
Dipartimento Materno-InfantileU.O. Fisiopatologia della Riproduzione Umana e P.M.A.PTA «F Jaia», Conversano (BA)





infertile menPrevalence of genetic abnormalities in infertile men
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Chromosomal abnormalities in 1663 infertile men with azoospermia: the clinical consequencesDonker RB, Vioeberghs V, Groen H, Tournaye H, Van Ravenswaaij-Arts CMA, Land JA.Hum Reprod 2017; 32: 2574-80 (December)
• 1663 pz with azoospermia
• 14,4% with chromosomal abnormalitiesNormogonadotropic(FSH<10) Hypergonadotropic(FSH>10)Chromosomal abnormalities 4,9% 20.2%Klinefelter 83%Klinefelter 83%Number of pz needed to be screened to identify one man with chromosomalabnormalitiesIncreased risk of absent spermatogenesis 72Prevent one miscarriage 370-739Prevent one child with congenitalmalformations 4751-23757



Chromosomal polymorphisms and IVF/ICSI outcomeChromosomal polymorphisms and IVF/ICSI outcome



Klinefelter syndrome
• 152-223/100.000  soggetti di sesso maschile

47 XXY47 XXY 46XY/47 XXY46XY/47 XXY48XXYY48XXYY
8080--85%85% 1515--20%20%Eur J Endocrinol 2014; 171: R67-77



Euploid sperm in patients with KS!



Sperm recovery and ICSI outcomes in Klinefelter syndrome: results from a systematicreview and meta-analysis
139 studies 37 RCT 1248 pz (age 30.9+5,6 yrs)

cTESE mTESESRR 43% 45%Pregnancy rate 43%Live Birth Rate 43%

SRRTestisvolume Age FSH LH T Preg.rateLBRTestisvolume
Age FSH LH T

Womenage/fertilty
Hum Reprod Update 2017; 23: 265-75



tese in KS patientsMicrotese seems to perform better thantese in KS patients
TESE mTESE PSRR 88/212 (41.5%) 150/261(57.4%) 0.0005



Authors Tecnique Sample size SSR ICSI outcomeTournaye 1997 TESE 15 47% Not reportedFriedler 2001 TESE 12 42% 6 babies (2 twins)Levron 2000 TESE 20 40% 1 triplet, 1 twins,  2 singletonsMadgar 2002 TESE 20 45% Not reportedWestlander 2003 TESE 19 21% 2 pregnanciesSao 2004 TESE 25 16% Fert rate 50%Vernaeve 2004 TESE 50 48% Not reportedOkada 2005 TESE 51 51% Not reportedOkada 2005 TESE 51 51% Not reportedOkada 2005 mTESE 10 60% 3 singletonsSchiff 2005 mTESE 42 69% 18 pregnancies, 21 live birthsEmre Bakiricioglu2006 mTESE 74 57% Not reportedKyono 2007 mTESE 17 35% 6 singletons 1 twinsKoga 2007 mTESE 26 50% Not reportedRamasamy 2009 mTESE 68 66% LBR 41%Selice 2010 mTESE 24 38% Not reported



in KSRole of age and testosterone level on SSR in KS
• Higher testosterone level correlates with higher sperm retrieval rates (TESE) at least in adolescent KS patients [JCEM 2015; 100: 961-67]
• When Leydig cell function is at its best (late pubertal-young adulthood KS) 50% chance of retrieving sperm with mTESEexistsexists
• Sperm in the ejaculate are associated with T levels > 7 nmol/l in late pubertal and young adult KS [Andrology 2016; 4: 1178-86]
• Mean age was lower and T levels were higher among KS men (N=134) with SSR compared to those with failed SR [Urology 2014; 83: 107-10]
• Younger age correlated with SSR in KS men [J Urol 2014; 191: 175-8; J Urol 2013; 189: 638-42]



Y chromosome microdeletions
5-10% azoospermic2-5% oligozoospermicmenPRY







Microdissection TESE is superior to conventional TESE in patients with nonobstructiveazoospermia caused by Y chromosome microdeletionsSchwarzerJU et alAndrologia 2016; 48: 402-5
• 25 male patients with AZF microdeletionsTESE MicroTESE
• Overall pregnancy rate: 33%TESE MicroTESEN 11 14Sperm retrieval 25% 67%



In summary…



Epigenetics



Genome and epigenome



Epigenetic marks
• Epigenetic marks are a fundamental component of the mechanisms that functionally interpret DNA sequence. These marks contribute to the establishment and maintenance of specialized gene expression patterns that determine cell identity. 
• Epigenetically reinforced transcriptional states can be • Epigenetically reinforced transcriptional states can be propagated through cell division, acting as a long-term marker of developmental origin during lineage specification. 
• DNA methylation is an epigenetic mark that can be established de novo, maintained through cell division and be interpreted by transcription machinery and DNA-binding proteins. It is a repressive mark that characterizesheterochromatin in mammalian cells, and when found at gene promoters generally suppresses transcription



Epigenetic marks



Methylation



Short non-coding RNAs are a class of functional RNA molecules that regulate gene expression at the post-transcriptional level via epigenetic mechanisms. TheseRNA molecules are shorter than 30 nucleotides, and they do not code for a particular protein. Short non-coding RNAs can be classified into three main groups called microRNAs (miRNAs), small-interfering RNAs 

Short non-coding RNAs
called microRNAs (miRNAs), small-interfering RNAs (siRNAs), and piwiinteracting RNAs (piRNAs).

• miRNAs and endo-siRNAs are abundantly expressed in male germ cells throughout spermatogenesis, whereas piRNAs are only present in spermatocytes at the pachytene stage and in round spermatids. 221 miRNAs have been found in normozoospermic men
• Germ-cell specific deletion of Dicer1 in mice models has led to complete male infertility due to alterations in meiotic progression, increased spermatocyte apoptosis, and failure of haploid male germ cell differentiation
• when compared to ones from Dicer knockouts, the testes from Drosha knockouts were more severely disrupted in terms of spermatogenesis



Sperm non-coding RNAs
• sperm cells contain a large repertoire of small non-coding RNAs.
• male germ cells express and require the activity of microRNAs (Hayashi et al., 2008; Maatouk et al., 2008; Romero et al., 2011; Wu et al., 2012) and manycan still be detected in mature sperm (Amanai et al., 2006; Krawetz et al., 2011; Hammoud et al., 2014) 
• inhibition, in the zygote, of sperm-delivered microRNAs leads to developmental delays (Liu et al., 2012; Hammoud et al., 2014) developmental delays (Liu et al., 2012; Hammoud et al., 2014) 
• traumatic stress in early life of males alters the sperm microRNA (and PIWI- interacting RNA) profile and behavioral and metabolic responses in the offspring (Gapp et al., 2014) 
• Male germ cells express PIWI-interacting RNAs (piRNAs; Aravin et al., 2006; Girard et al., 2006; Grivna et al., 2006; Lau et al., 2006;Watanabe et al., 2006); their most deeply conserved function is protection of the germline genome from transposons (reviewed in O’Donnell and Boeke, 2007; Thomson and Lin, 2009; Siomi et al., 2011). piRNAs target transposon transcripts for degradation and silencing when DNA methylation is nearly completelydepleted during germcell development Front Genet 2014; 5:330 



Retrotransposons
LINE=long interspersed nuclear elementsSINE= short interspersed nuclear elementsLTR= long terminal repeatsSVA= SINE-VNTR-Alu elements









DNA methylation timeline in the human male and femaleDNA methylation timeline in the human male and female



Windows of epigenetic instability





Environmental-induced epigeneticalterationsEnvironmental-induced epigeneticalterations



Transgenerational epigenetic inheritance



Dioxin in fetalday 8-14





Genetic & epigenetic mechanisms involvedin epigenetic transgenerational inheritanceGenetic & epigenetic mechanisms involvedin epigenetic transgenerational inheritance



Epigeneticdiseases
Trends of genetic and epigenetic diseasesover timeTrends of genetic and epigenetic diseasesover time

Geneticdiseases



and male infertilityEpigenetic transgenerational inheritanceand male infertility





male infertilityImpairment of sperm DNA methylation in male infertility“The main limitation of our study is as a result of the high heterogeneity imprinted genes”



Methylation levels Altered methylation



54 CpG sites associated with 48 imprinted genes were aberrantlymethylated in infertile patients. Specifically, 33 CpG sites (related to 28 genes) were hypermethylatedand 21 CpG sites (related to 28 genes) were hypomethylated; 8 genes showed both hyper- and hypomethylation









Greater Greater methylationmethylationLessLessmethylationmethylation



Epigenetic transgenerational inheritance: phenotypesEpigenetic transgenerational inheritance: phenotypes











Epigenetic transgenerational inheritance in F2 generationEpigenetic transgenerational inheritance in F2 generation



Sperm samples (n = 40) and blastocysts (n = 48) were obtained during fertile donor oocyte IVF cycles during fertile donor oocyte IVF cycles with normozoospermic parameters, thereby excluding known female and male infertility factors. Samples were divided into two groups based on blastocyst development 





Ten significantly altered sperm miRNAs (P < 0.05), correlated with altered target gene mRNA expression in the blastocysts from the Poor Group (P < 0.05).



Placental DNA methylation of genes previously identified as being identified as being differentially methylated between in vitro- and in vivo-conceived children



The epigenetic control of transposable elements and imprinted genes in newborns isaffected by the mode of conception: ART versus spontaneous conception withoutunderlying infertilityC Choux C Binquet V Carmignac C Bruno C Chapusot J Barberet M Lamotte P SagotDBourc’his P FauqueHuman Reproduction – epub ahead of print December 11, 2017A total of 51 IVF/ICSI (15 conventional and 36 ICSI) singleton pregnancies were prospectively included from January 2013 to April 2015 and compared to 48 spontaneously conceived singleton pregnancies.The DNA methylation and transcription of three imprinted loci (H19/IGF2, KCNQ1OT1 and SNURF DMRs) and four transposon families (LINE-1, ERVFRD, AluYa5 and ERVW) in cord blood and placenta obtained at birth were assessed by pyrosequencing and quantitative RT-PCR, respectively. All data were adjusted for birth were assessed by pyrosequencing and quantitative RT-PCR, respectively. All data were adjusted for gestational age at delivery, sex of the newborn, parity and maternal age.MAIN RESULTS AND THE ROLE OF CHANCEDNA methylation levels of H19/IGF2, KCNQ1OT1, LINE-1Hs and ERVFRD-1 were significantly lower in IVF/ICSI placentas than in control placentas, while there was no difference for cord blood. Moreover, the expression of ERVFRD-1 and LINE-1 ORF2 in cord blood and ERVFRD-1 in placenta was lower in the IVF/ICSI group than in controls. The expression of ERVFRD-1 in placenta correlated positively with birth weight and placenta weight, but only in the control group, thus pointing to the potential deregulation of syncytinfunction after ART.WIDER IMPLICATIONS OF THE FINDINGSThese results should encourage us to analyze the exact causes and consequences of epigenetic changes and strive to minimize these variations in the interests of epigenetic safety after ART



A, B, C  cord blood

P=0,0019
P<0,0001

A, B, C  cord bloodD, E, F  placenta P=0,0039



Specific regions
Risk of any imprinting disorder



Altered methylations of H19, Snrpn, Mest and Peg3 are reversible by developmental reprogramming in kidney tissue of ICSI-derived mice

2017



Conclusioni
• Le patologie cromosomiche e genetiche sono causa di infertilità in non più del 5% dei casi
• Le alterazioni epigenetiche sembrano, invece, interessare una fascia più ampia di pazienti
• Le modificazioni epigenetiche indotte da fattori ambientali sono trasmissibili per via ambientali sono trasmissibili per via transgenerazionale
• L’esposizione attuale a fattori di rischio potrebbe compromettere la salute delle generazioni successive 
• IVF outcome: LBR or Healthy babies?
• Non è ancora chiaro se le alterazioni epigenetiche transgenerazionali possano essere reversibili 


