. 2020). The association of DNAH17 with globozoospermia should therefore be 

strongly questioned. Exome sequencing data from the remaining 22 patients without 

any identified variant will now be fully explored in order to identify deleterious variants 

in new undescribed candidate genes.  
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Analysis of exome data permitted to identify DPY19L2 deleterious variants in 

five patients, demonstrating that the technique is efficient to detect small gene defects 

in DPY19L2 despite the presence of a highly homologous pseudogene 

DPY19L2P1(Harbuz et al. 2011). This observation brought us to balance the benefit 

of MLPA against a classic qualitative PCR. In fact the only advantage of MLPA in our 

procedure was to detect the presence of heterozygous deletion of the entire DPY19L2 

gene but we demonstrated that this information has no interest when it comes alone 

and further sequencing has to be performed. Here we observed that MLPA only 

allowed the identification of a causal anomaly in 36.2% of patients, and those with a 

homozygous deletion, could be detected simply by standard PCR of several exons of 

the gene. We then recommend to use exome sequencing to complete the analysis of 

patients without a homozygous deletion. The addition of a CNV module for the 

detection of copy number variations (CNV) will permit to detect the whole DPY19L2 

heterozygous deletions previously detected by MLPA as well as yet undetected CNVs 

removing one or several exons. Naturally, as demonstrated here, WES also permits to 

detect DPY19L2 point mutations and to explore other genes already involved in 

globozoospermia, as demonstrated here by the identification of a homozygous GGN  

mutation. It could also permit to identify new genes in patients without variants in known 

candidate genes. In financial terms, this strategy is also relevant as we expect an 

improved diagnostic performance, for a lower price. In fact, concerning the first 

diagnosis step of DPY19L2 homozygous deletion, the cost of an MLPA is around 120 

Euros for the laboratory, including reagents and technical time (with an estimated 

charged cost of 25 euros per hour for an experienced technician), when a simple PCR 

of the same three exons is invoiced 30 euros for an equivalent diagnostic efficiency. In 

the second diagnosis phase using Sanger sequencing would cost at least 70 euros per 
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exon which accounts for approximately 1500 euros to sequence the 22 exons of 

DPY19L2, whereas a whole exome sequencing cost between 500 and 800 euros 

under current market conditions. Thus our previous strategy using MLPA and Sanger 

sequencing had an average cost around 1660 euros when the novel strategy 

combining a classical qualitative PCR and whole exome sequencing would cost 

approximately 830 euros, half the cost of the initial strategy. 

 

In conclusion the work presented here permitted to propose a strategy for the 

routine genetic investigation of globozoospermic patients: subjects with less than 50% 

of round-headed sperm should not be considered globozoospermic and DPY19L2 

should not be investigated. For the other patients, a classical qualitative PCR should 

be used to detect homozygous deletions of DPY19L2, and in the absence of the 

homozygous deletion of the gene, instead of the usual Sanger sequencing of 

DPY19L2, we recommend sequencing the entire exome, which allows a cost-effective 

detection of genetic defects in the DPY19L2 gene but also in the other candidate genes 

described. The interest of this strategy was demonstrated by allowing the detection a 

mutation in GGN, thus confirming its likely association with globozoospermia. 
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PARTIE 4 – INTEGRATION DES CONCLUSIONS DE 
L’ARTICLE A LA BIBLIOGRAPHIE ET PERSPECTIVES 

D’ETUDE            

 

A ce jour, en incluant l’article présenté dans la partie précédenteet qui a été accepté 

dans la revue Human Genetics, la globozoospermie est donc décrite chez 388 patients 

dans la littérature. Les mutations dans SPATA16 ont été retrouvées chez 0,77% des 

cas (Figure 11) en Europe et en Afrique du Nord, ce qui suggère que les mutations 

SPATA16 sont une cause récurrente mais rare de globozoospermie chez l'homme. 

Concernant PICK1, jusqu'à présent, la mutation faux-sens homozygote (c.198G>A) 

découverte dans l'exon 13 n'a été retrouvée que dans un cas sporadique et isolé de 

patient globozoospermique représentant 0,26% de l’ensemble des cas de 

globozoospermie (Figure 11). Des anomalies du gène ZPBP1 ont été retrouvées chez 

4,12% des patients (Figure 11) incluant 15 patients décrits par Yatsenko et al. dont le 

phénotype n’était pas clairement établit comme globozoocéphale mais comme une 

morphologie anormale de la tête du spermatozoïde. Ce chiffre est donc à relativiser 

vis-à-vis de l’implication de ZPBP1 dans la globozoospermie. Deux mutations de 

CCDC62 ont été identifiées chez un même patient, constituant seulement 0,26% des 

patients globozoocéphales (Figure 11). Enfin DPY19L2 a été mis en cause chez 218 

patients globozoospermiques entre 2011 et 2020, soit 56,19% des patients publiés à 

ce jour (Figure 11). Au total, en plus de la délétion homozygote du gène entier 

représentant près de 80% des anomalies de DPY19L2, 31 variants délétères ont été 

décrits, dont 7 variants d'épissage, 11 variants perte de fonction, une délétion de trois 

nucléotides et 12 variants faux-sens (Figure 8A). En revanche il est important de noter 
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que 38,4% des globozoospermies décrites dans la littérature restent idiopathiques 

(Figure 11). 

 

 

Figure 11 - Fréquence des mutations dans DPY19L2, PICK1, SPATA16, ZPBP1 et 

CCDC62 chez 388 patients globozoospermiques décrits dans la littérature. La 

distribution des mutations DPY19L2 est également signalée (à droite). 

 

 Dans les perspectives de ce travail, trois sujets restent à explorer. D’une part il 

sera important de poursuivre l’investigation des résultats de l’exome afin d’identifier de 

nouveaux gènes candidats potentiellement impliqués dans la globozoospermie. Leur 

présence chez des patients devra être appuyée par l’étude de modèles fonctionnels 

afin de pouvoir asseoir leur pathogénicité. L’intérêt de ce type d’étude est de permettre 

à la fois une meilleure compréhension des mécanismes moléculaires impliqués dans 
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la pathologie et une amélioration des performances diagnostiques chez les patients. 

A cela s’ajoute l’analyse des CNV grâce à l’exome, qui permettra non seulement de 

détecter les délétions hétérozygotes de DPY19L2 mais également les délétions d’un 

ou plusieurs exons dans DPY19L2 qui pourraient s’associer à certaines mutations 

ponctuelles chez des patients hétérozygotes composites. D’autre part, toujours 

concernant les anomalies génétiques de la globozoospermie, il sera nécessaire de 

poursuivre les investigations concernant la Gamétogénétine (GGN) et son lien avec 

GGNBP1 pour mieux comprendre leur rôle dans la globozoospermie. Enfin, 

concernant le management clinique des patients, j’ai présenté ici une proposition 

d’innovation dans la réalisation des analyses génétiques chez ces derniers. Il est aussi 

important de se poser la question de la prise en charge en PMA pour ces patients. Ces 

patients sont actuellement parfois pris en charge en ICSI avec des taux très élevés 

d’échecs de fécondation causés par l’absence de la protéine PLCzeta, nécessaire à 

l’activation ovocytaire, qui est secondaire à la perte de l’acrosome. Pour pallier à ces 

échecs de fécondation, l’utilisation de ionophores calciques, interdite en France à ce 

jour, a été décrite comme une solution efficace quel que soit le génotype du patient. Il 

est donc envisagé dans la suite de ce travail d’étudier les résultats des ICSI réalisées 

chez certains patients de la cohorte que je viens de vous présenter. De nombreux 

patients de la cohorte ont pu avoir accès à une prise en charge en ICSI et il serait 

pertinent de d’évaluer avec précision les chances de réussite des patients présentant 

différents génotypes : 1) Patients sans protéine DPY19L2, 2) patients avec des 

mutations faux-sens permettant la synthèse d’une protéine avec une fonctionnali té 

altérée et 3) les patients sans mutations DPY19L2, 4) les patients avec des variants 

dans d’autres gènes candidats, en particulier notre patient homozygote pour un variant 
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non-sens GGN. Ce travail permettrait de progresser sur les recommandations de prise 

en charge des patients globozoospermiques en PMA.  

 Ce travail de thèse constitue donc à la fois un travail diagnostique pour des 

patients atteints de globozoospermie et un travail de recherche pouvant conduire à 

une meilleure connaissance de la pathologie et à une amélioration de sa prise en 

charge. Les perspectives, sur lesquelles je compte travailler, me permettent d’espérer 

la découverte de nouveaux gènes impliqués dans cette pathologie et une corrélation 

génotype-phénotype encore renforcée par l’analyse des résultats d’ICSI. De plus cela 

permettra potentiellement de mieux comprendre les mécanismes qui font défaut dans 

les spermatozoïdes globozoocéphales au cours de la fécondation. 
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ANNEXES           

ANNEXE 1 : Supplementary Table 

Supplementary Table- Sequences of the 22 DPY19L2 primers pairs with 

respective melting temperatures (Tm) and amplicon size. 

Exons 
Forward primer  

sequences (5’   3’) 
Reverse primer  

sequences (5’   3’) 
Tm 

(°C) 

Amplified 
sequences 
size (pb) 

exon 1 GCACCCACAAACCCTTGC GAGCACGTGAGGGGACACT 61.57 650 

exon 2 AAAGCAGCTATTAATGAC GCTGTTTCACATATGAG 47.19 235 

exon 3 ATTTCAGGTGTGTGCCATAC GAAACAGTGCAGTTGACCAG 56.02 373 

exon 4 GCGAGAAGTGATTAGGAAGTCTT TGGCCATTATTTACACACTAAGG 58.25 498 

exon 5 TAATATCAAAACACGCAGT ATAGTCAAGATTGCCTTACA 49.98 573 

exon 6 AACTATATAATCACTCATTA ATGACTTTGAGATAGAA 43.09 566 

exon 7 GTAAGCTGAGATTTCGACA TAAGGCAAGAGATTTCATGT 52.43 590 

exon 8 GGTAGTTAATTGCTGTCTAC GCCTTCGTTTTATAAATCG 51.03 310 

exon 9 AGTTCTTTTTAGTATACTTTAAG GCATACATTTACCTACAT 47.85 353 

exon 
10 GCCATCCATCTTTTTAATTCTG CCAAAGAGGAGGTACCGTATAA 53.78 426 

exon 
11 

TTGGCCAAGAGTCATT AACCTCCTCAAGTGACTTAG 49.22 516 

exon 
12 

ATTAGCCTGCAGAAAATGGT GAAGGTTAATTGAAGCTAGA 55.28 650 

exon 
13 GCTATTAACCTTTCACTC CGTCTAGAGACCTTAGAG 49.76 478 

exon 
14 

CTTAGAGGGATGTCTAAATAT TCCAAGTGGCCTAGATTATC 49.12 544 

exon 
15 

AATGTAAAAATTGTAAGTAACC CCGGGTGTACCTACAATGTTAAT 48.72 375 

exon 
16 GGCATCTATAGTATGACCGTCC TTTAAACTTTGAGTTGGTTCACA 57.63 431 

exon 
17 

TGTATTTTCGTAAGTAGTTTAGA GCTCAGCAGGCTAGAAACTG 51.10 435 

exon 
18 

CATAGTAGACATTCGATAAATTAT
TGC 

AATTAGTCAGCAAAGCCACA 55.23 363 

exon 
19 AATTTATTGTTGACCCTACG GGGTTTAATTGATTGACATT 51.14 423 

exon 
20 

ACCCCTTAGAACTGTGAAGATTA CAGAGGCAACAGGTACGTAT 56.64 553 

exon 
21 

TATATTCTCTGAAAACTGTGAA AGGGTTAATACTCACTTAGTTC 50.58 462 

exon 
22 ATTGTCTCTAGACAGCAATACAT GTGTCTGTTATTAAAGCTTGTG 55.22 313 



104 

 

ANNEXE 2 : Première page de l’article original 

Accepté dans le journal Human Genetics.

 



105 

 

ANNEXE 3 : Premières pages de la revue « Genetics of teratozoospermia: 

back to the head » 

 

Titre, auteurs, abstract et mots-clés. 

Acceptée dans la revue Best Practice & Research Clinical Endocrinology & 

Metabolism  

 

 

Genetics of teratozoospermia: back to the head 

 

Julie Beurois1, Caroline Cazin1, Zine-Eddine Kherraf1,2, Guillaume Martinez1,2,3, Tristan 

Celse1,2,3, Aminata Touré1,  Christophe Arnoult1, Pierre F. Ray1,2 and Charles Coutton1,2,3 

1 Univ. Grenoble Alpes, INSERM U1209, CNRS UMR 5309, Institute for Advanced 
Biosciences, Team Genetics Epigenetics and Therapies of Infertility, 38000 Grenoble, France. 

2 CHU de Grenoble, UM GI-DPI, Grenoble, F-38000, France 

3 CHU Grenoble Alpes, UM de Génétique Chromosomique, Grenoble, France. 

 

* Corresponding author: Pr. Charles COUTTON, Laboratoire de Génétique Chromosomique, 

Hôpital Couple Enfant, CHU Grenoble Alpes, 38043 Grenoble cedex 9, France. Tel: +33-4-76-

76-54-82; E-mail: CCoutton@chu-grenoble.fr 

 

 

 

mailto:CCoutton@chu-grenoble.fr


106 

 

 

Abstract 

Spermatozoa are polarized cells with a head and a flagellum joined together by the 

connecting piece. Head integrity is critical for normal sperm function, and head defects 

consistently lead to male infertility. Abnormalities of the sperm head are among the most severe 

and characteristic sperm defects. Patients presenting with a monomorphic head sperm defects 

such as globozoospermia or macrozoospermia were analyzed permitting to identify several key 

genes for spermatogenesis such as AURKC and DPY19L2. The study of patients with other 

specific sperm head defects such as acephalic spermatozoa has also enable the identification of 

new infertility genes such as SUN5. Here we review the genetic causes leading to morphologica l 

defects of sperm head. Advances in genetic of male infertility are necessary to improve the 

management of infertility and will pave the road towards future strategies of treatments, 

especially for patients with the most severe phenotype as sperm head defects. 

 

 

 

 

Key words: male infertility, teratozoospermia, gene defects, genetic diagnosis, sperm head, 

spermatogenesis, acrosome, globozoospermia, large headed spermatozoa, acephalic 

spermatozoa, ICSI 
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ASTRACT           

  

Globozoospermia is a rare phenotype of primary male infertility inducing the 

production of a large proportion of round-headed spermatozoa without acrosome. 

Anomalies of the DPY19L2 gene account for 50 to 70% of all cases and the entire 

deletion of the gene is the main defect identified. We present here a large cohort of 69 

patients with 20% to 100% of globozoospermia. Genetic analyses including multiplex 

ligation-dependent probe amplification, Sanger sequencing and whole exome 

sequencing identified 25 subjects with a homozygous DPY19L2 deletion (36%) and 14 

carrying other DPY19L2 defects (20%). Overall, 11 deleterious single nucleotide 

variants were identified including 8 novel and 3 already published variants. Patients 

with a higher rate of round-headed spermatozoa were more often diagnosed and had 

a higher proportion of loss of function anomalies, highlighting a good genotype 

phenotype correlation. No gene defects were identified in patients carrying <50% of 

globozoospermia while the diagnosis efficiency rose to 77% for patients with >50% of 

globozoospermia. Nine other genes (PICK1, ZPBP1, SPATA16, CCDC62, C2CD6, 

CCIN, C7orf61, DNAH17 and GGN) have been previously described to be associated 

with human globozoospermia but defects in these genes have only been identified in 

a handful of patients. Interestingly we identified one patient with a homozygous novel 

truncating variant in GGN confirming the association of GGN with globozoospermia. In 

view of these results, we propose a novel diagnostic strategy focusing on patients with 

at least 50% of globozoospermia and based on a classical qualitative PCR to detect 

DPY19L2 homozygous deletions. In the absence of the latter, we recommend to 

perform whole exome sequencing to search for defects in DPY19L2 and in other 

candidate genes. 
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RESUME            

 

La globozoospermie est un phénotype rare d'infertilité masculine primaire 

induisant la production d'une proportion importante de spermatozoïdes à tête ronde 

sans acrosome. Les anomalies du gène DPY19L2 représentent 50 à 70 % de tous les 

cas et la délétion du gène entier est le principal défaut génétique identifié chez les 

sujets testés. Nous présentons ici une large cohorte de patients atteints de 

globozoospermie comprenant 69 sujets avec 20 à 100 % de spermatozoïdes à tête 

ronde. Des analyses génétiques comprenant une technique d’Amplification Multiplex 
de Sondes Ligation-dépendantes (MLPA), le séquençage Sanger et le séquençage 

exomique ont permis d'identifier 25 sujets présentant une délétion homozygote de 

DPY19L2 (36%) et 14 porteurs d'autres défauts du gène (20%). Au total, 11 variants 

nucléotidiques délétères ont été identifiés, dont 8 nouveaux variants et 3 déjà publiés. 

Les patients présentant un taux plus élevé de spermatozoïdes à tête ronde ont plus 

d’anomalies retrouvées avec une prédominance d'anomalies perte de fonction, ce qui 

met en évidence une bonne corrélation génotype-phénotype. En revanche, aucune 

anomalie génétique n'a été identifiée chez les patients porteurs de moins de 50 % de 

spermatozoïdes ronds, tandis que l'efficacité du diagnostic passe à 77 % pour les 

patients présentant plus de 50 % de globozoospermie. Neuf autres gènes (PICK1, 

ZPBP1, SPATA16, CCDC62, C2CD6, CCIN, C7orf61, DNAH17 et GGN) ont été 

décrits comme étant associés à la globozoospermie chez l’homme, mais les défauts 
de ces gènes n'ont été identifiés que chez très peu de patients. Il est intéressant de 

noter que nous avons identifié un patient présentant une nouvelle variation 

homozygote tronquante de GGN, ce qui confirme l’association de GGN à la 
globozoospermie. Au vu de ces résultats, nous proposons une nouvelle stratégie 

diagnostique axée sur les patients présentant au moins 50% de globozoospermie et 

basée sur une PCR qualitative classique pour détecter la délétion homozygote de 

DPY19L2. En l'absence de cette dernière, nous recommandons d'effectuer un 

séquençage de l'exome entier pour rechercher des défauts dans DPY19L2 puis dans 

les autres gènes candidats. 




