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Abstract

Environmental pollution and its effect on the living organisms has attracted lots of attention
recently. There is a growing body of evidence that we are exposed to environmental
pollutants at low concentrations in everyday life. The cells and organisms have tools to
identify, neutralize and excrete the majority of the toxic compounds. The most dangerous
are those that can escape this process or act at low trace concentrations. Endocrine

disruptors (EDs) belong to the latter group.

Endocrine disruptors can be of natural and anthropogenic origin. EDs target corresponding
hormonal receptors and can act at low concentrations. A wide family of nuclear receptors
recognize steroid hormones. The majority of EDs can pass through the cytoplasmic
membrane, use the hydrophobic nature of the receptor-ligand binding, trigger hormone
response and change the expression of the sensitive genes. By interfering with estrogen and
androgen signaling, EDs can have effect on the whole organism, but the reproductive
system is influenced most. In the present work, our aim was to develop the methods for ED
detection and monitoring, analyze the estrogenic potency of EDs, and evaluate the effects
of natural estrogens and EDs on male reproductive functions, including sperm and testicular

physiology and endocrine functions.

First, we prepared a panel of monoclonal antibodies recognizing environmental pollutants
and natural estrogens. This allowed fast and reproducible detection of various EDs in
environmental water samples. In part of our work we focused on preparation of monoclonal
antibodies that recognize surface proteins of the sperm cells interacting with egg envelopes.
This allowed us to study in detail the effect of EDs on sperm capacitation and

hyperactivation.

Second, we determined the estrogenicity of environmental pollutants in vitro and studied
the effect of these endocrine disruptors on male fertility and expression of testicular genes
during spermatogenesis in a mouse model in vivo. We showed that the studied compounds
induce changes in testicular gene expression patterns and have a negative effect on the male
reproductive system. Our results provide the molecular basis for the underlying
mechanisms of EDs action on male reproductive functions during the most susceptible

periods of prenatal and pubertal development.

The submitted work has helped us to understand the impact of environmental pollutants on

the male reproductive system and sperm maturation.
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Souhrn

Znecisténi zivotniho prostredi a jeho negativni vliv na Zivé organismy piedstavuje jeden z
nejveétsich problému soucasné lidské spolecnosti. Populace je den co den vystavovana
nizkym koncentracim environmentalnich polutantl s potvrzenym ¢&i piedpokladanym
negativnim efektem na lidské zdravi. Buiiky a organismy si v pribéhu evoluce osvojily
rizné zpusoby detekce, neutralizace a exkrece vétsiny toxickych latek vyskytujicich se v
prostiedi. Nejveétsi riziko tak predstavuji ty latky, které dokazi detoxika¢nim systémim
organismu uniknout nebo piisobi 1 ve velmi nizkych koncentracich. Endokrinni disruptory
(EDs) pak casto predstavuji prave takovy typ latek.

Endokrinni disruptory mohou byt ptirodniho ¢i antropogenniho ptivodu, a mohou v nizkych
koncentracich ~ ovliviiovat ~ odpovidajici hormonalnich  receptory.  Nejcast&jsim
mechanismem jejich Gc¢inku je pak vazba na pfirozené hormondlni receptory. Jaderné
steroidni receptory diky své evoluci, rozmanitosti a specifickym afinitnim vlastnostem
predstavuji Casty cil endokrinnich disruptort, které jsou diky svym chemickym vlastnostem
schopné projit pfes buné¢né membrany. Takovymi endokrinnimi disruptory jsou napiiklad
ty, které interferuji s estrogenni a androgenni hormonalni regulaci. Po vazb¢ na piislusné
receptory jsou tak tyto latky schopné negativné ovliviiovat vSechny organové systémy
ovliviiované piisluSnymi hormony, v tomto piipad¢ tedy predevsim systém reprodukéni.

Nasim cilem v ptfedkladané praci tedy bylo vyvinout metody detekci a monitorovani
pfitomnosti a hladiny vybranych endokrinnich disruptori v organismu a v prostiedi,
analyzovat miru estrogenniho ucinku vybranych latek a posoudit jejich vliv na samci
reprodukéni systém zahrnujici funkce spermii, testikularni tkan€ a hormonalni regulace.

NaSim prvnim vyznamnym vysledkem bylo vytvofeni panelu monoklonélnich protilatek
schopnych detekovat latky zneciStujici Zivotni prostiedi. Pro tento panel byly vybrany
hybridomové linie s nejvyssi produkci specifickych protilatek s minimalni zkiiZenou
reaktivitou k jednotlivym latkdm. Tento panel tak umozZziuje rychlou a spolehlivou detekci
endokrinnich disruptorti ve vzorcich kontaminované vody. V ramci nasi prace jsme se take
zaméfili na pripravu monoklonalnich protilatek, které rozpoznavaji povrchové proteiny
spermii a reaguji s povrchovymi proteiny vajicka. Tento pfistup ndm umoznil podrobné
studovat vliv EDs na kapacitaci a hyperaktivaci spermii.

Druhym vyznamnym vysledkem bylo zhodnoceni estrogenni aktivity vybranych
endokrinnich disruptorti in vitro a také zhodnoceni jejich vlivu na saméi reprodukéni
organy a expresi vybranych geni hrajicich roli v procesu spermatogeneze in vivo na mySim
modelu. Zde jsme pozorovali signifikantni zmény v expresi jednotlivych genil a negativni
vliv na n€které samci reprodukcni parametry. Nase vysledky poskytuji molekularni zéklad
pro pochopeni zdkladnich mechanismti ptisobeni EDs na sam¢i reprodukéni funkce béhem
citlivého obdobi prenatalniho a pubertalniho vyvoje.

Ptedlozena prace pfispéla k pochopeni vlivu environmentalnich polutanti na samci
reprodukéni systém a maturaci spermii.



Uvod

Znecisténi zivotniho prostredi a jeho negativni vliv na Zivé organismy piedstavuje jeden z
nejveétsSich problémi soucasné lidské spolec¢nosti. Populace je den co den vystavovédna
nizkym koncentracim environmentalnich polutantii s potvrzenym ¢i piedpokladanym
negativnim efektem na lidské zdravi. Builky a organismy si v pribéhu evoluce osvojily
ruzné zpusoby detekce, neutralizace a exkrece vétSiny toxickych latek vyskytujicich se v
prostiedi. Nejveétsi riziko tak predstavuji ty latky, které dokazi detoxika¢nim systémim
organismu uniknout nebo ptsobi i ve velmi nizkych koncentracich. Endokrinni disruptory

(ED) pak casto predstavuji pravé takovy typ latek.

Endokrinni disruptory jsou jak pfirodni tak syntetické latky, které interferuji s pfirozenymi
hormony a negativné tak ovliviiuji ¢innost endokrinniho systému. Agentura pro ochranu
zivotniho prostfedi Spojenych stati americkych (EPA) odhaduje, Ze az 87 000 chemickych
latek zahrnujicich primyslové chemikalie, latky v kosmetickych ptipravcich, potravinova
aditiva a dal$i chemické smési mize plisobit jako endokrinni disruptory. Tyto latky pak
mohou pusobit negativné i na saméi reprodukéni funkce. V ptipadé bromovanych
zpomalovacii hofeni tetrabrombisfenolu A (TBBPA) (Lee et al, 2012),
hexabromcyklododekanu (HBCD) (van der Ven et al., 2009) a mykotoxinu zearalenonu
(Filipiak et al., 2009) byl v uvedenych publikacich prokazan jejich vliv na endokrinni
systém, tetracyklinova antibiotika pak méla inhibi¢ni vliv na pohyblivost spermii (Farombi
et al., 2008).

Mechanismus t¢inku jednotlivych ED ¢asto neni do detailu prostudovéan, je v§ak zndmo,
7e béhem ontogenetického vyvoje endokrinniho a reprodukéniho organismu existuji tzv.
kritické periody, kdy je pfislusny vyvijejici se orgdnovy systém vice citlivy k zevnim
zasahtim. Expozice ED v kritické periodé pak miiZze vést k nespravnému vyvoji tkani a
organt, pfi¢emz organismus si nasledky takového Skodlivého zdsahu nese az do dospélosti.
Nekteré soucasné studie navic potvrzuji, ze Skodlivy uc¢inek ED se nemusi omezovat jen
na exponované¢ho jedince, ale mize byt epigenetickymi mechanismy pifenesen i na jeho
potomstvo (Anway et al., 2005; Guerrero-Bosagna et al., 2010; Fullston et al., 2012;
Brieno-Enriquez et al., 2015; Carone et al., 2015).



Cile prace
Nasim cilem v pfedkladané praci bylo:

v vyvinout metody detekce a monitorovani ptitomnosti a hladiny vybranych

endokrinnich disruptord v organismu i v prostredi
v'analyzovat miru estrogenniho u¢inku vybranych latek

v posoudit jejich vliv na saméi reprodukéni systém zahrnujici funkce spermii,

testikularni tkan¢ a hormonalni regulace.

Material a metodika

Pro imunizaci mysi, produkci protilatek hybridomovou technologii a jejich nasledné
testovani byly pouzity standardni protokoly (Ed Harlow, 1988). K analyze estrogenni
aktivity testovanych latek in vitro byl pouzit prolifera¢ni test na MCF-7 bunééné linii a
gPCR analyza s primery pro estrogen-responzivni gen TFF1. Biochemické a molekularné
biologické metody pouzité pii analyze jednotlivych reprodukénich parametrii jsou pak

detailné popsany v ptislusnych publikacich, které jsou soucasti predkladané prace.
Vysledky a diskuse

Nasim prvnim vyznamnym vysledkem bylo vytvoteni panelu monoklonalnich protilatek
schopnych detekovat latky ve vysokych koncentracich znecistujici Zivotni prostredi.
Ptipravili jsme protilatky proti pfirozenym estrogentim estradiolu, estriolu, estronu a také
proti ethinylestradiolu, ktery je sou¢asti nejbézné;si kombinace hormonalni antikoncepce.
Dalsi sada protilatek je schopna detekovat TBBPA, HBCD a bisfenol A, ktery je soucasti
produktt z plastu. Kone¢né poslednim cilem bylo vytvofeni protilatek proti tetracyklinu.
Senzitivita a specifita pripravenych protilatek pak byly dale testovany pomoci ptimého,

nepiimého a sendvicového ELISA testu.

Druhym vyznamnym vysledkem bylo zhodnoceni estrogenni aktivity vybranych
endokrinnich disruptorit TBBPA a HBCD v experimentech in vitro. NaSe studie prokazala
estrogenni aktivitu HBCD, ktera byla pozorovéna pii testech na MCF-7 bunééné linii.
Naproti tomu TBBPA Zadnou aktivitu zprostiedkovanou ERa v nasem experimentu

nevykazoval. Kone¢n¢ latka s anti-estrogennim uc¢inkem ICI 182,780 byla v nasem



experimentalnim modelu schopna inhibovat zvySeni exprese genu TFF1 pozorované po

pfidani HBCD.

V jiné sérii studii jsme se zaméfili na vliv vybranych latek znecistujicich zivotni prostiedi
na reproduk¢ni parametry ovlivnénych zvifat. Pro tyto in vivo studie jsme vybrali takové
latky, které jsou celosvétoveé produkovany a uvolilovany do Zivotniho prostiedi ve velkém
mnozstvi. V prvni takové studii jsme nepozorovali zadny vliv TBBPA na samci
reprodukéni parametry jako je kvalita spermii atd. Naproti tomu histometricka analyza
testikularni tkan¢ odhalila snizeni vySky semenotvorného epitelu, TUNEL analyza vyssi
incidenci somatickych a germinalnich bun¢k v termindlni fazi apoptotického procesu a byla
téz pozorovana nizsi koncentrace epididymalnich spermii u exponovanych mysich jedinct
oproti jedincim kontrolnim. V dalsi studii byli experimentdlni mysi samci vystaveni
ucinklim tetracyklinovych antibiotik béhem vysoce senzitivni pubertalni periody. Detailni
analyza reproduk¢nich parametru potvrdila ze proces spermatogeneze byl u exponovanych
jedincli vyznamnym zpiisobem poruSen, pfi¢emz tyto negativni zmény pretrvaly az do
obdobi dospélosti, ve které jiz k expozici nedochazelo. Koneéné zearalenon mél predevsim
v nizsi davce, se kterou se ¢lovek i zivodichové bézné setkavaji (25 ng/kg/den), negativni
vliv na nékteré parametry spermii a indukoval zmény v expresi genll v testikuldrni tkani

exponovanych samct z CD1 mysi linie.

Nase dalsi studie byla zamétena na analyzu genové exprese ve vzorcich testikularnich
biopsii pacientl trpicich azoospermii. Jednotlivé vzorky pacientl trpicich touto poruchou
byly dale rozdéleny do nékolika podskupin s ohledem na histologickou analyzu uréenou
pro diferencidlni diagnézu obstrukéni azoospermie. Témito skupinami byly
hypospermatogeneze (HS), maturacni arest (MA) a stav, kdy jsou v semenotvornych
kanalcich pfitomny pouze somatické Sertoliho buniky — Sertoli cell-only syndrome -
(SCO). gPCR analyza genti hrajicich roli v procesu spermatogeneze odhalila jejich
specifickou expresi v jednotlivych podskupinach azoospermickych vzorki a nase vysledky
tak oteviraji moZnost rychlé diferencialni diagnézy poruch spermatogeneze na zakladé

analyzy exprese testovanych gent.

V poslednich dvou experimentalnich studiich jsme vyuzili nami pfipravené monoklonalni
protilatky ke studiu proteint hrajicich specifickou ulohu v sav¢i reprodukei, pfedevsim pak
v procesu maturace a kapacitace spermii a interakce mezi spermii a vajickem. V prvni z

téchto studii se nam podafilo charakterizovat protein, ktery je rozeznavan nasi protilatkou



Hs-8, ktera byla vybrana z panelu protilatek pfipravenych imunizaci mysi celkovym
proteinovym extraktem spermii. BEhem imunofluorescen¢ni analyzy tato protilatka znaci
oblast akrosomu a vyznamnou ¢ast bi¢iku (principal piece). 1zolace a nasledna sekvenace
identifikovala protein znaceny Hs-8 protilatkou jako GAPDHS, tedy jako testikularni
formu jednoho z deseti enzymt ucastnicich se procesu glykolyzy. Neptimy vazebny test na
prasecich oocytech prokazal snizenou vazbu spermii na oocyt po inkubaci s protilatkou Hs-
8. Nase vysledky tak ukazuji na moznou pleiotropni roli GAPDHS proteinu v sav¢i spermii.
V druhé¢ studii jsme se pak zaméfili na charakterizaci proteint, u nichZ jsme diky koncepci
nasi studie predpokléadali jejich moZnou roli v procesu interakce spermie a vajicka. Nejprve
jsme ptipravili panel monoklonalnich protilatek proti proteinlim izolovanych z apikalniho
povrchu kapacitovanych kancich spermii. Tfi z téchto proteinli, které navic v
biochemickych analyzach vykazovaly interakci s glykoproteiny zona pellucida, byly
podrobeny analyze na hmotnostnim spektrometru. Prvni z téchto proteinii rozeznavany
protilatkou 4C7 byl identifikovan jako akrosinovy prekurzor (45 kDa), druhy rozeznavany
protilatkou 5C5 byl identifikovan jako RAB-2A protein (24 a 27 kDa) a kone¢né protilatka
1H9 rozpoznavala protein P47 (kDa). S ohledem na zminéné vysledky planujeme ziskané
protilatky vyuzit v dal$ich studiich jako hodnotny néstroj pro studium efektu ED na procesy

maturace, kapacitace a vazby spermii na vajicko.

5. Zavéry

V predkladané praci jsme se za pouziti komplexni metodiky pokusili charakterizovat vliv
latek znecist'ujicich zivotni prostiedi na samci reprodukéni systém. Prvnim krokem v tomto
na$em snazeni bylo vytvoieni panelu monoklonalnich protilatek proti ED s takovou mirou
senzitivity a specifity, kterd umoznuje jejich vyuziti pro monitorovani koncentrace ED v

Zivotnim prostiedi.

Dalsim krokem byla analyza estrogenni aktivity vybranych latek TBBPA a HBCD pomoci
jednoduchého in vitro testu na MCF-7 bunééné linii. Zde jsme pozorovali signifikantni vliv
HBCD, ale nikoli TBBPA, jak na zvySenou proliferaci bunék, tak na zvySeni exprese TFF1
genu, ktery ve svém promotoru obsahuje ERE, a je tak vysoce senzitivni k estrogennimu
stimulu. V nékolika in vivo reprodukéné-toxikologickych studiich jsme pak prokazali

riznorody vliv latek TBBPA, ZEA a tetracyklinovych antibiotik nejen na nékteré



vyznamné reprodukcni parametry, ale také na expresi genti v testikularni tkéni a ptitomnost

a distribuci vybranych proteinti ve spermiich.

Déle jsme sledovali expresi vybranych gent hrajicich roli v rGznych fazich procesu
spermatogeneze ve vzorcich testikularni tkané pacientti podstupujicich 1é¢bu na klinice
asistované reprodukce. Vysledky z této studie mohou v budoucnu ptispét k lepsi

diferencialni diagnostice poruch spermatogeneze u lidskych pacientti.

Jelikoz estrogeny hraji dulezitou ulohu i v procesech maturace a kapacitace spermie a ED
s estrogenni aktivitou mohou narusovat a narusuji i tyto fyziologické procesy, pfipravili
jsme panel monoklonalnich protilatek proti povrchovym proteinim spermie, ktery
ptedstavuje dulezity piedpoklad pro detailnéjsi studium mechanismu vlivu ED na tyto

zasadni fyziologické procesy probihajici ve spermii.

Doufame, zZe jednotlivé soucasti predkladané disertacni prace pfinesly alespon nékteré
zasadni informace o vlivu zneciSténi zivotniho prostfedi na reprodukci savci vcetné
cloveka a Ze jednotlivé analytické néstroje, predev§im ve formé monoklonélnich protilatek,
umozni lepsi pochopeni mechanismu vlivu ED na savéi reprodukci také v naSich

probihajicich a budoucich experimentech.
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Introduction

We are exposed to environmental pollutants at low concentrations in everyday living.
During risk assessment of specific environmental pollutant on human health, several factors
are taken into account. ED exposure in adulthood is generally compensated by regulation
and excretion mechanisms and usually does not result in significant effect. On the other
hand, while the exposure occurs chronically or during most sensitive windows of
reproductive and endocrine system development and establishment, permanent changes can
occur to the exposed individual and its progeny. The cells and organism have tools to
identify, neutralize and excrete majority of the toxic compounds and the most dangerous
are those that can escape this process or act at concentrations, which are not able to activate

detoxification mechanisms. Endocrine disruptors (EDs) often belong to this group.

The endocrine disruptors can be of natural or anthropogenic origin. The United States
Environmental Protection Agency (EPA) estimates that 87,000 chemicals might act as
potential EDs, including pesticide chemicals, some commercial chemicals, cosmetic
ingredients, food additives, nutritional supplements, mixtures, and environmental
contaminants (Vogel, 2005). Brominated flame retardants Tetrabromobisphenol A
(TBBPA) (Lee et al., 2012) and Hexabromocyclododecane (HBCD) (van der Ven et al.,
2009), mycotoxin zearalenone (Filipiak et al., 2009) belong to the EDs, while tetracycline

antibiotics have inhibitory effect on sperm motility (Farombi et al., 2008).

The exact mechanisms how EDs can affect male reproductive system are still poorly
understood But there is growing body of evidence that environmental exposures at critical
developmental windows of endocrine and reproductive systems promote more pronounced
adverse effects that last to adulthood (Pflieger-Bruss et al., 2004). In addition, a number of
studies showed transgenerational transfer of the adverse effects induced by environmental
pollutants to the next generations (Anway et al., 2005; Guerrero-Bosagna et al., 2010;
Fullston et al., 2012; Brieno-Enriquez et al., 2015; Carone et al., 2015).



Aims of the study

In the present work, our aims were:
v' To develop methods for the monitoring of ED in environment
v" To analyze the estrogenic potency of ED

v To evaluate the effects of natural estrogens and ED on male reproductive functions
including sperm and testicular physiology and endocrine functions.

v

Material and methods

Mouse immunization antibody generation and analysis was performed according to general
protocols (Ed Harlow, 1988). We used the proliferation test (E-screen assay) in MCF-7
breast cancer cells and gPCR analysis of TFF1 gene expression to analyze estrogenicity of
the studied compounds. Biochemical and molecular biology methods used to analyze the
reproductive endpoints in reproductive toxicology studies are described in corresponding

manuscripts.

Results and discussion

First, we prepared a panel of monoclomal antibodies that can specifically and with high
affinity recognize chemicals that are present in the environment at relatively high
concentration. We have generated antibodies against natural estrogens estradiol, estrone
and estriol, active compound of the hormonal contraception pills ethinylestradiol,
brominated flame retardants HBCD and TBBPA, component of plastics bisphenol A and
antibiotic tetracycline. Generated antibodies were further analyzed with direct, indirect and

sandwich ELISA for specificity and cross-reactivity.

Second, we assesses the estrogenic potency of brominated flame retardants TBBPA and
HBCD in vitro on MCF-7 cells in comparison to natural estrogens. We have shown that
HBCD displays estrogen-like effects on MCF-7 cells. TBBPA, on the other hand, had no
estrogenic effect mediated by the ER a in the present model. Anti-estrogen ICI 182,780
reversed the upregulation of TFF1 gene by HBCD.
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Third, we evaluated the effect of the environmental pollutants on the reproductive
parameters of the exposed animals. For in vivo set of studies we selected the substances
with high level of worldwide production. The sperm quality and reproductive endpoints
were not affected by TBBPA. Further analysis revealed that the exposed animals had
thinner seminiferous epithelium, increased numbers of apoptotic somatic and germ cells in
the testes, and decreased amount of epididymal sperm cells. The study on the effect of the
tetracycline family of antibiotics was designed so that animals were exposed to the
chemicals at the very sensitive pubertal period. Sperm quality analysis, histological
examination and TUNEL analysis showed that spermatogenesis in mice is not fully restored
even in adulthood after antibiotic exposure during puberty. Zearalenone, especially at the
lower, environmentally relevant concentration of 25 ng/kg b.w. /day negatively influenced
the sperm parameters and induced changes in testicular gene expression in exposed CD1

male mice.

In another study, human testicular biopsy specimens were used to analyse expression of
spermatogenesis genes in testicular biopsies from azoospermic patients. The samples were
subdivided into three groups according to histological classification of obstructive
azoospermia state: hypospermatogenesis (HS); maturation arrest (MA); and Sertoli cell-
only syndrome (SCO). Analysis of the expression of spermatogenic genes in human testes
with abnormal spermatogenesis revealed different expression patterns in patients from
different groups. Our results suggest that analysis of the expression of genes involved in
spermatogenesis can be a fast additional test for the determination of the spermatogenesis

progress in testicular samples.

In next series of experiments we prepared monoclonal antibodies against sperm proteins
involved in sperm maturation and gamete interaction. First, we characterized the sperm
protein recognized by a monoclonal antibody Hs-8. In the immunofluorescence test, Hs-8
antibody recognized the protein localized in the acrosome of the sperm head and in the
principal piece of the sperm flagellum. Hs-8 labelled the 45 kDa protein in the extract of
human sperm it was identified as GAPDHS, one of the ten enzymes of the glycolytic
pathway. We confirmed GAPDHS localization in the apical part of the sperm head in
addition to the principal piece of the flagellum. In an indirect binding assay, we showed
that anti-GAPDHS antibodies interfere with the secondary sperm/oocyte binding

In second study, we characterized the candidate proteins that are involved in sperm — zona

pellucida binding in boar model. First, we have raised the panel of monoclonal antibodies
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against the purified protein pool from the apical part of the boar capacitated sperm surface.
Three proteins with molecular masses that were shown to interact with ZP glycoproteins in
a Far Western Blot were determined with MALDI analysis. The first protein recognized by
4C7 antibody was identified to be an acrosin precursor (45 kDa), 5C5 antibody recognized
RAB-2A (24 and 27 kDa), and 1H9 antibody recognized P47 protein. Antibodies
recognizing sperm proteins involved in the gamete interacting will be useful tools in the
future studies on the effect of the EDs on the sperm maturation, capacitation process and
sperm-oocyte crosstalk.

Conclusions

In present work we used complex approach to study the effect of environmental pollutants
on male reproductive system. First, a panel of MoAbs recognizing EDs was generated as a
tools to monitor their concentration in environment with reasonable sensitivity and no

cross-reaction.

In an in vitro study, we showed that brominated flame retardant HBCD, but not TBBPA
displayed estrogenic effect on MCF-7 cell model using both proliferation assay and reporter
gene TFF1 that contains ERE in its promoter and is highly sensitive to estrogen signal. In
a series of reproductive toxicology studies, adverse effects of environmental pollutants
TBBPA, ZEA, doxycycline and TET on male reproductive parameters were followed. In
addition to basic reproductive endpoints, changes in gene expression and protein

distribution on sperm cells were analyzed.

We studied the expression of genes involved in different stages of spermatogenesis in
testicular samples from patients undergoing treatment in the assisted reproduction
laboratory. This can help to identify the level of spermatogenesis in testicular tissues.

As estrogen signaling participates in sperm maturation and capacitation, we generated
monoclonal antibodies against sperm surface proteins as the necessary tools to study the
effect of EDs not only on male reproductive organs and germ cell development, but also on

sperm capacitation and gamete interaction.

To sum up, the findings presented in this PhD thesis bring important information to the
growing body of evidence that environmental pollutants can influence mammalian

organisms and especially their reproductive parameters via different mechanisms.
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