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ABSTRAKT

Zaklad zdravého embryondalniho vyvoje je polozen uz v prubéhu gametogeneze. V
soucasné dobé, v souladu s narGstem procenta part, které nemohu pocit dit€ ptirozenou
cestou, centra asistované reprodukce zaznamenavaji svilj rozmach. Pravé proto, porozuméni
biologie gamet a toho, co pfedavaji embryu, je klicem k 1écbé neplodnych part a cestou k
zdravému embryonalnimu vyvoji. Proto se tato studie zaméfuje na epigeneticky kod gamet, s
prediktivnim potencidlem, a na faktory, které epigeneticky kod utvari. V souladu s
piedpokladem, ze jsou vybrané molekularni faktory pouzitelné jako markéry kvality, byl
studovan vliv environmentéalniho polutantu bisfenolu S (BPS) na kvalitu zarode¢nych bun¢k a
spermii s cilem identifikovat markery kvality gamet, pouzitelné pro screening spermii a jejich
selekci pro ucely asistované reprodukce. Pro dosahnuti danych cili byly pouzity vzorky
lidskych spermii, zarodecné buniky experimentdlnich mysi kmene ICR a kanci spermie.
Vzorky byly podrobeny analyzdm pomoci pritokové cytometrie, immunocytochemie a
western blotu. Experimentélni prace byla schvalena Etickou komisi FN Plzen, resp. probihala
v souladu se schvalenym projektem pokusu na experimentalnich zviratech.

Studie provedena na lidskych spermiich detekovala metylovany histon H3 na lysinu K4
(H3K4me2) jako potenciondlni epigeneticky marker, ktery je nejen indikatorem kvality
spermii, ale 1 nezralosti chromatinu zpisobeného netplnou protaminaci. V druhé ¢asti studie
jsme prokazali ulohu sulfanu (H,S) jako antikapacitaéniho agens, ktery zpomaluje kapacitaci,
pravdépodobné prostiednictvim posttranslacnich modifikaci proteinti. Dale jsme prokazali
ulohu histon deacetylazy SIRT1 napfi¢ maturaci oocytu, a identifikovali jeho cilenou
relokalizaci ze zarodecného vacku nezralého oocytu do bezprostfedni blizkosti dé€liciho
vieténka maturovaného oocytu. Posledni cast studie se zabyvala vlivem endokrinniho
disruptoru BPS na kvalitu gamet, u oocytu byly prokdzané malformace déliciho vieténka a
aberace histonového koédu sledovaného pomoci H3K27me2. Co se tyce vlivu na samci
reprodukci, BPS efekt se projevil zménou spektra acetylovanych proteinu varletni tkané.

Predlozena prace poskytuje nové epigenetické markery, které lze nadale vyuzit k
hodnoceni kvality a selekci gamet, ur€ené pro ucely asistované reprodukce. Poznatky se tak

mohou podilet na zlepSeni GspéSnosti mimotélniho oplozeni a zvySovani kvality embryi.



SUMMARY

Basement of healthy embryo development comes from quality of oocytes and
spermatozoa. Today, when percentage of couples suffering infertility together with assisted
reproductive therapy (ART) is increasing, understanding to gamete biology and heritable
epigenetic code is crucial. The study is focused on promising epigenome based markers that
could serve as indicators of gamete quality for either their screening or selection for ART.
Accordingly selected markers were used for the investigation of environmental pollutant
bisphenol S (BPS) effect on gametes quality. To obtain these aims, we have used human
semen samples, boar semen samples and ICR mice gametes. Samples were analyzed by flow
cytometry, immunocytochemistry and western blot analysis. All experimental work was in
accordance with Ethics committee University Hospital in Pilsen and approved experimental
designs for appropriate experimental animal project.

In the study, we detected the dimethylation of histone H3 on lysine K4 (H3K4me?2) as
potential epigenetic marker of sperm quality and chromatin immaturity. Secondly, we
observed the role of the gasotransmitter hydrogen sulphide (H,S) as anti-capacitating agents,
slowing down capacitation possibly through post-translational modification of proteins.
Thirdly, SIRT1 histone deacetylase was estimated during oocytes maturation and its
relocation from germinal vesicle of GV oocytes to the surround of meiotic spindle of
metaphase I oocyte was observed. Subsequent part of the study is dealing with the effect of
BPS on quality of gametes; malformation of meiotic spindle and aberration of dimethylation
of histone H3 on lysine K27 (H3K27me2) in oocytes were observed. In male reproduction,
BPS effect was mainly displayed by change in spectrum of acetylated proteins

To conclude, the study highlights importance of the epigenetic based marker of
gametes, underlining spermatozoa, having potential to diagnose endocrine disruptor-derived
reproduction failure. Accordingly, the knowledge can improve ART and increase embryo

quality, through appropriate approach of sperm selection.
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1 INTRODUCTION

The formation of new life is preceded by fertilization, defined as fusion of gametes.
Accordingly quality of oocytes and spermatozoa is inevitable factor predicting fertilization
success and healthy embryo development'. Their formation, called gametogenesis already
starts during embryonal development and is accompanied by the reduction of chromosomes to
half, morphological changes as well as establishment of heritable epigenome typical for
oocytes and spermatozoay‘.

Oocyte development, oogenesis is stopped two times during development. First
meiotic block happened during prenatal age and its continue is restored in puberty.
Subsequently, oocyte entries to second meiotic division, where is blocked until time of
fertilization. Oocyte and sperm fusion is the impulse for oocyte reactivation and thus finishing

the last division®®

. This is accompanied by various kinases and factors of ubiquitin-
proteasome system. Moreover, dynamic epigenetic changes, including a lot upstream
regulators, are required and many of them remain unelucidated’ 2.

In contrary spermatozoa are produced all reproductive life of men in the process called
spermatogenesis without interruption®™'>'*. Spermatozoa are unique due to their specific
chromatin structure that preserves theirs DNA for embryo. During elongation of spermatid,
apart from morphological changes involving formation of acrosome and flagellum, 85-90% of
histones are replaced by protamines, that enable higher compaction of sperm chromatin'>™"”.
However some residual histones undergoing posttranslational modifications persist and are
usually related with genes involved in the early embryo development. Since ejaculated
spermatozoa are transcriptionally inactive, epigenome established during spermatogenesis, is
only thing that they can rely on'® .

This time of gamete development is known for its sensitivity to external factors coming
from surrounds. Considering postponing parenthood, the gametes and their development are

exposed to positive and negative factors much longer***’

. Hence, side by side with the rise of
assisted reproductive therapy usage, information rise in this area was noticed too.
Accordingly, current studies found out relation between ART usage and genetically imprinted
disorder. Moreover gamete epigenome research reveals its impact on their quality and thus

28-31
embryos”®™

. Taking into account current massive using of ART bypassing inner molecular
mechanisms is striking®?, and the necessity of studying the epigenetic impact and avoiding its

harmful effect is crucial. Hence, a rise up of studies dealing with epigenetic-based sperm
6



selection markers in combination with non-invasive methods is not surprising. Most of them
try to use principles of sperm selection in the female reproductive tract and use superficial

sperm markers to avoid their damage® >°.

2 HYPOTHESIS AND AIMS

Our attention is paid to epigenome of sperm and oocytes with the aim find our

appropriate marker of gametes quality with potential to improve ART (Fig. 1).

Hypothesis:

1.  Spermatozoa with immature chromatin express more H3K4me2, and thus it is adequate
marker of spermatozoa quality.

2. H,S acts as signal molecule in sperm physiology.

3. SIRTI acts as signal molecule during oocyte maturation and through its epigenetic and
non-epigenetic targets improve oocytes quality.

4.  Endocrine disruptor bisphenol S (BPS) negatively affects gametogenesis and gametes

quality.

The aims were as follows:

. To detect H3K4me?2 in sperm with different quality, using flow cytometry strategy.

. To observe H,S-releasing enzymes in sperm and describe the effect of exogenous H,S
supplementation on sperm quality.

. To track SIRT1 and its targets across the oocyte maturation.

. To investigate the effect of BPS on oocytes and sperm, as well as ovaries and testes,

through selected markers.
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Figure 1. Diagram describing hypothesis. This diagram displays the most important events
of gamete development, leading to fertilization. On the one side it is protamination through
the spermatogenesis that also involves H3K4me?2. If the protamination is not completed,
ejaculated spermatozoa displays decrease quality as well as excess of H3K4me2. This event
could be indirectly regulated by SIRT1. We consider SIRT1 to be versatile regulator of
maturation of gametes, including oocytes. However, spermatozoa prior to fertilization have to
undergo capacitation, this is possibly regulated by gasotansmitter H,S through
posttranslational modifications of proteins involved in that process. Sperm and oocytes
development is accompanied by epigenetic changes that create exact program for embryo
development. All these changes are inherited and sensitive to environmental exposure coming

from surrounding daily life.



3 MATERIAL AND METHODS

3.1 Human sperm collection

Human ejaculates were obtained with the participants’ written consent from the ART
center Genetika Pilsen Ltd. (Pilsen, Czech Republic). All subjects were strictly anonymous to
the research team. The study was approved by the Ethics committee of Charles University,
Faculty of Medicine in Pilsen (238/2016). Altogether, 99 semen samples were collected. The
evaluation of semen concentration and motility were carried out in accordance with the World
Health Organization standards (WHO 2010). Accordingly, semen samples were classified
based on semen quality into three groups: normozoospermic, asthenozoospermic and

oligoasthenozoospermic.

3.2 Mice sperm and oocyte isolation

All animal procedures were conducted in accordance with Act No. 246/1992 Coll., on
the Protection of Animals against Cruelty, under the supervision of the Animal Welfare
Advisory Committee at the Ministry of Education, Youth and Sports of the Czech Republic,
approval ID MSMT-11925/2016-3. ICR mice were purchased from Velaz Ltd. (Prague,
Czech Republic), housed in intact polysulfonate cages and maintained in a facility with a 12
L:12 D photoperiod, a temperature of 21+1 °C and a relative humidity of 60 %, and a phyto-
estrogen-free diet 1814P (Altromin) and ultrapure water (in glass bottles, changed twice per
week) were provided ad libitum.

The BPS experiment was designed to evaluate the effect of very low doses of BPS on
the male reproductive system of 8 weeks old mice. Mice were randomly distributed to the
four experimental groups and left to adapt for one week. BPS was then administered for eight
weeks through drinking water. The exposure consisted of four BPS dose treatments: 0, 0.001,
1 and 100 ng.g”' bw. day™, i.e. vehicle control (VC) and BPS1 — BPS3 groups, respectively.
In the female experiments, the exposure composed of five BPS dose treatments: 0, 0.001, 1,
10, 100 ng.g” bw. day™, i.e. vehicle control (VC) and BPS1 — BPS4 groups.

Spermatozoa were isolated from both cauda epididymis and seminiferous tubules into
500 pl Whitten-HEPES medium and left to swim up for 10 minutes at 37 °C. Concentration
and subjective motility was estimated using the Makler chamber and expressed as a

percentage of motile spermatozoa.



For immature mouse oocyte yielding, ICR females were administered with 1.p. 5 TU
PMSG and sacrificed 48 hours later. Oocytes at the GV stage were isolated and in vitro
matured in M16 medium for 16 h at 37°C and 5% CO,. To obtain in vivo mature oocytes,
PMSG-treated females were administered with 5 IU hCG, and cumulus-oocyte complexes
were flushed from oviducts 16 hours later. Both in vitro and in vivo matured oocytes in

metaphase II stage were used for further experiments.

3.3 Boar sperm collection

Fresh boar semen collections were completed under the strict guidance of an Animal
Care and Use protocol approved by the Animal Care and Use Committee (ACUC) of the
University of Missouri.

Fresh boar semen was collected on a weekly basis from three fertile boars used for
routine. Concentration and motility of ejaculates were evaluated by conventional
spermatological methods under a light microscope. Sperm concentration was measured by
hemocytometer and ranged from 250 to 350 million/ml. Only ejaculates with >80% motility
were used. Sperm rich fraction was used for all analysis, except analysis during in vitro

capacitation (IVC).

3.4 Flow cytometry analysis

For the detection of mitochondrial activity and early apoptotic spermatozoa, sperm
samples were incubated 30 minutes at room temperature with the staining solution of 100 nM
MitoTracker Deep Red and 50nM YO-PROI1 in Biggers-Whitten Whittingham medium
(BWW)*’. Acquisition was performed on a FACSVerseTM flow cytometer using BD
FACSuite™ software and analysed with WEASEL software Ver.3.

Sperm chromatin structure assay was performed according to the protocol described by
Evenson and Jost>*. The output of the analysis is DNA fragmentation index (%DFI) and high
DNA stainability (%HDS). The samples were run by FACSVerse'™ flow cytometer,
controlled with BD FACSuite™ software and analysed with WEASEL software Ver.3
According to the results, samples were divided based of %HDS into two groups: low HDS —
%HDS<15, and high HDS — %HDS>15.
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Preparation of spermatozoa for histone analysis by flow cytometry was done according
to the study of Li 3% For the detection of H3K4me2, polyclonal rabbit anti-H3K4me?2 (1:100)
were used, and Alexa Fluor 488 conjugated goat anti-rabbit secondary antibody (1:200).
Acquisition was performed on a FACSVerse™ flow cytometer using BD FACSuite™

software and analysed with WEASEL software Ver 3.

3.5 Waestern blot analysis of sperm and oocytes

In the samples either cells or tissue, western blotting was performed. Samples were
solubilized with the Laemmli buffer (0.003% Triton-X-100 and 0.001% SDS) and subjected
to SDS-PAGE electrophoresis in precast gradient gels (4—12.5%), followed by blotting onto a
PVDF membrane. The membrane was blocked in 1% BSA in TBS with 0.5% Tween-20
(TBS-T) and incubated with different antibodies rabbit polyclonal anti-H3K4me2 (1:1000),
mouse monoclonal anti-SIRT1 (1:1000) and mouse polyclonal antibody anti o-tubulin
(1:1000) overnight at 4°C. Then, the membrane was incubated with horseradish peroxidase
(HRP)-conjugated goat anti-mouse or anti-rabbit IgG in TBS-T (1:10000) for 1 h at room
temperature. Proteins with adequate molecular weight were detected using the ECL Select

Western Blotting Detection Reagent and visualised by ChemiDoc™ MP System.

3.6 Immunocytochemistry, microscopy and image analysis

Sperm samples were allowed to dry and fixed with 4% of paraformaldehyde for 15
minutes. Oocytes were fixed in 4% paraformaldehyde in PBS with 0.1% polyvinyl-alcohol
(PVA) for 30 min. Samples were permeabilized and blocked for 1 hour at room temperature.
The 1h incubation of samples with antibodies occured: anti-SIRT1 (1:200), anti-a tubulin
(1:200), anti-acetylated a-tubulin (1:200), anti-H3K9me2/3 (1:200), anti-H3K4me?2 (1:200),
and anti-H2AK119ub (1:200), anti H3K27me2 (1:200) and anti-5’-methyl cytosine (1:200)
was performed. Thereafter, samples were incubated with AlexaFluor conjugated goat anti-
rabbit secondary antibodies (1:200). Finally, samples were mounted onto slides in a
VectaShield medium with 4'6'-diamidino-2-phenylindole (DAPI). Images were acquired using

spinning disk confocal microscope Olympus IX83 and VisiView" software.
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3.7 Quantification of H,S-releasing enzymes

Ejaculated and capacitated spermatozoa were compared for the expression of H,S
releasing enzymes. Sperm in vitro capacitation vas done as described below. Ejaculated and
capacitated spermatozoa were washed for removing seminal plasma and capacitation medium,
respectively. Subsequently spermatozoa were fixed with a cold acetone solution (1:1) in PBS,
washed and blocked with 0.1% Triton TX-100 and 5% NGS for 40 minutes. Afterward,
spermatozoa were incubated with primary antibody rabbit polyclonal anti-CBS (1:100), anti-
CTH (1:100), anti-MPST (1:50) at 4 °C during the night. After two washings, incubation with
secondary antibody Alexa fluor 488 (1:200), Hoechst 33342 (1:1500) and lectin PNA from
Arachis hypogaea conjugated with Alexa fluor 647 (1:2500, PNA-AF647) was done for 40
minutes. The spermatozoa were then washed, and signal intensity was quantified using Amnis

flow cytometry.

3.8 H,S donor treatment of ejaculate spermatozoa and in vitro capacitation

Semen samples were washed of seminal plasma with non-capacitating media (NCM), a
modified TL-HEPES medium, free of calcium dichloride (CaCl,) and addition of 11mM D-
glucose, with pH adjusted to 7.2. They were subsequently incubated with natrium
hydrosulfide monohydrate, NaHS (2.5; 5; 10; 20; 100 uM) for 1 hour. Distilled water was
used as vehicle control (VC). After 1 hour, the samples were incubated with cocktail of
Hoechst 33342 (1:1000), PNA-AF647 (1:2000), Propidium Iodide (1:1000) and FZ3
(1:1500) for 30 minutes.

Subsequently, an aliquot of semen sample was resuspended in 0.5 mL in vitro
capacitation media (IVC media), TL-HEPES-PVA supplemented with SmM sodium pyruvate,
I11mM D-glucose, 2mM CaCl,, 2mM sodium bicarbonate, and 2% (m/v) bovine serum
albumin, and incubated in a 37 °C water bath for 4 h, with Eppendorf tube rotation performed
every 60 min. For studying the H,S effect on sperm capacitation, the medium was
supplemented with the selected concentration of H,S donor NaHS. The capacitation status
was measured each hour using Amnis flow cytometry with the same fluorescent probes and

aforementioned protocol for ejaculated spermatozoa.
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3.9 Acquisition of Amnis Flow cytometry

Ejaculated spermatozoa treated with H2S donor were measured after 1 hour of treatment
with H,S, and the effect was estimated by evaluation of membrane remodelling (PI),
acrosomal status (PNA) and Zinc signature using Amnis Flow cytometry. Similarly,
capacitation status in condition of H,S treatment was observed and, during 4 hours of in vitro
capacitation, all of the above mentioned parameters were measured hourly.

The acquisition for H,S-releasing enzymes in ejaculated and capacitated spermatozoa as
well as observation of H,S donors on capacitation were carried out by INSPIRE® FS

software.

3.10 Statistical analysis

Data from all analyses was expressed either as the medians with appropriate quantiles or
means = SEM. Data was processed with Statistica Cz 12 (StatSoft, USA), using Kruskal-
Wallis ANOVA (for quantitative variables) or One-way ANOVA. With regard to the
significant overall finding, differences between individual group pairs were assessed post-hoc
using multiple comparisons of mean ranks and the Fisher test, respectively. In addition,
selected parameters were subjected to Spearman’s rank correlation test. The level of statistical

significance was set at p < (0.05.

4 RESULTS

4.1 Sperm epigenetics is associated with sperm quality and maturity

Ninety-nine samples were characterized by the following semen parameters: age,
volume, sperm concentration, total and progressive motility, mitochondrial activity/early
apoptotic cells, DNA fragmentation (%DFI), chromatin immaturity (%HDS) and the level of
H3K4me?2. According to the concentration and motility in accordance with WHO standards
2010, semen samples were divided into three groups; normozoospermic (N),
asthenozoospermic (A) and oligoasthenozoospermic (OA), and compared between themselves
in assessed parameters. To characterize samples with different chromatin maturity, samples
were divided into groups with low %HDS (HDS<I15) and high %HDS (HDS>15) that was

assessed by SCSA® as referred Evenson and Jost.*
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Chromatin integrity of the cohort was characterized by SCSA®, assessing both %DFI
and %HDS *. Samples with a pathological spermiogram were exhibited significantly higher
percentage of spermatozoa with DNA damage (%DFI). Despite the significant %HDS
dependency on spermiogram quality, no significant differences were confirmed between
individual groups. However, a significant trend (Spearman’s correlation: p=0.021) of
increasing %HDS was proven for decreasing level of spermiogram quality (N > A > OA).
Moreover, the %HDS correlated positively with %DFI and negatively with sperm
concentration, and total and progressive motility. We also found a negative correlation
between the percentage of spermatozoa with active mitochondria (MitoTracker+/YO-PRO1-)
and %HDS.

Finally, we observed that OA and A samples had higher H3K4me2 levels compared to
samples with a normal spermiogram (N). These differences were statistically significant for
OA and A samples compared to N ones. Similarly, significantly higher H3K4me?2 levels were
detected in the group with %HDS>15. Additionally, H3K4me2 levels were correlated

positively with %HDS, but negatively with sperm concentration, progressive motility.

4.2 The involvement of H,S in sperm capacitation

The study carries out the regulation of spermatozoa capacitation by H,S. The
preliminary data related to that, were achieved during fellow at University of Missouri, with
kind help and supervision of prof. Peter Sutovsky, Dr.h.c. Recently; the data are under
preparation for manuscript submission to a journal with impact factor.

We have detected all three H,S-releasing enzymes in ejaculated and capacitated
spermatozoa. In addition, we have quantified and compared these enzymes by Amnis flow
cytometry. Our results show that signal intensity of all enzymes is decreased in capacitated
spermatozoa in comparison to ejaculated, however only in the case of enzymes, cystahionine
B-synthase, cystathionine Y-lyase, was this difference significant.

Secondly, we have observed that NaHS, an exogenous H,S donors, had a sperm
protective effect, what is displayed by percentage of propidium iodide positive cells,
acrosome integrity (PNA). Moreover, H,S donors were able to preserve zinc signature 1, as
the sign of higher sperm fertility ability.

Finally, we have noticed capacitation slow down under condition of H,S, displayed by
preserve membrane and acrosomal integrity as well as zinc signature 1.

14



4.3 SIRT]1 histone deacetylase plays a role in histone code establishment in oocyte

In this study, we have described how SIRT1 is involved in oocyte maturation through a
description of new cytoskeletal SIRT1 targets implicated in an oocyte division. Relocation of
SIRT1 from the germinal vesicle of GV oocytes to the meiotic spindle of metaphase II
oocytes pointed out intentional SIRT1 displacement to deacetylase tubulin of spindle
microtubules (Fig. 14). This finding was also supported by the observation of specific histone
PTMs that are clearly related to SIRTI action, such as an increase in H3K9me3 and
H2AK119ub as heterochromatin markers and a decrease in H3K4me?2 associated with active
transcription. Therefore, two molecular matters of SIRTI1 action oocytes are considered:
epigenetic and non-epigenetic. The fast exchange of both modes is obvious, and this is a topic
for further study, including male germ cells and spermatozoa.

Altogether, important protecting and stabilizing functions of SIRT1 for oocytes
chromatin were highlighted, as well as for their proper maturation to give rise to a healthy
embryo. Furthermore, relocation of SIRT1 to the meiotic spindle surround may be relevant for

the early post-fertilization events.

4.4 The environmental impact on fertility through spermatogenesis, oogenesis

Based on previously achieved knowledge of gamete biology, this study investigated endocrine
disruptive effect of bisphenol S (BPS), a common environmental pollutant, on gamete quality.

The ability of endocrine disruptors to interfere with hormones is displayed by the defect
during gametogenesis’' . Our studies have shown decrease in antral follicles after BPS
treatment, which point to the obliteration of oogenesis. Furthermore, the ability of the ovaries
to protect themselves and inner ongoing oogenesis against oxidative stress were proven,
which is evident from the decreased expression of superoxide dismutase (SOD). The effect of
BPS was also displayed by the aberration of oocytes epigenetic, manifested by H3K27me2
and related to gene imprinting, and thus possible defects in further embryo development.
Further, defects in DNA methylation were assessed as SmeC (5-methylcytosine). Moreover,
BPS increase DNA fragmentation and disrupt DNA methylation. The striking detrimental
effect of BPS was also investigated on the meiotic spindle, which is responsible for correct
chromosomes organization and subsequent redistribution that may have an effect on oocyte

maturation, as well as embryo development.
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In the case of male reproduction, published studies showed that BPS influence the
testosterone level and disrupt oxidative stress defence’'. A decrease in sperm concentration
and motility were also affected by BPS™. This is in accordance with our study, where we
observed the decrease in motility in one BPS concentration. Nevertheless, we have not found
significant decreases in male fertility manifested by an aberration of hormone production or
histology observations. Proteomic analysis of mice testes showed that used subliminal doses
of BPS influence proteosynthesis and posttranslational modifications of proteins, manifested
by exclusive expression of 34 proteins in the testes of BPS treated mice, and 20 other proteins
were specifically acetylated in BPS groups.

Accordingly, BPS seems to affect the protein’s functionality; however, subsequent
observation is crucial to understanding if acetylation of proteins increase their activity as in
the case of histones, or if it disables their functionality. Interestingly, our results showed that
BPS affects mainly proteins associated with sperm motility and capacitation.

All of the data showed that endocrine disruptors are silent poisoners of our reproductive
health, influencing the functionality of the cells on the epigenetic level and, by interfering
with hormones, obstruct cells in their defence. Since the endocrine disruptive effect is
displayed in the histone code of gametes, the effect on early embryo development is plausible.
Hence, these studies should be a base for preventive action, starting with an estimation of BPS
intake in the population, as well as more conscious observation of potential safety substituents

involving appropriate epigenetic based markers.

4.5 The implications of sperm epigenetic quality in human ART

Nowadays, together with an increasing number of couples with conceiving problems,
assisted reproductive therapy (ART) has significantly raised too. Therefore, the investigation
of the reasons hidden behind this phenomenon, as well as the improvement of screening
methods in ART is current. Apart from this, studies associating infertility with defects in

23,45-48 .
’ . Hence, it

epigenetic code of either oocytes or sperm are being released on a daily basis
is more desirable to consider the area of epigenetic in ART. Currently, there are already well
established epigenetic based markers that have the potential to be used either in gamete
screening, and thus the establishment of appropriate treatment, or their selection for
ART***° 1In the case of sperm selection, apart from the well-defined markers, use of the

non-invasive method is crucial.
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In this review, we have offered an outlook on sperm selection methods that may imply
epigenetic based markers such as YH2AX or H3K4me?2 described by us. The trend in this area
is to mimic the selection mechanism of female genital tract as much as possible and thus
approximate to natural conditions. Our attention was paid to three non-invasive methods that
have the potential to apply this, namely microfluidic, Raman spectrometry and sperm
ubiquitin taq assay. However, further investigation is necessary for confirmation of their

harmless effect, as well as the estimation of the best method for their clinical application.

5 DISCUSSION

Gamete epigenetics is still underestimated study object in assisted reproductive therapy
(ART), and thus we consider it inevitable to investigate gamete epigenome and look for
possible markers of gamete quality that will have the potential to be used for either gamete
screening or selection for ART.

Since ejaculated spermatozoa are not capable of protein expression, they have to rely on

51,52

the resources obtained during their development’ ~°. However, spermatogenesis is quite

>3- "and thus we can find in ejaculates a various subpopulation of

sensitive to oxidative stress
sperm of different quality. Our results clearly declared that spermatozoa with decreased
quality and incomplete chromatin condensation have increase expression of H3K4me?2.
Considering the position of H3K4me?2 at the promotors of housekeeping genes, as well as

genes for small noncoding RNA "%

, it 1s plausible that H3K4me2 overexpression may
effect in early post-fertilization events and embryo development. Furthermore, taking into
account the higher expression of H3K4me?2 in the early stages of spermatogenesis prior to
protamination, observed by Rathke ef al.>®, we consider H3K4me2 a relevant indicator of
spermatozoa quality and chromatin integrity. The results highlighted the importance of
involving epigenetics-based markers in the clinical practise of ART. The attitude to its
application could be various; on the one hand it could serve as a screening parameter for the
verification of sperm quality after routinely used sperm selection techniques. On the other
hand, in combination with non-invasive methods such as Raman spectrometry, it could be
used as a direct selection marker, and thus sperm used in ART. Apart from this, we consider it
really important to understand why the mistakes in protamination happened and finding ways

to avoid them. For this purpose, we need to understand all of the pathways involved in

spermatogenesis.
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However, the best way to increase sperm fertilization success is to improve their quality
and protect spermatozoa through spermatogenesis. Hence, it is indispensable to understand
the pathways involved in H3K4me2 demethylation and methylation. Interestingly, many
histone deacetylases are capable of modulating even the methylation of histones and,
therefore, this protein family deserves our interest®’ . Accordingly, one of the possible
regulators of histone methylation is SIRT1, a member of III class NAD "-dependent histone
deacetylases, called sirtuins®*®’. Indeed, SIRTI participates in the regulation of H3K4me2
through histone demethylase lysine-specific histone demethylase 1A (LSD1A). Our study of
SIRT1 during oocytes maturation, declared the relocation of SIRT1 from germinal vesicle in
GV oocytes to cytoplasm of metaphase II oocytes that are supposed to be ready for
fertilization. This finding confirmed the protective role of SIRT1 for oocytes chromatin and
observed different targets of SIRT1 that are deacetylated according to oocytes requirements.
Furthermore, colocalization of SIRT1 with tubulin of meiotic spindle in oocyte cytoplasm
uncovered a huge spectrum of possibilities that may explain the SIRTI relocation. Since
mature spermatozoa have just a subliminal amount of SIRT1, we can speculate that SIRT1 in
the cytoplasm of metaphase II oocyte is indispensable for fertilization and mainly early post-
fertilization events, including mitophagy, chromosome organisation through sperm aster and
pronuclei formation, and thus a compensate lack of SIRT1 in sperm

All these events could be regulated by gasotransmitters (hydrogen sulphide, nitric
oxide), gaseous signal molecule that may influence the cell physiology through PTMs of
proteins®®. Considering the involvement of nitric oxide in the capacitation through
nitrosylation of various proteins®’, we have looked at the expression, and thus role of H,S
during capacitation. Our results proved that capacitation is inhibited under conditions of H,S

13, who observed

donors. This finding is in accordance with the study by Wang ef a
reversibility of hyperactivated movement by H,S donors. The presumed mechanism is
through sulthydration of proteins involved in the capacitation, and thus further studies should
be focused in this direction. Moreover, the description of SIRTI1 upregulation by its
sulfhydration changes the view at the epigenome regulation®. Hence, gasotransmitters are
potential molecules participating in sperm physiology and possibly also in the histone code.
Understanding of their mechanism of action can offer either new markers of gamete quality or

infertility therapy.
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The aforementioned factors can be considered physiological modulators of the
epigenetic code. On the other hand, environmental influences are able to modulate as well,

. . . . 27.69-72
and the risk of various noxi arises> ® "2

In addition to sperm histone code and
gasotransmission through hydrogen sulphide, we were focused on selected pollutants for
model of environmental-derived modulation of sperm physiological status, including
epigenetic factors. Therefore, we have interpolated our knowledges about epigenetic of
gametes into the observation endocrine disruptive effect of bisphenol S (BPS), one of most

#7373 on gamete quality. Our finding declared that subliminal

used environmental pollutants
doses of BPS that are much less than a tolerable daily intake of BPA have negative effect on
gametogenesis displayed by aberration either in epigenome or general proteosynthesis by
affecting their PTMs. Apart from this, the negative effect of BPS was displayed by the
malformation of meiotic spindle crucial for correct chromosome redistribution during oocytes
maturation, as well as for subsequent embryo development. This finding highlights that
replacement of BPA by BPS was not the best solution, and sufficient declaration of the
harmless effect on reproductive health of individuals before it was done were missing. Hence,
we consider indispensable estimates of the daily intake of BPS in the human population and
accordingly adapt other steps for health protection, such as replacement of BPS by a
compound that will be declared as harmless on different cellular and molecular levels,
including epigenetic.

Altogether, the study highlights the consideration of the epigenome in the evaluation
of gamete quality. However, the base for this is to understand epigenetic regulation and the
consequences for embryo development. Therefore, further studies should be focused on
finding the best way to combine currently used non-invasive methods and selected epigenetic
markers. Considering epigenome aberration as a plausible reason of idiopathic infertility,
selected markers can be used for the evaluation of gamete quality and, accordingly, the
establishment of the correct therapy, or they could serve as selection markers for a healthier
gamete. We expect that the increase application in epigenetic based methods in ART will
improve fertilization success and embryo quality and will be prevention to epigenome based

disorders in offspring.
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6 CONCLUSION

The aim of study was investigation of new epigenetics-based markers in gametes that
have potential to be applied in ART either for gametes screening or their selection for further
therapy.

We have estimated new epigenome based sperm selection marker H3K4me2 which
expression is dependent on spermatozoa quality and chromatin immaturity. This histone
modification is indirectly regulated by SIRTI, participating in the protamination too.
Accordingly, epigenetic and non-epigenetic targets of SIRT1 in oocytes have been identified,
offering the possibility of their implication during early post-fertilization events in embryo.
Furthermore, the role of gasotransmitter H,S has been observed as the new signalling
molecule in sperm physiology, that slow down capacitation possibly through posttranslational
modifications of proteins involved in that process. Finally, endocrine disruptive effect of BPS
was confirmed on sperm and oocytes through modification of histone code as well as other
PTMs of proteins.

Altogether, epigenetic markers, sensitive to environmental exposure, are a promising
indicator of gametes quality and a predictor of fertilization success. Accordingly, we consider
as exigency to update non-invasive sperm selection methods with epigenetic based marker

and thus improve ART.
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