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ABSTRACT

Relevance: The sperm epigenome is essential in ensuring sperm quality, including maintaining chromatin integrity. However, despite its
importance, a clear link between successful embryo development and clinical outcomes has not been established.

The study aimed to assess the influence of sperm epigenetics on the quality and development of the embryo and identify the molecular
mechanisms involved in this process.

Materials and Methods: A search in the PubMed database and the World Health Organization documents for 2012-2023 was conducted
using the following keywords: assisted reproductive technologies, in vitro fertilization, male infertility, sperm, spermatozoa, epigenome, and
intracytoplasmic sperm injection.

Results: The analysis of current publications revealed that the relationship between the sperm epigenome and embryo development remains
the subject of active research. The degree of influence of the sperm epigenome on the fertilization process, early embryo development, and
the outcome of the IVF program continues to cause debate.

Conclusion: The study of epigenetic changes in spermatozoa of men who have infertility opens new horizons for understanding the
mechanisms affecting fertility and embryo quality. Understanding the epigenetic processes affecting spermatogenesis and embryogenesis
may contribute to improving the results of ART and may also offer new approaches to the treatment of male infertility. Future research in this
area may provide new insights into the mechanisms underlying male infertility.

Keywords: assisted reproductive technologies (ART), in vitro fertilization (IVF), male infertility, sperm, spermatozoa, epigenome,
intracytoplasmic sperm injection (ICSI).

How to cite: Lokshin V, Nigmetova K, Begimbaeva A, Sailau Zh, Ashirbekov E, Ermekova A, Meiri-Ferber B, Karibayeva Sh, Sharipov

K, Cassuto N., Wolf J. Is spermatozoa epigenome a diagnostic tool for assessing male infertility? Reproductive Medicine (Central Asia).
2024;3:9-15. https://doi.org/10.37800/RM.3.2024.9-15

SBasieTcs JIM AMUTEHOM CIIEPMATO30HM/10B JTHATHOCTHYECKUM HHCTPYMEHTOM
OLIEHKH MYKCKOIr0 Oecriogus?

B.H. Jlokwiun’, K.T. Huememosa’’>, A.A. becumoaesa’, JK.K. Caiinay’,
E.E. Awmuupoexoé’, A.ILl. Epmexosa’, B. Meiri-Ferber’, ILI.K. Kapubaesa’,
K.O. lHlapunoé’, N.G. Cassuto’, J.Ph. Wolf 57

MesrcoynapoOublil Kiunuueckutl yeHmp penpodykmonoauu «Personay,
Anmamul, Pecnybnuxa Kazaxcman;
2Hncmumym monexyasapuoul buonozuu u ouoxumuu umenu M.A. Avumxoocuna,
Anmamul, Pecnybnuxa Kazaxcman;
*Kazaxckuti Hayuonanvnoiii ynusepcumem um. Ano-Papadbu, Animamel, Pecnyonuxa Kazaxcman,
“Laboratory Drouot Unit AMP, Ilapusc, @panyus,
*Andrologia MDD - Cytobit, Tenv-Asue, Hzpaus,
*Université Paris Cité, Ilapusc, @panyus;
"Department of Reproductive Biology CECOS, AP-HP. Center-Université Paris Cite. Cochin Hospital, I[lapuxc, @panyus.

AHHOTAIUSA

AKTyaJ’leOCTb: DNUTreHOM CIIEPMATO30MJI0B UI'PACT BAXKHYIO POJIb B o0ecIeueHuu ux Ka4y€CTBa, BKJIIOYasA COXPaHCHUEC LIEJIOCTHOCTHU XPO-
maruHa. Tem HE MCEHEC, HECMOTPSA HA €r0 3HAYUMOCTD, HE YCTAHOBJICHA YETKAsA CBA3b MEKAY YCHECUIHBIM PA3BUTHEM 3M6pI/IOHa 1 KJIIMHHAYC-
CKUMHU pe3yJibTaTaMu.
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Iesb Mcciie0BaHUS — OLICHKA BIMSHUS SIIMICHETHUKH CIIEPMATO30MI0B HA KaUYeCTBO U Pa3BUTHE SMOPHOHA, a TAaK)Ke BbIABICHUE MOJIEKY-
JSIPHBIX MEXaHU3MOB, yYacTBYIOIINX B 9TOM ITpOLECCe.

Marepuasbl u MeToasbl: [Torck nHpOpMaIy ObUT TpoBenieH B 6aze qaHHBIX Pubmed n moxkymeHTax BeeMupHOI opranu3aiim 31paBooxpa-
HeHus 3a nepuof ¢ 2012 mo 2023 roasl. Mcnonap30BaIuch CleAyIOIUe KIIOYEBbIE CI0BA: BCIIOMOTaTelbHbIe PeIPOAYKTUBHbIE TEXHOJIOTHH,
9KCTPAKOPIOPAIBHOE OIUIONOTBOPEHUE, MY)KCKO€ OeCIUIonue, crepMa, CliepMaTo30H b, SIUT€HOM, HHTPAIUTOILIa3MaTHIeCKasi HHBEKIIHS
CIIepMaTo30H/1a.

Pesyabrarbl: Ha ocHOBe aHann3a akTyalbHOW JHUTEPAaTypbl YCTAaHOBJIEHO, YTO CBSI3b MEXK/Y SMUTCHOMOM CIIEPMATO30UAOB U PAa3BUTHEM
SMOpPHOHA OCTaeTCs IPEAMETOM aKTHBHBIX HCCIIEJOBaHUH. Bompoc o cTeneHy BIMsHUS SIUIeHOMa CIIEPMaTo301/I0B Ha IIPOIECC OIIONO0T-
BOpPEHUsI, paHHee pa3BUTHE SMOpHOHa U 1cxo/ nporpaMmbl OKO mpoomkaeT BbI3bIBATE JUCKYCCHH.

3akrouenue: MccnenoBaHue SIUreHETHYECKUX U3MEHEHUH B CIIEPMATO30M1aX MY)KYHMH, CTPaJaloIUX OT OECIUIONHs, OTKPbIBACT HOBbIE
TOPHU30HTHI JUIsl IOHNMAaHHUSI MEXaHH3MOB, BIMSIONIUX Ha (epTHIBHOCTh U KauyecTBO SMOpHOHOB. OCO3HaHNE AUTCHETHIECKHUX MPOLECCOB,
3aTParuBaloOLINX CIIEPMATOTeHE3 H SMOPHOTCHE3, MOXKET CIIOCOOCTBOBATH YIIyULICHHIO pe3yNbTaTtoB npuMeHeHust BPT, a Takxke npeioxuTh
HOBBI€ ITOAXOABI K TEPAITNN MY>XKCKOT'O 66CHJ’IO}1H${. By}lyume HCCIICOOBAHUSA B 3TOH 00J1aCTH MOT'yT IPE€AOCTaBUTh HOBBIC 3HAHUS O MEXaHU3-
Max, CTOSIIIINX 33 MY>KCKAM O€CIUIONUEM.

KnioueBble ciioBa: scnomozamenvhuvle penpooykmuenvle mexronocuu (BPT), saxempakopnopanvroe onnodomeopenue (DKO), myxcckoe
becniooue, cnepma, Chepmamo30oudbl, SNULEHOM, UHMPAYUMoniazmamuieckas unvekyus cnepmamosouda (MKCH).

Jas uutupoBanus: Jlokuma B., Hurmerosa K., berumbaesa A., Caiinay XK., Ammp0Oexos E., Epmexosa A., Meiri-Ferber B., Kapubaepa
1., Hlapunor K., Cassuto N., Wolf J. SIpasieTcst 11 S1IMTEHOM CIIEPMATO30HM/I0B AUArHOCTHYCCKAM HHCTPYMEHTOM OIICHKH MY>KCKOTO
oecrutonust? Penpodykmuenas meouyuna (Llenmpanvuas Azus). 2024;3:9-15. https://doi.org/10.37800/RM.3.2024.9-15
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AHJIATOA

O3exrinik: CriepMara3onj SMUICHOMBI IIOYET CalachlHAa, COHBIH IIIIHAC XPOMATHHHIH TYTACTBHIFBIH CaKTayla MaHbBI3IbI PO aTKapassl.
JlereHMeH, OHBIH MaHBI3/IbUIBIFbIHA KapaMacCTaH, SMOPUOHHBIH COTTI JaMybl MEH KIMHHMKAJbIK HOTIIKEJIEP apachIHIAFbl HAKTHI OaiiaHbIC
OpHATBhIIMaraH.

3eprTeynin MmakcaTbl — Kazipri 3aMaHFbI o1eOUETTEPIIH KoIIa 6ap MoJiMETTepiH KOJIaHbII, CIIEpMaTa30H]] JITUTE€HOMBIHBIH AMOPHOHHBIH
canachl MEH JIaMyblHa ocepiH Oarajay, COHBIMEH KaTap OChl IPOLIECKE KATBICATBIH MOJICKYJIAbIK MEXaHHU3M/IEP/li aHBIKTaY.

Marepunannap mMen aagictepi: PubMed nepexrep 6a3ackinia sxoHe JlyHHEKY3UTK AeHCay/IbIK cakTay YHbIMBIHBIH 2012-2023 xbuimapra
apHaJIFaH KYKaTTapbhlHAA 137Iey KeJeci KUIT ce3lepAl maiiianaHa OTHIPBIN JKYPri3Uili: KOMEKII pernpOAYKTHBTI TEXHOJOTHSIIAp, in Vitro
YPBIKTaHABIPY, ep Oeaeyiiri, CriepMaTo30MATap, CIEPMaTo30MATap, SMUICHOM )KOHE HHTPALUTOIIA3MAJIBIK LIQYET HHBEKIHACHL.
Harum:kenepi: 3amanayu oeOUETTEp/Il TAJIAY HET131H/IE CIICPMATO30M 1 SITUTEHOMBI MCH AMOPHOH JJaMybl apachIHIaFbl OaiTaHbIC OeICeH I
3epTTey HbICaHbI 0OJIbIN Kaia GepeTiHi aHbIKTanpbl. [1IoyeT SMUreHOMBIHBIH YPBIKTaHABIPY MPOLECiHe, SMOPHOHHBIH epTe JaMybIHa )KOHE
OKO GarmgapramMackIHBIH HOTHKECIHE 9Cep €Ty JOperKeci Typajibl Macelie 91l [ MmiKipTanac TyasIpyaa.

KopoiTbinasr: CriepMaTo30HTHIH JITUTEHETHKAIIBIK ©3TepiCTepl 3epTTey OeAey IiKTeH 3ap/an WeTeTiH epiaepiH GepTUIIbALTIKKE )KOHE IM-
OpHOH carachlHa 9cep eTEeTiH MEeXaHU3MIEPi TYCIHY YIIiH kaHa KeKoKHeKTep i amransl. CrepMaroreHesre xoHe SMOpHOTreHesre acep eTeTiH
SMHUTeHeTHKAJBIK nporectepai Tyciny KPT HoTmkenepiH jkakcapTyFa KeMeKTecei, COHali-aK ep OeAeyliriH eMaeyaiH jkaHa TocuiaepiH
ycbiHa bl Byt cananarel 6onaiak 3epTreyiep ep OeneyairiHin MeXaHu3MAepi Typaibl xaHa OiniM Oepe anaibl.

Tyitinai cesnep: komexwi penpodyxmuemi mexnonozusaap (KPT), sxcmpaxopnopanovix ypuikmarnowipy (OKY), ep bedeyniei, wiayem, cnep-
MaAmo3ouomap, INUeHOM, UHMPAYUMONIAMANbIK cnepmamosoud unvexyusicol (MKCH).
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Introduction: According to the definition made by the
World Health Organization (WHO), infertility is a disease
of the male or female reproductive system defined as the
inability to achieve pregnancy after regular unprotected
sexual intercourse for 12 months or more [1].

Infertility continues to be one of the key problems in
modern medicine and society in recent decades. It is due to an
increase in infertility cases, which in turn results in a decrease
in the birth rate and, as a result, in a decrease in the population.
Infertility affects millions of people of childbearing age on all
continents. According to the data from the WHO, 48 million
couples and 186 million people suffer from it [2].

The infertility incidence is growing in Kazakhstan, as
in many countries of the world. In 2021, the number of
Kazakhstanis registered due to lack of pregnancy increased
by 21.8%, reaching 21.4 thousand married couples. Of these,
7.9 thousand patients are the so-called primary patients who
came to medical institutions in connection with fertility
problems for the first time. 19.9 thousand women who could
not get pregnant due to health problems were registered in the
country’s medical institutions at the end of 2021 (plus 22.8%
by 2020). More than 1500 thousand couples failed to become
parents due to infertility in men (plus 10.4% compared to
2020) [3].

The study aimed to assess the influence of sperm
epigenetics on the quality and development of the embryo and
identify the molecular mechanisms involved in this process.

Materials and Methods: A search in the PubMed
database and the World Health Organization documents for
2012-2023 was conducted using the following keywords:
assisted reproductive technologies, in vitro fertilization,
male infertility, sperm, spermatozoa, epigenome, and
intracytoplasmic sperm injection.

Results: The analysis of current publications revealed that
the relationship between the sperm epigenome and embryo
development remains the subject of active research. The
degree of influence of the sperm epigenome on the fertilization
process, early embryo development, and the outcome of the
IVF program continues to cause debate.

Female infertility is a multifaceted problem caused
by many factors, including such anatomical disorders as
fallopian tube obstruction, polycystic ovary syndrome,
and menstrual irregularities. Such hormonal and endocrine
diseases as endometriosis and chronic endometritis also play
an important role. Besides, genetic factors, such as mutations
in the ZP1 gene, can cause defects in oocyte maturation.
Understanding these causes is key to successful diagnostics
and effective treatment of infertility.

The epigenome of oocytes plays an important role in
embryonic development, influencing various processes,
from fertilization to early embryogenesis. Studies show
that mitochondrial functions, epigenetic modifications, and
environmental factors significantly affect this developmental
trajectory. Mitochondrial ATP synthesis in oocytes is critical
for correct epigenetic programming. Studies on cattle
found that a decrease in ATP levels leads to a decrease in
DNA methylation and a change in histone modifications,
adversely affecting the embryo-splitting rate [4]. Impaired
mitochondrial function in oocytes also negatively impacts
DNA methylation and embryonic development [5].

Male infertility is registered in 7% of the male population,
or 30 men over 18 years of age worldwide, and it is almost
half of all infertility cases [5]. The cause of male infertility
is associated with abnormal spermogram parameters [6-
8]. Numerous studies report declining sperm quality over
the past 60 years [9-12]. Poor sperm quality is due to the
deterioration of male reproductive health and the associated
testicular agenesis syndrome, including testicular cancer,
impaired spermatogenesis, cryptorchidism, and hypospadias,
which ultimately increases the need for modern treatments,
primarily ART [13].
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According to some researchers, the etiology of male
infertility is complex and includes many potential causes,
including anatomical defects, genetic disorders, endocrine
imbalance, and immune system disorders [12, 14, 15]. The
cause of almost half of cases of male infertility remains
unknown [9]. Besides, many social and demographic factors,
such as late childbearing and lifestyle, can affect men’s
reproductive health and be passed on to future generations
[9, 12, 16, 17].

At least 2,000 genes are known to be associated with
spermatogenesis, and they can be influenced by various
factors such as lifestyle (such as tobacco, drugs, stress, diet,
obesity) and environmental factors (such as toxic exposure,
endocrine disruption, and aging) [18]. Several studies noted
the effect of environmental factors on male fertility, especially
the epigenome.

Toxins, environmental pollutants, solvents, plastics,
oxidative reactions, and drugs alter the methylation profile.
Sperm cells constantly receive signals from the environment
that can cause changes in gene expression without affecting
the DNA sequence. Currently, up to 50% of cases of male
infertility remain unexplained. The reason for this remains
unclear, and the identification of new genetic factors
associated with idiopathic infertility is a serious problem in
the field of genetics [19].

Routine semen analysis includes assessment of sperm
volume, pH, concentration, motility, and morphology. A
modern method of treating male infertility with impaired
spermogram parameters is ICSI, conducted after the selection
of spermatozoa with mobile and normal morphology. During
ICSI, it is important to select morphologically normal
sperm to improve implantation and pregnancy rates, as well
as reduce the rate of miscarriage [20, 21]. Modern sperm
selection methods, such as physiological intracytoplasmic
sperm injection (PICSI) and intracytoplasmic morphologic
sperm injection (IMSI), have been developed to select the
best sperm quality to enhance the ART program’s efficacy.
The use of PICSI reduces the miscarriage rate but does not
have a significant effect on the live birth rate [22]. The IMSI
procedure for patients with two unsuccessful previous IVF
programs did not show a significant improvement in outcomes
compared to traditional ICSI, proving that sperm collection
methods may not cope with this problem in full [23]. New
methods for the preparation of sperm for the fertilization
procedure - microfluidic technologies - have great potential,
but additional validation is required to confirm their efficiency
in clinical practice [24]. Changes in the sperm genome,
chromatin structure, DNA fragmentation, and epigenetic
profiles (e.g., DNA methylation and histone patterns) play an
important role in normal embryonic development and healthy
live births [25]. Therefore, it is extremely important to pay
attention to sperm DNA fragmentation and chromatin quality,
as these aspects significantly affect the efficiency of the IVF
program [26, 27].

The sperm epigenome has unique and highly specialized
properties due to its nature and function and the diverse
requirements for successful fertilization. In order to ensure
motility, sperm chromatin must be tightly packed and
organized. Chromatin is compactly packed in the sperm
head by replacing most histones with protamines during
spermatogenesis. It protects DNA from unfavorable
conditions in a woman’s reproductive tract. The remaining
histones can undergo chemical modifications to their protein
tails, activating and inhibiting gene transcription. Epigenetic
changes in sperm cells are key to regulating the activity of
genes associated with the development of an organism, making
them analogous to embryonic stem cells. The combination
of activating and suppressing marks in the promoter regions
of genes and the hypomethylation of DNA allows these cells
to be in a state of “readiness” to activate important genes
required for embryogenesis. Abnormalities in the epigenetic
structure of spermatozoa can lead to various diseases, such as




Literature Reviews
0630pbi Tumepamypoi

Reproductive Medicine (Central Asia) 2024, no. 3
Penpooykmuenas meouyuna (Llenmpanvnas Asus) 2024, Ne3

male infertility and abnormalities in embryonic development
[28].

Based on these data, we can agree that the epigenome
plays an important role in the fertilization process and the
early development of the embryo, leading to the successful
outcome of the IVF program. However, the opinions of the
authors on this issue are divided: some argue that there is no
correlation between the epigenetics of male sperm and the
efficiency of IVF programs, while others argue the opposite
[28-31].

Some studies suggest no consistent or clear correlation
between the sperm epigenome and embryonic quality.
For example, although different patterns of sperm DNA
methylation and other epigenetic markers have been found,
their prognostic significance for embryonic development
remains unclear. For example, Jenkins and Carrell reviewed
the impact of paternal epigenetics on embryogenesis but
noted that there was no convincing evidence to support a
direct link between epigenetic changes in sperm and adverse
embryonic outcomes in vitro fertilization [29].

However, according to M.M. Denomme et al., the
epigenetic profile of sperm can have an impact on the quality
of embryos. Men with high embryo quality had a mostly
hypermethylated profile of CpG sites, while men with low
embryo quality had significant abnormalities in methylation.
These changes concerned genes associated with sperm-oocyte
fusion, embryonic genome activation and implantation, and
miRNA profiles that affected embryonic development [28].

On the other hand, according to F. Giacone et al., standard
morphological parameters of sperm are not always a reliable
indicator of successful fertilization, and it indicates that
epigenetic factors may not be universal [32].

M. Hua et al. found differences in tsRNA, rsRNA, and
miRNA expression in 87 men with normozoospermia who
underwent the IVF procedure. Participants were divided into
groups based on the incidence of good-quality embryos. As a
result, 10 differentially expressed tsRNAs, 7 rsRNAs, and 5
miRNAs were found, and made it possible to classify sperm
samples with high predictive accuracy (AUC 0.87-0.7),
emphasizing their importance in predicting embryo quality
[33].

N. Garrido et al. note the effect of epigenetic changes in
sperm on reproduction, but their direct impact on embryonic
quality remains unclear [34].

According to K.I. Aston et al., the epigenetic patterns of
sperm DNA methylation in men are stable and may differ in
patients with different fertility as well as those undergoing
the IVF procedure. The study found more than 8500 CpG
sites with different levels of methylation associated with
embryogenesis outcomes and the likelihood of a successful
pregnancy. It makes sperm methylation a potential biomarker
for predicting IVF success [35].

N.G. Cassuto and colleagues also found an association
betweenspermatozoid head morphology and DNA methylation
levels. Sperm samples with different morphologies showed
differential DNA methylation and changes in gene expression
in men undergoing ICSI. Analysis of the expression of 10
genes related to spermatogenesis (such as HDAC4, AURKA,
and CFAP46) showed that their levels were higher in samples
with normal morphology, indicating their potential role as
biomarkers of sperm morphology and possible therapeutic
targets [36, 37].

Discussion: The analysis of modern literature highlighted
the influence of the sperm epigenome on the quality of
spermatozoa, including chromatin integrity. However, there
is no convincing correlation between successful embryonic
development and clinical outcomes. The link between the
sperm epigenome and embryonic development remains an
open topic, and further research is required to fully understand
the molecular mechanisms involved. The debate about the
extent to which the sperm epigenome influences fertilization

and early embryonic development is ongoing, with most
researchers acknowledging it.

The study of epigenetic changes in the spermatozoa of men
with infertility opens up new perspectives for understanding
the mechanisms that affect fertility and embryo quality.
Understanding the epigenetic mechanisms affecting
spermatogenesis and embryogenesis can not only improve
the results of ART (IVF, ICSI) but also offer new therapeutic
strategies for the treatment of male infertility. Further
research in this area may provide new knowledge about the
mechanisms of male infertility.

Conclusion: The study of epigenetic changes in the
spermatozoa of men suffering from infertility opens up new
horizons for understanding the mechanisms affecting fertility
and embryo quality. Understanding the epigenetic processes
affecting spermatogenesis and embryogenesis can contribute
to the improvement of ART results and offer new approaches
to the therapy of male infertility. Future research in this area
may provide new insights into the mechanisms behind male
infertility.

The Republic of Kazakhstan has accumulated considerable
experience in improving the population’s reproductive
health. However, a comprehensive analysis of modern
factors affecting public fertile health, especially male health,
is required, considering the rapidly changing social and
economic conditions. In this regard, the development of new
strategies for assessment, monitoring, and implementation
of comprehensive measures aimed to strengthen the
reproductive health of infertile couples, in particular men’s
health, as well as raising awareness of the importance of
preventing infertility.
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