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Abstrakt

Snizena plodnost je rostoucim problémem celé populace fertilniho véku.
V soucasné dobé postihuje 10 — 15% part, asi 10% z nich nedokazeme zatim pomoci
zadnou z metod asistované reprodukce. Na vyznamu tak ziskdva snaha o identifikaci
novych prognostickych markerii, které by napomohly ke zvySeni efektivity 1éCby
neplodnosti.

Prvni ¢ast prace je zamétfena na studium hladin vybranych hormont a markert
oxidac¢niho stresu ve folikuldrni tekutiné u Zen trpicich neplodnosti v porovnani se
zdravymi a plodnymi darkynémi oocytll. Stanovovana byla hladina prolaktinu, volné¢ho T3
a T4 hormonu, homocysteinu, malonyldialdehydu, glutathionperoxidazy a celkové
antioxidacni kapacity. Navazujici ¢ast prace je vénovana rozdilu téchto parametrii u zen
s normalnim body mass indexem (BMI) s Zenami trpicimi nadvahou.

Druha polovina price je zaméfena na muzsky faktor neplodnosti a vénuje se
stanoveni respiracni aktivity mitochondrii spermii s normdlni a sniZenou pohyblivosti
a moznostmi jejiho ovlivnéni pomoci propolisu. Respira¢ni aktivitu spermii jsme méfili na
dvoukanalovém oxygrafu Oroboros.

Vysledky analyz prokazaly statisticky signifikantné vys§i hladiny prolaktinu
a volného T4 hormonu ve folikularni tekutiné u Zen s poruchou plodnosti oproti skupiné
zdravych plodnych darkyn oocytli. U homocysteinu tomu bylo naopak, studie prokazala
statisticky signifikantné vyS$si hladiny ve folikularni tekutiné u zdravych plodnych Zen.
Nalezena byla signifikantné niz$i hladina glutathionperoxidazy u skupiny Zen s nadvahou.
V GspéSnosti dosaZeni téhotenstvi se Zeny s normalnim BMI a Zeny trpici nadvahou od
sebe vyznamné nelisily.

Ve studiich vénovanym lidskym spermiim byla nalezena
Vv asthenozoospermatickych vzorcich signifikantn€ sniZzena aktivita komplexu I.

Ve vzorcich oSetfenych propolisem doSlo ke zmirnéni poklesu progresivni motility
v case. U téchto vzorkd byla pozorovana i signifikantn€ vySS$i spotieba kysliku
Vv pritomnosti ADP a substratli komplexii I a I1.

Nase studie potvrzuje, Ze folikularni tekutina a latky v ni obsaZené hraji klicovou
roli v regulaci reprodukénich procest. Dalsi studium darkyn oocytti a jejich podrobné;jsi

srovnani s neplodnymi pacientkami s rOznymi gynekologickymi pfi¢inami poruch



plodnosti bude pfinosem pro objasnéni patofyziologickych mechanismt regulujicich
plodnost.

Vysledky dalsi studie naznacuji, Ze na snizené pohyblivosti spermii by se mohl
podilet 1 zvySeny unik protonti z mitochondridlni matrix, ktery vede ke snizené efektivité
fosforylaéniho procesu. Lepsi charakterizace muZzskych zarode¢nych buné€k, at’ zcela
zdravych ¢i s postizenou motilitou, ndm pomiize lépe pochopit proces fyziologického
oplodnéni a napomiize i ve vybéru té nejvice zivotaschopné spermie pro 1é€bu neplodnosti

metodami asistované reprodukce.



Abstract

Reduced fertility is a growing problem trough the population in fertile age. It
currently affects 10-15% of couples; any method of assisted reproduction cannot help 10%
of them. The effort to identify new prognostic markers that would help to improve the
effectiveness of treatments of infertility assumes increasing significance.

The first part of this publication is focused on the study of levels of selected
hormones and markers of oxidative stress in follicular fluid of women with diagnosis of
infertility compared to healthy and fertile donors of oocytes. Levels of prolactin, free T3
and T4 hormone, homocysteine, malonydiladehyd, glutathione peroxidase and total
antioxidant capacity and were analyzed.

Next part is devoted to the difference between these parameters in women with
normal body mass index (BMI) compared to women suffering from overweight.

The second half of this work is focused on the male factor of infertility. The aim of
our study was to determine comprehensively mitochondrial respiratory activity of sperm
with normal and reduced motility and to evaluate the impact of propolis on human sperm
motility. Respiratory activity of sperm was measured using oxygraph Oroboros.

The results showed significantly higher levels of prolactin and free T4 hormone in
follicular fluid of infertile women in comparison to the group of healthy fertile oocyte
donors. On the contrary, the study showed significantly higher homocysteine level in the
follicular fluid of healthy fertile women. We observed significantly lower levels of
glutathion peroxidase in the group of overweight women. The pregnancy success rate with
women with normal BMI and overweight women did not differ significantly from each
other.

In studies dealing with determination of oxygen consumption by human sperm,
asthenozoospermatic samples displayed significantly reduced activity of complex I.

In samples treated with propolis, progressive motility was preserved in time. In
these samples, oxygen consumption in the presence of adenosine diphosphate and
substrates of the Complex | and Complex I were significantly increased.

Our study confirms that follicular fluid and its substances play a key role in the
regulation of reproductive processes. Further study of oocyte donors and their detailed
comparison with infertile patients with various gynecological causes of infertility will be

beneficial further to clarify the pathophysiological mechanisms regulating fertility.



The results of the study formed on human spermatozoa suggest that increased
leakage of protons from the mitochondrial matrix, which leads to reduced efficiency of
phosphorylating process, could participate in the reduced sperm motility. Better
characterization of male germ cells, either completely healthy or with affected motility,
will help us to understand better the physiological process of fertilization and also to
choose the most viable sperm for infertility treatment by methods of assisted reproduction.
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Seznam pouzitych zkratek

ADP adenosindifosfat

AMH anti-milleriansky hormon

AmA antimycin A

AOK celkova antioxidac¢ni kapacita

ART techniky asistované reprodukce

ATP adenosintrifostat

bFGF basic fibroblast growth factor, ristovy faktor fibroblasti
BMI body mass index

c cytochrom ¢

CEA karcinoembryonalni antigen

SCF stem cell factor

D ADP, adenosindifosfat

Dig digitonin

DNA deoxyribonukleova kyselina

EDTA ethylendiamintetraoctova kyselina

EEP ethanolovy extrakt propolisu

EGTA kyselina ethylenglykol-di-(2-aminoethylether)-tetraoctova
EGF epidermalni riistovy faktor

ELISA Enzyme-Linked immunoSorbent Assay

ETF electron-transporting flavoprotein, flavoprotein pienasejici elektrony
FADH, flavinadenindinukleotid

FCCP karbonylkyanid-p-trifluoromethoxyfenylhydrazon
FGF rustovy faktor fibroblast

FSH folikuly stimulujici hormon

FT folikularni tekutina

fT3 volny T3 hormon

fT4 volny T4 hormon

G glutamat

GH ristovy hormon

GpDH glukosa-6-fosfat dehydrogenaza

GPx glutathionperoxidaza
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GST glutathiontransferaza

HCy homocystein

HEPES N-2-hydroxyethylpiperazin-N"-2-ethansulfonova kyselina
ICSI intracytoplazmatické injekce spermie

IGF-I insulin-like growth factor I, insulinu podobny rustovy faktor I
IGF-1I insulin-like growth factor I, insulinu podobny ristovy faktor II
IVF in vitro fertilizace

KAT katalaza

LIF leukaemia inhibitory factor, leukemicky inhibi¢ni faktor

LH luteiniza¢ni hormon

M malat

MDA malonyldialdehyd

MTHFR methylentetrahydrofolat reduktaza

NADH nikotinamidadenindinukleotid

Omy oligomycin

OXPHOS oxidativni fosforylace

P pyruvat

PBS fostatovy pufr

Pcar palmitoylcarnitin

PGC primordial germ cells, primordialni zarode¢né bunky

Rot rotenon

S sukcinat

SCSA Sperm chromatin structure assay

SHBG sex hormon-binding globulin, pohlavni hormony vazajici globulin
SOD superoxiddismutaza

TBG tyroxin vazajici protein

TGFp transforming growth factor 3

TMPD N,N,N',N'-tetrametyl-p-fenylendiamin dihydrochlorid

TNFa tumour necrosis factor o

WHO World Health Organization, svétova zdravotnicka organizace
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1 Uvod

1.1 Lidské gamety a markery uzivané ke sledovani jejich kvality
1.1.1 Oocyt a jeho vyvoj

Jak vznikne novy jedinec? To je otdzka, ktera provazela lidstvo jiz od nepaméti.
Hippokrates (460 — 370 let pfed n. 1.) se domnival, ze muz i Zena pfispéji ke vzniku nového
jedince stejn¢ - svym semenem, po jejichz smiseni v déloze se zacne vyvijet embryo.
Naopak Aristoteles (384 — 322 pied n. 1.) upfednostioval teorii, Ze Zena je pouze ,,zivnou
pudou® pro muzské semeno. Tyto teorie pretrvavaly az do 17. stoleti, kdy byla dokdzana
existence samiciho oocytu. K jeho objeveni pfispéli William Harvey, Jan van Horne, Jan
Swammerdam, Neils Stensen, Reinier de Graaf, Francesco Redi a Karl Ernst von Baer.

Vroce 1651 William Harvey publikoval své zivotni dilo De Generatione
Animalium, prikopnickou knihu 0 embryologii, kde rozporuje mnoho z Aristotelovych
teorii a kde prohlasil ,,ex ovo omnia“ (vSe pochazi z vejce). Na titulni strané této knihy je
vyobrazen tecky vladce bohu, Zeus, sedici na svém trinu a v rukou drzici dvé poloviny
vejce. Toto vejce opousti vSe zivé - rostliny, hmyz, ryby, obojzivelnici, plazi, ptaci a savci,
véetné Cloveka.

Dansky geolog a anatom Niels Stensen jako prvni diskutoval roli ovarii a v nich
pfitomnych oocytll V reprodukei savcl. Ale byl to az Reinier de Graaf, ktery upoutal
pozornost védci a roku 1672 publikoval knihu De Mulierum Organis Generationi
Inservientibus, ve které popisuje a detailn¢ ilustruje Zensky reproduk¢éni systém. Stejné
jako Stensen i on mylné povazoval ovarialni folikuly za oocyty a domnival se, Ze k jejich
oplodnéni dochézi jeste pred tim, nez opusti ovarium. De Graaf vSak nedostal Sanci své
dilo dokoncit, tragicky zemfiel rok po publikaci své knihy a nedozil se tak toho, kdy o pét
let pozdé&ji jeho kolega Zijici ve stejném mésté¢, Anthony van Leeuwenhoek, vynalezl
mikroskop. Kdyby nezemftel tak brzy, pravdépodobné by spole¢né s van Leeuwenhoekem
a jeho mikroskopem objevili skute¢ny oocyt uvnitf folikulu. To se ale nestalo, a na jeho
objeveni se ¢ekalo dalsich 155 let (do roku 1827), kdy Karl Ernst von Baer z Lipska popsal

oocyt uvnitt Graafova folikulu.
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Oocyt je zenska pohlavni buiika, jejiz vyvoj za¢ind jiz ve fetdlnim obdobi. Pochazi
z primordialnich zarode¢nych bunék (primordial germ cells, PGC), které proliferuji
a migruji z endodermu stény zloutkového vacku do vznikajicich ovarii, zde zacina jejich
diferenciace v oogonie [McLaughlin a Mclver, 2009; Wylie et al., 1986]. Regula¢ni
mechanismy ovliviijici vlastni vyvoj, migraci a proliferaci PGC nejsou jest¢ zcela
objasnény, nicmén¢ nékteré z Gcastnicich se genl a rlstovych faktoru jiz identifikovany
byly. Proliferace PGC je napfiklad stimulovdna bFGF (basic fibroblast growth factor,
rastovy faktor fibroblastl), TNFa (tumour necrosis factor o, tumor nekrotizujici faktor o)
a LIF (leukaemia inhibitory factor, leukemicky inhibi¢ni faktor) [Dolci et al., 1993;
Kawase et al., 1994; Matsui et al., 1992]. Naopak pro formovani PGC jsou zasadni
proteiny BMP4 a BMP8b (bone morphogenetic protein 4 a bone morphogenetic protein
8b), jednd se o ¢leny superrodiny TGFp (transforming growth factor B, transformujici
rustovy faktor B) [Lawson et al., 1999; Ying et al., 2000]. Mezi dal$i nezbytné Gcastniky
fyziologického vyvoje PGC fadime konnexin 43, ktery se podili na formovani bunéénych
spojeni [Juneja et al., 1999], kyselinu retinovou s jeji anti-apoptotickou a proliferativni
aktivitou [Koshimizu et al., 1995] a SCF (stem cell factor) [Hummitzsch et al., 2013].

Oogonie prochazeji fadou mitotickych déleni a spole¢né se somatickymi bunikami
tvofi tzv. klastry radialné orientované smérem k povrchu ovaria. Oogonie se zvétSuji
a davaji vzniknout primérnim oocytiim, naopak ze somatickych bun¢k vznikaji folikularni
epitelialni bunky granulosy [Hummitzsch et al., 2013]. Regula¢ni procesy téchto d&ju jiz
byly podrobné popsany [Ewen a Koopman, 2010], vyjimku tvofi zatim stale diskutovany
puvod somatickych bunék.

V pribéhu postnatdlniho Zivota oocyty pokracuji v rGstu a maturaci. Primarni
oocyty, jejichz déleni je zastaveno v profazi prvniho meiotického déleni, jsou obklopeny
plochymi epitelovymi bunikami, coz tvoii primordidlni folikuly. Ty bud kontinualné
podléhaji atresii nebo jsou naopak stimulovany K rastu [McLaughlin a Mclver, 2009], kdy
se z nich stavaji folikuly primarni. Ty jsou charakterizovany jiz piitomnosti kubickych
bun¢k granulozy [Picton, 2001]. Postupné dochazi k dalsi proliferaci téchto bun¢k a vzniku
thekalni vrstvy, ¢imz se stava folikul nezavisly na krevnim zasobeni [Young a McNeilly,
2010] a skrze dalsi vyvojova stadia (sekundarni a antralni Graafiv folikul), dochazi k jeho
finalni maturaci a ovulaci [Binelli a Murphy, 2010]. Oogeneze a folikulogeneze jsou

znazornény na obrazcich 1 a 2.
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PRENATALNI OBDOBI

Obrazek 1 — Oogeneze (n = pocet chromosomovych sad)

Obrazek 2 — Folikulogeneze; A = primordialni folikul, B, C, D = rostouci folikul se
zmnoZenymi bunikami granul6zy a vznikajicimi dutinkami vyplnénymi folikuldrni

tekutinou, E = Graafuv folikul

Graafuv folikul ptedstavuje posledni vyvojové stadium folikulu pfed ovulaci.
V centru tohoto folikulu je umistén plné dorostly oocyt obklopeny bufikami cumulus
oophorus a dutinou (antrem) vyplnénou folikularni tekutinou. Sténa folikululu je tvofena
desitkami tisic bunék granulosy rozmisténych do nékolika vrstev a na samé periferii
vrstvami bunék theca interna a theca externa.

Béhem folikularniho vyvoje zvétsi oocyt sviyj objem 100 az 300 krat, ve stejné dobé
dochazi k finalnimu formovani antralni dutiny a kK velkému pfirGstku folikularnich bunék

[Griffin et al., 2006]. Uvnitt rostouciho oocytu dochazi k akumulaci glykogenu, lipidd,
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proteinli a mRNA, zdrovenl pfibyva bunéénych organel pottebnych k zvyseni syntetické
aktivity oocytu. Radime k nim endoplazmatické retikulum, Golgiho komplex, ribosomy
[Fair et al., 1997; Picton et al., 1998] i mitochondrie, jejichz pocet vzrista od pFiblizné 200
v oogonii, pies 6000 v oocytu ve stadiu primordialniho folikulu, az po 300 000 az 400 000

u maturovaného oocytu [Jansen a de Boer, 1998].

1.1.2 Biochemické markery folikularni tekutiny uzivané ke sledovani kvality oocyti

Hledani novych spolehlivych a neinvazivnich markert vhodnych ke sledovani
kvality oocytu je jednim zkli¢ovych témat vyzkumu vénujiciho se lidské i1 zviteci
asistované reprodukci.

Standardné uZivanym zplsobem je studium morfologie oocyti, které je relativné
rychlé¢ a jednoduché, nicméné tento zpisob hodnoceni nema zcela uspokojivé vysledky
a vede spise k predikci negativnich vyvojovych faktord, nez k t€ém pozitivnim [Balaban
a Urman, 2006]. Morfologické varianty oocytt mohou ovliviiovat jak faktory vnitini, kam
fadime veék zeny ¢i genetickou dispozici, tak i faktory vnéjsi, mezi které patii kultivacni
podminky, vyZiva oocytu nebo stimulaéni protokol [Balaban a Urman, 2006].

Dalsi moznosti sledovani kvality oocytl je analyza exprese gentl granuldrnich
bunék nebo oocytu samotného [Patrizio et al., 2007] a analyza poélového téliska, které se
vyuziva k zjisténi chromozomalnich vad vzniklych v priibéhu druhého meiotického déleni
[Dawson et al., 2006]. Nekteré studie vSak poukazuji na skute¢nost, ze ani pfitomnost
polového téliska nemusi dokazovat zraly oocyt [Rienzi et al., 2005], ktery potvrzuje az
piitomnost déliciho vieténka [Petersen et al., 2009].

Vétsina téchto metod je vSak bohuZel naro¢na a to nejen ¢asové pro laboratorni
persondl, ale 1 z hlediska technického vybaveni laboratofte.

Mezi mozné indikatory kvality oocytu byly v minulosti zafazeny parametry jako
napf. charakter mitochondrii oocytu ¢i aktivita glukéza-6-fosfatdehydrogenazy
v cytoplazmé, dale napt. hladina antimiillerianského hormonu, inhibinu B Vv séru
a folikularni tekutin¢ atd. [Anifandis et al., 2005; Asimakopoulos et al., 2005, 2008, 2009;
Forges et al., 2007; Fried et al., 2003; Léd¢e et al., 2008; Lewicka et al., 2003; Salmassi et
al., 2005, 2008; Wakim et al., 1993].

Nekteré studie jsou zaméfeny na biochemickou analyzu folikularni tekutiny, ktera se

ziskava béhem odbéru oocytl pro fertilizaci in vitro [Blondin a Sirard, 1995].
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Folikularni tekutina

Folikularni tekutina (FT) zajiSt'uje charakteristické a nezastupitelné mikroprostiedi,
ve kterém dochazi k vyvoji oocytu. Na jejim vzniku se podili jednak piestup slozek krevni
plazmy pies folikularni bariéru a zaroven sekre¢ni aktivita bun€k théky a granulozy
(obrazek 3) [Fortune, 1994]. Biochemické slozeni folikularni tekutiny hraje zasadni roli
pro kvalitu oocytu, zvlasté pro jeho schopnost fertilizace a nasledny vyvoj embrya.

Slozky nachézejici se ve folikularni tekutiné mutzeme rozdélit do nékolika
kategorii: a) hormony, b) ristové faktory ze superrodiny transformujiciho rtstového
faktoru B (TGF-B), c) ostatni rustové faktory a interleukiny, d) reaktivni kyslikové
radikaly, e) anti-apoptotické faktory, f) proteiny, peptidy a aminokyseliny, g) sacharidy, h)
prostanoidy [Revelli et al., 2009].

folikularnitekutina

e o oo o]0 o
membrana granulosa
® o oo ®|0 o
bazalni membrana
interstitium

sténa kapilary

-  transceluldrni prestup latek

—  piestup ldtek mezi burikami

Obrazek 3 - Schématické znazornéni vzniku folikularni tekutiny
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A) Hormony

Stitna #liza

V ose hypotalamus — hypofyza — gonady / §titna zlaza probihaji vzajemné interakce
pted i v pribéhu téhotenstvi — jednak pfimym plsobenim tyroidnich hormonti na ovaria
a dale nepfimo prostiednictvim vlivu na pohlavni hormony vazajici protein (SHBP),
prolaktin a gonadotropiny uvolfiujici hormon.

Trijodtyronin je jednim z hormont §titné Zlazy pfitomnych v séru. Hlavni Cést
celkového trijodtyroninu je vazana na transportni proteiny (tyroxin vazajici protein (TBG),
prealbumin, albumin) a aktivni formou je pak volny trijodtyronin (fT3). Hormon $titné
zlazy tetrajodtyronin (tyroxin, T4) je fyziologickou ¢asti regulacni smycky S§titné zlazy
s vlivem na cely metabolismus. Pti hypofunkci stitné zlazy dochazi k ovlivnéni ovarialni
funkce snizenim hladiny SHBG a naopak zvySenim sekrece prolaktinu. U neplodnych Zen
je signifikantné vysSi prevalence vyskytu autoimunitnich onemocnéni S§titné zlazy
vV porovnani se stejné starymi zenami [Abalovich et al., 2007], a to zvlast¢ u Zen
s endometriozou, ovarialni dysfunkci (napt. polycysticka ovaria), idiopatickou infertilitou
a opakovanym selhanim in vitro fertilizace (IVF) [Bellver et al., 2008]. Pfitomnost
autoimunitni tyreoditidy sice nezasahuje do normalniho prib¢hu implantace embrya, ale
zvysuje pravdépodobnost ¢asného potratu [Poppe et al., 2007].

Sérové hladiny tyreoidealnich hormonii prokazatelné ovliviluji ovarialni funkce,
nicméné v literatufe neni zatim popsano, jak souvisi hladiny téchto hormonti ve folikularni
tekuting S ovarialni ¢innosti ¢i dokonce plodnosti zeny. Obé formy, volny trijodtyronin i
tetrajodtyronin byly ve folikularni tekutiné detekovany [Wakim et al., 1993], ale jejich

vyznam pro vyvoj a kvalitu oocytu nebyl zatim objasnén.

Prolaktin

Prolaktin je hormon syntetizovany adenohypofyzou a k jeho vylu¢ovani do ob&hu
dochazi intermitentn¢. Cilovym organem pro jeho piisobeni je mlécna zlaza. Je tvofen 198
aminokyselinami, jeho molekulova hmotnost je ptiblizn¢ 22-23kDa a v séru se vyskytuje
ve tfech riznych forméch. Biologicky a imunologicky aktivni monomericka forma

prevazuje (cca 80%), 5-20% tvofi biologicky neaktivni forma dimeru a 0,5-5% je
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ptitomno jako tetramer, ktery mé slabou biologickou aktivitu. Zvysené hladiny prolaktinu
maji inhibiéni ucinky na steroidogenezi ovarii a rovnéz na produkci a sekreci
hypofyzélnich gonadotropinti. Béhem tc¢hotenstvi nartsta koncentrace prolaktinu pod
vlivem zvySujici se produkce estrogenu a progesteronu.

Hyperprolaktinémie mtze byt pfi¢inou poruch fertility u muzl i zen. Stanoveni
hladiny prolaktinu je uzivano pii diagnostice anovula¢niho cyklu, hyperprolaktinemické
amenorey a galaktorey, gynekomastie a azoospermie. Koncentrace prolaktinu je také
stanovovana pfi podezieni na karcinom prsu a podvésku mozkového.

Koncentrace prolaktinu v séru také ovlivituje funkci ovarii, ale souvislost hladiny
tohoto hormonu ve folikularni tekutiné s plodnosti Zeny neni znama [Mendoza et al.,

2002].

Gonadotropiny

Intrafolikularni koncentrace folikulostimula¢niho hormonu (FSH) a luteiniza¢niho
hormonu (LH) do zna¢né miry zavisi na jejich hlading¢ v krevnim ob&hu. U vysokych
hladin FSH, LH a lidského choriogonadotropinu bylo prokdzano, ze maji pozitini efekt na
maturaci oocytu a jsou asociovany s vyssi pravdépodobnosti uspésné fertilizace [Cha et al.,
1986; Ellsworth et al., 1984; Suchanek et al., 1988]. Zda se, ze gonadotropiny hraji
dulezitou roli pfi zrani a vyvoji oocytll napf. diky jejich schopnosti ovliviiovat sekreci
kyseliny hyaluronové buikami granulozy, ktera je potiebna pro normalni pribéh ovulace

[Eppig, 1979; Mendoza et al., 2002].

Estrogen, progesteron, androgeny

Je znamo, Ze estrogenné pozitivni intrafolikuldrni mikroprostiedi souvisi
s kvalitnim oocytarnim vyvojem a ma i anti-atreticky efekt. Nékteré studie prokazuji, ze
zvySend hladina estrogent a vysSi pomér estrogenil/progesteronu souvisi s kvalitnéj§im
oocytarnim ristem a maturaci a vede K vyssi Sanci na uspésné ote¢hotnéni [Botero-Ruiz et
al., 1984; Lee et al., 1987; Messinis a Templeton, 1987; Tarlatzis et al., 1985; Teissier et
al., 2000]. Naopak vysledky jinych studii tyto nalezy nepotvrzuji [Costa et al., 2004;
Messinis a Templeton, 1987; Rosenbusch et al., 1992; Suchanek et al., 1988]. Tesarik a

Mendoza ve své praci demonstruji pfimy efekt 17p - estradiolu na maturaci lidského
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oocytu, kdy pomoci jeho piisobeni na povrch buiikky dochéazi k zvySeni intracelularni
koncentrace vapniku. Dochazi ke zkvalitnéni oplodnéni in vitro a nasledné casné
embryogeneze [Tesarik a Mendoza, 1995]. U oocytl, u nichZ byla nalezena vys$$i hladina
intrafolikularniho progesteronu, byl pozorovan castéjsi vyskyt poruch zygoty a ¢asné
embryogeneze [Ben-Rafael et al., 1987].

Pti vyskytu elevované hladiny androgent v séru dochézelo k snizeni kvality oocytl

a i k ¢astéjsim porucham ryhovani [Uehara et al., 1985].

Ostatni hormony (riistovy hormon, kortikosteroidy)

Ackoliv byl riistovy hormon (GH) ve folikularni tekutin€ identifikovan, jeho pfesny
vztah k vyvoji oocytu a téhotenstvi zatim objasnén nebyl. Tarlatzis a spol. ve své praci
popisuji nizs§i hladiny GH ve folikularni tekutiné Zen, u ktrerych doslo po IVF
k ot€hotnéni, nez u téch, u kterych se tak nestalo [Tarlatzis et al., 1993]. Naproti tomu
Mendoza a spol. pozorovali pravy opak, vys$si hladiny GH se vyskytovaly u Zen po
uspésném IVF pokusu [Mendoza et al., 2002].

U kortikosteroidii bylo pozorovano, ze jejich pritomnost ve folikularni tekutiné je
spojovana s finalni maturaci oocytu a maji také pozitivni vliv na Gspés$né oté¢hotnéni [Keay
et al., 2002; Lewicka et al., 2003].

B) Riistové faktory ze superrodiny transformujiciho riistového faktoru p (TGF-p)

Do této rodiny fadime inhibin, aktivin a antimiilleriansky hormon (AMH). Inhibiny
jsou produkovéany bunikami granulézy a jejich hladina odpovida aktivité té&chto bunék.
V prubéhu folikularni faze dochazi ke zvySeni aktivity inhibinu A a naopak k jejimu
snizeni U inhibinu B [Jeppesen et al., 2012; Lau et al., 1999; Wen et al., 2006]. V nékterych
studiich byla asociovana elevovana hladina inhibinu B s vyssi kvalitou oocytu [Ulcova-
Gallova et al., 2014] nebo i s predikei vyssi kvality embrya [Chang et al., 2002; Ocal et al.,
2004]. Jako pouzitelny marker kvality ovarialni odpovédi se ukazuje pomér aktivinu
A vuci inhibinu B, ktery koreluje s po¢tem ziskanych oocytti [Cupisti et al., 2007]. Lau
a spol. nalezli asociaci mezi hladinou aktivinu A a kvalitou maturace oocytu [Lau et al.,
1999].
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Udaje o mnozstvi AMH vzhledem ke kvalité oocytu jsou stéle protichiidné. Cupisti
a spol. zjistili, ze hladina AMH u jednotlivych folikuld byla nepfimo umérna se stupni
maturace a vyvojového potencialu oocytu [Cupisti et al., 2007]. Naopak Takahashi a spol.
ve své praci pozorovali, Ze vys$i hladina AMH byla asociovana s vyssi fertiliza¢ni

schopnosti oocytu [Takahashi et al., 2008].

C) Ostatni ristové faktory a interleukiny

V této pocetné skupiné se nachazi napft. insulinu podobny ristovy faktor I a II
(IGF-I, IGF-II), tumor nekrotizujici faktor alfa (TNF-a), epidermalni rustovy faktor (EGF),
rustovy faktor fibroblastl (FGF), z interleukint pak naptiklad IL-2, IL-10 a IL-12.

U intrafolikularni hladiny IGF-II bylo zjisténo, Zze signifikantné koreluje
s fertiliza¢ni schopnosti oocytu, kvalitou ryhovani i s ¢asnou embryogenezi [Wang et al.,
2006]. Pozitivni vliv na vyvoj oocytu byl prokazan i u IGF-1 [Jimena et al., 1992;
Oosterhuis et al., 1998], zaroven ale nékteré studie ukazuji na jeho negativni efekt
v piipadé¢ vyvoje embrya [Asimakopoulos et al., 2008]. Stejné negativni vliv na
embryogenezi byl prokazan i pro dalsi rtstové faktory ziskané z folikularni tekutiny
jednotlivych folikulti (TNF-a, EGF, FGF) [Asimakopoulos et al., 2008].

U interleukinu IL-2 a IL-10 nebyla prokazana Zzadna asociace s vysledkem IVF
l1écby [Barak et al., 1992; Bili et al., 1998; Cerkiene et al., 2008]. U hladiny IL-12 byla

nalezena korelace s vyssi fragmentaci embrya [Lédée et al., 2008].

D) Reaktivni kyslikové radikaly

Oxidac¢ni stres je definovan jako nartst koncentrace reaktivnich forem kysliku
(ROS) a dusiku, kdy dojde k ptevaze téchto volnych radikali nad ucinkem endogennich
nukleovych kyselin, proteinti a dal$ich bunéénych materialt [Halliwell a Gutteridge,
1985]. In vivo je poskozujicimu efektu volnych radikali predchazeno nebo je limitovan
pomoci endogennich antioxidantli, které se podle biologické funkce déli na enzymové,
jako  je  mnapf.  superoxiddismutiza  (SOD),  glutathionperoxidaza  (GPx),
glutathiontransferaza (GST) nebo katalaza (KAT) a nizkomolekularni, rozpustné ve vod¢

nebo v tucich, jako je kyselina askorbova, tokoferoly, karotenoidy, flavonoidy, glutathion,
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kyselina lipoova, koenzym Q, bilirubin a kyselina mocova (obrazek 4) [Knapen et al.,
1999]. Na moznost, Ze by kyslikové radikaly mohly byt spojovany s lidskou reprodukei,
bylo poprvé poukazano pred sedmdesati lety [MacLeod J, 1943]. Roli volnych radikalt
a antioxidantli ve vztahu k Zenskym reproduk¢énim funkcim je, na rozdil od muzskych,
vénovana mensi pozornost, ackoliv byl prokazan jejich fyziologicky, tak patologicky efekt

[Guérin et al., 2001].

Hypoxie Chemoterapie

Cytokiny Radiace

uv Ruistové faktory

Glutathion Q ASuperoxiddismutéza
Katalaza Bvq 3Glutalthit:mtrﬂnsfera'\zal

Koenzym Q Glutathionperoxidéaza

Obrazek 4 - Schématické znazornéni vybranych aktivatorti a inhibitord reaktivnich

kyslikovych radikala (zluta barva - aktivatory, zelena barva - inhibitory).

Homocystein

S oxidaénim stresem Uzce souvisi hladina homocysteinu (HCy). Jeho vliv na
homeostazu byl nejprve studovan v souvislosti s chorobami kardiovaskularniho systému,
nyni je vSak znamo jeho Siroké plisobeni i mimo srde¢né-cévni systém, napt. na Zensky
reproduk¢ni systém [Forges et al., 2007].

Zvysend hladina HCy (hyperhomocysteinémie) ptisobi Skodlivé vice sméry. Volné
radikaly pochazejici z oxidace HCy jsou toxické pro cévni endotel, narusuje se koagulacni
kaskada a endotel, ktery ma za normalnich okolnosti pievazné antitrombotické vlastnosti,
se stava tromboticky aktivngjs$i [Raijmakers et al., 2001]. Dal§im negativnim vlivem HCy
na cévni endotel je snizeni syntézy oxidu dusnatého (NO) a jeho biologické dostupnosti.
NO se podili t¢éméf na vSech fazich zenské reprodukce, jako je ovulace, implantace embrya
nebo kontrakce délohy. Diilezit¢ je, aby fyziologické koncentrace NO byly v uzkém
pasmu, protoze jak nadbytek, tak nedostatek vyvolava nezaddouci Uc¢inky pii reprodukci
[Maul et al., 2003].
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Hladina HCy koreluje s hladinou estrogenu [Mijatovic a van der Mooren, 2001]
a meéni se tedy nejen v zavislosti na fazi menstruacniho cyklu, ale i v pribchu téhotenstvi,
kdy dochazi k jejimu snizeni, a to zvlasté ve druhém trimestru [Eskes, 2001; Holmes et al.,
2005; Tallova et al., 1999; Walker et al., 1999]. Snizeni hladiny homocysteinu v pribéhu
téhotenstvi souvisi s nartistem glomerularni filtrace, zvySenim objemu krevni plazmy
a prispévkem metabolismu plodu [Hague, 2003]. Také koreluje s ubytkem albuminu a je
ovlivnéna hladinou kyseliny listové [Walker et al., 1999].

Hyperhomocysteinémie je znamym rizikovym faktorem téhotenskych komplikaci
[Bakker a Brandjes, 1997; Goddijn-Wessel et al., 1996; Owen et al., 1997; Tamura
a Picciano, 2006]. Pti folikulogenezi mize zvySena hladina HCy aktivovat apoptdzu
vedouci k folikularni atresii [Forges et al., 2007]. Byla prokazana negativni korelace mezi
hladinou HCy ve folikularni tekutin¢ se stupném zralosti ziskanych oocyti a kvalitou
embrya ve tfetim dni Kultivace in vitro [Ebisch et al., 2006]. Naopak pozitivni korelace
byla popsana mezi hladinou folikularniho HCy a primérem folikulu [Boxmeer et al.,

2008]. Hyperhomocysteinémie ovliviiuje vysledek fertilizace in vitro - u Zzen se zvySenou

cvwr

2007].

E) Anti-apoptotické faktory

Apoptotické zmény ve folikularnim mikroprostfedi mohou vyznamnou meérou
ovlivnit vysledek IVF. Bylo prokazano, Ze vys§i mnozstvi apoptotickych bunék granulozy
je sprazeno s nizsi kvalitou oocytu a naopak jejich nizs§i mnozstvi koresponduje s viabilitou
embrya [Hest et al., 2000]. Tento vyssi podil apoptotickych bunék se Castéji vyskytuje
u starSich zen [Mercé et al., 2006].

Aktivace specifickych buné¢nych cest, jako jsou ty zahrnujici tumor nekrotizujici
faktor (TNF) a Fas-ligand (Fas-L) jsou rozhodujici pro spusténi apoptozy uvniti folikulu
[Naz et al., 1997; Watanabe-Fukunaga et al., 1992].

F) Proteiny, peptidy a aminokyseliny

Folikularni tekutina obsahuje bohaté mnozstvi proteinti pochéazejicich z krve,

I vznikajicich sekre¢ni aktivitou granularnich a thékalnich bunék [Nandedkar et al., 1992].
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Radime sem napiiklad a-fetoprotein, karcinoembryonalni antigen (CEA), CA-125, antigen
CD44, leptin, laktoferin, al-antitrypsin, inhibitor maturace oocytu, endotelin 2
a angiotensin 11.

U a-fetoproteinu, CEA i CA-125 nebyla zjisténa signifikantn¢ rozdilna hladina ve
folikularni tekuting, ktera obklopovala oocyty oplodnéni schopné a neschopné [Jimena et
al., 1993].

CD44 je membranovy protein, ktery se muze vyskytovat i v rozpustné formé
v n¢kterych télnich tekutinach véetné folikularni. Nizsi koncentrace této solubilni varianty
byla nalezena ve folikulech, které obsahovaly oocyt s vyss§im potencidlem k GspéSnému
oplodnéni a vzniku kvalitniho embrya [Ohta et al., 2001]. Ke stejnym zavérim se doslo
i U snizené hladiny al-antitrypsinu a inhibitoru maturace oocytu [Channing et al., 1983;
Imoedemhe a Shaw, 1986; Nagy et al., 1989]. Naopak vyssi hladiny laktoferinu
a endotelinu 2 mély pozitivni efekt na vyvoj a zrani oocytu i embrya [Sudik et al., 1996;
Yanaihara et al., 2007].

K aminokyselinam, u kterych byl zjistén pozitivni prediktivni vliv na vysledek IVF,
patii napiiklad alanin, glycin a D-asparagova kyselina [D’Aniello et al., 2007; Sinclair et
al., 2008].

G) Sacharidy

K markerim oocytarni kvality z této skupiny fadime hyaluronan a myoinositol.
Vyssi koncentrace hyaluronanu byla prokazana ve folikulech, ve kterych dochazelo ve
vEtsi mife k apoptoze granularnich bunck a obsahovaly oocyty se zhorSenou fertilizacni
schopnosti [Saito et al., 2000]. Naopak vyssi hladina pfitomného myoinositolu byla

asociovana s vyssi kvalitou oocytu [Chiu et al., 2002].

H) Prostanoidy

Vyssi hladina prostaglandinii se ukazuje jako pozitivni marker kvality oocytu
[Jeremy et al., 1987; Suchanek et al., 1988; Webster et al., 1988]. Vyssi hladina
prostaglandinu F20, produkovaného builkami granuldzy, byla nalezena ve folikularni
tekutiné obklopujici oocyt, ktery byl nasledné uspésné fertilizovan [Suchanek et al., 1988].

Naproti tomu byla ale zvySend hladina prostaglandinu E2 identifikovana ve folikularni
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tekunin¢ zen trpicich endometriézou. V disledku této elevované hladiny dochazi
K naruseni rovnovahy hladiny steroidnich hormoni a vzniku neplodnosti asociované
s endometriozou [Wang et al., 2012].

Prostaglandiny vS8ak maji velice rychly polocas rozpadu, a je tedy tezké jejich
hladinu pfesn¢ namétit, z toho divodu je jejich potencial pro vyuziti v diagnostice znaéné

omezen.
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1.1.3 Spermie a jejich vyvoj

Je tomu uz vice nez tii sta let, kdyz v 17. stoleti Antoni van Leeuwenhoek pohlédl
do svého mikroskopu a jako prvni pozoroval lidskou spermii. Roku 1677 poslal dopis

Britské kralovské spole¢nosti, ve kterém informoval o svém objevu. V dopise napsal:

What | investigate is only what, without sinfully defiling myself, remains as a residue after
conjugal coitus. And if your Lordship should consider that these observations may disgust
or scandalise the learned, | earnestly beg your Lordship to regard them as private and to
publish or destroy them as your Lordship sees fit.

[Leeuwenhoek, 1678]

Kralovské spole¢nosti trvalo dalsi dva roky, nez jeho objev zvetejnila.

Objevenim spermii vyvstala otdzka, kdo je zodpovédny za samotné oplozeni, jsou-
li to spermie nebo semindlni tekutina. VétSina ptirodovédetl t€ doby se domnivala, Ze
spermie nemaji v reprodukci zadnou roli. Patfili k nim naptiklad Vassisneri, Maupertuis
nebo Buffon. Nékteti byli zase piesvédceni, ze tkolem spermii je udrzet semeno v tekutém
stavu. Dokonce se uvazovalo i 0 tom, ze se jednd o samostatny organismus, ktery by m¢l
byt zatazen do klasifikace k ostatnim zvitatim.

Spory o tom, zda tim samotnym oplodiujicim faktorem jsou spermie nebo
seminalni tekutina, ukoncili az roku 1824 Jean-Louis Prévost a Jean Baptiste Dumas,
kterym k tomu dopomohly pokusy na zabach.

Byla to dlouha cesta, kterou musely spermie i lidské poznani urazit, aby o nich bylo
znamo to, co vime dnes. Ale ani v dnesni dobé nevime vse a je stale spousta otazek, které

¢ekaji na své odpovedi.
Stavba spermii
Spermie jsou muzskymi pohlavnimi bunkami nesouci genetickou informaci

aslouzici k oplodnéni oocytu. Jsou tvofeny hlavickou a bi¢ikem a jejich velikost se

pohybuje mezi 50 az 60 pum, z toho na bicik ptipadéd 40 az 50 pm.
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Bic¢ik je nejdelsi casti celé spermie a jeho ultrastruktura je dilezitd pro spravny
pohyb této buinky. Rozdélujeme ho na Ctyfi ¢asti - spojovaci oddil, stfedni oddil, hlavni
a koncovou ¢ast [Turner, 2006]. VSemi ¢astmi prochazi axonema. Jedna se o cytoskeletalni
strukturu slozenou z kruhu deviti dvojic mikrotubul okolo centralniho paru. Z kazdé této
vnéj$i dvojice odstupuji vnitini a vnéj$i dyneinova raménka a radidlni paprsek. Tyto
paprsky sméfuji k centralnimu mikrotubularnimu paru [Clermont et al., 1990; Fawcett,
1975].

Spojovaci oddil je kratky proximalni tsek biciku, ktery se upind k jadru. Po ném
nasleduje stfedni oddil, ktery zabira jednu Ctvrtinu az jednu tfetinu délky bic¢iku. Je pro n¢j
charakretistickd pfitomnost deviti vné&jsich densnich vldken, kterd jsou ulozena vné od
vnéjSich deviti pard mikrotubul [Turner, 2006]. Vné téchto vlaken se nachazi
mitochondrialni pochva.

Mitochondrie jsou zde uloZeny v helikalné uspoifadanych dvojicich, v celkovém
poctu 72 az 80 mitochondrii v jedné spermii [Ankel-Simons a Cummins, 1996; St John et
al., 2000a]. Umisténi mitochondrii je znazornéno na obrazku 5.

Mitochondrie je konstantni membranova organela téméf vSech zivociSnych bun¢k.
Jeji pocet a velikost souvisi s typem bunky a intenzitou funkci, které v bufice vykonava -
mitochondrie tak mohou zaujimat az 20% objemu bunky. Jejich piivod neni dosud zcela
jednozna¢né objasnén [Friedman a Nunnari, 2014]. Pievazuje nazor, ze fyziologicky
vznikaly samostatné a jsou v symbiose s ostatnimi ¢astmi eukaryotické bunky, protoze
obsahuji malé mnozstvi vlastni kruhové DNA a vykazuji rysy podobné bakteriim [Gray,
2012; Margulis, 1975]. Prestoze je tvar a velikost mitochondrii zna¢né riiznorody, jejich
vnitini struktura je konstantni. Je tvofena ¢tyfmi kompartmenty - vnéj§i membranou,
mezimembranovym prostorem, vnitini membranou a matrix [Benard a Rossignol, 2008].
V somatickych bunkach hraji mitochondrie ustfedni roli v metabolickych procesech
a stanoveni jejich aktivity je klicové pro analyzu, diagnézu a ptipadnou lécbu Cetnych
patologickych stavl, které mitochondridlni dysfunkce provazi (napi. neurodegenerativni,
metabolicka a zanétliva onemocnéni).

Ve spermii byla mitochondrie dlouho opomijenou organelou, nyni je vsak
dolozeno, Ze ma klicovou roli v mnohych fyziologickych a patologickych procesech [Pena
et al., 2009; Piomboni et al., 2012; Rajender et al., 2010]. Ptehled strukturalnich
a funkcnich abnormalit mitochondrii u spermii je uveden v tabulce 1. Hlavni funkci

mitochondrii je tvorba energie pro spravny pohyb [Peia et al., 2009]. Kromé produkce
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ATP (adenosintrifosfat) nutného pro zajisténi pohyblivosti spermii hraji mitochondrie
vyznamnou ulohu v regulaci zrani a zivotnosti spermii a regulaci osmotické a vapnikové
homeostazy [Pefia et al., 2009].

Mitochondrialni dychaci fetézec ptenasi elektrony systémem proteinovych
komplexti (CI — CIV) umisténych na vnitini mitochondridlni membran¢ z NADH a FADH,
na O, (oxidace). V modernéjsim pojeti jde o konvergentni systém pienasect elektronti, kde
uzlovym bodem je koenzym Q (obrazek 6) [Pesta a Gnaiger, 2012]. Cinnosti nékterych
komplexti dochazi k pumpovani protonti z mitochondridlni matrix do intermembrénového
prostoru. Protonovy gradient je pak vyuzit k syntéze ATP (fosforylace) a tvorb¢ energie.

Stfedni oddil je zakonfem tzv. anulem, od néhoz zacind hlavni cast. Zde uz
nepokracuje mitochondridlni pochva a dvé vnéjsi densni vldkna jsou nahrazena podélnymi
sloupci (tzv. fibrous sheath). Tato ¢ast bi¢iku zabird jeho dvé tifetiny. Zbyly kratky
koncovy tusek biciku obsahuje pouze axonemu obalenou plazmatickou membranou

[Turner, 2006]
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dvojice mikrotubull
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Obrazek 5 - Schéma spermie se zdiraznénim stfedni ¢asti bi¢iku, kde se nachazi

mitochondrie

GpDH

\ I;;e;wzym : ;

iy 2 0,
komplex T

I

ETF

Obrazek 6 - Soucasna predstava elektrontransportniho konvergentniho systému na vnitini
mitochondridlni membran€. GpDH = glukosa-6-fosfat dehydrogenaza; komplex I =
NADH-Q reduktdza; komplex II = sukcinat-Q reduktdza; komplex III = cytochrom

reduktaza; komplex IV = cytochrom oxidaza; ETF = Electron-transporting flavoprotein
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Tabulka 1 — Abnormality mitochondrii u spermii

Strukturalni abnormality mitochondrii u spermii

Reference

Rawe et al., 2001,
2002; Sutovsky et
al., 2001

Genotypické

Ross et al., 1971
alterace

Baccetti et al., 2004
Wilton et al., 1992

Mundy et al., 1995

Fenogypické

Gopalkrishnan et al.,
1995

alterace

Piasecka a Kawiak,
2003

Botero-Ruiz et al.,
1984; Ferramosca et
al., 2008a, 2012a

Evenson et al., 1982;
Marchetti et al.,
2002, 2012

Funkcéni alterace

Ruiz-Pesini et al.,
2000

PostiZeni

maly pocet

mitochondrii a jejich

dezorganizace
prodlouzeny sttedni
oddil bic¢iku
defektni
mitochondridlni
helix
maly pocet
mitochondrii
maly pocet
mitochondrialnich
krist
abnormalni
mitochondrie
dezorganizace

mitochondrialni

pochvy

Funkcéni abnormality mitochondrii u spermie

defekt v dychacim

fetézci mitochondrie

redukovany
mitochondriélni
membranovy

potencial

redukovana aktivita

komplexu Il

Klinicky projev

Asthenozoospermie,

imotilni spermie

Asthenozoospermie

Asthenozoospermie

Asthenozoospermie

Asthenozoospermie

Tézka

asthenozoospermie

Asthenozoospermie

Asthenozoospermie

Asthenozoospermie

Oligozoospermie



Pohyb spermii

Spermie  vykazuji dva druhy fyziologického pohybu - aktivovanou
a hyperaktivovanou motilitu. Oba tyto pohyby jsou podstatné pro pribéh normalniho
oplodnéni [Overstreet et al., 1980; Suarez a Osman, 1987]. Aktivovana motilita se
vyskytuje v Cerstvém ejakulatu, naopak hyperaktivovana motilita je patrna az u spermii,
které se dostaly do vejcovodu a probé¢hla u nich kapacitace (biochemické a biofyzikalni
zmény povrchu spermie, po kterych je spermie pripravena k akrozomalni exocytéze a tedy
ke spojeni se zona pellucida oocytu). Bi¢ik spermie pifi aktivované motilité generuje
symetricky pohyb s nizkou amplitudou vin, spermie si udrzuje pfi pohybu relativné ptimy
smér. Naproti tomu, po kapacitaci nabyvaji spermie motilitu hyperaktivovanou. Ta se
projevuje asymetrickym pohybem biciku s vys$si amplitudou, ktery opisuje cirkularni
trajektorii nebo tvar osmicky [Ishijima et al., 2002].

Pomoci aktivované motility se spermie dostavaji skrze zensky reprodukéni trakt az
k vejcovodu. Naopak cilem hyperaktivované motility je pomoci spermiim drzet se dale od
epitelu vejcovodu, dostat se na misto Oplodnéni a projit skrze zona pellucida vajicka
[Turner, 2003, 2006].

Oba druhy motility jsou zasadni pro normalni prubéh oplodnéni. U narusené
aktivované motility nejsou spermie schopné dosahnout uterotubarni junkce, jak bylo
demonstrovano na potkanim modelu [Gaddum-Rosse, 1981]. Defektni aktivovana motilita
zpiisobuje nejen u lidi, ale i1 dalSich Zivo¢iSnych druhii snizenou plodnost. Hyperaktivovana
motilita zvySuje schopnost spermii oplodnit vajicko, a to nejen v podminkach in vivo, ale
jak bylo prokazano u hlodavct, také v podminkach in vitro [Boatman a Robbins, 1991a,
1991b; Fraser a Quinn, 1981]. U lidi toto nebylo studovano.

Energii pro pohyb ziskavaji lidské spermie dvojim zplsobem, prvnim z nich je jiZ
vySe zminovand tvorba ATP pomoci oxidativni fosforylace, probihajici na vnitini
mitochondrialni membrang. Druhou cestou je glykolyza, probihajici v cytoplazmé. Studie
na mySich prokazaly, Ze i pfi defektni oxidativni fosforylaci nedochdzi k plné inhibici
motility [Escalier, 2006]. To potvrzuji i nedavné vyzkumy na kancich spermiich, které
ukazaly, Zze se pouze malé mnozstvi laktatu dostava do Krebsova cyklu [Marin et al.,
2003]. Teorii existence dvojiho zdroje energie pro motilitu spermii podporuje i identifikace
glykolytickych enzymi v bi¢iku (hexokinaza, laktatdehydrogenaza, glyceraldehyd 3-fosfat
dehydrogenaza) [Nagdas et al., 2005, 2006; Perl et al., 2006]. Na druhé stran¢, pohyb
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byc¢ich spermii je zcela zavisly na energii z Krebsova cyklu [Aitken et al., 2004a; Mukai
a Okuno, 2004]. Stale tedy pietrvava nazorova nejednotnost, co je tim hlavnim zdrojem

energie pro motilitu spermie.

Spermatogeneze

Spermatogeneze je komplexni proces, ve kterém dochazi k formovani spermii ze
spermatogonialnich kmenovych bun¢k.

Vyvoj spermii se odehrava ve sto¢enych semenotvornych kanalcich varlete (tubuli
seminiferi contorti). Neprobiha rovnomérné, ale ve vinach v jednotlivych kanalcich. Vyvoj
zralych spermii je tvofen Ctyfmi cykly, z nichz kazdy trvé ptiblizn¢€ 16 dni. Celkovy vyvoj
trva 64 az 74 dni, za¢ind v pubert¢ a denné je vytvofeno u zdravého plodného muze
ptiblizn€ 300 miliénd spermii.

Proces spermatogeneze mizeme rozdélit do tfi fazi — mitotické, meiotické a post-
meiotické faze, ktera je také nazyvana spermiogenezi. V mitotické (proliferativni) fazi
prochazi spermatogonie procesem sebeobnovy nebo dochazi k jejich dalsi diferenciaci
[Eddy, 2002]. Lokalizovana je v bazalnim kompartmentu epitelu semenotvornych kanalk,
naopak meiotickd a postmeiotickd faze se odehravd v kompartmentu lumindlnim.
V meiotické fazi dochazi k rekombinaci genetického materialu a k jeho rozdéleni do
spermatocytll a finalné vznikajicich spermatid (obrazek 7). V post-meiotické fazi tyto
bunky (spermatidy) prochdzeji fadou morfologickych a strukturdlnich zmén, zahrnujici
vyménu histonti za protaminy, vedouci ke kondenzaci chromatinu a redukci jaderné
velikosti [Brewer et al., 2002; Heidaran a Kistler, 1987]. Dale dochazi k redukci objemu
cytoplazmy, formaci akrozému a bic¢iku [Roosen-Runge, 1962], coz vede k vzniku zralych
spermii (obrazek 8). V této fazi jsou spermie morfologicky maturované, ale funkéné jesté
inkompetentni. K funk¢imu dozrani dochdzi v nadvarleti, kde spermie ziskavaji schopnost
progresivni motility smérem vpied a schopnost pronikat skrze zona pellucida oocytu
[Baker et al., 2012; Cooper, 2011; Jones et al., 2007]. Svou plnou funkénost ziskavaji
spermie az po zméndch odehravajicich se ve vejcovodu pfi procesu kapacitace. Jedna se o
proces charakterizovany biochemickymi a biofyzikdlnimi zménami povrchu spermie
[Evans a Florman, 2002]. Dochazi ke zméné¢ intracelularniho pH a ke stimulaci signalnich
drah. Klicové je zvySeni fosforylace tyrosinu, dochazi k ztraté¢ cholesterolu a vstupu

bikarbonatovych iontd.
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Obrazek 7 — Spermatogeneze lidskych spermi

Obrazek 8 — Post-meioticka faze spermatogeneze lidskych spermii, kdy dochazi k redukci
bunétné membrany, formaci akrozomu, mitochondridlni pochvy a bi¢iku (modra barva =

jéadro, ¢ervend barva = akrozom, zelend barva = mitochondrie)
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Findlni fazi je destabilizace plazmatické membrany, kterd se stdva vice fizogenni,
ptipravena k akrozomalni exocytdze a tedy schopna spojeni se zona pellucida [Gadella,
2012; Hunter a Gadea, 2014; Ickowicz et al., 2012].

Proces spermatogeneze je fizen mimo jiné hypothalamo-hypofyzo-gonadalni osou
[Steinberger, 1971]. Zasadni roli zde ma folikulo-stimula¢ni hormon (FSH) a luteiniza¢ni
hormon (LH), oba produkované hypofyzou [Kendall et al., 1995]. V reakci na hormonalni
regulaci spusti testikularni bunky kaskddu déia vedouci ke zménam bunécného
metabolismu a genové exprese [Griswold, 1998; Jégou et al., 1995].

Funkci luteinizaéniho hormonu je stimulace Leydigovych bun¢k k produkci
testosteronu, ktery skrze androgenni receptory prezentované na peritubuldrnich myoidnich
bunikach a na Sertoliho bunkach reguluje androgen-dependentni genovou expresi [Johnston
et al., 2001; Zhou et al., 2002]. Deficit v produkci testosteronu nebo defekt androgenového
receptoru vede k zastaveni spermatogeneze uprostied meidzy, coz naznacuje jeho
nepostradatelnost pro spravny vyvoj spermii [Holdcraft a Braun, 2004].

FSH putsobi ptfimo na FSH receptory na povrchu Sertoliho bun€k, ¢imz ovliviiuje
jejich proliferaci v prepubertalnim vyvoji [Heckert a Griswold, 2002], neni ale esencialni
pro samotnou spermatogenezi, jak bylo prokazanano na pokusech s mySim modelem
s mutaci ve FSH receptoru nebo jeho B podjednotky, kdy plodnost mysi zlstala zachovana
navzdory zmenSeni velikosti varlat a poctu spermii [Dierich et al., 1998; Kumar et al.,
1997]. V kombinaci ptitomnosti FSH a testosteronu dochazi u Sertoliho bunék k sekreci
peptidii a dalSich faktort, které pisobi na diferenciaci zarode¢nych bunék [Griswold,

1998]. Vsechny tyto signaly podporuji jedinecné prostiedi zajist'ujici jejich spravny vyvoj.

1.1.4 Markery uzivané ke sledovani kvality spermii

V soucasné dobé¢ trpi neplodnosti 10-15% para v reprodukénim véku. Androgenni
faktor je zodpovédny piiblizné za 50% piipadi infertility [St John et al., 2000b], z 25%
jsou pficiny androgenné dané neplodnosti stile neznamé. Ackoliv se metody 1écby neustale
zdokonaluji, pfiblizn¢ 10% neplodnych part nepomiiZze k ot€hotnéni ani opakovana lécba
pomoci asistované reprodukce.

Zlatym standardem pro pocatecni zjisténi pfic¢iny muzské neplodnosti stale zlstava
konvenéni spermiogram [World Health Organization, 2010]. Mezi bézné vysetiované

parametry fadime: objem ejakulatu, rychlost zkapalnéni, viskozitu, hodnotu pH, pocet
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spermii v celém ejakulatu a pocet spermii v 1 ml, motilitu spermii, vyskyt patologickych
forem, ptitomnost kulatych buné¢k a ptipadné aglutinaci spermii.

Tato rutinni analyza ejakulatu poskytuje dostatecné informace o kvalit¢ produkce
spermii, jejich viabilit¢ a motilit¢, d4 se zni uvazovat o prichodnosti muzskych
reprodukénich cest a kvalité ejakulace. Jsou to tedy informace postacujici pro inicialni
zhodnoceni kvality plodnosti muze, ale nejsou jiz vypovidajici o funkénich vlastnostech
spermii a jejich potencialu oplodnit vaji¢ko [Guzick et al., 2001; van der Merwe et al.,
2005; Smith et al., 1977]. MuZeme se setkat s ne¢ekanym selhanim pii oplodnéni in vitro
UmuZze s normalnimi parametry spermiogramu, ale nerozpoznanym funkénim defektem
spermii. Z toho diivodu je ptinosné toto zakladni vysetfeni dopliiovat i o dalsi, zaméfena na
funkéni parametry a schopnost oplozeni [Funaro a Paduch, 2014; Pizzol et al., 2014].

Idedlni funkéni test by mél nalézt odpovédi na tyto problémy: a) diagndza
specifické dysfunkce u spermie; b) vybér nejlepsi vhodné terapie pro konkrétni ptic¢inu
muzské neplodnosti, ) event. predikce GispéSnosti oplodnéni.

Mezi funkéni testy fadime testy zaméfené hlavné na stav a kvalitu DNA. Mezi
bézné pouzivané metody patfi Sperm chromatin structure assay (SCSA), slouZzici
k vySetieni instability chromatinu spermii [Evenson a Jost, 1994]. Mezi testy zaméfené na
stupen fragmentace DNA fadime Halosperm [Fernandez et al., 2003], TUNEL assay (TdT-
mediated-dUTP nick end labeling) [Gorczyca et al., 1993] nebo COMET assay (single cell
gel electrophoresis) [Hughes et al., 1997]. Vysledky védeckych studii ukazuji, Ze
uneplodnych muzi jsou nalézany spermie snormalni morfologii, ale s pfitomnou
nadmérnou fragmentaci DNA [Avendafio et al., 2010; French et al., 2010]. Tyto
morfologicky vhodné, ale dysfunkéni spermie tak mohou byt chybné pouzity pii umélém
oplodnéni oocytu pomoci metody intracytoplazmatické injekce spermie (ICSI) [Avendafio
a Oehninger, 2011] a mohou byt pfi¢inou nizsi kvality embryi a netispé§ného otéhotnéni.

Dalsi z funk¢nich testti jsou vySetfeni akrozomalni reakce a interakce spermie se
zona pellucida (vazebny test spermie-zona pellucida). Ty poskytuji dtlezité informace
0 schopnosti interakce spermie a oocytu a tedy vypovidaji 0 pravdépodobnosti oplodnéni
[Liu a Baker, 1988, 1992; Liu et al., 2007; Menkveld et al., 1991, 1996]. Tyto testy jsou
zvlasté dulezité pro pary podstupujici 1écbu pomoci konvencnich technik asistované
reprodukce.

K odhaleni dysfunkce bunééné membrany, kterd hraje diilezitou roli pfi procesu

oplodnéni, slouzi HOS test (hypo-osmotic swelling) [Ramu a Jeyendran, 2013]. Tento test
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je uzivan jako jeden z pfidatnych indikatort viability spermii, zvlasté v ptipadech tézké
asthenozoospermie.

Vsechny tyto testy nam napomahaji zvysit naSe povédomi o pii¢indch muzské
neplodnosti, stale ale neumime odpovédeét na mnohé otazky a je nutné hledat dalsi testy
a biomarkery, které nas posunou V poznani pfi¢in muzské neplodnosti a nasledné

Vv moznostech jeji pfesnéjsi diagnostiky a 1éCby zase o kousek dale.
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2 Cile prace

Tato prace si klade za cil prispét K identifikaci novych markerti a funkénich testi
Vv oblasti reprodukéni mediciny, a tim pfispét k lepsi charakterizaci zdrode¢nych bunék, coz
nam muze pomoci k lepsimu pochopeni procesu fyziologického oplodnéni a ke zvySeni

uspesnosti 1é¢by neplodnosti.
Cile prace jsou:

1. Studium biochemického slozeni folikularni tekutiny u neplodnych pacientek ve srovnani
S plodnymi darkynémi oocytl s cilem identifikace potencidlnich biomarkert kvality

oocytu.

2. Porovnani vysledku 1é¢by neplodnosti u skupiny neplodnych Zen podstupujicich metody
asistované reprodukce V zdvislosti na hodnotach jejich BMI a zmény hladin vybranych

hormont a markert oxidaéniho stresu ve folikularni tekuting.

3. Analyza mitochondridlni respirace celych permeabilizovanych lidskych spermii

vysokouc¢innou oxygrafii u muzl s normozoospermii a asthenozoospermii.

4. Sledovani efektu ethanolového extraktu propolisu na motilitu lidskych spermii, jejich

mitochondrialni respira¢ni aktivitu a membranovy potencial.
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3 Material a metodika

3.1 Pouzité metody procil 1 a2

3.1.1 Studovany soubor vztahujici se k cili 1

Studovany soubor tvofilo 146 Zen, z toho bylo 74 pacientek (primérny vek 31 let,
SD = 4,65) 1éCenych pro neplodnost v Institutu reproduk¢ni mediciny a endokrinologie —
IVF Centra Prof. Zecha v Plzni. Kontrolni skupinu tvofilo 72 zdravych plodnych Zen,
darkyn oocyt (pramérny vek byl 26 let, SD = 4,44). Studie byla schvalena etickou komisi
LF UK v Plzni a vSechny pacientky podepsaly informovany souhlas.

V nasem souboru bylo 13 neplodnych zen a 26 plodnych darkyn oocytt, které
koutfily 2 - 15 cigaret za den, ostatni byly nekufacky. Po detailnim sezndmeni
S problematikou a po podpisu informované¢ho souhlasu byla Zendm odebirana folikularni
tekutina v dobé odbéru oocyt v prubehu jejich 1écby neplodnosti. VySetiovany byly jeji
tzv. pooly, tedy smés tekutin ze vSech folikulti, u nichz nedoslo ke kontaminaci krvi
v prubéhu odbéru oocytl. Ve folikularni tekutiné byly stanoveny hladiny prolaktinu,
hormont S§titné zlazy (volny T3 a T4), homocysteinu, glutathionperoxidazy,

malonyldialdehydu a celkové antioxidaéni kapacity.

3.1.2 Studovany soubor vztahujici se K cili 2

Studovany soubor tvotilo 44 Zen (primérny vek 31,9 let, SD = 4,35) 1é€enych pro
neplodnost v Institutu reproduk¢éni mediciny a endokrinologie — IVF Centrum Prof. Zecha
v Plzni. Pti¢iny neplodnosti byly nasledujici: u 13,64 % zen ovarialni faktor, ve 22,73 %
tubarni faktor, endometrioza se vyskytovala u 11,37 % Zen, andrologicky faktor u 27,27 %
zen au25 % zen nebyla popsdna pfi¢ina neplodnosti, jednalo se o tzv. idiopatickou
infertilitu. Studie byla schvalena etickou komisi LF UK v Plzni a vSechny pacientky
podepsaly informovany souhlas. VSechny sledované Zeny mély normdlni hladiny
prolaktinu i hormonti $titné Zlazy v krvi. Neplodné Zeny byly rozdéleny do 2 skupin podle
hodnoty BMI (37 Zen mélo normalni BMI, u 7 Zen byla pfitomna nadvaha). Po detailnim

seznameni s problematikou studie, vyplnéni dotazniku a po podpisu informovaného
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souhlasu byla zenam odebirana folikularni tekutina v dobé odbéru oocytii v ramci jejich
1é¢by neplodnosti metodami asistované reprodukce. VySetiovany byly jeji tzv. pooly, tedy
smés ze vSech folikulii, u nichz nedoslo ke kontaminaci krvi v priitbé¢hu odbéru oocytt. Ve
folikularni tekutiné byly stanoveny hladiny prolaktinu, volného T3, volného T4,
homocysteinu, malonyldialdehydu, glutathionperoxidazy a celkové antioxidac¢ni kapacity.
Tyto parametry byly korelovany s hodnotou BMI Zen. Sledovana byla Gspésnost fertilizace

u neplodnych zen v zavislosti na BMI.

3.1.3 Stanoveni studovanych biochemickych markeri ve folikulirni tekutiné

Prolaktin a hormony Stitné Zlazy

Metoda stanoveni hormoni prolaktinu a volného T3 a T4 byla zaloZena na
sendvicovém principu elektrochemiluminiscenéni imunoanalyzy (ECLIA) s vyuzitim kit
Prolactine II, kitem FT3 a FT4 (ROCHE Diagnostics, CR) na piistroji Cobas e411.
Stanoveni Elecsys Prolactin II vyuZiva dvé monoklonalni protilatky, specidlné smérované
proti lidskému prolaktinu a metoda stanoveni volného T3 i volného T4 vyuzivajici testu
Elecsys FT3 a FT4 je zalozena na vyuziti specifickych protilatek proti T3 a T4, které jsou

ob¢ znacené rutheniovym komplexem.

Homocystein

Hladina HCy byla stanovena enzymaticky kitem Liquid Stable (LS) 2-Part
Homocysteine Reagent (Axis-Shield Diagnostics Ltd., UK) na pfistroji Olympus AU400.
Véazany HCy nebo ve form& diméru (oxidovana forma) se redukuje na volny HCy
prostiednictvim tris(2-karboxyethyl)fosfinu (TCEP). Takto vznikly volny HCy poté
reaguje se serinem za katalyzy cystathionin beta-syntazou za vzniku cystathioninu.
Cystathionin je postupné rozkladan na HCy cystathionin betalyazou, kdy pfi tomto procesu
vznika 1 pyruvat a amoniak. Pyruvat se poté konvertuje pomoci laktat-dehydrogenazy
(LDH) na laktdt s nikotinamid adenin dinukleotidem (NADH) jakozto koenzymem.
Rychlost konverze NADH na NAD+ je sledovana spektrofotometricky pii 340 nm a je

pfimo iimérna koncentraci HCy.
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Malonyldialdehyd

Malonyldialdehyd (MDA) a jiné degradac¢ni produkty peroxidace lipidd reaguji
s dvéma molekulami kyseliny thiobarbiturové v kyselém prostfedi na barevny produkt,
ktery se po extrakci n-butanolem méfi pifi 532 nm pouzitim Elisa-readeru. MDA se
stanovuje jako soucast sloucenin reagujicich s thiobarbiturovou kyselinou, tzv. TBARS

(ThioBarbituric Acid Reactive Substances).

Glutathionperoxidaza

Glutathionperoxidaza (GPx) katalyzuje oxidaci glutathionu kumenhydroperoxidem.
V pfitomnosti glutathionreduktdzy a NADPH se oxidovany glutathion ihned redukuje,
pficemz NADPH se oxiduje na NADP. Pokles absorbance se stanovuje na analyzatoru
OLYMPUS AU 400 optickym testem pii 340nm. Aktivita GPx byla stanovena kitem
RANSEL (Randox Laboratories Ltd., UK).

Celkova antioxidacni kapacita

Celkova antioxidaéni kapacita (AOK) je definovdna jako schopnost vzorku
redukovat volné radikaly. Jeji stanoveni je zaloZeno na vlastnostech slouceniny ABTS
(2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonova)  kyselina), ktera po  inkubaci
s peroxiddzou a peroxidem vodiku tvofi radikdl ABTS+. Ten je relativné stabilni a je
mozné ho méfit spektrofotometricky pii 600 nm. Antioxidanty folikularni tekutiny
potlacuji vznik tohoto radikalu. AOK je vyjadiovana jako ekvivalent standardu Troloxu
(6 Hydroxy-2,5,7,8-tetramethylchroman-2-karboxylova kyselina), coz je synteticky analog
vitaminu E. M¢étfeni bylo provadéno na analyzatoru Olympus AU 400. AOK byla
stanovena kitem TAS (Randox Laboratories Ltd., UK).

Statistické vyhodnoceni

Vysledky byly statisticky hodnoceny pomoci Wilcoxonova neparametrického testu
(neparova varianta) a dale analyzou rozptylu (ANOVA, post hoc analyza pomoci
Tukeyovy metody mnohonasobného porovnavani). Hodnoty p < 0,05 byly povaZzovany za

statisticky signifikantni.
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3.2 Pouzité metody pro cil 3 a 4

3.2.1 Studovany soubor soubor vztahujici se k cili 3

Ejakulaty byly ziskany od 14 muzi z IVF Centra Prof. Zecha v Plzni. Dle
klasifikace World Health Organization byli rozdéleni do skupiny normozoospermatikii

(n =7, pramérny vék 33,1 let) a asthenozoospermatikii (n = 7, prumérny vék 36,7 let).

3.2.2 Studovany soubor soubor vztahujici se k cili 4

Ejakulaty byly ziskany od deseti dobrovolnikl (primérny vék 24,2 let, SEM =+ 2,8)
po tfidenni abstinenci v IVF Centru Prof. Zecha v Plzni. Po zkapalnéni byly vyhodnoceny
dle kritérii Svétové zdravotnické organizace (WHO) 2010 [World Health Organization,
2010].

3.2.3 Separace spermii metodou hustotniho gradientu

Vzorek byl vzdy odebiran piimo v IVF centru, aby bylo pokud mozno zcela
eliminovano znehodnoceni vzorku skladovanim a transportem. Po zkapalnéni (30 minut)
byl stanoven nativni spermiogram (dle kritérii WHO 2010). Zjistovan byl objem vzorku,
koncentrace spermii, jejich motilita a pfitomné morfologické patologie. K vyhodnoceni byl
pouzit svételny mikroskop s fazovym kontrastem (zvétSeni okular 10x, objektiv 20x)
a Maklerova komtrka. Motilita spermii byla dle WHO kritérii rozd¢€lena do tii kategorii -
progresivni motilita, neprogresivni motilita a imotilni spermie [World Health Organization,
2010].

Spermie byly separovany a vycistény s vyuzitim gradientového média SpermGrad
(SGm, Vitrolife, Svédsko) a SpermRinse média (SRm, Vitrolife, Svédsko). Byla
pfipravena média o koncentraci 90% (0,15 ml SGm: 1,35 ml SRm), 70% (0,09 ml SGm:
0,21 ml SRm) a 50% (0,15 ml SGm: 0,15 ml SRm) a napipetovana do konické zkumavky
v poméru 1,5 ml 90%, 0,3 ml 70% a 0,3 ml 50% média. Po navrstveni plné¢ho ejakulatu
byly spermie centrifugovany po dobu 20 minut (300g). Po odstranéni supernatantu byl
vzorek promichan s 8 ml SRm a opét centrifugovéan (8 min, 300g). Po sliti supernatantu

byla ve vzorku stanovena koncentrace a motilita spermii.
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3.2.4 Vysokoufinna respirometrie

Mitochondrialni respirace je kliCovym elementem v bunééné fyziologii.
Vysokoucinna respirometrie je unikatni velmi citliva oxygraficka metoda (oxygraf
Oroboros (Oroboros, Innsbruck, Rakousko)), ktera umoziiuje posoudit funkéni stav
mitochondrii dynamickym méfenim metabolismu celych mitochondrii, at’ uz izolovanych
nebo nachazejicich se v intaktnich nebo permeabilizovanych bunkach. V porovnani
se statickymi determinantami, jakymi jsou hladiny metabolitl, aktivity enzymi, redoxni
stavy, membranovy potencial, koncentrace signalnich molekul nebo hladiny DNA a RNA,
umoziuje zaznamendni dynamiky metabolickych drah méfenim aktivity celého
mitochondridlniho respiraniho systému a nemonitoruje jen izolovanou aktivitu
jednotlivych komplexii. Méteni respira¢niho toku za riznych metabolickych stavil je nutné
pro spravné vyhodnoceni efektivity oxidativni fosforylace pfi zménach membranového
potencidlu nebo aktivity jednotlivych enzymii.

Vysokotcinnd respirometrie je vhodnym nastrojem pro diagnostiku i malych zmén
v aktivité enzymd, jelikoZ umoziuje kvalitni méfeni také ve vzorcich, kde je limitovano
mnozstvi bunék nebo tkdné. Kromé meéfeni spotieby kysliku na celych builkéach
a bioptickych vzorcich tkédné, umoznuje také respirometrickou analyzu izolovanych
mitochondrii [Gnaiger, 2001, 2009; Gnaiger et al., 1995, 2000]. Diky vysoké citlivosti
pfistroje lze pro analyzu pouZit relativné malé mnoZzstvi biologického materidlu a méfit
spotiebu kysliku po dlouhou dobu za rlznych metabolickych (respiracnich) stavii, do
kterych je vzorek uvadén postupnou titraci substratd, aktivatorti a inhibitort jednotlivych
komplexil.

V naSich experimentech jsme méfili respiracni aktivitu spermii na dvoukanalovém
oxygrafu Oroboros O2k (Oroboros, Innsbruck, Rakousko), ktery zaznamenava koncentrace
kysliku v inkubaénim médiu v €ase a zaroven vyhodnocuje spotiebu kysliku biologickym
vzorkem, a to kontinualn¢ v pritbé¢hu celého experimentu.

Mgéfteni probihalo v uzavienych komurkach o objemu 2 ml a pfi teploté¢ 36°C. Po
40-50minutové ekvilibraci odpovidala koncentrace kysliku v respiranim médiu jeho
aktualni koncentraci v atmosférickém vzduchu a rozpustnosti v respiracnim médiu (0,92),
které mélo nasledujici slozeni: EGTA 0,5 mmol/l; MgCl,.6H,O 3 mmol/l; laktobionat
draselny 60 mmol/l; taurin 20 mmol/l; KH,P04, 10 mmol/l; HEPES 20 mmol/l; sachar6za

110 mmol/l, hovézi albumin 1 g/l. Nasledné¢ byly komurky uzavieny a davkovaci
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sttikackou Hamilton do nich byl aplikovan vzorek spermii. Nejprve byla bunécna
membrana spermii permeabilizovdna digitoninem a zméfena respirace vzorku pied
pridanim substratdh a ADP. Sekvencni titracni protokol aplikace substratli a inhibitort
jednotlivych komplexti respiracniho systému byl zvolen nasledovné: a) rychlost respirace
za klidovych podminek (stav S2 nebo LEAK) byla stanovena pomoci substrati komplexu I
glutamatu (10 mmol/l), malatu (2 mmol/l); b) aktivni respirace (stav S3 nebo OXPHOS)
byla stimulovana ADP (2,5 mmol/l); c) méfeni spotieby kysliku s pfidanim pyruvatu (5
mmol/l) a substratu flavoproteinu pienasejiciho elektrony (electron-transporting
flavoproteinu, ETF) palmitoyl karnitinu (20 umol/l); d) integrita vnitini mitochondrialni
membrany byla ovéfena pomoci cytochromu ¢ (10 umol/l); e) spotieba kysliku byla dale
zvysena aplikaci sukcinatu (10 mmol/l), substratu komplexu II; f) inhibitor ATP-syntazy
oligomycin (2 pg/ml) opét navodil stav LEAK nutny kudrzeni mitochondridlniho
membranového potencialu; g) pomoci rozpifahovace oxidace a fosforylace karbonylkyanid-
p-trifluoromethoxyfenylhydrazonu (FCCP; 0,05 — 0.25 pumol/l) jsme indukovali stav S3u
nebo ETS charakterizujici maximalni kapacitu elektrontransportniho systému; h) stav
OXPHOS pii stimulaci komplexu 1l byl navozen inhibitorem komplexu | rotenonem
(0,5 umol/1); 1) inhibitorem komplexu III antimycinem A (2,5 pmol/l) jsme navodili stav
rezidudlni spotfeby kysliku (ROX), tj. spotfebu kysliku zplsobenou pievazné
nemitochondridlni  oxidaci; j)  pouzitim  N,N,N',N'-tetrametyl-p-fenylendiamin
dihydrochloridu (TMPD; 0,5 mmol/l) spolu s askorbiatem (2 mmol/l) jsme dospéli ke
stanoveni respiracni aktivity komplexu IV cytochrom c oxidazy.
Piehledné zobrazeni substratd, inhibitort a rozptahovafe je znazornéno na obrazku
9 av tabulce 2.

V Gvodni sérii experimentll jsme testovali davku digitoninu (5 pg/ml) nutnou pro
permeabilizaci bunééné membrany spermii: K vzorku spermii byl pfidan sukcinat, rotenon
a ADP a postupné byl aplikovan digitonin tak dlouho, dokud se respirace zvySovala. Vyssi

davka digitoninu vedla k poSkozeni mitochondridlni membrany a niku cytochromu c.
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Maldt Cytochrom ¢
Glutamat Sukcinat Askorbat ADP

I BERRERRRRREE
IEEERERERERRER)

t i ?

Rotenon Antimycin A Oligomycin

Obrazek 9 — Schématické znazornéni protokolu oxygrafie (zelend barva = substraty;

¢ervena barva = inhibitory komplexit)

Tabulka 2 — Souhrn substratt, inhibitort a rozpiahovace, jejich cil pisobeni a pouzita

koncentrace

Malat komplex | 2mM
Glutamat komplex | 10 mM

Pyruvat komplex | 5mM
Sukcinat komplex Il 10 mM
ADP komplex V, ANT 1-5mM
Cytochrom ¢ komplex IV 10 uM

Askorbat komplex IV 2mM
TMPD komplex IV 0,5 mM
Rotenon komplex | 0,5 uM
Oligomycin komplex V 2 pg/ml
Antimycin A komplex 11 2,5 uM
FCCP Apps 0,05 uM

* ANT = adeninnukleotid translokdza
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Pii studiu efektu propolisu na mitochondrialni funkce spermii byl do jedné
z komurek, snimanych paraleln¢, piidan EEP (ethanolovy extrakt propolisu) 0 koncentraci
0,01 mg/ml, druhd komurka byla snimana bez intervence. Vzorky byly dale inkubovany ve
36°C po dobu 20 minut. Vztah zavislosti na ddvce EEP byl testovan v dalSi sérii
experimentl s vyuzitim koncentraci propolisu 0,001; 0,005 a 0,01 mg/ml. Vyssi
koncentrace propolisu testovany nebyly z divodu jejich toxického plisobeni v paralelnich
experimentech s mys$imi embryonalnimi kmenovymi bunikami, na néz pusobil propolis
v kultivaénim médiu (0,03 a 0,05 mg/ml). U bun¢k dochazelo k redukci jejich ristu

a viability.

3.2.5 Priprava ethanolového extraktu propolisu

Propolis byl ziskan v priibéhu mésice zaii 2012 v zapadnich Cechach (mésto Horni
Slavkov - 50°8'17.268"N, 12°48'48.992"E). K jeho sbéru byly vyuzity plastové sitky.
Propolis byl zmrazen na -20 °C a rozdrcen. K takto vzniklému prasku byl pridan 70%
ethanol (100 ml) a po 24 hodinach stalého michani byl vysledny produkt ptefiltrovan.
Filtrat byl doplnén do 100 ml 70% ethanolem [Bonvehi a Gutiérrez, 2012]. Vzorek byl
udrzovan ve tmé a chladu az do analyzy. EEP byl fedén, aby vysledna koncentrace
ethanolu nebyla pro burky toxicka (pod 1%) [Barbari¢ et al., 2011]. Finalni koncentrace

propolisu uzivana v experimentech byla 0,01 mg/ml v pfislusném médiu.

3.2.6 Vysokoucinna kapalinova chromatografie

Kvalitativni a kvantitativni analyza fenolovych latek obsazenych v propolisu byla
provedena chromatografickym pfistrojem vybavenym binarni pumpou [Waters 1525],
Waters 717 sautosamplerem a dualnim UV/VIS detektorem 2487. Separace byla
provedena na kolon¢ Symmetry C18 s vyuzitim mobilni faze 0,08% kyseliny octové
v methanolu (A) a 0,1% kyseliny octové a 10% methanolu ve vodé (B). Gradient byl 10 —
47% A (25 min), 47% A (25 — 40 min), 47 — 70% A (40 — 70 min), 70 — 100% A (70 — 80
min) pfi prutoku mobilni faze 0,5 ml/min. Injikovany objem byl 10 ul, a teplota 30°C.
Spektrofotometricka detekce byla provedena pii vinové délce 280 nm a 330 nm.
Identifikace polyfenolovych latek byla provedena porovnanim retencnich Cast s Casy latek

komeréné dostupnymi. VSechny standardy byly rozpustény na konecnou koncentraci
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10 mmol/l v dimethyl sulfoxidu (Sigma-Aldrich; St. Louis, USA). Kalibra¢ni standardy
byly pfipraveny rozpusténim standardnich roztokii v ethanolu.

Jako standardy byly pouzity: apigenin, chrysin, genistein, kaempferol, luteolin,
naringenin, pinocembrin, galangin, kyselina kavova, felurova, skoficova, gallova,
kumarova a benzoova (Sigma-Aldrich; St. Louis, USA). Vanilin byl zakoupen od firmy
Merck (Darmstadt, Némecko).

Kalibra¢ni kiivky vykazovaly linearni odpoveéd R? > 0.97 pii koncentracnim
rozmezi 5 — 100 pmol/l. EEP byl pted chromatografickou analyzou pftefiltrovan skrze

teflonovy mikrofiltr SeparonTM 0.45 um a ziedén 100x.
3.2.7 Permeabilizace bunééné membrany spermie

Pro kontrolu uspésné permeabilizace bunééné membrany spermie pro substraty
a inhibitory po pouziti digitoninu byly spermie obarveny fluorescen¢ni latkou jodidem
propidia, ktery intaktni bunéénou membranou neprochazi. Kone¢na koncentrace jodidu

propidia byla 1 pg/ml.
3.2.8 Priitokova cytometrie

Mitochondrialni membranovy potencial byl sledovan pomoci MitoProbe™ JC-1
Assay Kit (Life Technologies). Spermie byly resuspendovany ve vlazném (37°C)
fostatovém pufru (PBS) na pfiblizné 1x10° bundk/ml. Ke vzorku (100 pl) byl ptidan
propolis (1 pl) do kone¢né koncentrace 0,01 mg/ml. Vzorky byly inkubovany v propolisu
po 60 minut a poté byly promyty PBS. Nasledovalo ptidani JC-1 (10 ul z 200 pmol/l)
a 20minutova inkubace pti 37°C a 5% CO,. Po oplachu PBS a centrifugaci (5 min, 1500
rpm) byly vzorky resuspendovany v 500 ul PBS a zméfeny v pritokovém cytometru BD
FACS CANTOIl (BD Biosciences, New Jersey, USA). Analyza byla provedena
softwarem BD FACS Diva pii excitaci 488 nm s vyuzitim filtrd uzivanych pro Alexa Fluor
488 a R-phycoerythrin.
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3.2.9 Aktivita citratsyntazy

Ke zjisténi mnozstvi mitochondrii v testovaném biologickém materialu
a standardizaci oxygrafickych méfeni se v experimentilni praxi nejéastéji vyuziva
stanoveni aktivity citratsyntdzy nebo méfeni koncentrace mitochondridlni DNA
[Kuznetsov et al, 2002]. VnaSich experimentech jsme spotfebu kysliku
v permeabilizovanych  spermiich  vyjadfovali bud® v pmol/(s.10° bungk), nebo
v pmol/(s.IU). Aktivitu citratsyntdzy jsme stanovili v obsahu komirek oxygrafu
spektrofotometrickou metodou [Kuznetsov et al., 2002; Larsen et al., 2012]. Slozeni média
bylo nasledujici: 0,1 mmol/l 5,5-dithio-bis-2-nitrobenzoova kyselina, 0,25% Triton-X,
0,5 mmol/l oxalacetat, 0,31 mmol/l acetylkoenzym A, 5 pmo/l EDTA, 5 mmol/l
triethanolamin hydrochlorid a 0,1 mol/l Tris-HCI, pH 8,1 [Kuznetsov et al., 2002].
Homogenizovany obsah komurek (200 pl) byl pfiddn k 800 pl média, nasledovalo
spektrofotometrické méteni pii 412 nm, 30°C a 200 s, které bylo vyjadieno v mIU na

10" bungk.
3.2.10 Analyza dat a statistika

Spotieba kysliku permeabilizovanymi spermiemi byla vypocétena on-line pomoci
softwaru DatLab (Oroboros Instruments, Innsbruck, Rakousko) jako zaporné vzata ¢asova
derivace poklesu koncentrace kysliku v komiirce a vyjadiena v pmol O/(s.10°) bun&k nebo
v pmol/(s.IU). Ke statistickému porovnani jednotlivych hodnot spotfeby kysliku v obou
skupindch jsme pouzili Mann-Whitneyova potfadového testu pomoci programu
STATISTICA Cz, (StatSoft CR, Praha, Ceska republika). Po otestovani normality
distribuce a homogenity rozptyli bylo provedeno srovnani Studentovym  t-testem,
Wilcoxonovym testem a analyzou rozptylu (ANOVA) s post hoc testy korigovanymi pro
mnohocetna porovnani Bonferroniho metodou. Za signifikantné vyznamné byly

povazovany vysledky p < 0,05.
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4  Souhrn vysledki a jejich diskuze

4.1 Vysledky vztahujici se k cili 1

Studium vybranych sloZek folikularni tekutiny jako markeru pro sledovani kvality

lidskych oocytu

Porovnavany byly hladiny prolaktinu, volného T3 a T4, HCy, MDA, GPx a AOK ve
skupinach Zen 1é¢enych pro neplodnost a kontrolnich plodnych darkyn oocytu. Z tabulky 3
a grafii 1, 2 a 3 je ziejmé, Ze u neplodnych Zen byly naméfeny signifikantn¢ vyssi hladiny
prolaktinu (p = 0,0006) i volného T4 hormonu (p = 0,0246), avSak koncentrace volného T3
se mezi skupinami vyznamné neliily. Ze stejné tabulky a grafu 4 je také ziejmé, ze u
kontrolni skupiny Zen byla naméfena signifikantné vyS$$i hladina homocysteinu (p <
0,0001).

Vzhledem ktomu, Ze plodnost zen je silné ovlivnéna vékem a nase skupiny
plodnych a neplodnych se 1isi vékovym slozenim, porovnali jsme hladiny hormonti mezi
plodnymi a neplodnymi ve stejnych vékovych obdobich. Mezi skupinami plodnych a
neplodnych zen ve vékovém rozmezi 20 az 29 let je statisticky signifikantni rozdil
v hladinach prolaktinu (p = 0,026), Hcy (p = 0,0002) a MDA (p = 0,0374), dalsi
signifikantn¢ vyznamny rozdil byl nalezen ve skupiné ve vé€kovém rozmezi 30 az 39 let
také v hladinach prolaktinu (p = 0,0256), volného T4 (p = 0,0175), Hcy (p < 0,0001) i
AOK (p = 0,0458). Uplny piehled medianti naméfenych hodnot spoleéné se statistickou
vyznamnosti a interkvartilovym rozpétim shrnuje tabulka 4.

Déle jsme porovnali hladiny hormont uvnitt obou skupin v zavislosti na véku.
Prokézali jsme zde statisticky vyznamny rozdil v hodnotach AOK u kontrolni skupiny
zdravych darkyn. Jak vyplyva z tabulky €. 3, nejvyssi hladina AOK je u Zen mezi 20 az 29
rokem, u zen mladsich a starSich se tato hladina vyznamn¢ snizuje (p = 0,0450). Vysledky

jsou shrnuty v tabulkach 5 a 6.

47



Tabulka 3 - Hladiny prolaktinu, fT3, fT4, HCy, MDA, GPx a AOK ve folikularni tekutingé
neplodnych Zen a kontrolni skupiny zdravych darkyn oocytt (hodnoty jsou uvedeny jako

median a interkvartilové rozpéti)

958 768

0,0006
[711 - 1408] [590 — 1009]
5,07 5,00
0,3833
[4,56 — 5,43] [4,75 —5,34]
14,75
14,05 [13,33 — 15,78] 0,0246
[13,80 - 15,80]
6,00 8,65
<0,0001
[4,97 - 7,00] [6,82 — 10,88]
1,600 1,710
0,1421
[1,360 — 2,033] [1,480 - 2,133]
621,0 598,5
0,4864
[528,0 — 699,8] [524,3 — 668,3]
1,390 1,385
0,3491
[1,350 — 1,483] [1,310 - 1,470]

*fT3 - volny T3 hormon, fT4 - volny T4 hormon, HCy —homocystein, MDA — malondialdehyd, GPx —

glutathionperoxidaza, AOK — celkovd antioxidacni kapacita
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Tabulka 4 - Hladiny prolaktinu, fT3, fT4, HCy, MDA, GPx a AOK ve folikularni tekutingé

neplodnych Zen a kontrolni skupiny zdravych darkyn oocyt v zavislosti na véku (hodnoty

jsou uvedeny jako median a interkvartilové rozpéti)

[759 - 1207]
5,10
[4,41 - 5,47]
14,50
[13,80 - 15,80]
6,00
[4,80 — 7,20]

1,400
[1,280 — 2,040]

570,0
[501,0 — 723,0]

1,380
[1,310 - 1,460]

[568 — 964]
5,06
[4,77 - 5,41]
14,35 [13,38 —
16,20]
8,55
[7,02 - 11,05]

1,730
[1,480 — 2,240]

594,0
[521,3 - 654,8]

1,415
[1,338 - 1,493]

0,3074

0,6185

0,0002

0,0374

0,9688

0,6674

[694 — 1494]
4,98
[4,66 — 5,35]
15,20
[13,90 - 16,00]
5,70
[5,00 - 6,80]

1,710
[1,480 — 2,030]

645,0
[531,0 — 699,0]

1,430
[1,350 — 1,500]

[588 — 1124]
4,88
[4,60 — 5,19]
13,70
[12,70 — 14,60]
9,00
[6,60 — 11,10]

1,630
[1,390 — 2,080]

639,0
[552,0 — 693,0]

1,360
[1,300 — 1,420]

*fT3 - volny T3 hormon, fT4 - volny T4 hormon, HCy —homocystein, MDA — malondialdehyd, GPx —

glutathionperoxiddaza, AOK — celkova antioxidacni kapacita

0,5929

0,0175

<0,0001

0,9594

0,8728

0,0458



Tabulka 5 - Hladiny prolaktinu, fT3, fT4, HCy, MDA, GPx a AOK ve folikularni tekuting

neplodnych Zen v zavislosti na véku (hodnoty jsou uvedeny jako median a interkvartilové

937
[759 — 1207]

5,10
[4,41 - 5,47]
14,50
[13,80 — 15,80]
6,00
[4,80 — 7,20]
1,400
[1,280 — 7,200]
570,0
[501,0 - 723,0]
1,380
[1,310 — 1,460]

rozpéti)

954
[694 — 1494]

4,98
[4,66 — 5,35]
15,20
[13,90 — 16,00]
5,70
[5,00 — 6,80]
1,710
[1,480 — 2,030]
645,0
[531,0 - 699,0]
1,430
[1,350 — 1,500]

1471
[846 - 1689]

5,26
[4,41 - 5,63]
15,15
[13,85 — 16,60]
7,00
[6,62 - 8,12]
1,500
[1,310 — 2,590]
688,5
[622,5 - 725,3]
1,365
[1,353 - 1,393]

0,4049

0,8833

0,6599

0,9594

0,3251

0,2579

0,6980

*fT3 - volny T3 hormon, fT4 - volny T4 hormon, HCy —homocystein, MDA — malondialdehyd, GPx —

glutathionperoxiddaza, AOK — celkova antioxidacni kapacita
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Tabulka 6 - Hladiny prolaktinu, fT3, fT4, HCy, MDA, GPx a AOK ve folikularni tekutingé
kontrolni skupiny zdravych darkyn oocytd v zavislosti na véku (hodnoty jsou uvedeny jako

median a interkvartilové rozpéti)

Kontroly Kontroly Kontroly
*Sledované
20 let a nize 20— 29 let 30 -39 let p value
parametry
(n=27) (n=46) (n=23)
Prolaktin 1052 771 680
0,1404
(mIU/l) [900 - 1701] [568 — 964] [588 - 1124]
5,78 5,06 4,88
fT3 (pmol/l) 0,0878
[4,97 - 6,03] [4,77 - 5,41] [4,60 - 5,19]
14,30 14,35 13,70
fT4 (pmol/l) SR
[13,50 — 14,40] [13,38 - 16,20] [12,70 - 14,60]
9,00 8,55 9,00
HCy (umol/l) 0,9143
[6,30 — 10,20] [7,02 - 11,05] [6,60 — 11,10]
1,680 1,730 1,630
MDA (umol/l) 0,8041
[1,560 - 2,100] [1,480 — 2,240] [1,390 - 2,080]
540,0 594,0 639,0
GPx (U/) 0,4063
[480,0 - 714,0] [521,3 - 654,8] [552,0 - 693,0]
1,220 1,415 1,360
AOK (mmol/l) 0,0450

[1,190 — 1,310]

[1,338 — 1,493]

[1,300 — 1,420]

*fT3 - volny T3 hormon, fT4 - volny T4 hormon, HCy — homocystein, MDA — malondialdehyd, GPx —

glutathionperoxidaza, AOK — celkova antioxidacni kapacita

Role prolaktinu ve folikularni tekutiné nebyla dosud plné vysvétlena a odborna
literatura neuvadi dostatek udajii ani o vztahu mezi koncentracemi prolaktinu v séru a ve
folikularni tekutin¢ [Kamel et al., 1994; Lebedeva I'Yu et al., 1998]. Skutecnost, ze zdravé
plodné darkyné mayji signifikantné€ nizsi hladiny prolaktinu ve folikularni tekutin€ nehledé
na vékovou skupinu, v niZ hladiny sledujeme, naznacuje, ze prolaktin bude pravdépodobné
vyznamnym regulacnim faktorem pro vyvojovy potencidl oocytu. Pozndni
patofyziologického mechanismu, kterym prolaktin k regulaci pfispivd, mtize vést k vyssi
individualizaci lé¢ebného planu snizené plodnosti.

V nasich podminkach je screening tyreoidalnich dysfunkci doporufovéan Siroké
Skale pacientek 1é¢enych pro neplodnost — vS§em s anamnézou hyper- ¢i hypotyreoidealni

poruchy, Zendm s diabetem typu 1 ¢i s jakoukoliv jinou autoimunitni poruchou, zenam po
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lécbé maligniho onemocnéni, po prode€lané radioterapii v oblasti hlavy ¢i krku atd.
Onemocnéni §titné zlazy pred otéhotnénim i v pribcéhu téhotenstvi vyzaduje specialni
management s ohledem na zmény tyreoidalnich funkci v téhotenstvi [Poppe et al., 2007].
Ackoliv se v soucasné dobé endokrinology doporuceny postup pravdépodobné velmi blizi
optimalnimu nastaveni substituéni terapie, dal§i poznani toho, jak se hladiny volného T4
hormonu promitaji ze séra do folikularni tekutiny a jak pak tyto hladiny ovliviuji vyvojovy
potencial oocytu, jist¢ muze prispét k jesté citlivéjSimu a vice personalizovanému zptsobu
1éCby.

U zdravych zen je lidsky folikul béhem svého zrani dostatecné chranén proti
toxickému poskozeni v dusledku oxida¢niho stresu [Angelucci et al., 2006]. Stoupajici
aktivita kyslikovych radikal maze byt jednim z divodt neplodnosti 1 poklesu uspéSnosti
IVF u Zen se vzristajicim v€kem, kdy dochazi k progresivnimu poklesu kvality a kvantity
oocytu [Broekmans et al., 2006; Wiener-Megnazi et al., 2004]. Toto vSe muze byt jesté
umocnéno Zivotospravou zeny a jejim aktivnim nikotinismem [Paszkowski et al., 2002].
Na hladinu HCy ma velky vliv plazmaticka koncentrace folatu (kyselina listova — vitamin
Bg), ktery po své modifikaci na tetrahydrofolat pusobi jako kofaktor enzymu
methylentetrahydrofolat reduktdzy (MTHFR) v remethyla¢ni cesté¢ pfremény HCy na
aminokyselinu methionin. Nikotin, dehtové metabolity a sekundarni kout maji vliv na
hladinu folatu, jehoz nizka koncentrace je spojena pravé s hyperhomocysteinemii. Kufaci
maji také tendenci k mensi konzumaci ovoce a zeleniny bohatych na kyselinu listovou. Je
vSak tfeba poznamenat, Ze tento vztah mezi koufenim a hladinou folatu neni jednoznacny
a n¢které studie prokazuji jejich nezavislost [Okumura a Tsukamoto, 2011]. Tento fakt je
jisté zavisly také na intenzité koufeni. V naSi studii jsme prokazali, Zze neexistuje
signifikantni spojitost mezi neplodnymi Zenami kufackami a nekufackami ani zdravymi
darkynémi oocytl kufackami a nekutfackami v zddném sledovaném parametru.

Folaty snizuji hladinu HCy jak v krvi, tak ve folikularni tekutin¢ [Forges et al.,
2007], coz vyznamné koreluje jak s kvalitou oocytu, tak s vyvojovym potencidlem embrya
[Boxmeer et al., 2009; Ocal et al., 2012]. I kdyz stale probiha diskuze [Appasamy et al.,
2008; Oyawoye et al., 2009; Ozkaya a Naziroglu, 2010] o spojitosti mezi AOK folikularni
tekutiny a etiologii infertility, je jisté, Ze vliv volnych radikali je zapojen do
patofyziologickych mechanismii mnoha chorob souvisejicich s neplodnosti, kde je
zapotiebi 1écby IVF. Pacientky s endometriozou maji ve srovnani s pacientkami s jinymi

diagnozami signifikantné zvysené hladiny HCy [Ebisch et al., 2006].
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Nase vysledky jsou ve zdanlivém rozporu z divodu vyssi hladiny Hey u kontrolni
skupiny. Hladina Hey vSak mize byt ovlivnéna nejen suplementaci folatd, ale i ovaridlni
hyperstimulaci [Benkhalifa et al., 2010; Boxmeer et al., 2008], a protoze schopnost
metylace souvisi s riziky metod asistované reprodukce [Menezo et al., 2010], je dalsi
vyzkum v této oblasti se zapojenim zkoumani zdravych plodnych déarkyn pfinosem.

Vztahy sérovych hormonalnich hladin a hladin hormont ve folikularni tekuting jsou
komplexni a jejich regulace i role nejsou dosud zcela jasné [Baka a Malamitsi-Puchner,
2006; Giirbiiz et al., 2005; Park a Yang, 2011]. Dalsi podrobnéjsi srovnani folikularnich
tekutin darkyn oocytll s neplodnymi pacientkami s riznymi gynekologickymi pii¢inami
poruch plodnosti bude piinosem pro objasnéni patofyziologickych mechanismil

regulujicich plodnost a také ovliviiujicich uspéSnost pii 1é¢bé neplodnosti.

55



4.2 Vysledky vztahujici se k cili 2

Vliv nadvahy na aspéSnost technik asistované reprodukce

Porovnavany byly hladiny prolaktinu, volného T3 a volného T4, homocysteinu,

malonyldialdehydu, glutathionperoxidazy a celkové antioxidac¢ni kapacity Vv zavislosti na
hodnoté BMI. Jak je ziejmé z tabulky 7, hladiny sledovanych parametrti se mezi sebou
vyrazné neliSily. Pozorovana byla jen signifikantné nizs$i hladina GPx u skupiny Zen
s nadvahou (p = 0,0044). V uspesnosti dosazeni téhotenstvi se zeny s normalnim BMI
a zeny trpici nadvahou od sebe vyznamné nelisily (p = 0,4430).
Hladiny sledovanych markert a Gspésnost otéhotnéni vSak mohla byt ovlivnéna skupinou
zen, u kterych byl pfic¢inou neplodnosti andrologicky faktor. V nasi skupiné bylo téchto
zen 27,27% (n = 12). Po vyfazeni téchto Zen a opétovné analyze vysledkt bylo zjisténo, ze
u zZen trpicich nadvdhou miizeme pozorovat signifikantné vyssi hodnotu volného T3
(p =0,0134) a nizsi hladinu GPx (p = 0,0466) ve folikularni tekutiné. Tyto vysledky
dokumentuje tabulka 8. V uspé&snosti dosazeni téhotenstvi se vSak ani tyto dvé skupiny
vyznamng nelisily (p = 0,6290).

Obezita a nadvéha se §iii svétem jako epidemie. Obezita, tedy BMI > 30 kg/m?
ovlivituje fyziologické funkce mnoha tkani a orgdni. V disledku toho maji obézni Zeny
problémy s pfirozenym otc¢hotnénim a obraci se na centra specializujici se na lécbu
neplodnosti. Tento jev je zvySené sledovan v pritbéhu poslednich dvaceti let, a to zv1asté
ve vyspélych zemich.

O mechanismu, jakym pfitomnost obezity negativné ovliviluje reprodukéni
schopnosti Zeny, neni zatim pfili§ znamo. Pfedpoklada se souvislost s poruchou
metabolismu steroidli, sekreci a plsobenim inzulinu ¢i adipokinii. Tyto zmény mohou
ovliviovat rust folikull, vyvoj embrya i jeho implantaci, a to jak za pfirozenych podminek
tak po ART (assisted reproduction techniques, techniky asistované reprodukce) [Bellver et
al., 2010; Budak et al., 2006; Mitchell et al., 2005]. Dulezitym faktorem je také vyskyt
obezity jiz v adolescentnim véku Zeny. Pravé zmény ve vaze a télesné konstituci v tomto
kritickém zivotnim obdobi mohou ovlivnit endokrinni regulaci puberty a tim 1 spravny

vyvoj reprodukéniho systému [Farooqi et al., 1999; Pelusi a Pasquali, 2003].
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Tabulka 7 - Hladiny prolaktinu, volného T3, volného T4, HCy, MDA, GPx a AOK ve
folikularni tekutiné neplodnych Zen s normalnim BMI a nadvahou (BMI > 25 kg/mz)

(hodnoty jsou uvedeny jako pramér a smérodatna odchylka)

_ 939,6 + 468,22 881,8 % 635,96 0,9749
_ 49+ 0,54 5,3+ 0,58 0,6374
_ 14,5+2,11 13,8 + 1,87 0,4307
_ 5.6+ 198 6,8+ 1,69 0,0893
_ 1,5+ 0,45 1.4+ 0,40 0,4688
_ 669,0 100,92 558,0 + 54,40 0,0044
_ 130,12 1,46+ 0,19 0,5291

*fT3 - volny T3 hormon, fT4 - volny T4 hormon, HCy —homocystein, MDA — malondialdehyd, GPx —

glutathionperoxiddaza, AOK — celkova antioxidacni kapacita

Vétsina praci zabyvajicich se obezitou a neplodnosti zdlraziiuje negativni efekt
vyssiho BMI na implantaci a kvalitu embrya, na uspéSnost fertilizace a dosazeni
t€hotenstvi, incidenci potratd a pribéh téhotenstvi [Bellver et al., 2010; Ferlitsch et al.,
2004; Kuchenbecker et al., 2006; Moragianni et al., 2012; Rittenberg et al., 2011; Shah et
al., 2011; van der Steeg et al., 2008].
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Tabulka 8 - Hladiny prolaktinu, volného T3, volného T4, HCy, MDA, GPx a AOK ve
folikularni tekuting neplodnych Zen s normalnim BMI a nadvahou (BMI > 25 kg/m?) po
vyfazeni zen s andrologickou pfi¢inou neplodnosti (hodnoty jsou uvedeny jako pramér

a smerodatna odchylka)

*Sledované Normalni BMI Nadvaha

parametry (n=28) (n=4) pvalue
Prolaktin (mIU/I) 980,7 + 488,82 1370,5 + 545,41 0,2537
fT3 (pmol/l) 4,9+ 0,57 5,3+ 0,20 0,0134
T4 (pmol/l) 14,5 £ 2,31 14,0+ 1,73 0,6016
HCy (umol/l) 56+2,13 6,1+ 0,90 0,7626
MDA (pumol/l) 1,5+ 0,45 1,4+ 0,43 0,4236
GPx (U/) 666,0 = 101,82 546,0 + 37,43 0,0466
AOK (mmol/l) 1,3+0,12 1,5+0.26 0,2786

*fT3 - volny T3 hormon, fT4 - volny T4 hormon, HCy — homocystein, MDA — malondialdehyd, GPx —

glutathionperoxidaza, AOK — celkova antioxidacni kapacita

Vysledky nasi studie podporuji hypotézu, Ze negativni efekt vyssiho BMI zacina az
u BMI nad 30 kg/m? [Bellver et al., 2010; Dechaud et al., 2006; Lashen et al., 1999;
Matalliotakis et al., 2008; Moragianni et al., 2012; Pasquali et al., 2007; Styne-Gross et al.,
2005; Winter et al., 2002].

V nasi skupin€ jsme zaznamenali niz8i hladiny GPx u Zen s vy$§im BMI. Nizsi
hladiny cytoprotektivnich enzymi jsou pozorovany nejen u zen s vys$§imi hodnotami BMI
[Agarwal et al., 2005; Alpay et al., 2006; Lee et al., 2008] a u pacientek s diabetem
mellitem [Goyal et al., 2011], ale naptiklad i v seminalni plazmé nékterych neplodnych
muzil, kde nizsi hladina tohoto protektivniho enzymu zplsobuje vyssi peroxidaci lipidil
a tim ztratu motility spermii [Alvarez a Storey, 1989; Giannattasio et al., 2002]. K tpravé
snizené hladiny GPx u Zen s nadvdhou dochazi po dosaZeni normélnich hodnot BMI

[Bougoulia et al., 2006].
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Zvysenou hladinu volného T3 hormonu nachazime castéji u Zen trpicich nadvahou
a obezitou [Reinehr, 2010]. Stejné vysledky ukazuje i naSe prace, kde hladina volného T3
hormonu byla signifikantn& vyssi u zen s BMI nad 25 kg/m?. Oproti ostatnim pracim, kde
byl volny T3 stanoven ze séra, jsme tuto rozdilnou hladinu prokazali ve folikularni
tekutin€¢. Mechanismus vzristu hladiny hormonu neni prozatim znam, vi se vsak, ze jeho
hladina se normalizuje pii snizeni vahy a nejspiSe souvisi s metabolismem leptinu

[Reinehr, 2010; Reinehr a Andler, 2002; Reinehr et al., 2008].
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4.3 Vysledky vztahujici se k cili 3

Vysokoucinna respirometrie

Typicka kiivka spotieby kysliku permeabilizovanymi spermiemi je na obrazku 10.
Minimalni po&et spermii nutny pro detekci spotieby kysliku byl 5x10° bungk v 1 ml média.
Po aplikaci glutamatu, malatu a pyruvatu, substratl pro komplex I, byla spotieba kysliku
srovnatelnd se stavem bez substratl, coz ukazuje na dobrou permeabilizaci bunécéné
membrany, kterd vedla k tiniku ADP z buniky. Po ptidani ADP doslo ke stimulaci respirace
aindukci stavu S3, tj. maximalni spotfebé kysliku pii fosforylaci ADP na ATP
(OXPHOS)). U asthenozoospermie byla aktivita komplexu I signifikantné nizs$i nez
u kontrol (tabulka 9, graf 5). lustrativni zaznam prib&hu respirometrické analyzy

U normozoospermie a asthenozoospermie je patrny z obrazku 11.
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Obriazek 10 - Typicka kiivka spotieby kysliku permeabilizovanymi spermiemi. Plna ¢ara
znazoriiuje spotiebu kysliku, te¢kovana koncentraci kysliku v komtirce. Sipky ukazuji
aplikaci jednotlivych chemikalii: G = glutamat; M = malat; Pyr = pyruvat; D = ADP; S =
sukcinat; ¢ = cytochrom c; Rot = rotenon; Omy = oligomycin; FCCP = karbonylkyanid-p-

trifluoromethoxyfenylhydrazon; Ama = antimycin A
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Tabulka 9 - Spotieba kysliku permeabilizovanymi spermiemi

- GMP, 0,23 + 0,02 0,21 +0,10 n.s.
- GMP; 1,32+0,16 0,56 £ 0,16* 0,007
- GMPS» 338+0,52 2,72 £0,79 n.s.
- GMPScs 337+0,56 2,77+ 0,89 n.s.
- S(Rot)p 2,81+ 0,48 1,73 40,57 0,07
- S(Rot). 0.67 £ 0,16 1,72 4+ 0,59 0,046
- S(Rot)e 3,18+ 0,67 4,10+ 1,39 ns.

*G= glutamat, M = malat, P = pyruvat, D = ADP, S = sukcinadt, ¢ = cytochrom c, Rot = rotenon, Omy =
oligomycin, F = FCCP; L = LEAK, P = OXPHOS, E = ETS; I a Il =komplexy I a Il

m Normozoospermie

" Asthenozoospermie

Komplex | Komplex | + I Komplex Il

Graf 5 — Rozdil v aktivité komplexu I a komplexu II u normozoospermie a

asthenozoospermie (* p = 0,007)
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Aplikaci sukcindtu dodavajiciho do systému elektrony prostiednictvim komplexu II
doslo k dalsimu zvyseni spotieby kysliku (OXPHOS,4), kterd se mezi obéma skupinami
vyznamné neliSila. Nasledna inhibice komplexu I rotenonem ukazala, ze piispévek
komplexu | k celkové kapacité oxida¢ni fosforylace byl i u zdravych spermii relativné nizsi
nez je tomu typicky v somatickych bunkach, napt. jaternich nebo svalovych [EI-Mir et al.,
2000; Scheibye-Knudsen a Quistorff, 2009]. Inhibice ATP-syntazy oligomycinem snizila
spotfebu  kysliku na Uroven nutnou pfedevSim pro pumpovani protonti do
intermembranového prostoru. Tato hodnota byla signifikantné vyssi
u asthenozoospermatickych vzorkii. Rozptazeni fosforylace a oxidace pomoci FCCP
ukdzalo, Ze ve zdravych i asthenozoospermatickych vzorcich je kapacita
elektrontransportniho systému ptenaset elektrony vyssi nez maximalni spotieba kysliku pii
zachoval¢ fosforylaci. Rezidualni spotfeba kysliku, na kterou byly ostatni respiracni
parametry korigovany, byla u zdravych spermii 0,14 + 0,05 pmol O,/(s.10°bungk)
a u spermii s poruchou pohyblivosti 0,15 + 0,05 pmol O,/(s.10° bun&k).
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Obrazek 11 — Ilustativni priibéh respirometrické analyzy normozoospermatického (A)

a asthenozoospermatického (B) ejakulatu
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Literarni idaje o respiracni aktivit¢ mitochondrii ve spermiich jsou relativné chudé,
nicméné jiz prvni studie ukazuji, Ze poruchy mitochondrii maji vliv na motilitu spermii
[Ferramosca et al., 2012b]. Divodem je zejména malé mnozstvi mitochondrii obsazenych
V jednotlivych zarode¢nych burikach a jejich obtizna izolace [Piomboni et al., 2012]. Proto
je nutné stanovit mitochondridlni respiraci na celych buiikach, idealné tak, aby bunécna
membrana byla permeabilizovana aumoznila prestup substrati Krebsova cyklu
a adenosindifosfatu k mitochondriim. Dosud pouzivand metoda byla zalozena na inkubaci
spermii v hypotonickém roztoku, ktera vedla k naruSeni bunééné membrany bez poskozeni
membrany mitochondrii [Piasecka a Kawiak, 2003]. V somatickych buikach vsak
inkubace v hypotonickych médiich zpisobuje stimulaci mnoha membranovych iontovych
kanalti a receptorl, coz vede ke zménadm ve sloZeni intracelularni tekutiny a aktivaci
intracelularnich procesi véetn¢ uvolnovani fady biologicky ucinnych latek a apoptdzy
[Blum et al., 2010; Okada a Maeno, 2001]. Proto jsme Vv nasi studii vyuzili permeabilizace
membrany spermii digitoninem, detergentem casto vyuzivanym ve vyzkumu
mitochondrialni funkce na celych buikach [Pesta a Gnaiger, 2012]. V nasi praci jsme
mefili respiracni aktivitu mitochondrii lidskych spermii permeabilizovanych digitoninem
vysokoucinnou oxygrafii, kterd umoziiuje stanoveni spotieby kysliku z nejmensiho
mozného mnozstvi zarode¢nych bunék.

Oxidativni fosforylaci jakozto zdroji energie pro pohyb spermii byla davana
nezastupitelna role, proto se také predpokladalo, ze poruchy mitochondridlni morfologie
a funkce jsou hlavnim faktorem odpovidajicim za snizenou motilitu spermii [Turner,
2006]. Studie na mysich ale ukazaly, ze pfi poskozené oxidativni fosforylaci nedochazi
k zaniku motility spermii [Escalier, 2006] a zdrojem ATP je zejména pfeména glukézy na
pyruvat [Marin et al., 2003]; také spermie kralikd pravdépodobné vyuzivaji jako hlavni
zdroj energie glykolyzu [Storey a Kayne, 1980]. Spermie nékterych zivocisnych druht
dokonce dokazi vytvaiet glykogen [Ford, 2006]. Saméi zarode¢né bunky dalSich
zivociSnych druht (beran, byk, kanec, primati) v¢etné ¢lovéka vSak pro pohyb vyuZzivaji ve
vyznamné mife ATP ziskany v mitochondriich oxidativni fosforylaci [Aitken et al., 2004b;
Mukai a Okuno, 2004; Piomboni et al., 2012]. Otazka primarniho zdroje energie pro pohyb
spermii jesté¢ neni zcela zodpovézena ani u ¢loveéka; vSeobecné uzndvanym pohledem je
jejich vSestrannost v moznosti ziskavani ATP, ktera je ovlivnéna pfitomnosti a dostupnosti

substratd v zenském reprodukénim traktu [Ruiz-Pesini et al., 2007; Storey, 2008].
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Nékteré mitochondrialni parametry, napt. mitochondridlni membranovy potencial
meéfeny pomoci pritokové cytometrie piimo koreluje S poctem oplodnénych oocytil
aovliviiuje tak vysledky 1é€by neplodnosti pomoci metod asistované reprodukce
[Marchetti et al., 2012]. Dalsi vyzkum a detailngj$i studium této problematiky tak slibuji
ptinos pro dalsi pokrok v diagnostice i terapii neplodnosti.

Nase studie potvrzuje nalez snizené aktivity komplexu I v mitochondrialnim
respiracnim systému asthenozoospermatickych vzorki. Aktivita komplexu II vSak nebyla
asthenozoospermii naruSena a celkova kapacita transportu elektroni pii stimulaci
komplexti I a II a zachovalé fosforylaci (stav S3+))) se mezi obéma skupinami neliSila.
Zajimavym nalezem je také pravdépodobnd zpétna kontrola pfenosu elektronti fosforylaci
ADP u asthenozoospermie, jak ukazuje pomér E/P, ktery byl u méné pohyblivych spermii
signifikantn¢ vyssi (tabulka 10). Divodem pro snizeni aktivity komplexu I tedy patrné neni
jeho snizend exprese. U asthenozoospermatickych vzorkl byl také prokazan signifikantné
zvySeny stav LEAK (S4), ktery vyjadiuje stupent mitochondrialni oxidace nutné zejména
pro kompenzaci Uniku protoni z mitochondridlni matrix, ale podili se na ném i obrat
kationtll pfes vnitini mitochondrialni membranu [Pesta a Gnaiger, 2012]. Znamym
ptikladem rozptazeni respirace a fosforylace ADP je rozptahovaci protein hnédé tukové
tkan¢ (UCP1), ktery je zodpovédny za tvorbu tepla v mitochondriich [Rousset et al., 2004].
V lidskych spermiich byla prokdzdna mRNA pro dal$i rozptahovaci protein - UCP2, jehoz
role by mohla spocivat v ochrané pied kyslikovymi radikaly [Zhang et al., 2007], ale jehoz

vztah k mitochondrialni respiraci spermii nebyl dosud zkouman.
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Tabulka 10 - Respira¢ni kontrolni indexy spermii

0,22 £0,03 0,54 £ 0,09 0,008
2,62+0,30 4,89 + 1,00 0,026
5,88 £0,77 3,77 £ 0,68 0,046
1,18 £0,23 2,45 +£0,46 0,020

*L/E = LEAK/ETS, pomér ukazujici stuperi rozpiaZeni oxidace a fosforylace; P.,/P; = OXPHOS pri
stimulaci komplexii I a II/OXPHOS pii stimulaci komplexu I; P\/L = OXPHOS/LEAK, vzestup respirace po
aplikaci substratiu komplexu 1 (glutamatu, malatu a pyruvatu) a ADP, E/P = pomér rovnovahy mezi
kapacitou elektrontransportniho systému a oxidacni fosforylaci, hodnoty vyrazné vyssi nez 1 ukazuji na

kontrolu respirace fosforylact
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4.4 Vysledky vztahujici se k cili 4

Efekt ¢eského propolisu na mitochondrialni funkce lidskych spermii

Vysokoucéinna kapalinova chromatografie

Chromatografickou analyzou propolisu byly identifikovany nasledujici slozky:
kyselina ferulova, kumarova, kavova, skoficova, vanillin, kaempferol, apigenin a chrysin.
Naopak latky jako kyselina gallova, benzoova, quercetin, naringenin, luteolin, genistein,
pinocembrin, galangin a fenylethylester kyseliny kavové nebyly ve vzorku propolisu
nalezeny. Obrazek 12 ukazuje chromatogram ethanolového extraktu ceského propolisu

a detailni vysledky spolu s koncentracemi sledovanych substanci jsou shrnuty v tabulce 11
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Obrazek 12 - Chromatogram ¢eského propolisu s identifikovanymi slou¢eninami a jejich

retencnimi ¢asy (A =280 nm - ¢ernd linka a A = 330 nm - zelen4 linka)
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Tabulka 11 - Chromatograficka analyza ¢eského propolisu

=
o

n.d
21.1 65+ 11
23.3 65+ 11

27.5 23110

28.9 514 £ 15

33.6 nd
42.3 n.d
42.7 29+1
43.2 n.d.
44.7 n.d
45.6 n.d
51.3 101 £45
53.4 73+8
70.1 365
65.1 n.d.
73.1 n.d.
71.4 n.d.

*n.d. = neidentifikoviano, CAPE = fenylethyl ester kyseliny kavové

Efekt propolisu na motilitu spermii v ¢erstvém ejakulatu

Do této studie bylo zafazeno deset zdravych muzt pramérrného véku 24,2 let.
Zakladni charakteristika spermiogramu je uvedena v tabulce 12. K ¢erstvému ejakulatu
(0,2 ml) byl ptidan extrakt propolisu nebo 70% ethanol (1 pl) (kone¢na koncentrace
propolisu byla 0,01 mg/ml). Po 60 minutach byla opét ode¢itana motilita spermii. Efekt
propolisu na motilitu lidskych spermii po 60 minut trvajici inkubaci ukazuje graf 6.

Propolis zpomalil pokles progresivni motility spermii v nativnim ejakulatu. Procento
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progresivné pohyblivych spermii inkubovanych s propolisem bylo po 60 minutach témét
stejné jako v Cerstvém vzorku, spermie neosetfené propolisem s casem progresivni motilitu

ztracely (p = 0,028). Samotny ethanol nemél Zadny negativni efekt na motilitu spermii.

Tabulka 12 - Hlavni parametry ejakulati normozoospermatickych muzt (£ SEM)

3.18 £ 0.26
81.22 +13.97
75.33 £3.00
42.00 +2.26
158.44 + 18.09
86.43 £2.10

100 4
90+

80+

Progresivni motilita v ¢ase 60 min (%)

Kontrola Propolis

Graf 6 - Efekt ¢eského propolisu na motilitu spermii. Sloupce reprezentuji hodnoty
progresivni motility lidskych spermii v nativnim ejakulatu po 60 minutové inkubaci
s ethanolovym propolisovym extraktem (primeér = SEM). PreruSovana ¢ara = progresivni

motilita v &ase 0. 'p < 0,05, porovnavano s hodnotami kontrol
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Vysokoucinna respirometrie

Typickou kiivku spotieby kysliku v permeabilizovanych spermiich po aplikaci
propolisu (0,01 mg/ml) a bez néj ukazuje obrazek 13. Spotieba kysliku neovlivnénych
spermii (0,13 = 0,01 nmol/(s.IU)) byla propolisem statisticky vyznamné zvySena (0,27 +
0,03 nmol/(s.IU)); p = 0,006). Po permeabilizaci digitoninem byl v kontrolnich vzorcich
stav S2, tj. respirace po pridani substrati komplexu | malatu a glutamatu, signifikantné
nizsi (0,19 £ 0,04 nmol/(s.IU)) nez ve vzorcich ovlivnénych propolisem (0,29 + 0,05
nmol/(s.1U); p = 0,014)).
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Obrazek 13 - Typicka kiivka spotieby kysliku v permeabilizovanych spermiich po
aplikaci propolisu (zelend c¢ara) a bez néj (Cervena cara). Znazornéni protokolu
s jednotlivymi substraty komplexu I, komplexu Il a elektron-transportniho flavoproteinu
uzivaného pro lidské spermie. Cervena linka = tok kysliku korigovany na IU aktivity
citratsyntazy v kontrolnich vzorcich, zelend linka = tok kysliku korigovany na IU aktivity
citratsyntazy ve vzorcich ovlivnénych propolisem 0,01 mg/ml, modré linka = koncentrace
kysliku v komiirce oxygrafu. Dig = digitonin, M = malat, G = glutamat, D = ADP, P =
pyruvat, Pcar = palmitoylcarnitin, ¢ = cytochrom c, S = sukcinat, Omy = oligomycin, F =
FCCP, Rot = rotenon, AmA = antimycin A
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Stav S3, tedy spotieba kysliku pii oxidativni fosforylaci, uréeny ptidinim ADP a
substrati komplexu I, ETF a komplexu II, je zndzornén v grafu 7. Propolis vyznamné
zvysil (0 ~50%) S3i4 (p = 0,003), coz naznacuje zvysenou aktivitu komplexu II. Nedoslo
K ovlivnéni stavu S4 indukovaného oligomycinem, ten dosahl 0,81 = 0,07 a 0,94 + 0,09

nmol/(s.IU) u kontrolniho vzorku respektive vzorku ovlivnéného propolisem

3.0 -
25 *
5
= 2.0
*®
17,]
=
=
E 1.5 4
=
=
é 1.0
z
=
= 0.5
=
0.0
MG MGP MGPPcar MGPPcarS

stav S3 (OXPHOQOS)

Graf 7 - Spotieba kysliku pfi stavu S3 (OXPHOS) u kontrol a pfi oSetieni propolisem. Tok
kysliku byl korigovan na rezidualni spotfebu kysliku a vyjadien na IU aktivity
citratsyntazy p < 0.05, v porovnani s hodnotami kontrol. Bilé sloupce = kontrola, §edé
sloupce = propolis, M = malat, G = glutamat, P = pyruvat, Pcar = palmitoylcarnitin, S =

sukcinat

Stav S3u udavajici kapacitu elektrontransportniho systému pii rozptazeni oxidace
a fosforylace a kolapsu mitochondridlniho membranového potencialu byl po pfidani
propolisu signifikantné vyS§i v pfitomnosti vSech substrati (tj. maldtu, glutamatu,
pyruvatu, palmitoylkarnitinu a sukcinatu i po inhibici komplexu | rotenononem (graf 8).

Pii méfeni spotieby kysliku po aplikaci TMPD + askorbatu byla respirac¢ni aktivita
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komplexu IV v kontrolnich vzorcich 12,16 + 2,58 nmol O/(s.IU), s propolisem byla
signifikantné¢ zvysena na 15,4 + 3,19 nmol O/(s.IU). Samotny ethanol (médium pro
propolis, oligomycin, antimycin A, FCCP a rotenon) v objemu do 10 pl neovliviioval

respirometrické parametry métené se substraty komplexu I a Il a ETF v ptitomnosti ADP.
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Graf 8 - Spotieba kysliku pti stavu S3u (ETS) u permeabilizovanych spermii bez
propolisu a po jeho aplikaci. Tok kysliku byl korigovan na rezidualni spotfebu kysliku a
vyjadien na IU aktivity citratsyntazy.p < 0.05, v porovnani s hodnotami kontrol. Bilé
sloupce = kontrola, Sedé¢ sloupce = propolis, M = malat, G = glutamat, P = pyruvat, Pcar =

palmitoylcarnitin, S = sukcinat a inhibitor komplexu | rotenon (Rot)

Respira¢ni kontrolni koeficienty byly vypocitany pro odhad relativni efektivity
individualnich intervenci a stavu spiazeni oxidace a fosforylace v mitochondriich spermii.
Pomér OXPHOS . //OXPHQOS, byl signifikantné vyssi ve vzorku ovlivnéném propolisem
(3,53 + 0,42) ve srovnani s kontrolou (2,8 + 0,28), coz naznacuje zvySenou efektivitu
sptazené respirace pii stimulaci komplexu II sukcindtem. Kontrolni pomér LEAK (pomér

respirace LEAK a kapacity elektron-transportniho system) dosahoval 0,25 + 0,02
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Vv kontrolnich vzorcich a byl vyznamné sniZzen po aplikaci propolisu na hodnoty 0,21 +
0,02 (p = 0,024).

Vztah mezi koncentraci propolisu a jeho u¢inkem na spotiebu kysliku je znazornén
v grafu 9. Propolis v zavislosti na davce zvySoval spotiebu kysliku. Propolis byl u¢inné;si,

ve stavu S3 nez S3u.
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Graf 9 — Vztah mezi kone¢nou koncentraci propolisu a spotfebou kysliku. Stav S3
(OXPHOS) = spotieba kysliku permeabilizovanymi spermiemi v pfitomnosti malatu,
glutamatu, pyruvatu, sukcinatu a ADP. Stav S3u = spotteba kysliku permeabilizovanymi
spermiemi, méfeno po pridani malatu, glutamatu, ADP, pyruvatu, sukcinatu a FCCP. Tok
kysliku byl korigovan na rezidualni spotiebu kysliku a vyjadien na IU aktivity

citratsyntazy. p < 0.05, v porovnani s hodnotami bez propolisu.
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Permeabilizace bunééné membrany spermie

Ptidani 5 pg/ml digitoninu umoznilo dostatecnou prostupnost bunééné membrany
pro jodid propidia, a tudiz i pro substraty a inhibitory potiebné pro oxygrafickou analyzu
(obrazek 14).

—
50 um

Obrazek 14 - Permeabilita bunééné membrany spermie po pouziti digitoninu. (A)
Mikrofotografie lidskych spermii a (B) fluorescen¢ni mikrofotografie stejného zorného

pole po pouziti nepermeabilniho jaderného barviva — jodid propidia

Prutokova cytometrie

Depolarizace ~ mitochondridlni  membrany  je  citlivym  indikatorem
mitochondridlniho poskozeni. JC-1 je fluorescenéni sonda prostupujici membranou
mitochondrie, kterd agreguje v mitochondridlni matrix a emituje cervené svétlo, pokud je
A¥Ym vysoké. V pfipadé, ze je mitochondridlni membrana depolarizovana, neni
monomerickd forma JC-1 schopna se v mitochondrialni matrix akumulovat a zustava
Vv cytoplazmé, kde produkuje zelenou fluorescenci. Ztrata AWYm u spermii mize slouzit

jako Casny marker bunééné apoptozy a tim i piipadné dysfunkce [Barroso et al., 2006].
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Inkubace vzorki spermii s propolisem (60 min) neméla v nasSich experimentech na A¥Ym
signifikantni vliv (obrazek 15). V kontrolnich vzorcich bylo procento bun¢k s vysokym
A¥m 98,43 + 1,07%, u spermii ovlivnénych propolisem dokonce mirn¢ vzrostlo 99,33 +

0,25%.

bez intervence s propolisem (60 min)
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Obrazek 15 - Typicky graf z priatokového cytometru po pouziti barviva JC-1.
Mitochondrialni membranovy potencial byl detekovan za pouziti MitoProbe™ JC-1 Assay
Kit (Life Technologies). R-phycoerythrin = ¢ervena fluorescence, zdravé bunky; Alexa

Fluor 488 dye = zelena fluorescence, redukovany mitochondrialni membranovy potencial

Aktivita citratsyntazy

V kontrolnich vzorcich byla aktivita citratsyntazy 6,58 + 0,84 mlIU/ 10" bunsk
anebyla vyrazné ovlivnéna propolisem (6,08 + 0,84 mlIU/ 10" bungk) ani daldimi
substancemi (substraty, inhibitory, médii) ptiddvanymi pfi respirometrickych métenich, jak

bylo testovano v oddé€lenych kontrolach.

Jednd se o prvni studii, kterd ukazuje chemické sloZeni ceského propolisu a jeho
vliv na lidské spermie. Propolis mé4 velmi komplexni chemické slozeni, které mize byt
ovlivnéno ruznorodosti rostlin, ze kterych vcely sbiraji material pro propolis
a geografickou oblasti, kde k tomu dochazi. Oblast sbéru testovaného vzorku lezi

Vv severnim mirném pasmu, kde je typickym produktem vceli propolis topolového typu
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[Bankova et al., 2002]. V lokalité, kde byl pouzity propolis sbiran, se nachazi nasledujici
zastoupeni stromti: 90% jehli¢naté stromy, btiza (6%), olse (2%), buk (1%) a dub (1%)
[Lesy CR, 2014]. V testovaném vzorku byl detekovan chrysin, ktery je typicky v tomto
typu propolisu pfitomny, dale pak fenolové kyseliny a flavonoidy, které se Casto nachazeji
v propolisu z podobnych oblasti, a které jsou pravdépodobné zodpovédné za nckteré
z pozitivnich vlastnosti propolisu [Wojtyczka et al., 2013]. Mimo vyse zminéné latky byly
v Ceském propolisu nalezeny také vysoké koncentrace kyseliny ferulové, kumarové
a kaempferolu. Naopak latky v topolovém typu propolisu ¢asto popisované (fenylethyl
ester kyseliny kavové, naringenin a quercetin) [Bankova, 2005; Bankova et al., 2002] a
nebyly v ¢eském propolisu nalezeny.

Mezi faktory, které mohly ptispét k vySe zminénym rozdiliim ve sloZeni propolisu,
patii nejen rozmanitost rostlin vyskytujicich se v okoli tulu, ale také ro¢ni obdobi, ve
kterém dochazelo ke sbéru, osvétleni, nadmoiska vyska, typ sbéru a dostupnost potravy
[Toreti et al., 2013]. Je nutné si uvédomit, ze hledani konkrétnich latek zodpovédnych za
pozitivni efekt propolisu doposud nebylo Gspésné. Védecké studie dokazuji, Ze biologické

ucinky propolisu jsou téméf totozné (antimikrobidlni, antitumordzni, antioxidacni,

-----

vvvvvv

etal., 1999].

Studie popisuje vliv propolisu na motilitu spermii, mitochondrialni membranovy
potencidl a mitochondridlni respiracni aktivitu stanovenou vysokoucinnou respirometrii.
Ta dovoluje stanoveni jednotlivych respiracnich stavii pfi postupném ovliviiovani vzorku,
coz umoziuje komplexni posouzeni mitochondrialnich funkci. Vysoka citlivost metody
navic umoZznuje stanovit respiracni aktivitu jednotlivych komplext pfi pouziti relativné
malého mnozstvi vzorku [Pesta a Gnaiger, 2012]. V naSem experimentu byly pouzity
procisténé spermie, které byly podrobeny permeabilizaci membrany digitoninem (mirny
neionizovany detergent), jehoz davka byla peclivé vytitrovana tak, aby doSlo
k permeabilizaci bunééné membrany bez poskozeni mitochondrialni membrany. Dosud
byla ve vétSin€ piipadi spotteba kysliku lidskych mitochondrii ve spermiich stanovovéana
tradi¢ni oxygrafii po Upraveé vzorku v hypotonickém prostiedi [Ferramosca et al., 2008b;
Piasecka a Kawiak, 2003; Piasecka et al., 2003; Stendardi et al., 2011]. Ve spermiich
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mnoha savcll muze vSak podobné hypotonické prostiedi podstatné ovlivnit aktivitu
riznych proteinkindz (PK), vcetn¢ proteinkinazy A (PKA), proteinkinazy C (PKC)
a tyrosinkinazy, a to pfes osmosenzitivni K" a CI” kanaly [Petrunkina et al., 2007].

Cennym poznatkem pramenicim z této studie je, Ze propolis in Vitro zvysuje
aktivitu mitochondrialnich respira¢nich komplexti II a IV bez ovlivnéni spfazeni
elektronového transportu a syntézy ATP a mitochondridlniho membranového potencialu
v permeabilizovanych lidskych spermiich. Propolis zvySoval spolu se substraty kompexu I
a komplexu II spotfebu kysliku o ~50%. Toto zvySeni bylo pifipsano komplexu I, protoze
komplex I sdm o sobé propolisem ovlivnén nebyl. Pomér Py, /P, byl signifikantné vyssi ve
vzorcich oSetfenych propolisem. Podobné také v rozpfazeném stavu (S3u, E) byla spotieba
kysliku vyznamné vyssi po ptidani propolisu (0 ~25%). V obou ptipadech za pfitomnosti
substrati komplexu I a II a po inhibici rotenonem. Aktivita komplexu IV byla take zvySena
(~27%).

Dostupna data o vlivu propolisu a jeho hlavnich soucasti na respiraci mitochondrii
nebo na aktivitu jednotlivych  mitochondridlnich  enzymti  zapojenych do
elektrontransportniho konvergentniho systému jsou vzacna. NejcastnéjSim poznatkem je,
ze je jeho efekt v normdlnich somatickych bunkach (kardiomyocyty, neurony, hepatocyty)
zanedbatelny, ale podstatnym se stdva az v ptipad¢, kdy jsou bunky vystaveny ptsobeni
toxind a je ohrozena oxidativni fosforylace [Barros Silva et al., 2013; Kumaran a Prince,
2010; Lagoa et al., 2011]. Naproti tomu, u nadorovych bunék propolisovy extrakt nebo
jeho soucasti inhibuji oxidativni fosforylaci, dochazi k uvolnéni cytochromu c a aktivaci
apoptozy [Chen et al., 2012; Yeh et al., 2011]. S piihlédnutim k t€émto skute¢nostem je vliv
propolisu na bunécnou respiraci tézce predvidatelny a zavisly na bunééném typu.

Nékteré studie naznacuji, ze propolis nebo jeho soucasti mohou ovliviiovat
membranovy potencial mitochondrii cestou zvySené permeability vnitini mitochondridlni
membrany [Das et al., 2012]. Z toho diivodu byl proveden experiment s MitoProbe™ JC-1
Assay Kitem, ktery ukézal, ze mitochondridlni membranovy potencidl v lidskych
spermiich neni propolisem ovlivnén. Nedoslo k ovlivnéni ani oligomycinem navozeného
respiracniho stavu (LEAK), ktery reflektuje kompenzaci protonového uniku, protonového
skluzu, elektronového skluzu a kationtového obratu [Pesta a Gnaiger, 2012]. Snizeni
kontrolniho poméru LEAK po pfidani propolisu bylo pravdépodobné dano zvySenou
efektivitou elektronového transportu pies komplex II pfi stavu S3u. Mozny vyklad

molekularniho mechanismu vedouciho k aktivaci komplexu II byl podan ve studii Cimen

76



aspol., kde byla prokdzana zvySena deacetylace a aktivace sukcinat dehydrogenazy
Vv ptitomnosti jedné ze slozek propolisu — kaempferolu [Cimen et al., 2010].
Vliv propolisu a jeho souc¢asti na spermie byl doposud zkouman jen velmi vzacné.
Cely propolisovy extrakt byl pouzit ve studiich Yousefa a spolupracovniki, kde byl
propolis podavan po 10 az 12 tydnt kralikiim a potkantim [Yousef a Salama, 2009; Y ousef
et al., 2010]. Podani propolisu zpisobilo zvySeni poctu spermii i jejich motility, dale doslo
ke zvySeni hladiny testosteronu v plazmé a snizeni poctu mrtvych a deformovanych
spermii. Dalsi studie dokumentovala pozitivni efekt chrysinu na motilitu spermii, jejich
koncentraci a hladinu testosteronu v séru [Ciftci et al., 2012]. Ke zvySeni viability
a motility spermii doslo i pfi pouziti kyseliny ferulové [Zheng a Zhang, 1997]. Vsechny
tyto nalezy byly vysvétleny antioxida¢ni aktivitou propolisu a zadna ze studii se
nezabyvala vlivem propolisu nebo jeho soucasti na produkci energie mitochondriemi.
Vysledky naSich experimentli naznacuji, ze v lidskych spermiich hraje oxidativni
fosforylace vyznamnou roli v ziskavani energie pro pohyb spermii. Ukazuje se také, ze
asthenozoospermie mize byt spojena s narusenou funkci mitochondrii [Ferramosca et al.,
2012a]. Vysokouc¢inna respirometric mize vnést do hledani novych latek pozitivné
ovliviiyjicich motilitu spermii a jejich fertilizacni schopnost nové moznosti. Detailni
analyza respiraéni efektivity jednotlivych mitochondridlnich enzymatickych komplext

muze piinést také nové poznatky umoziujici lepsi pochopeni funkénich poruch spermii.
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5 Zavéry

5.1 Zavéry vztahujicise k cili 1 a 2

Studium vybranych sloZek folikularni tekutiny jako markeri pro sledovani kvality

lidskych oocytu a vliv nadvahy na uspéSnost technik asistované reprodukce

Folikularni tekutina zajiSt'uje charakteristické a nezastupitelné mikroprostiedi, které
ovliviiuje vyvoj oocytu. Biochemické slozeni folikuldrni tekutiny mé zasadni vliv na
vyvojovy potencial vajicka. Cilem naSich experimenti bylo porovnani hladin vybranych
hormonti a markerti oxida¢niho stresu ve folikularni tekutiné¢ Zen s poruchou plodnosti
a zdravych plodnych darkyn oocyti. Dale jsme porovnavali vysledky 1é€by neplodnosti
u skupiny neplodnych zen podstupujicich ART v zavislosti na hodnotach jejich BMI
a zmény hladin vybranych hormont a markerii oxida¢niho stresu ve folikularni tekuting.

Vysledky této ¢asti prace potvrzuji piitomnost prolaktinu, hormoni §titné zlazy, HCy
a dalSich parametrii oxida¢niho stresu ve folikularni tekutiné a naznacuji jejich klicovou
roli v regulaci reprodukénich procest. Dale byla prokazana vyssi hladinu volného T3
hormonu a niZs§i hladina cytoprotektivniho enzymu GPx ve folikularni tekutiné u Zen
s vy$§im BMI oproti Zenam s niz§im BMI. Nepotvrdil se vSak negativni efekt nadvahy na
uspesnost otéhotnéni u neplodnych Zen. Zavéry z nasi studie jsou limitovany relativné
malym poctem pacientek ve skupiné s nadvahou.

Hormonalni 1 antioxidac¢ni slozka folikularni tekutiny hraje vyznamnou ulohu ve
vyvoji oocytu, a proto bude kompletni znalost jejiho biochemického slozeni spolu

s poznanim role jednotlivych slozek hrat v budoucnu roli v identifikaci zatim nejasnych

patofyziologickych mechanismi neplodnosti i faktort, jez ovliviiuji ispésnost jeji 1€cby.
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5.2 Zavéry vztahujici se k cili 3

Funkce mitochondrii ve spermii u muzi s normozoospermii a asthenozoospermii

Jednou z pfi¢in muzské neplodnosti je snizena motilita spermii. Ukazuje se, ze ve
vyvoji této poruchy miize hrat roli snizena efektivita respiracni aktivity mitochondrii.
V této Casti prace jsme mefili respiracni aktivitu mitochondrii lidskych spermii
s normalni a snizenou pohyblivosti. Pouzili jsme spermie permeabilizované digitoninem
a spotiebu kysliku jsme méfili vysokoucinnou oxygrafii, kterd umoziuje stanoveni
mitochondrialni respiracni aktivity v nejmensim mozném poctu zarodecnych bunék.
Vysledky studie potvrzuji snizenou aktivitu komplexu I u asthenozoospermatikii
a naznacuji, ze na snizené pohyblivosti spermii by se mohl podilet i zvySeny tnik proton
z mitochondrialni matrix, ktery vede ke snizené efektivité fosforylacniho procesu.
Dokonalej$i charakterizace muzskych zirode¢nych buné€k, at’ zcela zdravych ci
S postizenou motilitou pfispéji k lepSimu pochopeni procesu fyziologického oplodnéni.
Nové poznatky z této oblasti mohou prispét i k rozSifeni a upiesnéni parametrii vybéru té

nejzivotaschopnéjsi spermie pro 1é€bu neplodnosti metodami asistované reprodukce.

5.3 Zavéry vztahujici se k cili 4
Efekt ¢eského propolisu na mitochondrialni funkce lidskych spermii

Jednd se o prvni studii studujici vliv propolisu na mitochondridlni funkce spermii.
Doposud byl jeho efekt sledovan pouze u somatickych bunék.

Vzorky ejakulatu od 10 dobrovolnikli byly zpracovany a vyhodnoceny dle kritérii
Svétové zdravotnické organizace zroku 2010. Uginek propolisu byl sledovan jak na
nativnim vzorku, tak po jeho laboratornim zpracovani.

Ve vzorcich oSetfenych propolisem doslo ke zmirnéni poklesu progresivni motility
v Case. U téchto vzorkl byla pozorovana pozorovana i signifikantné vyssi spotieba kysliku
Vv piitomnosti ADP a substrati komplexi I a I (stav OXPHOS I+11). Po ptidani propolisu
doslo také k signifikantnimu zvySeni aktivity komplexu IV a po pfidani rotenonu i stavu
ETS II. Naopak stav LEAK navozeny pfitomnosti oligomycinu ovlivnén nebyl, stejn¢ jako

mitochondridlni membranovy potencial.
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Tato studie jako prvni ukazuje, ze ethanolovy extrakt propolisu zvySuje aktivitu
mitochondrialnich respira¢nich komplexti II a IV bez ovlivnéni mitochondridlniho
membranového potenciadlu. Ziskand data naznacuji, ze propolis zlepsuje celkovou
respiracni efektivitu lidskych spermii in vitro, a tedy ma potencial pro zlep$eni motility

spermii.

5.4 Zavéry pro praxi a vyhled do budoucna

Hledani novych biomarkeri a funkcnich testd je rychle se rozsifujici oblast
reprodukéni mediciny. Jejich nalezeni mlze napomoci k zpfesnéni diagnostiky piicin
lidské neplodnosti, zkvalitnit prognosticky potencidl 1écby pomoci metod asistované
reprodukce, pomoci s vybérem té nejvhodnéjsi metody a mit tak pozitivni vliv nejen na
psychiku neplodného paru, ale i na celkové ekonomické zatizeni spojené s 1é¢bou.

Dokonalejsi charakterizace zenskych 1 muzskych gamet, jejich vyvoje a moznosti
jejich ovlivnéni, mohou napomoci k lepSimu pochopeni procesu fyziologického oplodnéni
a vyvoje nového jedince.

Podatilo se nam identifikovat rozdilné hladiny hormoni a markerii oxida¢niho stresu
u Zen trpicich neplodnosti v porovnani se zdravymi darkynémi oocytl. V navazujici préci
bychom se chtéli zaméfit na zptesnéni téchto rozdild, a to jiz ne v poolované folikularni
tekuting, ale ve folikuldrni tekuting odebrané z jednotlivych folikulil individualné.

Prokazali jsme moznost vyuziti metody vysokoucinné respirometrie na spermatické
vzorky. Tato metoda miize napomoci k identifikaci poruseného mitochondrialniho dychani
u spermii a ma tedy potencial zkvalitnit diagnostiku pfi¢in asthenozoospermie. Ddle ji je
mozné vyuzit k identifikaci latek podporujicich nebo naopak negativné ovliviiujicich

mitochondrie ve spermiich a tedy produkci energie pro jejich spravnou motilitu.
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ridlnim karcinomem dostivi v rimeci chemoterapie prvni
linie karboplatinu a paklitaxel. Jeden typ chemoterapie
pro viechny pacientky. Zavedeni bevacizumabu ke stiva-
jici primami chemoterapii nepovede k individualizaci
1&Cby. Jde o pfidini daliiho léko bez ohledu na rozdilnost
jednotlivich ovaridlnich karcinomi. Pro rozhodovini
0 nisledné pooperatni primami 1E8bE je nutné respekio-
vini niznorodosti jednotlivich ovaridlnich karcinomi.
Biologicka odlifnost jednotlivich nadoni a jednotlivych
nositelek je tak pestrd, #e jeden 1é8ebny refim, maximél-
né 5 mimou obménow, nemife byt ten nejlepii pro
viechny pacientky. Skutefnou individualizaci 1éCby by
bylo nasarzeni primami IEEby cilen? na rikladé pfedcho-
ziho plesnéjiiho zhodnoceni molekuliarn®-biologickych
charakteristik jednotlivych ovaridlnich karcinomi.
Podrobn&jii poznani nidorové biologie by pak mélo
umoZnit predikci pacientek vhodnych pro arfity typ cile-
né l&¢by, zejména pro efektival vyuFiti biologické 16Cby
u pacientek s karcinomem ovaria.
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ABSTRACT

jective: Follicular fluid (FF) provides an important microenyir

it for the develop: t of oocytes.

The biochemical compaosition of the FF plays critical role in the cocyte competence, The aim of oor study
was to compare the levels of selected hormones in FF of infertile women and healthy fertile oocyte donors,
Design: Retrospective comparative study.

Setting: Department of Histology and Embryology, Faculty of Medicine in Pilsen, Charles University in
Pragoe; Department of Gynecology and Ohstetrics, Charles University and University Hospital in Pilsen;
Institute of Reproduoctive Medicine and Endocrinology, IVF Centers Prof. Zech, Plzed.

Merhods: Levels of prolacting free T3 and free T4 hormaones in the FF of 146 women were analyzed. We
have analysed FF of 74 infertile patients (mean age 31 years, = 4.65) and T2 healthy fertile oocyte
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donors (mean age 26 vears, SIN = 4.44). Only blood free samples were studied after pooling of all FF
samples each patient. Levels of hormones were determined psing ECLIA method (Electro-Chemi-
Lominiscent Immunoassay) on the Cobas e41 1.

Results: Results showed statistically sipnificantly higher levels of prolactin (p=0.HK&) and free T4
hormone (p=0.0244) in FF of infertile women in comparison to the group of healthy fertile eocyte donors,

Conclusion: Our study confirms the presence of prolactin and thyroid hormones in FF and it can be
supgpested that they play a key role in the regulation of reproductive processes. The study of FF from
donors and their detailed comparison with infertile patients with varions gynasecological causes of
infertility has preat value for better understanding of regulatory mechanisms of fertility.

Key words: follicolar fluid, prolacting free T4, infertility, donor cocytes.

SOUHRN

Cil studie: Folikuldrni tekutina (FT) zajisfuje charakteristické a nezastupitelné mikroprostiedi, které
ovliviiuje vyvoj oocytu. Biochemické slofeni FT ma wisadni vliv na vyvojovy potencial vajitka. Cilem
naki prace bylo stovndni hladin vybranych hormoni v FT #en s poruchou plodnosti a zdravych plodnych
darkyi vocytl.

Tvp studie: Retrospektivnl komparativol studie.

Nazev a sidlo pracoviied: Ustav histologie a embryologie, LF UK a FN v Plzni; Gynekologicko-porodnicks
klinika FN a LF UK v Plzni; Institut reprodokéni mediciny a endokrinologie, IVF Centra Prof. Zech,
Plrefi.

Metodika: Hladiny prolaktinu, volného T3 (FT3) a volného T4 (fT4) hormonu byly analyzoviany v FT
u obou sledovanych skupin. Celkem jsme vySetfili 146 fen — 74 pacieniek lé&fenvch pro neplodnost
(primérny vk 31 let, S} = 4,65) a 72 zdravych plodnych fen, dirkyf cocytil (primérny vék 26 let, SD
= 444). U ka#dé feny byly pouFity veorky FT bez primési krve a ze viech folikold dohromady, tedy ze
spoleéného poolu. Hladiny hormoend byly stanoveny pomoci metodiky ECLIA (elektrochemiluminis-
cenéni imunoanalyza) na pifstroji Cobas e411.

Visledky: Vysledky analyz prokizaly statisticky signifikantné vy35i hladiny prolakting (p = 0,NHM)
a volného T4 hormonu {p=i,0246) u fen s poruchou plodnosti oproti skuping zdravych plodnych darkyd
oocyti.

Zdvér: Nafe studie potvrzuje pritomnost prolaktinu a tyroideilnich hormoni ve FT a naznatuje jejich
klitovou roli v regulaci reprodukénich procesi. Dalii studium darkyf cocyth a jejich podrobnéjsi
srovndni s neplodnjmi pacentkami s riznymi gynekologickymi pri€inami poruch plednosti bude

prinosem pro ohjasnéni patofyziologickych mechanismii regulujicich plodnost.
Kliovd slova: folikolarnd tekutina, prolakting volny T4, neplodnost, darkyné ovocyti.

UvoD

¥ soutasné dobé trpi neplodnosti 10-15 % pdrd
v reprodukénim véko. Afkoli se metody 168by neustile
zdokonaluji, pfibliZng 10 % pdni nepomiFe k otEhotnéni
#adni z metod asistované reprodukce. Dokonalejii
pochopeni repulafnich procest reprodukce umoZni
v budoucnu Zvyiovani uspéinosti 165by neplodnosti, a to
nejen metodami asistované reprodukee. Z toho diavodu je
jednou z cest snaha o lepil pochopeni a identifikaci fak-
tori, je reguluji vyvojovy potencial oocyiu.

Folikulimi tekutina (FT) zajiffuje charakteristicks
a nezastupitelné mikroprosifedi, ve kierdm dochazi
k vyvoji oocytn. Ma jejim vzniku se podili jednak plestup
sloZek krevni plazmy pfes folikulirni baridému a zirovedi
sekrelni aktivita bunék téky a granuldzy |7]. Biochemic-
ké slofeni FT hraje zasadni roli pro kvalitu oocytu, zvIas-
& pro jeho schopnost feriilizace a nasledny vyvoj
embrya.

Ackoliv hodnoceni kvality oocytu pii 16EbE neplod-
nosti metodami asistované reprodukce dnes nejéastEji

probihd metodami zalofenymi na morfologické klasifi-
kaci folikulu, komplexu comulus — oocyl, polirniho
t8liska nebo délictho vieténka [19], experimentilng (2
také mnohymi retrospektivnimi studiemi) bylo prokizs-
no, e pro stanoveni vyvojového potencidlu bude mo¥no
vyuFivat nejriznjii biochemické a molekulirn biolo-
gické markery. Mezi vhodné indikitory kvality oocytu
byly v literatufe v minulosti zafareny nskteré trv. vaitf-
ni markery — charakter mitochondrii oocytu & aktivita
glukdza-6-fosfitdehydrogenizy 1 v cytoplazmé, ale také
faktory zevni (apoptoza folikulirnich bundk & hodnoty
nitkterych pisobkl v séru — napf. rodiny TGFB, anti-mill-
leridnského hormonu, inhibino B atd.) [1, 2, 3, 4, 6, 8,
12,13, 17, 18, 20, 21].

V oze hypotalamus-hypofyza-gonady / Stitnd Flaza
probihaji vzijemné interakce pied otShotnénim i v pri-
bihu tEhotenstvi — jednak pfimym phsobenim tyroidnich
hormoni na ovaria a dile nepfimo skrze vliv na sex hor-
mon-binding globulin (SHBG), prolakiin a gonadotro-
pin-releasing hormon.

Prolaktin je hormon syntetizovany adenohypofyzon
a k jeho vylufovini do obShu dochizi intermitentnd.
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Cilovym organem pro jeho plisobeni je mléénd Fliza. Je
tvofen 198 aminokyselinami, jeho molekulova hmotnost
je pribliZng 22-23 kDa a v séru se vyskytuje ve tfech riz-
nych formach. Biologicky a imunologicky aktivai mono-
merickd forma pfevafuje (asi 80 Sb), 5-20 % tvofi biolo-
gicky neaktivni forma dimeru a 0,55 % je pfitomno jako
tetramer, kiery md slabou biologickou aktivitu. Zvyiené
hladiny prolaktinu maji inhibiéni ufinky na steroidoge-
nezi ovarii a rovnéZ na produkci a sekreci hypofyzilnich
eonadotropind. Béhem tEhotenstvi namstd koncentrace
prolaktinu pod vlivem zvyiujici se produkce estrogenu
4 progesteronu.

Hyperprolaktinémie miZe byt pfifinou poruch fertili-
ty u mu#n i fen. Stanoveni prolaktinu je uFivino pfi dia-
enostice anovalirniho cyklo, hyperprolaktinemické ame-
norey a galakiorey, gynekomastie a aroospermie.
Prolaktin je také stanovovin pfi podezfeni na karcinom
prsu a podvEskn morkového.

Trijodtyronin je jednim z hormond ititné #lazy phi-
tomnym v séru. Hlavni £ist celkového trijodtyroninu je
virina na transporini proteiny (tyroxin varzajici pro-
tein, TBG), prealbumin, albumin) a aktivni formon je
pak volny trijodtyronin (fT3). Hormon Atitné #lizy tet-
rajodtyrenin (tyroxin, T4) je fyziologickou &isti regu-
ladni smyCky Stitné Zlazy s vlivem na cely metabolis-
mus.

Sérové hladiny prolaktinn i hormond tyroidedlnich
prokazateln® ovliviiuji ovariilni funkce, nicménd v lite-
ratufe neni zatim popsdno, jak souvisi hladiny téchio
hormona v FT s ovaridlni EGinnosti, & dokonce plodnost
Feny.

Obé formy, volny trijodiyronin i tetrajodiyronin, byly
detekovany ve FT [21], ale jejich vyrnam pro vyvoj
4 kvalitu oocytu nebyl zatim objasnén.

SOUBOR ZEN A METODIKA

Stodovany soubor tvofilo 146 ¥en, z toho bylo 74
pacientek (primérny vk 31 let, 8D = 4.65) léfenych
pro neplodnost v Institutu reprodukéni mediciny
a endokrinologie — IVF Centra Prof. Zech. Kontrolni
skupinu tvofilo 72 zdravych plodnych #en, dirkyifi
oocytl (primérny vk byl 26 let, SD = 4.44). Viachny
sledované Zeny mély normdilni hladiny prolaktino
i hormonu Stitné Zldzy v krvi. Po detailnim seznimeni
5 problematikou a po podpisu informovaného souhla-
su byla Fenam odebirina FT v dob& odbém oocytn
v priibihn jejich 1é&hy neplodnosti metodami asistova-
né reprodukce. Vyietfoviny byly tzv. pooly FT, tedy

smis ze viech folikuld, u nich# nedodlo ke kontamina-
ci krvi v pribéhu odbéru oocytl. Ve FT byly stanove-
ny hladiny prolaktinu, volného T3 a volného T4
Metoda stanoveni hormond prolaktinu a volného T3
a T4 byla zalo¥ena na sendvifovém principu elekiro-
chemiluminiscenéni imunoanalyzy (ECLIA) s vyuZi-
tim kit Prolactine [1, kitem FT3 a FT4 (ROCHE Dia-
gnostics, CR) na pfistroji Cobas e411.

Stanoveni Elecsys Prolactin II vyuZiva dvé monoklo-
néalni protilitky, speciiln® smérované proti lidskému pro-
laktinu a metoda stanoveni volného T3 i volného T4 vy-
uFivajici testu Elecsys FT3 a FT4 je ralofena na vyu#ti
specifické protilitky proti T3 a T4, kieré jsou obé znalie-
né ruteniovym komplexem.

Tato studie byla schvilena etickou komisi LF UK
v Plzni a viechny pacientky podepsaly informovany sou-
hilas.

Statistické hodnocent

Vysledky byly statisticky hodnoceny pomoci Wilco-
xonova neparametrického tesiu (nepdrova varianta)
a dile analyzou rozptylu (ANOVA, post hoo analyza
pomoci Tukeyovy metody maohondsobného porovndva-
ni}. Hodnoty p < 0,05 byly povaZoviany za statisticky sig-
nifikantni.

VYSLEDKY

Porovnavany byly hladiny prolakiinu, volného T3
a volného T4 ve skupinich fen |&8enych pro neplodnost
a kontrodnich plodnych dérkyii oocyti. 7 tabulky 1 agra-

Hladina prolaktinu ve FT

&
=

=
=

&
=

=
=

Kontantrace prolakting milid

g

Meplodné

ral 1. Srovndni hladin prodakting u skupiny neplodnych 2 kontrol

Eantraly

Tah. 1. Hizdiny prolaktiou., volndho T3 2 volnéhe T4 ve follkulim tekuting neplodnych 2en a Kontrolni skupiny sdravich dirkyd oocyti
{hodnoty fsou uvedeny jako medidn 3 interkvartilovs rozpetn

Skupiny Profakiin miva Yolny T3 pmold Volny T4 pmoll
Meplodné (n = T4) G5B [T11-1408] 507 [456-543] 14.75 [13.20-15,20]
Kontroly (n = TI) ThE [590-100K] 500 [4,75-534] 1405 [1333-15,7E|
p value DA = 03833 O 0Z46%
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Hladina volnéha T3 ve FT

Koncentrace valéha T3 pr-ml."l

—

Hladina volného T4 ve FT

317 -

wpncentrace volnise T4 el

Meoladné

<ontroly

Gral L. Srovndni hiadin volného T3 hormonu
u skupiny neplodnych a koatrol

Hegloadne

Kansraly

Graf 3. Srovadni hladin voineho T4 bormons
u skupiny neplodnych a koatrol

Tab. L Hiadiny prolaktiou. volného T3 2 volnehe T4 ve folikuliml iekuting neplodnéch fen a koatrolni skepiny adravich darkyi oocytl

v wivislosti ma véku (hodnoty jsou uvedenry jako medidn a interkvantilove rozpst)

Skuplny Protakiin miua Volny T3 pmold Volny T4 pmaa
Neplodné 2H0-29 lel (n = 27) 537 [759-1207] 5,10 [4.41-547] 14,50 [ 13 50-15,50]
Kontroly 20-2% led (n = 46) 770 [565-964] 5,006 [4.77-5.41] 1435 [1338-16,20]
p valng 0,260 03074 6185
Meplodné -39 lel (n = 43) 54 [6O4-1494] 498 [4.66-535] 15.20 [ 13.20-16,00]
Kontroly 30-3% led in = 13) 68D [SEE-1124] 4,88 [4.60-5.19] 13,70 [ 12.70-14,60]
p valug 00256 05629 00175+

Tale. 3. Hisdiny prodaktinn, volnena T3 2 vodneho T4 ve folikuldmni tekuting neplodaych 2en v 2ivislosd na veko

{hodnoty jsou uvedeny jako mediEn 3 inberkvartilove rozpetl)

SKupiny Prtakin miua Vny T3 pmola Volny T4 pma
Neplodné 2029 lel in = 27) 537 [759-1207] 5,10 [4.41-547] 14,50 [ 13,50-15,50]
Weplodné -39 lel (n = 43) 54 [6A4-1494] 495 [4 f6-535] 15.20 [ 13.80-16,00]
Meplodné 40 led a vige in = 4) 1471 [B46-1688) 526 [4.41-563] 15,15 [ 13.55-16,60]
p valuge (8040 (,8B33 0.6599

Tab. 4. Hizdiny prolaktion, voleého T3 2 voindho T4 ve follkulimni tekuting koatrolnl skupiny zdravich dirkyi oocyti v ziviskostl na vékn
(hodaoty jsou wvedeny jako medidn a intsrovartiovd rozpetn).

Skuplny Protakiin miua Volny T3 pmold Volny T4 pmaa
Kontroly 20 a nife in = 3) 1052 [200-1701 ] 5,78 [4.97-6.03] 14,30 [ 1350-14,40]
KOntroly 20-2% e (0 = 46) 771 [565-964] 506 [4.77-5.41] 1435 [1338-16,20]
Kontroly 30-3% lel in = 23) 65D [5EE-1124] 4,88 [4.60-5.19] 13,70 [ 12.70-14,60]
p valne 140K O0ETE 0478

fii | a3 je sdejmé, Fe u neplodnych #en byly naméfeny
signifikantn® vy33i hladiny prolaktinu (p = 0,0006) i fT4
hormonu (p = 0,0244), aviak koncentrace T3 se mezi
skupinami vyrnamné nelisily (graf 2).

Protode plodnost Zen je silng ovlivnEna vEkem a pro-
tode nase skupiny plodnych a neplodnych se lii véko-
vym sloFenim, porovnali jsme hladiny hormond mezi
plodnymi a neplodnymi Zenami ve stejnych v&kovvch
obdobich. Mezi skupinami plodnych a neplodnych #en

ve vikovém rozmezi 20 a¥ 29 let je slatisticky signifi-
kantni rozdil v hladinidch prolaktinu v FT (p = 0,026%)
a2 mezi skupinami ve v&kovém rozmezi 30-39 lel je sla-
tisticky signifikantni rozdil v hladindch prolaktinu (p =
0.0256) i T4 (p = 00175). Vysledky jsou shrouty
v tabulee 2.

Dile jsme porovnali hladiny hormond uvnitf obou
skupin v zivislosti na véku, {y se viak jiZ signifikantné
nelidi — vysledky jsou shonuty v tabulkich 3 a 4.
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DISKUSE

Role prolaktinu v FT nebyla plng vysviitlena a v lite-
ratufe neexistuji ani dostatednd data o vetahu k hladinim
prolaktinu v séru [ 10, 11]. Skutefnost, Fe rdravé plodné
dérkyné maji signifikantné niZ3i hladiny prolaktinu v FT,
nehledé na vékovou skupinu, v ni? hladiny sledujeme,
narnatuje, e prolaktin bude pravdépodobné vyznam-
nym regulaénim faktorem pro vyvojovy potencial oocy-
tu. Poznani patofyziologického mechanismu, kterym
prolaklin k regulaci pfispivd, opét mide vést ke zvyieni
individualizace 14¢by neplodnosti.

MNis plekvapivy ndlez statisticky signifikantné vyiiich
hladin fT4 hormonu u neploednych Fen se podle naseho
minéni odviji od fakiu, #¢ mnoho naSich pacientek, jeZ
byly l&feny pro neplodnost a analyzoviny v této studii,
mélo podle anamnestickych ddajl diagnostikovann sub-
klinickou hypotyredzu a ufivalo substituéni terapii.
V nafich podminkich je screening tyroideilnich dys-
funkci dopomuovan Siroké 3kile pacientek 1&8enych pro
neplodnost — viem s anamnézouw hyper- & hypotyroi-
deilni poruchy, fenim s diabetem typu 1 & s jakoukoliv
jinou autoimunitni poruchou, Fendm po 1é¢bE maligniho
onemocnéni s prodélanou radioterapii v oblasti hlavy &
krku atd. Tyroideilni onemocnéni pied ot®hotn&nim
i v prib&hu tEhotenstvi vyFaduje speciilni management
5 ohledem na zmény tyroidedlnich funkci v t&hotenstyi
| 16]. Afkoliv se v soutasné dobé endokrinology dopom-
feny postup pravdépodobn® velmi blifi optimdlnimu
nastaveni substituéni terapie, daldi pozndni toho, jak se
hladiny fT4 promitaji ze séra do FT a jak pak tyto hladi-
ny ovliviiuji vivojovy potencidl cocytu, jistd midfe pfi-
spit k jestd citlivijiimu a vice personalizovanému zpiso-
bu EChy.

Vrahy sérovych hormondlnich hladin a hladin hor-
mond v FT jsou komplexni a jejich regulace i role jsou
doposud ne zeela jasné [5, 9, 14]. Daldi studium dirkyi
oocyll a jejich podrobnéjii srovadni s neplodnymi pa-
cientkami s mznymi gynekologickymi pfifinami poruch
plodnosti bude pfinosem pro objasnéni patofyziologic-
kych mechanismi regulujicich plodnost a také oviiviigi-
cich uspéinost pii 1&2bé neplodnosti.

ZAVER

MNase studie potvrzuje pfitomnost prolaktinu a tyroi-
dedlnich hormond v FT a naznaduje jejich klifovou roli
v regulaci reprodukEnich procest. Meplodné #eny maji
statisticky vyznamné vyiii hladiny PRL v FT. Hormo-
nélni slofka FT hraje v¥znamnou dlohu ve vyvoji oocy-
tu, a proto kompletni znalost biochemického sloZeni FT
a pozndni role jednotlivych slofek bude v budoucnuo hrat
roli v pozmdni zatim nejasnych patofyziologickych
mechanismi neplodnosti i faktord, jef ovliviinji dspes-
nost jeji 1échy.

MNase pfedlofené vysledky jsoo zalofeny na analyzich
pooli FT, hodlime je ale dile rpresnit sledovinim hladin

prodakting v monofolikulirnich vzorcich. Hladiny pro-
laktinu budeme dale kolerovat s dosafenymi pregrancy
rate, &imZ by se prolaktin ve FT mohl stit jednim z pro-
enostickych marken.

Tato studie je podporovina projektem OF VaVpl
PO 2 Biomedicinské centrum CF..1.05/2. 1.00/03.0076,
grantem GA UK 696212 a projekty specifického
vysokodkolského vizkumu (SVV 264 808 a 264 804),
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Vyskyt Chlamydia trachomatis pri 1é¢bé neplodnosti
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Prevalence of Chlamydia frachematis Infectlon In patlents
treated for Infertility

Sobek A. jr., Hladikovd B, Koutna 0., Koferova L., Dostilova ., Sobek A.
Fertimed., Olomouc/Polanka nad Odrou, vedouci doc. MUDr A. Sobek, CSc.

ABSTRACT

Aim of the study: To determine the prevalence of Chlamydia srachomais infection in patients treated for
infertility.

Study fype: A retrospective analysis.
Senting: Fertimed, infertility treatment center, (Momouc.

Mechod: At Fertimed, we uwsed DNA detection of Chlamydia trachomatis by the PCR method of the
company (GGeneProof to examine, between 209-2011, TES women ondergoing one of the infertility
treatment methods and their 113 partners. In the second group, we examined 121 oocyte donors and 30
men before sperm donation. We appraised the frequency of Chlamydia frachomaris detection in the
specific groups and the clinical impact of the infection on the female reproductive organs.

Resnlts: In the group of women treated for infertility, we detected 20 (2.5% ) women with an active
infection. After treatment, ® of them underwent an examination of Fallopian tube patency using the
UTHL (ultrasonographically guided transvaginal hydrolaparoscopy) method. Im 7 cases, we
indicated a hilateral salpingectomy due to a sactosalpinx and in one case severe pelvic adhesions
were found (B8.9% ), and in one patient, the result was normal. In the control group of 43 PCR-
negative women who were examined for Fallopian tobe patency, 9.3% rate of tubal pathology was
found (p=<i.001).

In the cocyte donor groap, we detected the presence of Cllamydia trechoematis in 12 (9.9% ) women, and
in the sperm donor groop, in 7.6 % men. Treatment with 500 mg of Sumamed (ardthromycin), given in 3
dioses, was successful in all of the positive patients.

Conclusion: We found that Chlamydia frechomatis detection was lower in the women treated for
infertility than in the female donor groop. Women with a confirmed infection had a high prevalence of
inflammatory changes in the Fallopian tubes compared with women devoid of a confirmed infection. The
treatment with azithromycin is effective.

Key words: Chlamydia trachoematis, infertility, adhesions, azithromycin, real time FCR.

SOUHRN

Cil srudie: Fjistit viskyt infekce Chiamydia trachomatis u pacienti 1é&enych pro neplodnost.
Typ studie: Retrospektivol analyza.

Ndzev a sidle pracovifd: Fertimed, centrum pro 1&bo neplodnosti, Olomouwe,

Merodika: Primou detekcd DNA Chlomyda trachomaiiz (Real Time PCR) jsme v obdobi 2000-2012
vyhetfili na pracoviiti Fertimed THS fen podstupujici nEkterou & metod by neplodnosti  sonfasné 113
jejich partneri. Déle jsme vyietfili 121 déarkyh oocytd a 30 mudi pred darovinim spermii. Vyhodnotili
Jjsme Eetnost zachyto Chlamydia trechomatis v jednotlivich skupingch a klinicky dopad infekee na fenské
reprodukénd orgdny a dspéinost éhy azithromy cinem.
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Srovnani vybranych parametru oxidacniho stresu

Ces. Gynsk,
2, 7.C6

ve folikularni tekutiné u zen s poruchou plodnosti S 543548

a u zdravych fertilnich darkyn oocytu

Comparison of selective oxidative stress parameters in the follicular fluid
of infertile women and healthy fertile oocyte donors
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ABSTRACT

Ohjecrive: Follicular fluid (FF) affects cocyte development and disruption of ifs homeostasis has a crocial
effect on egg developmental potential The aim of this stady was to compare the levels of selected oxidative
stress markers in the FF of women with impaired fertility and healthy fertile oocytes donors.

Design: A retrospective comparative study.

Sermmg: Faculty of Medicine in Pilsen Charles University in Prague; Institute of Reproductive Medicine
and Endecrinology, IVF Center Prof. Zech, Pilsen.

Methods: Levels of homocysteine (Hey), malondialdebyde (MDA), glutathione peroxidase (GPx), total
antioridant capacity (AOK) and total protein (CB) were analyzed in the FF. We have analysed FF of
146 women — T4 infertile patients (mean age 31 vears, 5D = 4.65) and 72 healthy fertile cocyte donors
(mean age 26 years, SD = 4.44). Only blood free samples were studied after pooling of all FF samples
each patient.

Results: The stndy showed a statistically significantly higher Hey levels (p < 0.0001) in the FF of
healthy ferfile women compared with impaired ferfility gronp both — comparing the fwo groups
regardless the age and in groups of the same age range (for the age group between 20 to 29 years is
p=0.0002, for the age group between 20 to 39 vear: is p < 0.0001). When divided into above age ranges we
found statistically significantly higher level: of MDA in the control group aged 20 to 29 vears compared
to same age infertile patients (p = 0.0374) and statistically significantly hizher AQK in infertile women
between 20 to 39 vears of age compared to same age control group (p = 0L0458).

Concinsion: The presence or on the contrary the absence of prooxidant parameters in the FF has an
important role in the ability of conception and subsequent embryo development.

ey words: follicular floid, bomocysteine, oxidative stress, infertility, socyte donor.

SOUHEN

Cil smdie: V¥voj oocyin je ovlivEovin presifedim, zvlaité folikularni tekutinon (FT). Naruteni jeji
homeostizy ma zizadmd vliv ma vivojovy potencial vajiika. Cilem této studie byle srovnani hladin
vybranych markeri oxidanibo siresm ve FT fen s poruchou plodnosti a zdravych plednych darkya
GOCYILL

Typ studie: Retrospeltivni komparativai studie.

Nazev a sidle praceviité: Lékarska fakulta v Plrmi, Univerzita Karlova v Praze; Institat reprodukini
mediciny a endokrinologie, IVF Centra Prof. Zech, Flzen

Metodika: Ve FT byly analyzovany hladiny homocysteinn (HCy), malondialdehydn (MDA),
glutathionperoxidazy (GPx), celkove antioxidaini kapacity (AOK) a celkove bilkoviny (CB). Celkem bylo
vyietfeno 146 fen — 74 pacientek lecenych preo neplodnost (pramérny vek 31 let, SD = 4,65) a 72 zdravych
plodnych fen, darkvi oocyia (prumérny vék 26 let, SD = 4.44). U kaide Zenv byvly pouzity vzorky FT
ze viech folikuli dehromady, tedy ve spoleCném poolu. Ze siudie byly vyloudeny vzorky, ve ktervch se
vyskyila primeés krve.
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Fysledky: Studie prokazala statisticky signifikaniné vyl hladiny HCy (p < 0,0001) ve FT u zdravych
plodnych fen oproti skupiné s poruchen plednmosti, a to jak bez ohledu ma wvék, tak ve skupinach
peplodnych kontrol ve stejném vékovém reozmezi (m vékové skupiny mezi 20 af 29 lety je
p = 0,0002, ve vikm 30 aZ 39 let je p < 0,0001). Pri rozdéleni soubori do vyie popsanych vékovych
pasem jsme prokazali statisticky demifikantmé vyiii hiadinn MDA u kontrolni skupiny ve véku 20 af
29 let aproti stejné starym Fenim l&fenym pro neplednost (p = 0,0374) a statisticky siznifilantné vyiii
hodnotn AOK u neplodnych 7en mezi 30. 37 39 rokem Fivota oproti zdravym pladnym darkynim socyti

(p = 0,0455).

Zagvér: Piltomnest, {i naopak nepfitomnost prooxidacmich parametri ve FT ma dalefiton ulohm

ve schopnosti kencepce a masledném vyveji embrva.

Kliéova slova: folilalirni tekuting, hbomecystein, oxidacni stres, neplednost, darkyné socyti.

VoD

Folbkularnd telmtina (FT) zapitwe charaktenshcke
mukroprostiedi pro vive] cocyiu. Biochemicke slozeni
FT hrzje zasadni roli pro kvalitu oocytu, zvlasté pro jeho
schopnost ferhhzace a nasledny vivo) embrva. FT ovlrv-
Anje maturacl cocytu a viallitu embrya svym hormo-
nalnim sloZenim mterleukiny, ale 1 hladmou cxmdaéniho
stresu [3, 8, 12]. Bylo prokazane [2], 2= pro zdamy vyvo)
by Lidsky folikul mél byt v pribéhu svého zani dosta-
tefné chranén wiéi kvslikovim a dustkovim radikalim,
cofZ rmamend, $8 by voloé radikaly a anhocidanty mély
byt v rovnovaze [1]. Je mimo [30], 22 pezastupitelnou
ochranitelzkou roli plni naps. buiky cumulus sophoms.

Cradaéni stres je definovan jako nanist koncentrace reak-
trvnich forem kyshikm a dusd, kdy dojde k prevaze téchio
volmyich radikahi nad témkem endogennich anticondanti.
Tejich patologicky efekt vyphva z pofkozovam lipidn
v bunééné membrané n‘ukleorj‘chhrsdm. proteint a dal-
gich méémich materiaki [14]. In vivo s pofkomuyicimnm
efekiu volnich radikahl predchazi nebo je efekt limitovan
funkce déh na enzymove, jako je napi. superoraddismoutaza
(50D, ghdz‘lhlm:pemndm (GPx), ghitatluiontransferaza
(G5T) nebo katalaza (KAT), a nizkomolekmlami, rozpusine
ve vodé pebo v tucich, jako je kyselina askorbova, tokofe-
roly, karotenmdy, flavenmdy, glutathion, kyselina lipoova,
koenzym (), lrubin 3 kyselma modova [16]. Na mommest,
ze by h-slﬂuwé radikaly mobly byt spojovany s Lidskou

h%’lupum‘eukmpmdsedm{k-ahlew[l?]
Roli voloych mdikall a anticcadantti ve vetabu k Zenskym
reprodukénim finkeim je, na rozdil od muzskych, vénova-
na mald pozomest, afkoliv je prokazin jak fyzologicky,
tak patologicky efekt [13].

S oxadadénim stresem nzee souvisi hladina homocyste:-
nu (HCy). Jeho viiv na homeostazu byl nejprve studovan
v souvislost 5 kardiovaskulimmim systémem, nyni je
viak znamo jeho Siroké plhsobeni 1 mimo fento systém,
napi. na zensky reprodukéni svstem [11].

Faiend hladina HCv (hyperhomocysteinémie) plisobi
ikodhvé vice sméry. Volné radikaly pochazejict z ox-
dace HCy jsou tocacké pro cévni endotel, naruiupe se
koagulaéni kaskada a endotel, ktery ma za normalmich
okolnosti pfevainé aphtromboticke vlastmosh, se stawa
vice tromboticky aktivod [27]. Daliim negatnmim viivem

Hey na cevni endotel je snifent syntézy omdu dusnateho
(M) 2 jebo biclogicka dostupnost. MO se podili témés na
viech fazich Zenské meprodukce, jako je ovulace, implan-
tace embrva, regulace artenialntho tlaku nebo kontrakee
délohy. Dhileqté je, abv fymologické koncentrace WO
byly vizkém pismu, protoZe jak nadbytek, tak nedostatek
vyvolivaji nezadouei eéinky ph reprodukel [18]

Hladma HCy kur\eluje 5 hladinou estrogenu [20],
a méni se tedy nejen v zavislosti na fam menstuadniho
cvklu, ale i v pribéhu téhotenstvi, kdy dochazi k jejimu
smizeni [10, 15, 28].

Hyperhomocysteinémie je mmamym nzikovym fakto-
rem téhotenskich komphkaci [29]). P folikulogenezi
mize mvyiend hladina HCy aktivovat apoptom vedouei
k fohkulammi atrézu [11]. Byla prokazina [9] negatnmi
korelace mezi hladinou HCy ve FT a stupném zalost
ziskanych cocyti a kvalitou embrya ve tfetim dni in vitro
kultivace. Naopak pozmtivm korelace byla popsana mez1
hladinou folikulimihe HCy a primérem fohkulu [6].
Hyperhomocysteinémie ovlivinge vysledek in vitro ferti-
I.i.'zace u E:En e zq:"ieuou hlad.inuu HC} h}la prokazrana

SOUBOR ZEN A METODIKA

Studovany soubor tvefloe 146 Zen =z toho bylo 74
pacientek (primémy vék 31 let, SD = 4,65) lédenych pro
neplodnost v Institutn reprodukéni mediciny a endokni-
nologie — IVF Center Prof. Zech. Kontrolni skupinu tvo-
filo 72 zdravych plodnych Zen, darkyii eocyti (primérmy
vék byl 26 let, 5D = 4.44). V nafem soubom pactentek
bylo 13 Zen které kounly 2-10 cigaret za den, ostatni
byly nekuracky. Podobné v soubom plodoyeh dakyn
byle 26 zen které kounly 5-15 cigaret za den, ostatni
byly nekuiacky. Po detailnim sernmdmeni s problemati-
kou a po podprsu informovanseho souhlasu byla Zenam
odebirana FT v dobé odbém oocytl v prubéhm jejich
lééby neplodnost metodam asistované reprodukce.
Vyetiovany byly pooly FT, tedy smés ze viach folikubi,
u mch? nedoilo ke ]mntammam korvi v pritbébu odbém
cocytl. Ve FT byly stanoveny hladiny homocysteinn,
glutathionperoxidazy, malondialdehydu, celkove antio-
xdacni kapacity a celkove bilkoviny.
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Hladina HCy byla stanovena enzymatcky kitem
Liqud Stable (LS) 2-Part Homocysteine Reapent (Axs-
Shield Dhagnostics Lid, UK) na piistrojt Olympus
AU400. Vazany HCy pebo ve formé dimeru (oxidovana
forma) se redukuje na voloy HCy prostiednictvim tris{2-
karboxyethylifosfinu (TCEP). Takto vemkly volny HCy
poté reaguje se sennem za katalyzy cystathiomn beta-
syntazou (CBS) za vomuku eystathuoninn, Cystathionin
je postupné rozkladan na HCy cystathionn betalyazou
(CBL), kdy pf1 tomto procesu vznika 1 pyruvat a amo-
mak. Pynrvit se poté konvertupe pomoci laktat-dehydro-
genazry (LDH) na laktat s nikotinarid adenin dimmkleo-
tidem (MATDH) jakozto koenrymem Rychlost komverzs
MNADH na NAD+ je sledovana spektrofotometncky pin
340 nm a je piime uméma kencentract HCy.

Malondialdehyd (MDA} a jmé degradaind produkty
peroxadace lipidi reaguji 5 dvéma molekulami kyseling
thiobarbiturevé (TBA) v kyselém prostiedi na barevmy
produkt, ktery se po extrakel n-butanolem méfi pit 332 nm
pouzitim Ehsa-readem. MDA se stznovuje jako sou-
tast sloudenm reagujicich = thicharbitwrovon kyselmeou,
tzv. TBARS (ThioBarbihmie Acd Feactive Substances).
Glutathionperccadaza (GPx) katalveuje ocmidaci gluta-
thionu kumen hydroperomidem. V' pittomnost glutathi-
omreduktizy a NADPH s=e oxdovany glutathion ithned
redukuje, piitem? NADPH se oxiduje na MADP. Pokles
absorbance se stancvye ma amalyziorn OLYMPUS AU
400 optckym testem pii 340om GPx byla stanove-
na kitem RAMNSEL (Randox Laboratonies Ltd, UK).
Celkova anticendacn kapacita (AQK) je definovana jako
schopnost vzorkm zhazet volne radikaly. Jeji stanoveni je
zaloZeno na vlasmostech sloufeniny ABTS (2.2°-azino-
bs(3-ethylbenrothiazohne-G-sulfonova) kyselina), ktera
po mkubact s peromdizou a peromidem vodlku tvedi
radikal ABTS+. Ten je relatvné stabalni a je meoime ho
mét spektrofotometncky pil 600 nm Antiocadanty FT
potladwi vzuk tohoto radikiln. AQK je vyjadiovana jako
ekvivalent standardu Troloxm (6-hydrocy-2,5,7, B-tetrame-
thylchroman-2-karboxylova kyselina), coZ je synteticky
analog witamumm E. Méfeni byle provadénc na analyza-
tom Ohmmpus AT 400, AOK byla stanovena kitern TAS
(Fandox Laboratones Ltd, UK). Celkova bilkovima (CB)

a peptdy peskyhyl s bruretovym émidlem fialovy kom-
plex vhodny k fotometrickému stanoveni Absorbance
byla stanovena pii 546 mm na analyzatorn Olympus AU
2700 soupravou TP 300 (Lachema, CZ).

Tato studie byla schvalena efickou komusi Lekarske
fakulty UK v Pleni.

Statisticke hodnoceni

Vysledky byly stabishcky bodnoceny pomoci
Wilcoxonova neparametrického testu (neparova vanan-
ta) a dile analizou rozptyln (ANOVA, post hoc analyza
pomoci Tukeyovy metody mnohondsobného porovma-
vant). Hednoty p < 0,05 byly povaovany za statisheky
sigmifikantni.

VYSLEDKEY

Hladmy HCy, MDA, GPx, AQK a CB jsme porovnali
wve skupmach Zen lééenych pro neplednost a kontrolnich
plodnych darkvi oocyin. £ tabulky 1 a cbrazku 1 je
ziejme, Ze u kontrolni skupiny Zen byla paméfena signi-
fikantné vwiii hladina homoeysteinu (p = 0,0001). Tuto
vyE5l hodnotu jsme prokazali i ph rozdéleni pacientek
a kontrol do jednothvych vékovyeh skupin — u vékove
skupiny mezi 20 az 29 lety je p = 0,0002 a ve véku 30 a2
39 let p = 0,0001.

Pi1 tomio rozdéleni naieho souboru jsme prokazali
rovnéz vysil bladimn MDA u komtrolm skupmy ve
véku 20 a 29 let (p = 0,0374) oproti neplodnym Zenam
stejného véku a AOK u neplodnych Zen mezi 30. aZ
39. rokem &ivota (p = 0,0458) oprofi vékové stejné sku-
piné zdravych plodnyeh darkyn. Upln} pc:ehled mediami
naméfenych hodnot spolefné se statistickou vyznamnos-
1 a inferkvartilovym rozpétim shmuje tabulka 2.

Protoze plodnost Zen je silné ovinména vékem a pro-
tode nafe skupiny plodnych a neplodnych se Ll véko-
vym sloZenmim, porovnah jsme jeité take hladmy mem
plodnymi a neplodnyon Zenami stejné vékove skupiny
— wysledky jsou shimuty v tabulkach 3 a 4. Prokazah

Tab. 1. Hladiny HCy, hﬂ]tGP:AOKaCBwfalﬂﬂﬂmmkmmplodmﬂmammommmm odravych dirkyd eecyti
(hodmoty jsou uvedemy jako median a interkvartilowe rozpis)

*Sledované parametry Neplodné (n = 74) Koniroly (n=T2) p valoe

HCy (pmalT) 6,00 B.65 <10, 0001
[4.97 - 7.0d0] [6.82 - 10,88]

MDA (nmolT) 1600 1,710 01421
[1.360 - 2.033] [1.480 - 2.133]

GPx (UM 6210 5083 04864
[328.0 - G90.8] [524.3 — 668.3]

AOQK {mmelT) 1390 1383 03481
[1.350 - 1.483] [1.310 - 1.470]

CB (2D 560 5825 05810
[55.58 — 51,55] [55.23 — 54.18]

*HCy — homacystein, MDA — malondialdshyd, GPx — phitathionperoxidara, ACE — celova antiowidafn kapacita, CB — celkovd hilkovina
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Obr. 1. Peam’namkm:mmHwa folikulami tekuting

Hiading hanooysseinu ve FT

r:epl.odny\:hmn 2 komtrolni skapimy
zdravych darkyi oocyti

jsme zde statisticky vyrnammy rozdil v hodnotich AQK
u kontrolni skupiny zdravyeh dakya. Jak vyphva
z tabulky 4, nepvviii hladina AQE je u Zen me= 20.
az 29. rokem u Zan mladiich a starfich se tato hladina
viznamné sminge (p = 0,0450).

DISKUSE

U zdravych Zzen je hidsky folikul béhem svého zxani
dostateéné chrinén profi toxickému pofkozeni v disledku
omdaéniho stresu [2]. Stoupajici aktrvita kyshikowych
radikala miize byt jednim z dinvodi neplodnost 1 poklesu
ispéinosti IVF u Zen se venistajicim vékem kdy dochazi
k progresnmimu poklesa kvality a kvantity oocyti [7, 31].
Toto vie mize byt jeité wmocnéno Zvotospravou Zemy
a jeyim aktivnim niketnismem [26]. Ma hladimm HCy ma
valky virv plazmaticka koncentrace folatu (kyselina hsto-
va —vitamm B,), ktery po své modifikaci na tetrahydrofo-
lat prisobi jako kofaktor enzvmm methylentetrahydrofolat
reduktazy (MTHFE) v remetylacéni cesté pfemény HCy

Tab. . Hiadiny HCy, MDA, GPx. ACE a CB ve ﬁolmumtahmzmphdn\dmakmmmmmmfm;maﬂfnmm
v zaviskosti ma veku (hodpoty jsou wvedeny jako median a inerkvartilove rozpét)

*Sledované parametry Neplodne Eontroly p value Ni Eoniroly p valoe
20— 19 Jet 20 - 19 Jet 30— 39 Jet 30— 39 Jet
{n=1T) {n=46) n=4) n=2%
HCy (nmolT) 6,00 535 10,0002 570 9,00 =1,0001
[4.80 - 7.20] [7.02-11,05] [5.00 — 6,80] [8.50 - 11.10]
MDA (umolT) 1,400 1.730 0,0374 1,710 1.630 0.9594
[1.280 - 2.040] | [1.480 - 2.240] [1.480 - 2,030 | [1.390-2,080]
GP1 () 5700 5040 09688 6450 38,0 0ET28
[5000-723.0] | [5213 - 654.8] [531.0-60e0] | [552.0-683.0]
AOK {mmel Ty 1.330 1.415 0.6674 1.430 1.350 0,0458
[1310-1.460] | [1.338-1.403] [1,350-1,5000 | [1.300-1420]
CE (2T .70 58,00 0.2182 38,70 38,10 0.4815
[54.70 - 60.20] | [55.88 - 65,13] [55.50 - 62,70 | [53.30-64,10]

*HCy — homocystein, MDA — malondialdetned, P — phutathionperoddaza, AQK - celova antiosddaimi kapacita, CB — celkova bilkovina.

Tab. 3. Hladiny HCv, MDA GPx, A.DLnCBmiJlll‘qun&hﬂmemphﬂmchmvmﬂsl&sumuﬂm

(hedmaty jsou wvedeny jako median a interkvartilowve rozpét)

*Shedované parametry Neplodné Neplodoe Neplodns p valoe
20— 19 Jet 30— 28 Jet 40 let a vice
=17} (m=43) (n=4)
HCy (pmall) 500 570 i) 09501
[220-7.20] [5.00 - 6.,80] [6.62-2.17]
MDA (umolT) 1,400 1,710 1.500 03251
[1.280 — 7.200] [1.480 — 2,030] [L.310—2,500]
CFz (UM 5700 5450 5885 02578
[501.0— 723.0] [531,0 - 690,0] [622.5-725.3]
AOE (mmelT) 1,380 1,430 1365 0,5980
(1310 1.460] [1.350 - 1.500] [L353- 1,303]
CE (g 37,70 58,70 60,55 0.7496
[54.70 - 60,20] [55.50 — 82,70 [5845 - §3.37]

*HCy - homocystein, MDA — malondialdeld, GPw — ghutathionperoddara, AQE - celova anticaddaimi kapacita, CB — celkova bilkovina
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Tab. 4. Hladiny HCy, MDA, GPx, AOK a CB ve folilrulami tslnting kentrolm skupiny aimnchdmkmm'mvmnslﬁ;uuvﬂm

mejmmMJMMmammmmm

*Shdované parametry Koatraly Eontroly Eontroly P valoe
20 et a nize 10 - 29 Jet 30 - 39 1et
m=17) (m=46) (m=13)
HCy (pmelT) 2,0 855 2.00 08143
[5.30-10,20] [7.02 - 11,05] [6.60 - 11,10]
MDA (nmolT) L6280 1.730 L1630 08041
[1.560 - 2,100] [1.480 - 2,240] [1.380 - 1L080]
GPz (UM 3400 5040 30,0 04063
[480,0 - 714.0] [521.3 - 654.8) [552.0 - 693,0]
AOK (mmolT) 1,220 1415 1,350 0,0450
[1190-1310] [1.338 - 1493]) [1.300 - 1.420]
CB (=D 60.80 59,00 5610 04512
[56.40 - 61,10] [55.88 - §5.13] [53.30 - 64.10]

*HCy — homacystein, MDA — malondialdehyd, GPx — phuathionpenowidaza, AQK — celova antiosddsimi kapacita, CB — calkovd bilkovina

na ammokyselmu methionm Nikotm a pravdépodobné
i sdﬂmdarmknmma_uvln nahladimfola‘h:,]abnzmzka
koncentrace je spojena pravé s hvperhomocystemnémii.
Eufdc maji tzké tendenci k menfi konzumaci na folat
bohatého ovoce a zelemmy. Je viak tieba pommamenat, Ze
vrtah mez koufenim a hladmen folitn neni jednornaéng
2 nékterd studie prokazwi jejich nezivaslost [J_] Tento
fa]rr]e Jisté m‘rhl} také na mtenzité kouteni. V nadi studn
jsme prokazali, Ze neexistje sigmfikantnd spojitost mez
neplodnymi Zenami kurackam a nekuiackani ani zdravy-
mi dérkynémi oocyti kufafkami a nekufaékami v Zadném
sledovaném parametr.

Folaty snifuji hladimm HCy jak v krvi, tak wve foliku-
larni tekutmé [11], coZ vyznamné koreluye jak s kvahtou
socyhy, fzk s vivojovim potencidlem emboya [5, 21].
I kdyz stale probiha diskuse [3, 23, 24] o spojitosti mez
AQEKE FT a eticlogu mfertiliiy, je jiste, ze viiv veloych
radikili je zapojen do patofymologickich mechams-
mi mmoha chorob souvisejicich s neplodnosti, kde je
zapotiebi léthy IVF. Pacientky s endometndzou maji ve
srovnani s paﬂenlkm 5 Jinymi diagnozami statisticky

sigmifikantné zvyiens hladm:; HCy [9].

Protoze hladiny HCy jsom ovlivBovany ovanalm
hyperstimulaci [4, 6] a protoze schopnost metylace sou-
visi 5 nziky metod asistované reprodukce [19], je daldi
vyzkum v této oblash se zapojenim rkowmam zdravyeh
plodnych darkyh piinosem

ZAVER

Maie studie potvrzuje roli HCy a dalfich parametri ox-
daénihe stresu v Zenskeé reproduker. Pritomnost &1 nzopak
nepiitomnost proomdaénich vinm ve FT ma dilefiton ilo-
hu ve schopnost koncepce a nasledném wyvojl embrya.

Tato studie jepodporovinaprojektem OF ValplPO 2
Biomedicin:ké centrum CZ.1.05/2.1.00/03.0076, gran-
temm A UK 696212 a projekty specifickeho vysolko-
ikolského vyzhumu (SVV 164 508 a 164 304).

LITERATURA

L Ag:m],LGlp: 5. Slm:,RLRﬂlenfwdatm@m:sm
re;:miqu:mdBmlBﬂn-:m.ol 2005, 14,3, p. 28

1. Amgelucei, 5, Ciavardeli D, I Gimseppe, F., et al Proteome
mlﬁhm'hnmmfnlh:uluﬂmd.chhmBnphfsA.mW
1764, 11, p. 17751785

3. Appasamy, M, Jamnisnx, E| Serhal P. et al Evaluation of
the relationship b-emw:ﬁn]llcul.nﬂnldmmmsnﬁ;. avanian
hommones, and response to gonadotropin stimulation Fertil Sterl,
2008, 89, 4, p. 912-021.

4. Benkhalifa, M, Montjean, D, Cohen-Bacrie, P, Ménézo, Y.
Imprinting: BMA expression for homocysteine recycling in the
Tuman pocyte Fertl Steril, 2010, 15, 03, 5, p. 15851500,

5. Boxmeer, JC., Macldon, N5., Lindemans, J., et al IVF oatcomes
mas:mzednﬂbmmatkmm’tehnmnqst&m&p&ﬁmm
monafollicular fusd Hum Reprod, 2009, 24, 5, p. 1050-1066.

6. Boxmeer, JC. Steegers-Theunizsen, R Ian.dmuls,.T
Hemncfshanemeubuhmmthzw&wnlxm follicle duming ova-
man stimmlation Huom Reprod, 3008, 23, 11, p. 2570-2576.

7. Broekmans, FT, Kwee, J Hendriles, DT et al A systematic
review of st icti gwm'ianmmeandl‘.-‘l'-‘mtnme.l—hun
Beprod Update. 2006, 12, 6, p. §83-718.

8. Das, 5., Chattopadhyay, B, Ghesh 5. ef al Feactive oxyzen
species level in follicular fluid — embrye quality marker in IVE?
Hum: Feprod, 2004, 21, p. 2403-2407.

9. Ebisch IM Peters, WH., Thomas, CA, &t al. Homocysteine,
ghutathions and related thiols affect fertlity parameters in the (zuk)
fertile couple. Hum Reprod, 2008, 21, 7, p. 17231733,

10.Eskes, TK Clotimg disarders and abmption: hamcys-
teme — a new risk factor. Eur T Ofstet Gynecel Beprod Biol, 2001,
95, 2, p. 206-212.

lll'm'gu,l' Monmier-Barbarimo, F., Alberta, JA, et al Impact
of folare and homeocysteine mettbolism on Muran
health. Hum Reprod Update, 2007, 13, 3, p. 225-138.

11 Fortone, JE. Crarian follicular growth andlim'zlﬁpmmmm
mals. Biol Reprod, 1994, 50,2, p. 225-232,

HGnunP El Monatassim, 5 Menéze, Y. Oridative stress and pro-

mmrmm'gmspeusmﬁemmmmm
and ifs surmmmdings. Huom Repmd Update, 2001, 7, 2, p. 175189,
14.Halliwell, B., Guiteridge, JAMC. Free mdicals in biology and
medicing 2 o Ouford: Clar=ndon Dress, 1020

15 Holmes, VA Wallace, IM | Alexander, HD, ef al Homocysteine
is lower in the third trimester of pregnancy in women with enhan-
eadﬁuluesmus&nmmuﬁmmdfolicaniﬂsnpphnmaﬁm. Clin
Chem, 2005, 51. 3. p. 628-634.

16.Enapen, MF. Zusterzeel FL, Fefers, WH., Steegers, EA

Ghatathione and shiathione-related enrymes m reproduction. A r=view.
Eur ] Otsstet Gynecel Fiaprod Biel, 1900, 82,2, p. 171184

17 MawLend, J. The role of oxyzen in the metabolism and motility of

Tuman spermateza. Am  Physiel, 1843, 138, p. 512-518.

118

547



18. Maul H., Longo, M., Saade, GE., et al MNimic oxide and its role
during presmancy: from ovulation to delivery. Cum Pharm Des,
2003, 9, p. 359-380.

19 Menezo, Y., Elder, K Benkhalifa M., B. DNA methylati-
on and gene expreszion in IVF. Feprod Biomed Ouline, 2014, 20,
5. p. T08-TI0.

20. Mijatovic, V., van der Mooren, MJ. Homocysteine in posmmene-
pausal women and the @ af hormone replacement therapy.
Clin Chem Lab Mad, 2001, 39, 8, p. 7684-747.

21.0xal P, Ersoylw, B, Cepni, I et al The assocation betwesn
hemocysteine in the fellicular fusd with embryo quality and preg-
nancy e in assisted reprodoctive techmiqnes. | Assist Reprod
Genet, 2012, 19, 4, p. 200304,

21 Odmmura, K, Tsokamoto, H Folats in smokers. Clin Chim Acta,
2011, 412, p. 520524,

23 Oyawoyve, OA, Abdel-Gadir, A, Garner, A, et al The imterac-
tion berween follicolar fluid todml antierddant capacity, infertilicy
and early reproductve ouicomes during m vitro fartilization. Fedox
Eep, 2009, 14, 5. p. W3-213.

24 Ogzkaya, MO., Nazrogh, M. Mulfivitamin and mineral sup-
plementation medulates oxidative sress and antesidant vitmin
levels in serum and follicular fluid of women undergoing i vimoe
fertilization. Fertil Steril. 2010, 94, 6, p. 2463-2456.

25, Pacchiarotti, A, Mohamed MA  Micara G., et al The possible
role of hyperhomocysteinemia on IVF outcome. T Assist Feprod

Genet, 2007, 24, 10, p. 439362

26. Paszhowsld, T., Clarke, BN, Hornstein, MD. Smolking indures
oxidative stress inzide the Graafian follicle. Hum Reprod, 2002, 17,

4.p 921823
17.Raijmakers, MT., Steegers, EA., Peters, WH. Glutathione
©transfarazes md thial concenirarions in embryonic and early fatal

tissues. Hum Reprod, 2001, 16, p. 2443-2430.
28 T.lllnw,.T To-und],] Bicikova, M Hill M Changes of plas-
levels during the menstnual cycle. Eur I Clin
Imﬂ, 190920 12, p. 1041-104.

29 Tammra, T, Picciano, MF. Folate and human reproduction. Am T
Clin Mutr, 2006, 83, 3, p. 993-1016.

3. Tatemoto, H | Sakwral N AMuoto, N. Protection of porcine oocy-
185 ApAinst apoptotic cell death cansed by oxidative smess during In
vitro maturation: role of cumobos cells. Biol Feprod, 2000, 63, 3,
p- B03-810.

31, Wiener-Aegmazi T Vardi I Lissak A et al Ouidative swess
indices in follicalar fluid as measured by the thermochemilumines-
cence aszay comelate with outcome parmeters i in vimo fertiliza-
thon. Fareil Steril, 2004, 82, Suppl 3. p. 1171-1176.

Ing. Vaclav Babutka, PhD.

Dsav Takarske chamie a Biochemic
LF UK Plzent

Earlovarska 48

! 64 Plzaf

e-ma: vackev, babuska@h. cumi oz

Konzervativni postup v 1écbé placenta accreta — oy
- T 2012, 77,6
dve kazuistiky RS,

Conservative method in treatment of placenta accreta — two case reports

Tribovi L.

Gynekologicko-porodnicke oddéleni Nemocnice, Jihlava,

prednosts prof. MUDr. A Roztofil, CSc.

ABSTRACT

Placenta accreta is an obstetric patholopy with incidemce around 1:2500 deliveries. This incidence is
increasing due to increasing pnmber of caesarean sections. Hysterectomy is considered to be a standard
solution in this sitnation. Anyway in some cases we can decide to perform a conservative way which means
that mterns is saved. There are fwo case reports below in which we decided to proceed conservatively. We
consulted the patient before doing this and in both cases we were suocesfol in keeping the wterns. In both
cases we were able to determine diagnosis of placenta accreta up to some time after delivery. The diagnosis
was made according to wlirasonosraphy and clinical examination. We were able to manage conservative
way of treatment becanse there were no sifuations that conld canse an acote operating solution.

Key words: placenta accreta, conservative treatment, hysterectomia.

S0UHEN

Placenta accreta je téhotenskon patn]ng'n', jejiz incidence se p-nll-‘bnje kolem 1:2500 porodi. Stoupa viak
se varistajicin podtem cisafskych ren, a mabyvi tedy na vyznamuo. Fa standardni postup v piipadé
prikaza placen‘t: accreta je povaZovino ﬂparﬂ'm Fefeni — hysterektomie. Za wréitych podmmek je
viak moino pristoupit ke konzervativmimu postupn, ktery umoini zachovani délohy. Nize uvidime
dvé kazuistiky, kdy bylo po kenzultaci : pacientkou rozhodnuto o konzervativaim postupu, kiery vedl
k wspéinému zviidnuti téte téhotenské patologie. V obou pfipadech byla diagndza akréfmi placenty
stanovena af s uréitym odstupem od poredu, a to na zikladé klinickébo a ultrazvokového malezu.
FRozhodouti o konzervativaim postupu mohlo byt ufinéno diky tu:l.u, e ani u jedné pacientky nevznikla

Fivot ohrofajici sitaace, kterd by si vyEadala akuind operacni fefeni
Kli¢ova sleva: placenta accreta, konzervatival postup 1échy, hysterektomie.
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Vliv nadvahy na uspésnost technik

asistovaneé reprodukce u neplodnych zen

Effect of overweight on the outcome of assisted
reproductive technology in infertile women

Cedikova M.12, Babutka V.5, Lhotska P., Lofan P}, Zech N. H.4, Krdlitkova M.125, Novotny Z.5

Wstav histologie a embryologie LF UK, Plzef, pfednostka doc. MUDr. M. Krilickovs, PhoD.
*Biomedicinské centrum LF UK, Plzefi, wédecky fFeditel doc. MUDr. M. Stengl, Ph.D.

#{Jstav |&kafské chemie a biochemie, LF UK, Pized, pfednosta prof. MUDr. J. Racek, DrSc.
AInstitut reprodukcni mediciny a endokrinclogie, IVF centrum Prof. Zecha, Plzed,

prednosta Univ. Doz Dr. med. Micolas H. Zech

*Gynekologicke-porodnicka kinika LF UK & FM, Plzen, piednosta doc. MUDr. Z. Mowvobny, C5c.

ABSTRACT

Objective: Obesity and overwe tively affect
the abiity cl'mgm to mrneiwﬂur;ﬁ; n:\u"irrl:uhes
to the increased incidence of obstetric complications
during pregnancy and affect the outcome of assisted
regroduction techniques CART). The aim of our study
was to o the rasults of trestment of infertiity
ina group of infartila women undergoing ART,

on the values of BMl and changes in levels of selected hor-
monas and markers of oxidative stress in follicular fluid.
Design: Retrospective comparative study.

Seﬂl'ti?; Faculty of Medicine in Pilsen, |:|'IEI£‘S University
in Prague; Institute of Reproductive Medicine and
Endoarinology, IVF Centers - Prof. Zech, Plzen.
Methods: The studied group consisted of 44 women
(mean ag:a of 319 years, 50 = 4.35) treated for infer-
tility at the Institute of Reproductive Madicine and
Endocrinology - IVF Centers Prof. Zech. Women wera
divided inbo 2 groups eccording to BMI (37 women had

nosmal BMI, T women were overweight). Prolactin, free
TZ and T4 hormone, homocysteine, malondialdehyde,
glutathione peroxidase, total antioxidant capacity and
total protein were analyzed in the follicular fleid both
groups. Only blood free samples were studied after
pooling of all FF samples of azch patient.

Results: Wea observed significantly lower lavels of glu-
tathion peroxidase in the group of owerweight women
{p = 0.0044). The pregnancy success rate with womean
with mormal BMI and overweight women did not differ
significantly from each other (p = 044300
Conclusion: Our study did not confirm the negative effect
of obesity on the results of treatment of mferility, specfical-
Iy pregnancy rate in a group of infertile women undergoing
treatment with asssted reproduction techniques.

KEYWORDS
follicular fluid - obesity - overweight - infertility

SOUHRN
Cill studie: Oberzita i nadviha negativné oviviuji schop-
nost Feny pfirozené otéhotnét, podili se na zvyiendém
yshoytu pnrc-dnidci,'-ch komplikaci v pribéhu téhoten-
stwi a negativing ovliviwgi i vwysledek technik asistovand
reprodukce (ART). Cilem nasi prace bylo porownat
wysledky lEdby neplodnosti u skupiny neplodnych fen
podstupujicich ART v zévislosti na hodnatach jejich
BMI a zmény hladin vybramjch hormond & markerd
oxidadnibo stresu ve folikulami tekuting.
Typ studie: Retrospektivni komparativni studie.
Nazev a sidlo pracovisté: LF LK, Plzef; Institut re-
produkéni medicing a endokrinologie, IVF Centrum
Prof. Zecha, Plzefy

Metedika: Studovany soubor tvofilo 44 Zen (primés-
ny wék 319 lat, 50 = 4.35) léZenych pro neplodnost
w Irnstitutu reprodukni medicing a endokrinologie - IVF
Centrum Prof. Fecha. feny byly rozdéleny do dvou
shupin padie hodnoty BMI (27 2en mélo normaini BMI,
7 #en mélo nadvahu). Hiadiny prolaktinu, volného T2
a T4 harmonu, homecysteiny, makondialdehydu, glu-
tathionperoxiddry (GPx), calkové antioxidacni kapacty
a celkowé bilkoviny byly analyzovany ve folikulami
tekuting u obou sledovanyjch in.LJ kaddé Feny byly
poudity vrorky folikulérni tekuting ber pfimési keve
a pe viech folikld dohromady, tedy re spolacnéha poolu.
Vysledky: Pororovéna byla jen signifikaning nifsi
hladina GPx u skupiny Zen s nadvahou {p = 0,0044).
W Uspesnosti pregnancy rate se feny s normalnim
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BMI a feny trpici nadviéhou od sebe vyznamné nalisily
{p = 044200

Lawér: Nata studie nepobwrdila negativni efekt nadvihy
na vysledky lacby neplodnosti, konkrétna pregnancy
rate w shupiny neplodnych fen podstupujicich lEdbu
pomoci technik asistované reprodukice.

KLIEOVASLOVA

folikuldrni tekutina - obezita - nadvdha -
neplednost

uvop

V soufasnost «Ipi obezitou & Nadvahou vice
nez 1,4 miliardy lidi ve vBku vy33im ne: 20 let
Jde o celosvétovon epidemii. Nadvihu a obezi-
tu definujoIme jako NAdmAEINe Nebo abNoTmAlni
uklidini tuku, keeTé mae negaciviié ovliviiovat
zdravi. Body mass index (BMI) je jednoduchy in-
dex, ktely se b&né niivd ke klasifikaci nadvahy
a obezity u dospélych. K wypoftu slousi vzoTer,
kde Citatelemn je tElesna hmotnost v kilogramech
[kg] 2 jmenovatelem druhd Mocmina vyiky v me-
trech [m]. Vysledkemn je hodnota v jednotkach
kE/m?. V klinické praxi je doplfiovan dalsimi tes-
ty, Napl. méfenim obvodu pasu, bicimpedanci
i wySecfenim pomoci kaliperatnich kledti. Podle
Sy &tové zdravotnicks organizace (WHO) je BMI ka-
tegOTiz0vanD Na podvahiu (BMI < 18 49 kg/m7), nor-
malni vihu (BMI 18,5-24,0 kg/'m?), nadvihu (BMI
= 25 kg/m¥) A Obezitu (MiMmd obezita BMI = 30 kg
¥, stfedni obezita BMI = 35 kg/m* 3 Morbidni
obezita BMI = 40 kg/m®) [45]. Obezita i nadvaha
negativiié ovlivinji vznik kardiovaskulimich one-
MOCNENI, NAdoTowyChl CNEMOCNEN, diabetu, ale
velkou METou 52 podili i Na porodnickych kompli-
kacich téhotenstvi [32]. Obézni 2eny maji Casndjsi
komplikace v priabéhuo téhotenstvi, zvliscé pak
ve tietim trimestro. Patfi k nim hypertenze [38],
precklampsie |12, 28], gestafnd diabeees [10, 7],
kongenitalni abnormalicy [18, 40, 43], vy3&i fetdlng
a novorozenackd amnnost [21, 32], makrosomie
[11, 38], ale také Cascdjsi viskyt infokoe mofowych
Cest, tTomboembolickych komplikaci [10] &i kom-
plikaci pfi anestezii a chirulgickém vykona [19,
31). Ddle se obezita Maie podilet Na selhdni tech-
nik asistované reprodukce [20, 35, 5 fiME s0uvisi
i celkové negativiid ovlivnéni psychiky Zeny .

V néktorych smdiich se viak negativii efokt
vyEiino BMI na vysledky 16Cby neplodnosti meto-
dami ART {eechniky asistovans replodukce) Epro-
kdzal [5, 9, 23, 25, 42, 44].

Cilem této prace bylo porovnat vysledky 165y
neplodnosti, konkTétné prepnancy rate u skupiny
neplodnych fen podstupujicich ART v zdwislosti
na hodnotach jejich BMI a zmény hladin vybra-

Cies. Gynek, 2014, 73, £ 1 5. T6-27

nych hormond 2 markerd oxidafniho stresw. Ze
skupilyy NOTMond se sledoval prolakein, ooy
Etitné #lizy (voliy T2 a volny T4), a jako markery
oxidafnino siresu byly zvoleny homocystein (Hoy),
malonyldialdelyd (MDA), glutathionperoxidd-
za (CPx), celkovd antioxidani kapacita (AOK)
a celkovd bilkovina (CB). Viechiy tytd palalmetly
byly sledovdny ve folikuldmi tekating (FT), jejiz
biochemicke slogeni hraje zdsadni roli pro kvali-
tu D0Cytu, zvldied pIo jeho schopnost fertilizace
a Ndsledny wywoj elmblya (popis soufasného stavu
téchto markerna ve FT jsme podali v piedchozicty
publikacich [4, 8]).

SOUBOR A METODIKA

Studovany souborl tvofilo 44 fen (proméermy
vék 31,9 let, SD = 4,35} 1éCenych pro neplodnost
v Institutu reprodukini mediciny a endokrino-
logie - IVF Centrum Prof. Zecha, Plzefi. PRifiny
neplodnosti byly ndsledujici: u 13,64 % Zen ova-
Tidlnid faktor, we 2,71 % tubdni faktor, endome-
tridza se vyskytovala w 11,3 % Zon, andrologicky
faktol u F, % % Zen du 25 % £en Niebyla popsdna
plifina neplodnost, 5lo o wv. idiopatickou in-
fertilitu. Viechny sledované zeny mély normalni
hladitry prolaktiin i DOTMONG Stitné 2ldzy v kIvi.
Meplodné Zelty byly rozdéleny do dvou skupil
podle hodnoty BMI (37 fen malo normalni BMI,
u 7 £en byla pfitomna nadvdha). Po detailnim
5ezNIAMANI 5 problematikou studie, vyplnéni do-
tazTiku 4 pd pOdpiSu iNFOIMOovandho souhlasu
byla Zendm odebirdna FT v dobé odbéTu ooCyth
v [dmci jejich 16€by neplodnosti metodami asis-
tované reprodukce. VySetfovdny byly tzv. pooly
FT, tedy sImés ze viach folikuld, u nichs nedoilo
ke kontaminaci kIviv prabéhn odbéu oocyti. Ve
FT byly stanoweny hladiny prolaktinn, wolného
T2 (fT3}, volného T4 (fT4), DoMocysteinu, malo-
nyldialdehydn, glutathionperoxiddzy, celkové
antioxidafni kapacity a celkové bilkoviny. Tyto
parametry byly korelovany s hodnotoo BMI 2811
Sledovana byla i aspéSnost fertilizace u neplod-
nych 220 v zdvislosti na BML
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a nam'armu (EIHI = 25h

woiného T3, voingho T4, HCy, MDA, GPx, ADK a CB ve fmllmlarm tekuting nepéodnych 22 s normainim EMI
"y (hodnoty jsou uvedeny |3k primer 3 smérodatna odchylka

Sledovans parametry Hormaini BMI (n = 37} mu:n p walue
Prodaktin [miLyT] GGG + 45037 BAL,E + 635,96 03748
Vaolny T3 [pmol/1] 53 £ 0,58 0,E374
Vaolny T4 [pmol/1] 145+ 2T 138 t 187 04307
Homocystein [pmoly/1] 5.6 £ 1,58 EE 11,63 00,0853
MDA [pmol/1] 151 045 14 10,40 04688
SR U] BEO,0 + 100,57 5ER0 + 54,40 0,0044
ACK [mmiocl/1] 3£ 012 146+ 018 05291
CE [g/1] 5814 5,47 603 + 530 05830
Ltd., UK). Hladina MDA byla stanovena po reakci
Hladina GPx ve FT 5 kyselinou thiobarbitulowon (TBA)v kyselém pro-
o - stfediza vznikn barevnéno produkis, ket byl po
o - Db e Exctrakci N-butanolem méfen pfi 532 nm za pouzit
§ 150 I Rarsah necaih ELISA-Teadern. Colkivd bilkovina (CB) a peptidy
£ Fﬂskytjljf shiuret-:r_vﬁ-m finidlem ﬁa.}crvg;' komplex
= a0 o vhodny k fotometTickému stanoveni. Absorbance
§ &0 T byla stanovena pfi 546 NN Na analyzatoiu OlyMmpus
§ o o AU Z00 soupravou TP 300 (Lachema, CZ).
5 00 \—AL—| Tato studie byla schwdlena etickou komisi LF
* 460 UK v Pkni a viechny parientky podepsaly infor-
ﬁ - . movarny souhlas.
Mormidind BMI Madviha Statisti eni
Obr.1  Srowndnd hiadin GPY u skupiny s normainim EMI a nad- Vysledky se statistitky hodnotily pomoci ne-
wahou parametTického Mannova-Whitheyho U testu

Metoda stanoveni Dolmond prolaktiiu a wol-
ného T3 a T4 byla zalogena na sendvifowém prin-
Cipu elektrochemiluminiscenini imunoanalyzy
(ECLIA) § vyufitin kith Prolactine II, FT3 a FT4
[ROCHE Diagnostics, CR) na pfistToji Cobas ed1L
Hladina Hcy byla stanovena eneymaticky kitem
Liquid Stable (LS) 2-Part Homooysteine Reagent
(Axis-Shield Diagnostics Ltd. , UK} na plistroji
Olympus AU400. Na stejném piistroji byla méfena
i hodnota CPx (kit RANSEL, Randox Laboratories
Ltd., UK} a2 AOK (kit TAS, Randox Laboratolies

Tab. 2

a Fischerova plesnéno testu. Hodnoty p < 0,05
byly povazovdny za statisticky signifikantni.

PoTovidvdny byly Dladiny prolaktinu, volného
T3 avolndho T4, homocysteing, malonyldialdeny-
du, glutathionperoxidazy, celkowé antioxidaini
kapacity a celkoveé bilkovily v zavislosti na nodnots
BMI. Jak je zfejmé z tabulky 1, hladiny sledova-
Iycll palametrh se Mmezi sebou wyraznd nolifily.
Poz0Tovdna byla jen signifikantné niEsi Dladina

Hiatiny prolakting, voiného T3, voingha T4, HOy, MDA, GPx, ADK a CB ve folliouiamid tekuting neplodmpch #en s normanim BMI

a nadvahou :B:J;UE IJg.ﬂTF}pc-'qiaml ten s androdogickou pHitinou nepiodnost! (hodnaty Jscu uvedeny |ako pramer

a smerodatna

Sledovang parametry Homaini BHI (0 = 28) Madviha (n= 4} p value
Prodakiin [miU] 580,7 + 48883 1Z70.5 + 545,41 0,537
Wodny T3 [pmed,/1] 491057 531020 0,0134
Volmy T4 [pmol /1] 145+ 231 3 05016
Homocysteln [pmal/ ) 0,626
MDA [gumeol/T] 04236
Gy U] 0,0466
AOK [mmod/1] 15 £ 0,26 0.2786
CB [ G603 + 0,52 0349
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DISKUSE
Hiadina fT3 ve FT Obezita § NadvAnon 5o &ifi svbtem jako
£.50 epidemmie. Obezita, tedy BMI= 30 kgim?,
6,25 — ovliviiuje fyziologické funkce mnoha
3 o thdni a oTgani. V dasledku toho maji
E 575 obézni Zeny problémy s plirozenym oné-
220 il hotnénim a obraci se Na centra speciali-
E 52 zujici 52 na 1é¢bu neplodnosti. Tento jew
4 B o je zvyiené sledovdn v pribéhu posled-
E a5 nich dvaceti let, a to zv1a5tE ve vyspéljch
Zam p
a o ZEMICh. . N
E 425 EI?”‘-“ a.m O mechanismu, jakfm piitomnost
:ﬁ T Rozsah neodish obezity Negarivid ovliviiuje reproduke-
a8 — i 3CNOpTNOst ZeTly, Neni zaum prilis
Narmlni EMI Nadviha znamo. Pledpokldda se souvislost § po-
ruchou metabolismu steroidi, sekreci

Obe. 2 Srovnanl hiadin voineho T3 u skupiny #en s normainim BMI a nadvahou

po vyfazeni pacientek s andrologickou phigincy nepsodnast]

a plisobenim inzulinu £i adipoking. Tyto
zmMéTy Mmoo ovliviiovat Thst folikulb,
v¥v0j MbIya i jeno implantaci, a to jak
za plirozenych podminek, tak po ART(5,

7, 26]. Dlezitym fakeoTem je také vyskyt

Hiadina GPx ve ET obezity jiZ v adolescentnim véku fony.

oo . Privézmény ve vaze a télesné konstitoci

R0 | - O Meddr v EOMED kIitickSm Zivotnim obdobi mo-

= B0} 25%-T5H niou ovlivnit endokIinni fegulaci puber-

S el o D naadiak ty, & tiM i SpravIy wvoj Teprodukinino

g 200 b systému [13, 30].

PR Vétiina praci zabyvajicich se obezitou

T a0 b a neplodnost zdhTa: fiuje Negativil efokt

E ool @ vy3&ino BMIna implantaci a kvalitu em-

g 500 b bIya, Da aspésnost ferilizace, incidenci

= gL potfatl, prabéh tEhotenstyi 2 pregnancy
amo | o rate(s, 14, 2, 7, 36, 39, 41).

288 vf.-sleliky nasi stllde}':kpndgg%jiﬂh;d

; potézu, 78 NIEEALvIE t vyE5iho
Marmalni B Nadviha zafind a% u BMI nad 30 kg/me [5, 9, 23,

Obr. 3 Srovnand hladin GPX U siupiny Xen 5 normanim BMI 2 nadvahou

po wytazend packentek s androioglckou pritinoy nepsodnost]

CPx uskupiny 260 s nadvahou (p= 0,0044) (0bI. 1)
V aspéEnosti plegnancy Tate 58 folly S NoTMm4alnim
BMI a Zeny tIpici Nadvdhon od sebe vyznamnéeé
nelidily (p= 0,44300.

Hladiny sledovamych markerd a aspdinost océ-
hotnéni wiak monla byt ovliviiéna skupinon 2em,
u ktaTych byl plifinou neplodnosti andrologicky
faktor. V nadi skupiné bylo téchto Zen ¥ F %
(n=12). Povyiazeni thcnto 2en a opéoovnd analyze
wvyslodkh so zjistilo, 20 u 20N tIpicich nadvihou
maZeme pozolovat signifikantné wyisi hodno-
tu volného T3 (p = 0,00134) a niZ3 hladinu CPx
{p = 0,0456) ve FT. Tyto vysledky dokumentuje
tabulka 2 a obrazky 2 a 3. V aspdinosti plegnancy
rate 52 viak ani tyto dvé skupiny vyznamné nelifily
(p=0,5290).

15,77, 29, 42, 44).

V na&i skapiné jsme zaznamenali
nizil hladiny GPx u zen & vyE&im BML
Mizé1 hladiny Cytoplotektiviich eTizymib
jS0n pozOrOvATly TIejen u 281 5 vySaimi
nodnotami BMI [1, 2, 24] 2 u pacientek s diabetes
mellitns [17], ale napfiklad i v seMinalni plazmé
nékterych neplodnych muih, kde nizsi hladina
tohoto protektiviinoe enzymu zphsobuje vysi
peroxidaci lipidd, a tim zefdtn Motility Spelmii
[3, 16]. K apravé snizené hladiny GPx uzen s nad-
vahow dochdzi po dosaZeni normdlnich hodnot
BMI [B].

Ivypienou hladinu volného T3 Rormonu nacha-
zime £astéji u 2en tIpicich Nadvdnou a obezitou
[33). Stejné vysledky ukazuje i nase prace, kde
nladina volnénoe T3 Dolmonu byla signifikantné
vy55 ufen 5 BMI nad 25 kg/m?. OpIoti 0Statnim
pracim, kde byl voloy T3 stanowovan ze SEra,
jsme viak tutd rozdilnoe hladinu prokdzali ve
FT. Mechanismus vzIastu hladiny Dormono ne-
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Ti plozatiim zndm, vi se viak, e jeho hladina se
normalizuje pii sNiFend valy a nejspise souvisi
5 Metabolismern lepeinu [33-35].

IAVER

Nage studie prokdzala vys5i Nladinu wolného
T3 holnonu 4 NiEsl hladimn cytoplotektiviilo
enzymu GPx ve FT u Zen s wyiSim BMI oprod ze-
T4m 3 nizsm BMI. NepotvTdil 52 viak negaivii
ofekt Nadvally Na plefNancy rate neplodiychzen.
Limitaci ziv&rd z nasi stadie je relativiié maly
pocet pacientek ve skupiné s Nadvinoo.

Pledlofens vysledlky jsouzaloéerny na analyzich
poolh FT, hodlame je ale ddle zplesnit sledovAniimn
hladin hormond a markerd oxidafniho stTesu
v onofolikeldmich veorcich.

Tato studie je podporovana projektem

OP VaVpl PO 2 Blomedicinské centrum
ED2.1.00/03.0076, programem rozvoje
vidnich oblasti na Karlove univerzité (projekt
P36), grantem GA UK 696212, projektem
specifického vysokofkolského vizkumu SVV
266 802 a projektem |GA MZ NT 14330-3/2013.
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Funkce mitochondrii ve spermii u muzu

s normozoospermii a astenozoospermii

Sperm mitochondrial function in men with
normozoospermia and asthenozoospermia

Cedikova M.-, Miklikova M.", Grundmanova M2, Zech M. H.%, Krdlitkova M. %5 Kuncova 1.**
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ABSTRACT

Obijective: One of causes of male infertiity &= reduced
sparm maotility. It burns out that the reduced efficency of
the mitochondrial iratory activit arolein
the development of this disorder. Tﬁeﬁ El?g,_" study
was to comprehensively determine mitochondrizl respi-
rabory actiity of spermwith normal and reduced mickility.
Design: Prospective study.
Setting: D tment of Histaol I
Fal:quf Pﬁﬂﬂl‘l Pitzan, Cl'narll:g{hver a;gi
Department of Physiclogy, Faaulty d’Me-:lcrE in Filsen,
Charles University in Prague; Institute of Reproductive
HB:"_EiI'IE and Endocrinolegy, WF Centers Prof. Zech,
zafl
Methods: Ejzoultes of 14 men were obtained from IVF
Canter Prof. fedh, Pilsen. According to the World Health
Organization classification, samples were divided into
normozoospermatic (n = 7) and asthenozoospermatic
(n = 7} groups. Respiratory activity of sperm was mea-
sured on twio-chamber oopgraph Orobonos,
Results: In asthenozr ic samples, significantly
reduced activity of complex | {p = 0.007) and increased
respiration after application of ATP-synthase inhibitor

;I_lgamynn {showing increased uncoupled oxidation
phosphorylation, p = 0.046) were found. Inhibition

of complex | by rotenone showed that cormplex: | contri-
bution bo the total apacty of cxidative phosphorylation
of healthy =perm was relatively lower than it is typical
for somatic cells.
Conclusion: In our shedy, we messured mitochondrial
respiratory activity of human sperm, permeabilized by
digitanin, by high-resolution cxygraphy, which allows the
detarmination of consumption from the smallest
possible number of germ cells. The study resuls confirm
reduced activity of complax | in asthenozoosparmatics
and suggest that increased leakage of protors from the
mitachondrial matrix, which leads to redeced efficiency
of horylatin _Ipr-::-t:\e-ss. could participate in the
sperm maotilitby.
Beetter dharacterization of male gesm celks, either com-
pletely haalthy or with affiected maotility, will belp us to
undarstand better the physiol | s of fertilizati-
on aﬂdmwdm#umuﬁewﬁmfa|MHy
treatment by methods of assisted reproduction.

KEYWORDS
infertility - sperm - respirometry

SO0UHRMN

Cil studie: Jadnou z pficin muzskeé neplodnosti je snizand
meatilita sparmil. Ukazuje sa, fe ve vivoji této porudhy
milZe hrat roli snizensd efektivita respiracni aktivity
mitochondril. Clem nasi studie bylo komplexni stano-
veni respiracni aktivity mitochondril spermii s normaini
& snizenou pohyblivosti,

Typ studie: Prospektivni studie.

Mazev a sidlo pracovisté Ustaw histologie a embryolo-
gie, LF UK, Plzer; Ulstaw Tyziologie, LF UK, Plzedy; Institut
reprodulini mE;::Iu:mg,I a endokrinologie, IVF Centrum
Prof. fecha, Pizef.

Metodika: Ejakulity byly riskany od 14 muid z IVF
Centra Prof. fecha v Plmi. Podle Kasifikace World
Health Crganization byli muii rozdéleni do skupin
nommaoroospermatikd (n = 7) a astenczoospenmati
{n=T). Respiradni aktivitu sparmii jsme meéfili na dvou-
kandlovém oxygrafu Oroboros.

Visledhy: V astenozoospermatickych vrorcich by-
la nalezena signifikantné snifend aktivita komplexu |
{p = 0007}, rwyEans respirace po aplikaci inhibitomns
ATP-syntazy oligomycinu {ukazujici na rvySené roz-
prafeni oxidace a fosforylace: p = 0,048). Inhibice
komplexu | rotenonem ukdrala, fe plispévek komplexu |
k celkové kapacité oxidacni fosforylace byl iu zdravich
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spermil relativing niFsl, ned je tomu typiclky v somatic-
kych burikach.

Zawér: WV nasi studii jsme méfili respiracni aktivitu
mitochondrii lidskych spermii permeabilizovanych
digitoninem vysokoddinnou oxygrafii, kterd umodniuje
stanoveni spotieby kysliku z nejmensiho moZného
rr'nc}st'.'izai'-:deq':"{cch bunék. Vysledky studie potvrzu-
ji snifenou sktivitu komplexs | e astenozoospermatikd
a nazrnadujl, #e na snizenéd pohyblivosti spermii by sa
mechl podilet | zvyEeny @ik protoni z mitochondriding

miatrix, ktery vede ke snizené efektivité fosforylacniho
procesu. Lepéi charakterizace muiskych zarodedmjch
bunék, af zoela rdrawvych, &i s postizenou motilitow,
nam pomiie Bpe pochopit proces fyziologického
oplodnéni a zérowen pomiie i ve vybaru & nejvice
fivotaschopné spermie pro lééhu neplodnosti meto-
dami asistované reprodulce.

KLICOVA SLOYA
neplednost - spermie - respirometrie

uvoD

Snizend plodnost je Iostncim pIoblamem mus-
ské populace ve fertilnim véko. Androgenni fakoor
jezodpovédny plibliEnédza 50 % plipadi infertility
[32], z 25 % jsou plifiny stdle Nezndmé.

Jednou z Castych plifin Muzsks Neplodnost je
sTiiZend motlita spelinii - astenoz0ospermie [13,
14, 30, 32, 38]. ASteNOz00Sperie je podle definice
Svétové zdravomnickd organizace (WHO) defino-
vana jako: meéné ne: 40 % Spelimii § plogresivii
4 Neploglesivii motilitou nebo méné ne: 32 %
SpETINii 5 pIogresivili motilitou [39]. U spermie
Miuieme pieofovat dva druby fyziologickéno poly-
bu - symatricky s Dizkou amplitudou, kdy Spermie
udriuje roviy SméeT. Tento dful pohybuo jeviditel-
Iy v {eIstvoim ejakulity A Nazyvd 50 aktivovanon
motiliton. DiuhyIm typem jé tzv. Dy pelaktivovani
motilita, kdy se Sperinie polybuje asymesTicky
£ vysokou amplitudou A jeji pohyb je cirkuldrmni
[15, 35, 36, F]. Oba druby pohybi jsow zivislé na
dodivce eniergie va formé ATP, keoTy je ziskdwdn
proCosemn txidalmi fosforylace

Ces. Gynek, 200, 79, & 1 5. 23-78

a plipadnou fbn dettych patologickych stavi,
které mitochondridlng dysfulikce plovazeji (Dapl.
nenrodegensTativii, Metabolickd 3 zindtlivd one-
mocnéni). Mitochondridlni dychaci fetéze plonasi
elektIolly systéMeln proteinovy ch komplexd (C1-
CIV) uimistanyc nia vRitini mitochondrialnd mem-
brdné z NADH a FADH, na 0, (oxidace). Sinnostd
nékterych komplexd dochdzi k pulllpovani plonomh
= MitoChondridlni matric 4o intermemblanoveho
plost0Tn. PIotOncvy Eradient je pak vyuiit k syn-
téze ATP (fosforylace). V modeIngjsim pojeti jde
0 konvelgentni syseém pienaiedh elektrond, kde
uzlovyn bodem je koenzym O (obr. 2) [22].

Ve spermii byla mitochondrie dlouho opomi-
jenou organelow, Nyhi je viak doloZeno, 22 ma
kKlifovou roli v mnohych fyziologickych a pato-
logickych processch [21, 25, 26]. Kromé plodukce
ATP nmutniého plo zajifeéni polyblivosti spolinio
nraji mirochondrie wenamon alohn v Tegulaci
zTATI 4 ZivOENOSH Spelinii 4 Togulaci 0smoticks
a viphikové homeostdzy [21].

v mitochondriich nebo ghyko-
Lyzou [9, 37].

Mitochondrie se ve zralé
speImii nachizeji po dwoji-
cich helikilné nspofddanych
v spojovacim oddilo, jedné zo
tfizfetelnych Cast bifikn - spo-
jowaci (stfedni) oddil, hlavni
Cdst a termindlni konec [12).
Celkowy pofet mitochondrii
v jedné spermii je jen 72 az 80
[2, 32]. UmiseEni mirochondrii
j& ZNAz0IMEeNo Na 0bldzkn L

V somatickych bufikidch
hraji mitochondrie astfedni
Toliv Mmetabdlickych procesech

a stanoveni jejich akdvity je

klifové pIo analyzu, diagndzu ©Obr.1  Schéma wolenl mitochondrl ve spermil
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CRYOS, Némecko) a Quinn’ s Sperm
Washing Medinm (QSWM, SAGE, USA).
Sperm filteT medium je nafedéno na
90 % (0,15 m1 Q5W M: 1,35 ml SFM), 70 %
(0,09 ml Q5WM: 0,21 ml SFM) a 50 %
(0,15 ml QSWM : 0,15 ml SEM). Do kimnic-
ké zkumavky je na sebe postupns NavIst-
venol,5ml 90%, 0,3 ml70% a 0,3 mi 50%
gradienitu meédii. Poté je plidin plny eja-
kulit avzorek je centTifugovan 20 milat
pii 2000 otdfkich. Po odstranéni super-
natantu je pfidino 8 ml Quinn s Sperm

Obr.2  Soutasnd pledstava slekirontrasportnine korvergentnin systemuna W A50INE Media a opét je vzorek centri-

wnitfnl mitochendriainl membrang

fugovdn 8 minut pii 2000 otdfkich. Po

GpOH - gukcea-E-fosfit dehydrogendes; komplex | - NADH-O reduktdes: kom- pd5tTanéni supelhatantu je vzolek pli-

ex I - sulemingt-0 reduktdza; komplex Il - cytochrom redultaz; komples IV - cy-

tocheom owiddx; ETF - electran-transparting flavapratein

Mezi mozné phifiny astenoz00spelmio = po-
hledu mitochondridlnd problematiky patfi jednak
jejich stTukturdlni anomadlie [19, 23], ale také
jejich funkind porecha |6, 7]. Ukazuje se, 8 ul-
Citou Toli u astenozoospelmaticlkych Mufh by
mohla hric pravé snizend afinnost respiraini
aktivity. Publikaci na toto téIna je zarim velice
madlo [7, 31, a proto také v soufasnosti nenizadné
polarograficke vy Secfeni spotfeby kysliku rutinné
wynEivino.

V nasi studii jsme méTili mitochondridlni re-
Spiraci colych permeabilizovaliychi Spelimil vyso-
koufinnou oxygrafii, kteld uMoEfuje scanoveni
aktivity jednotlivych komplexd dychacino systému
postupné Na témEe vzolku. OwELili jsme sniZenon
aktivitu komplexn [ u AsteNoz00spenmatickych
vzoTkil [EB]. Nowym ndlezem je zwydend spotfeba
kysliku Nutnd pledoviim pio komMpenzaci aniku
pIotona a udrieni mitochondridlnie membrd-
Novano potenicidlu, ktold Mike byt divodemn niesi
afinnosti produkce energie v MEN8 polyblivych
spermiich.

METODIKA

Priprava vzorka

Ejakulaty byly ziskdny od 14 mu#h z IVF Centra
Prof. Zecha v Plzni. Podle klasifikace World
Health OTganization byli Muf rozdéleni do sku-
pilly IMNOoz00spelMmatikd (N =7, pramamny vék
13,11et) a astenoz00spelmatiki (N =7, pramarmy
vik 36,7 1et). Vzorek je vidy odebiran pfimo v IVE
centru, aby bylo pokud moEno zoela eliminova-
no znehodnoceni vzolkn skladovinim a trans-
portem. Po zkapalnéni (30 minut) je stanoven
nativii spermiogram {podle kritsrii WHO 2010).
Daliim krokem je kapacitace vzorko pomoci gra-
dientu roztoku médii Sperm FileeT Medium (SEM,

CESEA GYNERDLDGIE 20014, 79,21
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plaven k aplikaci do plistroje OToboros
(Oroboros, Innsbruck, Rakousko).

Respiracfni aktivitu Spelmii jsme méfili na
dvoukandlovem oxyglafu OToboros (OT0boTos,
Innsbruck, Rakouska) pii 36 °C v komAarkach o ob-
jemu 2 ml. PO 40-50miniutové ekvilibraci odpo-
vidala koncentrace kysliku v respirafnim médiu
jeho aktudlni konCemtIAci v AtMoSferickém vadu-
Chu A Tozpustnost v respiratnim médiu (0,92,
kteTé mélo ndsleduwjici slozeni: ECTA 0,5mm 1;
MECL.6H,O 3 mmol/l; laktobiondt draselny
&0 mmol/1; tauTin 20 mmoy1; KH PO, 10 mmoy1;
HEPES 20 mmol/]; sachariza 110 mmol/l, Dowézi
albumin 1 g1 [11). Naslednd byly komarky uzavie-
ny a davkovaci stiikatkou Hamilton 4o nich byl
aplikovdn vzorek spelmii. NejpIve byla bunéfni
membrina spermii permeabilizovdna digitoni-
Nemm a zIméiena respirace vzorku pied plidinim
substrach a ADP. Sekvenfni titrafni protokol apli-
kare substTath a inhibitorh jednotlivich komple-
x@ Tespirainiho systému byl zvolen ndsledovné:
a} rychlost respirace za klidovych podminek (staw
52 mebo LEAK) byla stanovena poMmoci substrd-
i komplexu I glutamdtm (10 mmol/l), malam
(2 mmol/1) a pyTuvdto (5 mmoll); b) aktivoi re-
spirace (stav 53 nebo OXPHOS) byla stimulova-
na ADP (2,5 mmaol/l); ¢} spotieba kysliku byla
ddle zvyiena aplikaci sukcindmu (10 mmol/1),
substritu komplexu II; 4) integrita vonitfni mi-
tochondridlni membriny byla ovdfena pomoci
cytochromu ¢ (10 pmol/l}; &) stav OXPHOS pfi
stimulaci komplexu II byl Navozen inhibitorem
komplexu I rotenonem (0,5 pmol/1); £) inhibitor
ATP-syntdzy oligomycin (2 pg/ml} opét navodil
stav LEAK (54) noiny k wdrzeni mitochondrial-
nine membrinov&ho potencidlu; F) pOMoc Toz-
plahovace oxidace a fosforylace karbomylkya-
nid-p-trifluoromethoxyfenylhydrazonu (FCCP;
0, 050,25 pmol/1) jsme indukovali Stav S3u nebo
ETS charakeelizujici Maximalni kapacito elak-
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zdporné vzatd fasovd derivace pokleso
koncentrace kysliku v komirce a vyjad-
fend v pmaol 0,/(5.10%) bunék. Ke statis-
tickén poTovnani jednotlivich hodnot
spotieby kysliku v obou skupinich jsme
pouzili Mannova-Whitneyova pofadove-
i t25tu pOIMOCT pIOgTame STATISTICA
Cz, (StatSoft CR, Praha, Ceskd repub-
lika). Vysledky jsou prezentovdny ja-
ko pIiméry + stfedni chyby priména
(SEM); hladina pravdépodobnosti < 0,05
byla povaZovdna za signifikantmi.

E

Koremrireo O frermirad]

&

[] ]
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VYSLEDKY
Typickd kiivka spotieby kysliku per-

Obr. 3 Typlcka kfivia spotfeby kysiiku permeabiizovanymi spermiem|
Pind S znarontiuje spotietu ks, tethovand konoentraci kyslio v lomiince.
ukaruji aplikaci jednativch chemilkali: G - ghutamst; M - makit; Pyr - pymaeat;
- abgamyon;
FCOP - -.ancry{lt,nm:-p-trFm'm:mylmyl'@ﬂmmnHTn - ankrmycin A

SIPE
D - ADR; £ - sukcindt; © - cytcchrom c; Rot - robenan; O

tIONtIANSpOTtning systéMmu; D) inhibitorem
komplexu 111 antiMycinem A (2,5 pmoll } jsme
Navodili stav Tezidudlni spotieby kysliku (ROX),
tj. spotiebu kysliku zpisobenou plevaing nemi-
tochondridlng oxidaci.

V iw0odni S8Tii expoliMmenth jSme tostovali dav-
I digitonim (5 pg/ml) Duihon plo permeabilizaci
bunéiné membrany spelmmii: K vzorku Spermii
byl plidin sukcinds, rotenon a ADP a postupné
byl aplikovan digitonin tak dlouho, dokud se re-
spiface zvySovala. Vyisi divka digitonio vedla
k pofkizeni mitochondridlm membliny a aliku
Cytochromu C.

Analyza dat a scacistika

Spotfeba kysliku permeabilizovanymi spermie-
mi byla vypoftena on-line pomoc softwarn Daclab
{(DToboros InstTuments, Innsbruck , Rakousko) jako

meabilizovanymi spermiemi je na ob-
Tdzku 3.

Minimalni pofet spelmii Dutly plo
detekci spotfeby kysliku byl & x 10* bu-
nék v 1 mlmédia. Poaplikaci glutama-
tu, maldtu a pyTuvdtu, substldth plo
komplex I, byla spotfeba kysliku srovniatelnd
5¢ Stavem bez subStrdtd, o0f ukazuje na dob-
[0n pelmeabilizaci buléfné membldany, kteld
vedla k aniku ADP z buflky. Po plidani ADP
do&lo ke stimulaci respirace a indukci stavo 53,
tj. Maximdlni spotfebd kysliku pli fosforylaci
ADP na ATP (OXPHOS,). U astenoz00spelinie
byla aktivita komplexu I signifikantné nizsi
nez u kontrol (tab. 1). Aplikaci sukCindtu doda-
vajicino do systému olekerony prostiednictvim
komplexu 11 doglo k dalfimu zvy3oni spotioby
kysliko (OXPHOS,_ ), ktefd se Mezi ob8ma sku-
piniami vg;-znamnﬁ nelifila. Nislednd inhibice
komplexu | Totenonem aukizala, ze plispdvek
komplexu I k celkové kapacité oxidafni fosfory-
lace byl i uzdravych spermii relativné nizsi, nes
je tomu typicky v somatickych bufikich, napi.
jatermich nebo svalowych [4, 29). Inhibice ATP-

Tab.1 Spotfeba kyssos permeablizovanymi spermieml

Stav Tiiraitni protokol Mormozoospenmile Astenozoospermie P
pmol/{s.106 bb) in =Ty pmol/{s.106 bb) (n =71

52 GMPL 025 + 0,02 021+ 0,0 ns

3l GMFR 1321 006 0,56 £ 015" 0007
S5 GMPSR 338+ 052 172+0,70 ne
S GMPECR 3137+ 056 27710489 ns.

3 S{RofR 281+048 173 £ 057 oo7

54 S(RotIL DET 006 172+ 059 0,046
S3ull S{RotE 308+ 06T 4101323 s

B - orenen, Gy - chgarmyc. - FCLB. - LEAK. B ONPHIS E- ET5 1all- ey 12 e

o A W |
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Tab.2  Respiratn kontroini indexy

Respiratni kentroinl Indexy
Hommozoospermie (n= 7} Astenozoospermie (n=T) ]

L/E 0,721 003 054+ 0,00 Q.ooa

PP 262030 4,59 + 100 0,026

PIL 568+ 0,77 37T 2 0ER 0,046

EfP 118+ 0,23 2451 046 Q020

L/E - LEARSETS, pomér slcanujici stuped razpladend cddace 3 festoryiace; B, /P, - QXPHOE phl simuiad komgia | & 1A0XPHOS il stimutsd komplam |

P/L - DEPHOSLEAK, vISSuD reEpiracs po apilkac]

maktea ALF, E/% - pomdr rovnoredhy mead kapacditou
Fasoryiad.

cli]
SEamU 2 axldaini Asonyiad, hodnoty winaand wyih nad 1 ukaeuli ra koeinoie respirace

syNedzy oligomycinem snizila spotfebu kyslikn
na arovell nuthou pledeviim pro puMpovdni
plotond do inteImemblanoveno proscole. Tawd
nodnota byla signifikantné vyi&i u astenozoo-
spermatickych vzorkl. Rozplazeni fosforylace
a oxidace pomnoci FCCP ukdzalo, 22 ve zdravych
i Astenoz00spelnaticky ch vzoIcich je kapacita
elektrontranspoitino systéMu plendiet elekt-
[0Ny vy33i Net Maximdlnd spotfeba kysliku pli
zachované fosforylaci. Rezidudlnd spotfeba kys-
liku, na kterou byly Ostatni respifadni parame-
tIy kOTigovany, byla u zdravych sperimii 0,14 =
0,05 pmol O,/(5.10¢ bunék) a u spermii 5 poruchou
polyblivost 0,15 + 0,05 pmol 0,/(3.10* bundk).

DISKUSE

LitoTdrmni udaje o respirafni aktivied mitochon-
driiva spermiich jsou relacivig chiudé, icmané jiz
plvhi studie ukazuji, 28 pifuchy MitdChondrii ma-
jivliv ia Motilite Spermii [8]. Dhivodem jezejména
malé MNoEstvi MitdcNondrii obsazenych v jednot-
livich zarodefnych bufikach a jejich obtiZnd izo-
lace [25). Probd je ThatThd StaTiowit Mitocnondridlng
[ospifaci na colych bufikich, idedlnd tak, aby bu-
néfnd membrina byla permeabilizovina a wimoe-
nila piestup substrich Krebsova cyklu a adeno-
sindifosfitu k mitochondriim. Dosud poufivana
metdda bylazalofena na inkubaci spermii v hy po-
tonickém Ioztoku, kterd vedla k narm$eni bonéfng
membEny bez podkozeni Membliny mitochondrii
[24]. ¥ somatickych bufikach viak inkubace v Dy-
potonickych médiich zphsobuje stimulaci mnoha
membranovych iontowych kandld a receptori, coE
vede ke zmEnam ve sloZeni intracehalarni tekutimy
a aktivaci intraceluldmich procesivietnéd uwolfio-
vdni fady biclogicky afinnych latek a apoptiey [3,
20]. Proco jsmev nasi studii vyuzili permeabilizace
memblany Spelnii digitoninem, deteTgenten
£astd vyuiivalyIl ve vyzkuMu Mmitochondridlni
fulkce Na celych bufikich [22]. V nasi praci jsme
méEfili respirafni aktivitu mitochondrii lidskych
Spelmii pelmeabilizovaych digitoninem vy so-
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koafinnou ey gTafii, kteld umozliuje stanovend
spotioby kyslikuz Nejmensino MOoENEnoe mnosorl
zdrodeénych bulék.

Oxidativiii fosforylaci jakoEtd zdrofi twolby
energie plo pohyb Spelnii byla divdna neza-
stupitelnd role, proco s& také plfedpoklddalo, ze
poTuchy mitochondridlni morfologie a funkce
jsoo Nlavnim fakeorem odpovidajicim za sniZenou
motilitn spermii [38]. Studie Da My3ich ale uka-
zaly, e pli poikozend oxidativii fosforylaci ne-
dochizi k zdnike motility u SpeTmii [5] a zdrojem
ATPjezejména pfeména glukdzy Na pyTuvat [17];
také spermie krdlika plavdépodobné vyuiivaji
jakohlavni zdroj ensetgie ghykolyzu [33]. Spermio
nékterych Hvolifmych drubh dokonce dokiso
vytvilet giykogen [10]. Samfi zdrodecné buliky
dalZich Zivofifmych drulvd (beran, byk, kanec,
primdti) vCetnd Elovéka vEak pro polyb vyuzivaji
vevyznamné mife ATP ziskany v Mitochondriich
oidativid fosforylaci [1, 18, 25]. Otdzka primadr-
niho z4roje energie pio polyb spetmi joitd nem
zela zodpowizena ani u Cloveka; v3e0barnE vznd-
vanym pohladem je jejich viestrannost v MMOZNos-
ti ziskdvdm ATP, kteTd je ovliviiéna plitomnosa
a d0stupnost SubstTdth v zonskem roprodukCnim
stroji [28, 34].

Nékteré mirochondridlni parametry, napi.
micochondridlni memblanowy potenciil méfemny
pOmMOCi pratokové cytometrie, piimo koraluji 5vy-
sledky 1&6Cby neplodnosti pomoci metod asistovand
reprodukce [16]. Dald vyzkum a detailndjsi st-
dium téro problemariky tak slibuje plinos pro daléi
pokTok v diagnostice i tefapii neplodnosti.

Nade smdie pOtvIzuje ndler sniEend aktivity
komplexn [ v Mitochiondridlnim respiralimim sys-
tiMu astenoz0ospermatickych vzorkl. Aktivita
komplexu 11 viak nebyla asteN0z00SpelTnii naru-
Zoma a celkovd kapacita tTanspoTt elektrond pli
stiMmulaci komplexd I a I a zachované fosforylaci
(staw S3I+II) se mezi obéma skupinami nelisila.
Zajimavym ndlezem je také pravdépodobnd zpét-
nd konerola pfenosu elektTont fosforylaci ADP
u ASteN0z00Spelinie, jak ukazuje pomér EP, ktery



byl u Méné polyblivych Spelnii signifikantné
vydEi (tab. 2). Diwodem plo SNiEeni aktivity koln-
plexu 1 tedy patmé neni jeho sniZend exprese.
U astenoz00spermarickych vzolkh byl také prokd-
zdn signifikantné zvySeny stav LEAK (54), ktery
vyjadiuje stupell MitoChondridlni oxidace otné
ZEjMENA pIo kOMpenzari afike protdd z Mitd-
chondridlnd matrix, ale podili se na ném i oblat
kationth ples vhitini mitochondriilni membrano
[22]. Zndmym plikladem reepiazeni respirace a fos-
folylace ADP je rozpianovaci prowein Dnddé tukowé
thané (ICPL), keery je zodpovEdny za tvorbu tapla
v mitochondriich [F]. V lidskych spermiich byla

MRBNA pro dalii rozpfahiovact protein
- UCP2, jehoz role by mohla spofivat v ochirang
pled kyslikowpmi radikdly [40], ale jehos vztah
k mitochondriilnd respiraci spetmii nebyl dosud
zhOuMmarn.

ZAVER

Lep3i charakterizace muEskych zdrodednych
bunék, atfzcela zdrawych, & 5 postifanou moti-
litou, DA umeEnd lépe pochopit proces fyziolo-
gického oplodnéni a zarovell poIniEe i ve vybéln
td nejvhodndjdi spermie pro 150bu neplodnosti
asistovanou reprodukci.
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Propolis is a natural product that honeybees collect from various plants. It is known for its beneficial pharmacological effects.
The aim of our study was to evaluate the impact of propolis on human sperm motility, mitochondrial respiratory activity,
and membrane potential. Semen samples from 10 normozoospermic donors were processed according to the World Health
Organization criteria. Propolis effects on the sperm motility and mitochondrial activity parameters were tested in the fresh
cjaculate and purified spermatozoa. Propolis preserved progressive motility of spermatozoa in the native semen samples. Okygen
consumption determined in purified permeabilized spermatozoa by high-resolution respirometry in the presence of adenosine
diphosphate and substrates of complex I and complex II (state OXPHOS,, |} was significantly increased in the propolis-treated
samples. Propaolis also increased uncoupled respiration in the presence of rotenone (state ET5,) and complex IV activity, but it
did not influence state LEAK induced by oligomycin. Mitochondrial membrane potential was not affected by propaolis. This study
demonstrates that propolis maintains sperm motility in the native ejaculates and increases activities of mitochondrial respiratory
complexes 11 and IV without affecting mitochondrial membrane potential The data suggest that propolis improves the total
mitochondrial respiratory efficiency in the human spermatozoa in vitro thereby having potential to improve sperm motilivy:

1. Introduction

Propolis (bee glue) is a natural product that honeybees (Apis
mellifera) collect from various plants. It is used as building
material (filling of cracks and gaps) or for protection against
intruders (embalms killed invader insects) [1].
Propolis has been used as a remedy for thousands of years.
The term is derived from Greek word pro- (meaning in fromt
of) and polis (city, community). Its chemical composition
depends on the place, time of collection, and plant sources

making it highly variable. To date, more than 300 compounds
have been detected in various propolis extracts [2, 3]. It is
composed mainky of resin (50%) and wax (30%). Other com-
ponents are pollen (5%), essential and aromatic oils (10%),
and minor compounds as flavoncids (quercetin, kaempferol,
pinocembrin, apigenin, chrysin, etc.), beta-steroids, terpenes,
minerals, and vitamins [1. 4-6]. Propolis is known in folk
medicine for its pharmacological effects: antibacterial, antivi-
ral, antifungal, antiparasitic, anti-inflammatory, chemopre-
ventive, immunomodulatory, hepatoprotective, antioxidant,
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and antitumor [1, 7]. As a result of these effects, over the past
30 years, propolis has been the subject of intense medical
studies.

Infertility affects 10-15% of couples of reproductive age
and plenty of unanswered questions remain concerning the
physiological mechanisms underlying the successful fertility
[8]. Male factor contributes to about 50% of cases of infer-
tility and most of them are still idiopathic [9]. More than
90% of male infertility cases are due to low sperm count
(oligozoospermia), poor sperm motility (asthenozoosper-
mia), abnormal sperm morphology ( teratozoospermia), or all
three. The remaining cases of male infertility can be caused
by a number of factors including anatomical problems,
hormonal imbalances, and genetic defects.

Appropriate sperm motility is fundamental for reproduc-
tive success in mammals since the spermatozoa have to travel
a relatively long distance through the female reproductive
system by active flagellar motion. The energy for the sperm
movement in the form of adenosine triphosphate (ATP)
is supplied by two metabolic processes: glycolysis taking
place in the cytoplasm or oxidative phosphorylation in the
mitochondria found only in the sperm midpiece, where
72-80 helically arranged organelles can be detected. However,
the relative contributions of both pathways to the sperm
motility in different species are a matter of long-standing
debate [10, 11]. Nevertheless, recent experimental data sugpest
that reduced efficiency of the mitochondrial respiratory
activity may contribute to the reduced sperm motility. In
asthenozoospermic patients, morphological and functional
changes in sperm mitochondria have been described [12, 13].

Until now, the effects of propolis on the mitochondrial
morphology and function have been studied particularly in
the somatic cells. However, the results of these studies are
far from uniform showing both stimulation and inhibition
of various mitochondrial functions including oxygen con-
sumption, apoptosis, and mitochondrial membrane potential
[14-17]. The aim of our study was to assess the effect of
ethanolic extract of propolis (EEP) on the human sperm
muotility, mitochondrial respiratory activity, and membrane
potential to test the putative therapeutic potential of this
natural product in the treatment of asthenozoospermia

2. Methods

2.1, Ethanolic Extract of Propolis Preparation. Propolis was
collected using Plasticnels in region of West Bohemia (Horni
Slavkov—50" 8'17268" N, 12° 48'48.992" E) in September
2012. Propolis was frozen at —20°C and ground in a mill. The
resulting powder (10 g) was mixed at room temperature with
70% ethanol (100 mL) for 24 h and then filtered. The filtrate
was then made up to 100 mL with 70% ethanol [18]. The sam-
ple was kept in darkness at 4°C until analysis. For experiments
with live cells, propolis was further diluted resulting in a final
ethanol concentration below 1% which is not toxic to cells
[19]. The final concentration of propolis chosen for further
experiments was 0.01 mg/mL of the corresponding medium.
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22 High Performance Liquid Chromalography Amalysis
(HPLC). Qualitative and quantitative chromatographic anal-
yses of phenolics were performed on a HPLC system
equipped with a binary pump (Waters 1525), Waters 717 plus
Autosampler, and dual UV/VIS detector 2487 Separation
was performed on a Symmetry C1& column, particle size
S5um {150 mm * 4.6 mm), using a mobile phase of 0.08%
acetic acid in methanol {A) and 0.1% acetic acid and 10%
methanol in water (B). The gradient was 10-47% A (25min),

7% A (25-40min), 47-70% A (40-70 min}, and 70-100%
A (70-80min) at a flow rate of mobile phase 0.5mL/min.
Injection volume was 10 4L, and column temperature was
nrc.

Spectrophotometric detection was conducted at 280 nm
and 330 nm. Identification of polyphenolic compounds was
achieved by comparison of retention times with those of
commercial pure compounds. All standards were dissolved
in dimethyl sulfoxide ( Sigma-Aldrich; St. Louis, USA) to give
10 mmol/L standard solutions. Calibration standards were
prepared by dilution of the standard solution in ethanol.

Quantitative analysis was carried out by external standard
method. Calibration curves showed a linear response of R? =
0.97 over a concentration range of 5-100 pmol/L. Before
the HPLC analysis, the EEP was filtered on teflon syringe
microfilter Separon 0.45 pm. The propolis extract was diluted
one hundred times for HPLC analysis.

Phenolic compounds were purchased from Sigma-
Aldrich (St. Louis, USA) (apigenin. chrysin, genistein,
kaempferol, luteolin, naringenin, pinocembrin, galangin and
phenolic acids: caffeic, p-coumaric, t-ferulic, t-cinnamic,
benzoic, and gallic acid and caffeic acid phenethyl ester).
Vanillin was purchased from Merck (Darmstadt, Germany).

23 Sperm Sample Preparation. The study design was
approved by the Local Fthics Committee of the University
Hospital in Pilsen and a written informed consent was
obtained from each of the 10 participants included in the
study (mean age 24.2 years, SEM + 1.8).

Ejaculates were collected after 3 days of sexual abstinence
in IVF Center Prof. Zech, Pilsen. Semen samples were eval-
uated by an experienced employee. After liquefaction, they
were analyzed according to the World Health Organization
criteria 2010 [20]. We investigated semen volume and, under
the microscope with phase-contrast optics at magnification
%200, concentration of spermatozoa, motility of spermato-
zoa and pathologies. Sperm motility was assessed at room
temperature in Makler counting chamber. Two hundred
spermatozoa per replicate were classified into three motility
categories (progressive, nonprogressive, and immotile sperm
cells). All samples were considered normozoospermic egjacu-
lates (Table 1).

Fresh ejaculate (0.1mL} was subjected to experiment
with propolis. Propolis or ethanol only (1ul) was added
to 0.1mL of fresh ejaculate (final concentration of propolis
was 0.01 mg/mL) and sperm motility was evaluated after 60
minutes.

The remaining sample was prepared by gradient separa-
tion technique and used for experiment with polarographic
oxygraph (Oroboros, Innsbruck, Austria) and sperm flow
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TapLE 1: Main sperm parameters of the normozoospermic men
{+SEM).

Normozoospermic

Parameters

men (n = 10)
Volume (mL) 318 £ 0.26
Cancentration (x10°/mL) 8122 £1397
Progressive motility (%} 625+ 4.4
Pathology morphology (%) 42.00 +2.26
Concentration after separation {»10°/mL) 158.44 + 18.09
Progressive motility after separation (%) 86.43 + 210

cytometry evaluation. Sperm number after separation was
also determined in the Makler counting chamber.

2.4. The Sperm Density Gradient Separation Technique. The
sperm was separated and purified. This was performed using
gradient solution media SpermGrad medium (SGm,
Vitrolife, Sweden) and SpermRinse medium (SRm,
Vitrolife, Sweden). SpermGrad medium was diluted to
90% (0.15mLSGm:135mLSRm), 70% (0.09mLSGm:
0.2lmLSEm} and 50% (0.15mLSG:0.15mLSRm). Into
a conical tube L5mL 90%, 0.3mL 70% and 0.3mL of a
50% gradient media were layered. Full ejaculate was added
and the sample was centrifuged for 20 minutes at 300 g
After removal of the supernatant, 8 mL SRm was added and
then the sample was centrifuged 8 minutes at 300 g After
removal of supernatant, the sample was evaluated for the
concentration and motility of spermatozoa and ready for
imjection into the oxygraph.

2.5, High-Resolution Respirometry. Oxygen consumption by
purified spermatozoa was measured at 36°C in 2mL glass
chambers of oxygraph Oroboros (Oroboros, Innsbruck, Aus-
tria) connected to the computer with DatLab software for
data acquisition and analysis (Oroboros, Innsbruck, Austria).
The oxygen flux was calculated as a negative time derivative
of the oxygen concentration. All values of oxygen fluxes
were corrected for instrumental and chemical background
measured in separate experiments performed in the same
medium without human gametes.

The medium consisting of 0.5mmol/L ethylene gly-
col tetraacetic acid, 3mmol/L MgCl-6H,O, 60 mmol/L
K-lactobionate, 20mmol/L taurine, 10mmol/L. KH,PO,,
20 mmol/I. HEPES, 110mmol/L. sucrose, and 1g/L albu-
min essentially fatty acid free [21] was stirred at 750 rpm
and equilibrated for 60min with air. Afier equilibration,
oxygen concentration in the chamber corresponded to its
concentration in the atmospheric air and solubility in the
medium (0.92). The chambers were then closed and the
samples of intact spermatozoa were injected into the cham-
bers using Hamilton syringe. Into one of two chambers
recording in parallel, propolis (0.0l mg/ml) was injected
and the samples were further incubated at 36°C for 20 min.
The spermatozoa cell membrane was permeabilized with
digitonin (Sigma-Aldrich, St. Louis, USA; 5pg/mL) and
combination of substrates, inhibitors, and uncouplers was

sequentially injected into the chambers to measure the res-
piration through different segments of the electron transport
system (Figure 1). (1) Resting respiration with substrates
providing electrons to complex I malate (2mmol/L) and
glutamate (10 mmol/L) was measured as a state 52 (non-
phosphorylating LEAK state, Ly ). (2) Active respiration was
induced by 5 mmol/L. adenosine diphosphate (ADP; state 83
or OXPHOS). (3) Oxygen consumption was further mea-
sured with pyruvate (5 mmol/L) and a substrate of electron
transfer flavoprotein (ETF) palmitoy]l camnitine (20 xmol/L).
{4) Integrity of the mitechondrial inner membrane was
checked with cytochrome ¢ (10 pmol/L). (3) Mitochondrial
respiration was then increased by succinate, complex 11
substrate (10 mmol/L). (6) State LEAK was induced again
by inhibition of ATP-synthase oligomycin (2 ug/mL). (7)
Maximum capacity of the electron-transporting system (state
S3u or ETS) was reached by titration of uncoupler triflu-
orocarbonylcyanide phenylhydrazone (FCCP; 0.05 pmol/L
titration steps). (8} After addition of a complex 1 inhibitor
rotenone, the oxygen flux corresponded to maximum capac-
ity of the electron-transporting system with the complex
1T only. (9) Then, antimycin A (2.5 gmol/L), a complex 111
inhibitor was injected into the chambers to measure residual
oxygen consumption (ROX). (10) NN.N'.N'-tetramethyl-
p-phenylenediamine dihydrochloride (TMPD; 0.5 mmol/L)
and ascorbate (2mmol/L) were injected simultaneously for
respirometric assay for cytochrome ¢ oxidase (C IV) activity.
Im the results, oxygen fluxes recorded in the individual titra-
tion steps were corrected for residual oxygen consumption.

The dose-response relationship between the propolis
concentration and sperm respiratory activity was tested in
another set of experiments, where the final concentrations
of propolis 0,001, 0.005, and 0.01 mg/mL were used. Higher
dose of propolis was not tested as in experiments running
in parallel, higher concentrations of propolis in the incuba-
tion medium (0.03 and 0.05mg/mL) were toxic for mouse
embryonic stem cells reducing their growth, survival, and
proliferation (unpublished observation).

2.6. Permeability of Cell Membrane in Sperm. Sperm was
treated with the impermeable fluorescent dye propidium
iodide to check cell membrane permeability for substrates,
inhibitors, and uncouplers after treatment by digitonin. Final
concentration of propidium jodide was 1 pg/mL.

2.7 Sperm Flow Cytometry Evaluation. Mitochondrial mem-
brane potential (A%m) was determined with MitoProbe
JC-1 Assay Kit (Life Technologies). Fach sperm sample
was resuspended in 37°C warm phosphate-buffered saline
(PBS) at approximately 1 x 107 cells/mL. Propolis (1 L) was
added to test samples (100uL) to reach final concentra-
tion 0.01 mg/mL. Controls remained without intervention.
Samples were incubated in propolis for 60 min and after
that were washed with PBS. JC-1 (10 gL of 200 pmol/L} was
added for 20 min incubation (37°C, 5% CO, ). Wash with PBS
followed (5min, 1500 rpm). Samples were resuspended in
500 uL. PBS and measured on BD FACS CANTO I cytometer
(BD Biosciences, New Jersey, USA). Analysis was performed
with BD FACS Diva software with 488 nm excitation using
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FIGURE I: A scheme of an electrotransport convergent system. System is situated on the inner mitochondrial membrane. GpDH = glucose-6-
phosphate dehydrogenase; complex | = NADH-() reductase; complex I1 = succinate-() oxidoreductase; complex 11l = cytochrome reductase;
complex I'V = cytochrome oxidase; ETF = electron-transporting Havoprotein; (0, = oxygen.

emission filters appropriate for Alexa Fluor 488 dye and R-

phycoerythrin.

2.8. Cilrafe Synthase Activify. Mitochondrial content in the
samples aspirated from each oxygraph chamber was assayed
by determination of the citrate synthase activity [22, 23].
The assay medium consisted of 0.1 mmol/L 5,5-dithio-bis-(2-
nitrobenzoic) acid, 0.25% Triton-X, 0.5 mmol/L oxalacetate,
0.3 mmol/L. acetyl coenzyme A, 5 pmo/L EDTA, 5 mmol/L
triethanclamine hydrochloride, and 0.1 mol/L. Tris-HCI, pH
8.1[22]. Two hundred microliters of the mixed and homoge-
nized chamber content was added to 800 uL. of the medium.
The enzyme activity was measured spectrophotometrically at
412nm and 30°C over 200s and expressed in mIU per 107
cells.

2.9, Dafa Analysis and Statistics. Results are presented as
mean + SEM. Statistical differences were analyzed using
software package STATISTICA Cz 8 (StatSoft Inc., Prague,
Czech Republic). After testing for the normality of distri-
bution and homogeneity of variances, comparisons were
made using Student’s ¢-test. Wilcoxon signed-rank test and
analysis of variance (ANCOVA) with post hoc tests corrected
for multiple comparisons by Bonferroni’s method. The results
were considered significantly different when P < 0.05.

3. Results

3.1 HPLC Amalysis. Analyzing the propolis by the HPLC, we
were able to identify compounds as t-ferulic acid, p-coumaric
acid, vanillin, caffeic acid, t-cinnamic acid, kaempferol, api-
genin, and chrysin. Although we analyzed standards of gallic
acid, benzoic acid, quercetin, naringenin, luteolin, genistein,
pinocembrin, galangin, and caffeic acid phenethyl ester, they
were not identified in our propolis sample. Chromatogram
of ethanolic extract of the Crech propolis is presented in
Figure 2. Detailed results with concentrations of observed
substances are shown in Table 2.

t_ferulic acid 28,955

pcoumark acd 7 573

Cinmamic ackd 4 2792
Chrysin 70074

Kempirol 51,541
Apigenin 53 415

o

g2
Caffac acd 21,225
Vanlllin 23409

0.0 4

15 20 25 30 35 40 45 50 55 &) &5 70 75 80
Time {min)

Fraune 2: HPLC chromatogram of the Crech propolis extract and
the identified compounds/retention time (A = 280 nm—black line
and A = 330 nm—green line).

3.2 Semen Parameters and Effect of Propolis on Sperm Motility
in Fresh Fjaculate. Ten healthy men were included in this
study. The mean age was 24.2 years. The general sperm
characteristic of the normozoospermic men after ejaculation
is shown in Table L. The effect of propolis on human sperm
motility after incubation for 60 minutes is presented in
Figure 3. Propolis preserved the progressive motility of sper-
matozoa in the native semen samples, since the percentage of
the progressively motile spermatozoa after incubation with
propolis remained nearly the same as in the fresh samples,
whereas in the ejaculates without propolis, the progressive
motility significantly declined with time (P = 0.028). Fthanol
alone had no negative effect on sperm meotility.

3.3. High Resolution Respiromeiry. Representative traces of
the oxygen consumption in permeabilized spermatozoa
with and without propolis 0.00mg/ml are depicted in
Figure 4. Oxygen consumption of intact spermatozoa (0.13
+ 0.01 nmol/{s-TU)) was significantly enhanced by propolis
{0.27 + 0.03 nmol/{s-IU}; F = 0.006). Afier permeabilization
with digitonin, state 2 determined in the presence of malate
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TaBLE 2: Analysis of the ethanolic extract of propolis by the HPLC,

Compound Rt [min] Concentration [mg/L of EEP]
Gallic acid &0 nd
Caffeic acid 21.2 65+ 11
Vanillin 234 65+ 11
p-Coumaric acid 275 231+ 10
t-Ferulic acid 289 S5l4+15
Benzoic acid 336 nd
Quercetin 423 nd
t-Cinnamic acid 427 9+1
Maringenin 432 n.d.
Luteolin 4.7 nd
Genistein 45.6 nd
Kmnp:fem] 513 101 + 45
Apigenin 534 FEES:]
Chrysin 70.0 36+5
Pinocembrin 5.1 nd.
Galangin 731 nad.
CAPE 714 nad.

(n.d = nondetected; CAPE = caifetc acid phenethyl ester).
10D 4
an
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Progressive modility at 60 min (%)
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o4

Contral Propolis

Froure 3: Effect of propolis on sperm motility. Columns represent
progressive motility of spermatozoa in native ejaculates after 60 min
incubation with propolis extract (mean + SEM). Dashed line =
progressive motility at time 0. " F < 0.05, compared to the respective
control value.

and glutamate was 0.19 + (.04 nmol/(s-1U) in the control
samples and it was significantly higher in the propolis-treated
sperm samples (0.29 + 0.05 nmol/(s-1U}%; P = 0.014). State 3,
that is, oxygen consumption during oxidative phosphoryla-
tion, determined in the presence of ADP and substrates of
the complex 1, ETE, and complex 11 is depicted in Figure 5.
Propolis significantly increased (by ~50%) 53,,; oxygen flux
(P = 0.003) suggesting increased activity of the complex II.
Propolis did not influence state 4 induced by oligomycin that
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FiguRe 4: Suhstrate-uncoupler-inhibitor titration protocol in
human spermatozoa  Substrate-uncoupler-inhibitor  titration
(SUIT) protocol with substrates for complex I, complex II, and
electron-transferring flavoprotein (ETF) in human spermatozoa.
Red line = oxygen flux expressed per IU citrate synthase activity in
the control sample, green line = oxygen flux expressed per IU citrate
synthase activity in the sample treated with propolis 0.01 mg/ml,
and blue line = oxygen concentration in the oxygraph chamber. Dig
= digitonin, M = malate, G = glutamate, [} = ADF, P = pyruvate,
Pear = palmitoylcarnitine, ¢ = cytochrome c, § = succinate, Omy =
oligomycin, F= FCCP, Rot = rotenone, and AmA = antimycin A.

reached 0.81 + 0.07 and 0.94 + 0.09 nmol/{s-1U) in the control
and propolis-treated spermatozoa, respectively. Maximum
capacity of the electron-transporting system (state S3u) tested
for both complexes I and IT and in the presence of the complex
I inhibitor rotenone was significantly higher after propolis
administration (Figure ). In measurements with TMPD +
ascorbate, complex IV respiration was 1216 + 2.58 nmol
O,/{s1U) in the control samples and it was significantly
enhanced by propolis to 15.4 + 3.19 nmol O, /{s-1U). Absolute
ethanol alone (medium for propolis, oligomycin, antimycin
A, FCCP, and rotenone) in the volume up to 10 xL did not
influence respirometric parameters measured with substrates
of complexes I, 11, and ETF in the presence of ADP.

Flux control ratios were calculated to estimate the relative
efficiency of individual interventions and coupling state of
the sperm mitochondria. The ratio OXPHOS,/OXPHOS,
was significantly higher in the propolis-treated samples
(3.53 £ 0.42) compared to controls (2.8 + 0.28) suggesting
increased efficiency of coupled respiration when complex 11
was stimulated by succinate. The LEAK control ratio is the
ratio of LEAK respiration and ETS capacity; it reached 0.25 +
0.02 in the control samples and it significantly decreased after
propolis to 0.21 = 0,02 (P = 0.024).

The dose-response relationship tested in separate exper-
iments is shown in Figure 7 for state 83 (OXPHOS), where
glutamate, malate, pyruvate, succinate, and ADP were present
in the medium, and for state 53u (ETS), where mitochon-
dria where uncoupled by FCCP. Propolis dose-dependently
increased oxygen consumption, although the extent of its
effect was greater for state 53 than for state $3w

3.4. Permeability of Cell Membrane in Sperm. Addition of
5 ug/ml of digitonin made the sperm cell membrane per-
meable to dye propidium iodide and for the substrates,
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FiGURE 5: Oxygen consumption rates in the state 53 (OXPHOS)
measured under control conditions and with propolis. Oxygen con-
sumption rates in the state 53 (OXPHOS) measured under control
conditions (control) and with propolis extract added (propolis) in
the presence of ADP and substrates providing electrons to complex
I, ETE and complex II. M = malate, G = glutamate, ' = pyruvate,
Pcar = palmitoylcarnitine, and & = succinate. Oxygen fluxes were
corrected for residual oxygen consumption and expressed per IU
citrate synthase activity. " < 0.05 compared to the respective
control value.
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FIGURE 6: Oygen consumption rates in the state 53u in per-
meahilized spermatozoa. Ohygen consumption rates in the state
53u (ETS) in permeabilized spermatozoa measured under control
conditions (control} and with propolis extract added (propolis) in
the presence of FCCF and substrates providing electrons to complex
I, ETE and complex I M = malate, G = glutamate, P = pyruvate,
Pear = palmitoylcarnitine, § = succinate, and complex I inhibitor
rotenone (Rot). Oxygen fluxes were corrected for residual oxygen
consumption and expressed per IU citrate synthase activity. "F <
(.05, compared to the respective control value.
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F1aune 7: Dose response relationship between oxygen consumption
and final propolis concentration. State 53 (OXPHOS) = oxygen
consumption rate in permeabilized spermatozoa measured with
malate, glutamate, pyruvate, succinate, and ADP State 53u = oxygen
consumption rate in permeabilized spermatozoa measured after
sequential addition of malate, glutamate, ADP, pyruvate, succinate,
and FCCP Oxygen fluxes were corrected for residual oxygen
consumption and expressed per IU citrate synthase activity. "F <
0.05, compared to the respective value without propaolis.

inhibitors, and uncouplers required to determine high reso-
lution respirometry (Figure 8).

3.5 Sperm Flow Cylomeiry Evaluation. Depolarization of
the mitochondrial membrane is a sensitive indicator of
mitochondrial damage. JC-1 is a membrane-permeable fluo-
rescent probe aggregating in the mitochondrial matrix and
then emitting red fluorescence, if A%m is high. In case of
mitochondrial depolarization, the monomeric form of JC-1
cannot accumulate in the mitochondrial matrix and produce
green fluorescence in the cytoplasm. In the spermatozoa,
loss of A%m could serve as a marker of early apoptosis
and sperm dysfunction [24]. In our experiments, incubation
of the sperm samples with propolis (60 minutes) had no
significant effect on A% (Figure 9). In the control samples,
the percentage of cells with high A% was 98.43 £ L07% and
it even slightly increased in the propolis-treated spermatozoa
reaching 99.33 £ 0.25%.

3.6. Citrate Synthase Activity. In the control samples, citrate
synthase activity was 6.58 + 0.84 mIU/10" cells and it was not
significantly affected by propolis (6.08 + 0.84 mIU/107 cells)
and by the substances (substrates, inhibitors, media) added
during the respirometric measurements, as tested in separate
controls.
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Frgure & Effect of digitonin treatment on spermatozoa. (a) Micrograph of human spermatozoa and (b) fluorescent micrograph of the same
optical field after treatment with the nonpermeable nuclear dye propidium iodide.
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Figure 9: Typical double fluorescence dot plots of flow cytometry analysis. Mitochondrial membrane potential was determined with
MitoFrobe JC-1 Assay Kit (Life Technologies). R-phycoerythrin = red fluorescence, normal cells; Alexa Fluor 483 dye = green fluorescence,

reduced mitochondrial membrane potential.

4. Discussion

This is the first study showing chemical composition of
propolis collected in the Czech Republic. Bee glue has a very
complex chemical composition that depends on a number
of factors including diversity of plants and geographical
location from which bees collect it Although the region
of collection of the tested sample of propolis is situated
in the northern temperate zone where the “poplar™ type
propolis is a typical bee product [3], the tree structure
within the mentioned locality is composed of coniferous
trees (90%), birch (6%), alder (2%), beech (1%), and oak
{1%) [25]. However, the tested sample contained chrysin,
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the reference flavonoid in poplar propolis, and phenolic acids
and other flavonoids typically found in bee glue extracts
originating from similar geographical regions and reported to
be responsible for various beneficial effects of propolis [26].
Among them, ferulic acid, coumaric acid, and kaempferol
were present in the highest concentrations in the Czech
propolis extract. Caffeic acid phenethyl ester, naringenin, and
quercetin—substances frequently contained in the poplar
propolis [2, 3] and widely tested for their anti-inflammatory,
anticancer, and antioxidant activities in recent years [27]—
have not been detected in the Czech propolis. The factors that
could contribute to the above mentioned differences could
include not only diversity of plant species growing around



the hive, but also season, illumination, altitude, collector
type, and food availability [28]. It should be noted that
the search for a single substance or a particular substance
class that could be responsible for the beneficial actions of
propolis has not been successful to date. Scientific studies
demonstrated that biological activity of propolis could be
almost identical (i.e., antimicrobial, antitumor, antioxidant,
anti-inflammatory, etc.) in samples from different climatic
zones and of completely different chemical composition [3].
Most probably, a combination of substances is essential for
the biological activity of bee glue [29].

The present study describes the effects of propolis on
the sperm motility, mitochondrial membrane potential,
and mitochondrial respiratory activity assessed by high-
resolution respirometry allowing determination of individual
respiratory states in a sequential manner on the same sample,
thus allowing complex evaluation of the mitochondrial func-
tion dose to the situation in vivo. In addition, high sensitivity
of the method enables determination of respirometric activity
of individual mitochondrial complexes in a relatively small
amount of cells [30]. In our experiments, we have used
the purified spermatozoa that were subjected to membrane
permeabilization by mild nonionic detergent digitonin, the
dose of which was carefully titrated to permeabilize the cell
membrane without damaging the mitochondrial function. To
date, oxygen consumption by human sperm mitochondria
has been determined mostly by traditional oxygraphy in
the germ cells subjected to hypotonic swelling [13, 31-
33]. However, in the spermatozoa of several mammalian
species, hypotonic challenge could substantially influence the
activity of various protein kinases (PK), including PKA, PKC,
and protein-tyrosine kinase via osmosensitive K* and CI™
channels in the process called regulatory volume decrease
requiring energy supply [34].

The major finding of the present study is that propolis
enhances the activity of mitochondrial respiratory complexes
11 and IV without affecting the coupling of the electron
transport to ATP synthesis and/or mitochondrial membrane
potential in permeabilized human spermatozoa in vitro. In
the coupled state, propolis enhanced oxygen consumption
with complex I and complex 11 substrates by -50%. This
increase was attributed to complex 11, since the activity of
complex 1 alone was not affected by propolis. In addition,
the ratio Py, ;/F; was significantly higher in the propolis-
treated samples. Similarly, in the uncoupled state (53u, E),
oxygen consumption was significantly (by ~25%) higher after
propolis, both in the presence of substrates of complexes I and
11 and after inhibition of complex I by rotenone. Activity of
the complex IV was increased to the same extent (~27%).

The data available on the effects of propolis and its
major compounds on mitochondrial respiration or activity of
individual mitochondrial enzymes involved in the electron-
transport convergent system are scarce. The most frequent
finding is that this effect is negligible in normal somatic cells
{cardiomyocytes, neurons, and hepatocytes), but becomes
beneficial in the cells challenged by toxic stimuli where
oxidative phosphorylation is compromised [16, 35, 36]. In
contrast, in various types of tumor cells, propolis extract or
its constituents inhibit oxidative phosphorylation and trigger
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release of cytochrome ¢ and subsequent apoptosis [15, 17]. In
view of this, the action of propolis on the cellular respiration
is not easily predictable and depends on the cell type.

Some studies sugpested that propolis or its phenolic con-
stituents might influence mitochondrial membrane poten-
tial via increased permeability of the inner mitochondrial
membrane [14]. This issue was addressed in the experiments
with MitoProbe JC-1 Assay Kit that clearly showed that in
the human spermatozoa, mitechondrial membrane potential
was not affected by propolis. In addition, oligpmycin-induced
respiratory state (LEAK) that reflects compensation for the
proton leak, proton slip, electron slip, and cation cycling
[30] was not affected by propolis. Thus, the decrease in the
LEAK control ratio after propolis could be attributed to
the increased efficiency of the electron transport through
complex I1. The putative molecular mechanism of complex 11
activation was suggested in study of Cimen et al. [37], where
propolis constituent kaempferol increased deacetylation of
succinate dehydrogenase thus increasing its activity.

To date, the effects of propolis or propolis compounds on
the sperm characteristics have been rarely studied. The whole
propolis extract was used in studies conducted by Yousef
and collaborators on rats and rabbits that were treated with
propolis for 10 to 12 weeks |38, 39]. Administration of propolis
resulted in an increased sperm count and motility, plasma
testosterone levels, and a decreased dead and abnormal
sperm count. A single study documented positive effect of
the propolis compound chrysin on the sperm motility, sperm
concentration, and serum testosterone levels [40]. Ferulic
acid was also reported to enhance sperm motility and viability
[41]. All these findings were attributed to the activity of
propolis as antioxidant and none of these studies dealt with
the action of propolis or its constituents on mitochondrial
energy production. Our study describes a novel beneficial
effect of propolis on the sperm characteristics.

Recent experimental evidence suggests that oxidative
phosphorylation in the human spermatozoa plays a cru-
cial role in gaining energy for the sperm motility and
indicates that asthenozoospermia might be related to the
impaired mitochondrial functionality [42]. High-resolution
respirometry could provide new data in search for sub-
stances that could positively affect human sperm motility and
thus improve sperm fertilizing ability. In addition, detailed
analysis of respiratory efficiency of individual mitochondrial
enzymatic complexes under coupled and uncoupled condi-
tions could provide better insight into pathophysiology of
asthenozoospermia.

5. Conclusions

This study demonstrates, for the first time, that ethanolic
extract of propolis increases activities of mitochondrial respi-
ratory complexes 11 and I'V without affecting mitochondrial
membrane potential. The obtained data suggest that propolis
improves the total mitochondrial respiratory efficiency in
the human spermatozoa in vitro thereby having potential to
improve the sperm motility.
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ABSTRACT

Objective: To determine whather patients with recur-
rent spontaneous abortions and IVF suffer from latent
celiac diseasa

Design: Perspective study.

Settings: Department of Gynecology and Obstatrics
and F%Il}rEﬁgspital. Charlgs Unil.?egtgily. Pilzen.
Material and methods: Sera from 442 infertile pati-
ents aged 23-47 years and 86 healthy fertile controls
aged 22-28 years ware examined by commercial
ELISA sats for the presence (absence) of antibodies
angainst gliadin IgG, g4 and tissue transglutaminase
inIgG and IgA.

Results: Wi found a statistically significant difference
batween the control group and patients with decrea-

sed fertility. Thay have a positive values in anti-tissue
transglutaminase lgA (p = 0.0096). Frequent, very low
positive reaction of antigliadin I35 was also found in
the control group of women.

Conclusion: Patients with unexplained r ted mis-
carriages and repeated unsuccessful IVF with IgA
positive tizsue transglutaminase have new comple-
ment of ckher basts for autcimmuenity and examination
of & total IgA, and gastroenterological examination.
Eleven patients with significant positive anti-tissue
transglutaminasa lgA were successfully conceived
only under strict gluten-free diet.

KEYWORDS

infertility - celiac disease - antibodies - gliadin -
tissue transglutaminase

SOUHRN

Cil studie: jistit, zda pacientky s opakovanymi potraty
& opakovanymi IVF netrpi také latentni asymptoma-
tickou celiskii.
Typ studie: Parspektivni studie.

ev a sidlo pracovisté: Gynekologicko-porodnicka
Klinika LF UK a FN, Plzef, a Genatika, Plzan.
Metodiky: Séra 447 pacientek ve vaku 23-47 lat e
snizenou plodnosti a BE zdravyjch fertilnich kontrol ve
wiku 22-38 let jsme vySelfili komercnimi ELISA sety
na pritomnast {nepritomnost) protildtek proti gliadinu
IgG, g a tkéfove transglutamindze v IgG a IgA.
Vysledky: Prokazali jsme statisticky vznammyg rozdil
mezi kontrolni skupinou a paci mi se snifenou

plodnaosti ¥ pozitivnich hodnotdch tkanowe transglu-
tamindzy v Igh (p = 0,0096). CastéjEl lehce pozitivni
reakci antigliadinowych protildtek v 19G j=me nalezli
i u kontrolni skupiny Zen.

Zdvér: L) opakované potracejicich pacientek a fen po
opakovanych, doposud nedspasnych IVF s pozitivnimi
hodnotami tdnove transglutamindsry lga dopliujemea
dalii wysatfeni celkowého IgA a konultaci u gastroen-
tercloga. Jedendct pacientek s wyrazmou pozitivitou
proti tkanove transglutamindze v IgA dspésné obéhot-
nélo jen za piisné bezlapkove diety.

KLICOVA SLOVA

infertilita - celiakie - athy i gliadinu -
pratilty prof tkifové transgiutamindze
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uvob

Celiakie (CD) nebo glutenovd (lepkovd) ne-
sndSenlivost (glutenovd enteropatie) patfi me-
zi AutoimMunitni dédifnd onemoméni enkého
stfeva. Bilkowina obili, lepek, pak zplsobuje
autoimunitni zanét stfevnd sliznice. Bez 16{by
- diety sliznice stfeva postupné atrofuje a ma
sniZenon absorpéni schopnost. Odstranéni lep-
ku ze stravy vede k dplné remisi onemocnéni.
Pacientky doposud bez klinickych zndmek tohoto
autoiMmunitnine onemocnéni mohou opakované
potrdcet nebo rodit hypotrofické plody . JiE dfive
bylo plokdzdno [napf.1-6, 9, 10, 19, 23, Z7-29],
ze glutenovou intoleranci zphsobuji proteiny
z Obilowin - glutenin a prolamin; studie [22] mo-
lekuldtné-geneticky a imunologicky analyzuje
glutenové pIoteilly z Thzy Ch 0bilovin & Tozebird
jejich odlidnostive vzrahu k autoiMunitni reakci
a CD. Ze sowfasnéno pisemnictyi [mapl. 8, I7,
18, 21] vyplyvd, e v EvIopé a Severmi Americe je
prevalence CD 1:100 a 1:300, v samond Ceské
republice se odhaduje na 0,5 %. Bylo viak také
prokdzdno [19, 24], 22 nemocni & CD maji gene-
tickou predispozici v podobé HLA 1. tfidy B8,
HLA II. tfidy DQ2, DQ8, DOw? valmi fasto spo-
jencu & daliim antdiMuitnin onemomEenim
[mapf. 11, 14, 15, 25, 26]. Piiznaky CD jsou velmi
rizné, od klasickych [8], atypickych, silentnich
a asympromatickych [3] po latentni a moEné (9,
30). Mezi nejéastdjs piiznaky CD patfi fidka sto-
lice, bolesti v podbfifku, zndmky malabsorpie.
Vitiina pacienth viak byvd bez tcheo klasickych
pliznakn. Vv plipadé silentni a arypické formy
mohou pacienti byt napt. vice unavitelni, nékdy
depresivii, Zeny Mivaji problémy s otéhotné-
nim, udrienim gravidity, donofenim zdravého
plodu [11, 12-15, 18]. U pacientek s CD s mohou
objevit i jiné nepravidelnosti, napf. zpozdénd
menarche nebo amenorega, fasnd Menopauza,
v reprodukénim obdobi pak Eastdjsi potraty nebo
se u jejich plodd objevuje rastovd intranterinni
retardace (tab. 1) |7, 11, 14, 21]. Vedlezdkladnich
klinickych symptomi CD jsou dileFité i séro-
logické markery tohoto onemocnéni. BEEné se
zjistuji protilitky proti gliadinu, tkafiové trans-
glutamindze, protilitky prot endomysiu nebo
retikulinu. Tytd testy jSou pro odbomiky jen po-
mocné, doplitkové k imunohistochemické analy-
ze sliznice tenkého stfeva. Vancikova a kol. [28)
publikovali welmi rogsdnlon Ceskou studii, krerd

Tab.1 Modné reprodukini zmeny u den s cellakli

sledovala téméf 1900 pacienth s Thznymi dia-
gnizami (zdravé ddTce kive, pacienty s plimarni
05te0poTdzou, § AutdiMunitnim onemaocninim,
se sniZencu plodnosti) v s6r0l0gicky ch parame-
trech CD. Zjistila az Eryindsobnou séTologickou
pozitivitu u jmenovanych diagndz proti zdravé
skupiné dirch kive.

V nadi studii jsme se soustfedili na nihodné
vybIané pacientky po 2-3 spontdnnich potracech
a Feny po opakovanych neaspéimych IVFE 1éceb-
nych cyklech. Vedle rurinnich zdkladnich testi
v Teprodukini imunologii jsme se zameéfili i na
protildtky proti gliadinu a tkafiové transgluta-
mindze.

SOUBOR A METODIKA

Vyietfili jsme celkem 442 pacientek ve viku
23-47 1ot (pramérny v&k 32,6 let), TS z nich Spoli-
tinné potratilo dvakrdt a vicekrde, 167 pacien-
tek pak bylo po dvou a vice nenspéinych IVFE.
Viechny Zeny v té dobé naviwdvovaly Poradnu
pro imunologii reprodukce na Cynekologicko-
porodnické klinice LF UK a FN v Pizni. Kontrolni
skupina se sklddala z 86 zdravych fertilnich dob-
Tovolnic ve véku 22-38 let (praméarmny vk 24,5 let).
Viechny feny podepsaly informovany scuhlas
5 timto vy3etfenim. PIi podrobné anamnéze
zddnd ze sledovanych Zen neméla subjektivid
potize tykajici se CD.

K laboratornimu vySetfeni jsme poufili komers-
ni ELISA (Tissue Transglutaminase 1gA/1gG ELISA
Kit a Gliadin Iga/1gC ELISA Kit, Omega) k urteni
s6Towych hiladin IgA a IgG protilitek proti gliadinu
a tkdnové transglutaMindze. Statistickou analyzu
jsme provedli pomoc ¥ tesm.

YYSLEDKY

Vysledky sérowych protilitek proti gliadinu
a tkdfowve transglutamindze v IgC a v [gA jsou
uvedeny v tabulce 2. Zjistili jsme roedily mezi obé-
ma skopiliami pacientek a koNtTolnim soubolem
v hladinich protilitek proti tkifiové transgluta-
mindze v IgA (p= 0,0096**). Vyznammny rozdil byl
i mezi SaMmotnymi pacientkami: Mezi skupinou
ZEM § opakovanyni potTaty A ZeNami po opakova-
nych IVF {p= 0,0374%), a ddle mezi kontrolni sko-
piliou a pacientkami po opakovamnych selhdnich
v IVF(p=0,0303*).

Reprodukinl zmeny behem Hvota 2eny

opaioené menarche, amenorea, Casnd Menopaura

Zmeny v gravidite

sniteny potet otahotnani, opakovand samovoingé potraty, porody hypotrofickych
pladt, abnormdini funkce placenty
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Tab.2 Araljza sérovjch protiatek protl glladinu (GII) a thanové transglutaminaze (TG} v igh 3 v igG

Sledované markery ‘Dpakovang selhanl v IVF Kontroly {n = B6) p hodnota

spontanni potraty n =167}

{n = 275)

Poaitivni antHTE iga 4 e 0 00096™
Pomtivni antt- TG lgG B 1 OEEEZ
Pomtivri antHGll Iga o il o X
Pomtivri antt- Gl igG 3 n 2 Q0004
Pomtivni antH- TG iga + portivid anti- tTG1IQE | 1 1 o X
Pomtivni antl- Gl iga + pantivnd antl- GGG 2 Q o X
Alaspon [edna pozitivil ant-TG + alespon g 7 o o4
jedna pazitivni anti- Gl

U konerolni skupilly zdravych fertilnich Zen
jsmezjistili signifikantndvyii nladiny prot glia-
dinu v IgC ve STovndni § ostatnimi skupinami
pacientek (p = 0,0004***). (Statistickou analyzu
uvddime na Eryfi desetinnd mista na doporudfeni
statistika )

DISKUSE

Snizend plodnost u Zen maze byt zpisobe-
na nejraznéjsimi pfifinami, izolovanymi nebo
sdmfenymi. IMunologickd nadstavba snizené
plodnosti se velmi £asto uvddi v podobd abnorma-
lit v bunéfné nebo protildtkovd odpoveédi [mapi.
12, 13, 25, 25]. Nékeeré studie poukazuji na to,
pacientky 5 CD maji problémy s owdhowmnénim,
udrienim £asného embrya nebo rodi hypotro-
fické plody [mapf. 16]. Rozsdhli Eeskd studie [28]
analyzowala vysledky protilatkowych fakeord cha-
rakterizujicich CD u 1835 dospdlych, z niche bylo
1312 zdravych darch krve, 102 pacienti 5 primarni
0Ste0porizon, 58 se zikladnim autoimunitnim
CTeMONENIM 4 365 6N se sniZencu plodnost
Dwvojity SCreening ukdzal velmi pestry protilitkovy
obIaz proti gliadinu, tkifiowé transglutamindze
iendomysia, pfifems latentni CD byla prokdzdna
u 0,45 % zdravych dircd kIve, u 0,98 % pacienti
5 05teoporizou, u 2,7 % 5 autdiMunitnim one-
MOCNEnim a w 1,13 % Zen s snizenou plodnos-
ti. Ukdzalo se tedy v tét0 MulticentTicksé feské
studii, £e je zvyiend prevalence seropozitivicy
CD i u zdinlivé zdravé Ceské populace. U vysoce
rizikovych skupin pak prevalence séropoeitivity
v CD je 2-4krdt vy33 nei u kontrolnd skupiny
zdravych darch.

V nadi soufasné stodii 442 Zen jen 13 pacientek
(2,9 %) se snifenon plodnosd (4 po opakovanych
SpOMtAnnich potratech a 9 pod Dedspéinych opa-
kowanych IVF) mélo laboratomé vysoks hladiny

thdfove transghutamindsy v [gA, ani by tyto Zety
mély jakékoli klinickd gastrointestindlni obtize.
Zidnd z 13 fen v dobé laboratornino ,, podez feni®
na CD nepodstoupila histologicks vySecfeni stfevnid
biopsie. Pacientky ale pfistoupily na pfisnow bez-
lepkovon dietu. BEhemn diety aspéiné otEhotnélo
jedendct pacientek, sedm porodilo zdravy plod,
u dalzich jeseé pokrafuje gravidita.

Cena sreeningovéno vyietfovdni protilitek
proti gliadinu i tkafové transglutaminazy pomao-
ci ELISA metody se polybuje mezi 200-400 KE. Do
sreeningu celiakie zahirnuji nékterd laboratole
vySetfeni protilitek i prot retikulinu, endomy-
5iu. ANi jeden z testd viak Nemd StOpIOCentni
senzitivitu a specificitu. VySetieni na protilitky
proti gliadinu v3ak md znafnou variabilitu, kte-
T4 zdle#i na pulifikaci antigenu Navazaného na
destifce v systému ELISA mewody [20, i vlastni
zkuZenost|. V soufasné dobé se nwpfednostiiuje
purlifikovany o-gliadin (vy88i specificita) [20],
ale tento antigen jsme neméli moEnost v nasi
studii pouzit. ELISA testy k detekci protilitek
proti a-gliadinu jsoun i mnohem drazéi (kolem
S00-600 KE).

Vzhledem k vysoce pulifikovansimo antigenn
thdfove transglutamindzy v Systdmo ELISA je test
k vyEetTeni celiakie daleko citlivEjsi a specifiCodjsi,
ma plimy vztah k sledovansmu latentnimu dopo-
sud asyMptoMatickEemu oNemocnent, je prakticky
vyloufena zkfiFend imunoreakdvita § jinym epi-
topeIn {tou gliadinm neslo v Nasem testovani vy-
loufit). Suverénnd diagnostickou metodow celiakie
je metoda stfevni biopsie. Tu ani jedna pacientka
v a1 studii nemala.

Pravdépodobné i latentni, subklinickd CD
miEe participovat Na snizené plodnosti. Bylo
vysloveno nékolik Dypotdz (lektinovd hypotéza,
Dypotéza 0 vIozeném deficitu peptiddz, imu-
nologicka hypotéza). VEechny se snazi vysvit-
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lit pfifinu snizené plodnosti u Zen s CD. Jedna
z Mich se opira [16] 0 morfologické zmény na
sliznici tenkého stfeva s atrofii klkd, cof ma
pak za ndsledek zhoriené vstfebdvdni i napf.
kyseliny listové, Zeleza a vitamind skupiny B
s sekunddrnimi nasledky sniZené plodnosti.
Latentni, doposud subklinickd CD se zdd byt
cetnéji plfedeviim u Zen se snifencu plodnost
ve smyslu opakovanych téhotenskych ztTdt ve
S[ovIATI 58 zdravou fertilni populaci.

V nasi studii jsme zcela nahodné u tfindctd
pacientek naili pozitivii laboratolni Ddlez smé-
Tujici k diagndze celiakie (vysoké Dladiny tkd-
fiowé transglutamindzy v IgA), doporudili jsme
dalii vyZecfeni u gastroenterologa. Ten vétiinou
roziifuje laboracomni diagnosticks spekerull o vy-
Zetfeni protildtek prot retikulinu a endormy Siu.
Laboratorni vyaetfeni ale nikdy nenahradi dia-
gnostickou stfevni biopsii. LéCbu pacientek pak
zahajujeme spolefné. Vitiinou postadi pfisnd
bezlepkovd dieta, pfi které dojde k obnoveni fy-
ziologickych enzymatickych pochodh a absorplni
finnosti stfevni sliznice. V daliim sdéleni s bu-
deme zabyvat detailnim rozborem stavu nagich
tfindcti pacientek, z nichz jedendct oréhotmélo
azadm sedm uspdiné porodilo zdravy plod.

Prace vznikia s podporou grantu MSMT CR
MSM 002 162 0812 a GAUKu £. 696212,
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Vysetreni bodovych mutaci v genu
pro interleukin-11 v populaci
neplodnych zen a plodnych kontrol

Analysis of point mutations in interleukin-11 gene in the population
of infertile patients and fertile control women
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ABSTRACT

Objective: The interleukin-11 {IL-11) is one of the most
important signaling factors in the process of decidua-
lization and embryo-maternal cross talk during the
embryo implantation. We investigated the prevalence
of the IL-11 gene point variants in the population of
infertile women and fertile control subjects.

Design: & cohort study.

Setting: Department of Obstetrics and Gynecology,
Faculty of Medicine and University Hospital of Charles
University, Pilsan.

Subjects and metheds: The population to soreen con-
sisted of 354 infertile women. The control population
was comprisad of 195 healthy fertile subjects. For the
mutational analysis, the temperature gradient gel
electrophoresis (TGGE) and direct sequencing had
bean used. The groups of fertile controls and infertile
patients were compared for statistically significant
difference usimg the Fisher "s Z by 2 Exact test.
Results: Thirteen potentially functional IL-1 gena
variants, the G to A transversions at the position 3651
(G3651A) leading to the arginin to histidin exchange

on the position 113 (R113H} were detected in the group
af infertile women. Mo mutations were identifiad in
tha control group, which means that the frequency
of functionally relevant mutations of the IL-11 gene in
infartile women is significantly enhanced in comparis-
an with conbrols (p = 0.00, Fisher "5 2 by 2 Exact test).
Conclusion: The results prove the presence of the po-
tentially functionally relevant IL-11 gene variants in the
population of infertile women. The presence of variants
does not have to lead directly to decrease fertility but
may contribute to the dysbalance of cytokine miliew
which is needed for the decidualization as well as sub-
saquent embryo implantation. Even thought IL-11 gene
variants ccour infrequently, theair impact on molecular
events during early phases of pregnancy should be
further elucdated.

KEYWORDS

interleukin-11 - variant - decidualization - embryo
implantation - infertility - assisted reproduction
~iin vitro fertilization - ternperature gradient gel
electrophoresis - DNA sequencing

SOUHRN

Cil studie: Interleukin-1 {IL-113 je jadnim z klicowjch
cytokind hrajicich dlobu pfi decidualizaci a embryo-
-matarnalnim molekuldrnim dialogu, ktery probiha
béhem implantace embrya. Nasim cilem bylo zjistit
prewalenci variant v genu proIL-11 v populaci neplod-
nych #en a v populaci plodnych kontrol.

Typ studie: Kohortowd studie.

Nazev a sidlo pracoviité: Gynekologicko-porodnicks
kKlinika LF UK a FM v Plzni.

Metodika a soubor: VyEetfili jsme 354 infertilnich
& 195 kontrolnich zdravych plodnych Zen. K analyze
j=me poudili elektroforézu probihajici v teplotnim

gradientu a pfimouw sekvenaci. Statistické shodno-
ceni rozdilu mezi skupinou neplodnych pacientek
a skupinou fertilnich kontrod bylo provedeno pomoci
Fisherova exakiniho testu pro ctyipolni tabulky.
Wysledky: Ve skuping neplodnych Zen byla w12 7 nich
zjisténa varianta GIELIA, pricem? tato varianta ma
za ndsledek zaménu argininu za histidin na pozic
N3 (RNZH). V kontrodni skupiné tato bodova mu-
tace zjisténa nebyla, cof znamend, ie frakvence
této mutace v genu pro IL-T je u neplodmych fen
signifikantné wyEEi ve srovndni s plodnymi fenami
(p = 0,01 Fisherova exaktniho testu pro ctyfpolni
tabulky).
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Zawér: Vysledky prokaruji piitomnost bodowjch mu-
taci v ganu pro [L-1 v populad neplodnych pacientek.
Vyskyt variant nemasi byt =3m o sobé mechanismem
snizujicim plednaost, ale mbie pfispivat k narusani cy-
tokinowé rovnowvahy, kterd je k decidualizaci a nésled-
né implantac embrya nutnd. Adkoli se mutace v genu
pro IL-1 wyskytuji wedond, jejich viiv na molekulérni
pochody béhem implantace a casné embryocgenaze
by mél byt objasnén,

KNCOVA SLOVA

interleukin-11 - varianta - decidualizace -
implantace embrya - neplodnost - asistovana
repredukce - in vitro fertilizace - elektroforéza
v teplotnim gradientu - sekvenovani DNA

uvob

Jednou z piifin neplodnosti a také stile newspo-
kojivich wisledkd jeji 16by [11] mife byt snEend
SChopnost embrya implantovat se do déloEni sliz-
nice. Implantaci embrya musi piedchizet deci-
dualizace délozni sliznice, kterd je komtrolovina
hierarchizovanou souhron fady Dumordlnich fak-
torh wietné mnoha oytokilid. Souvislost vyvaZensd
2 delikdtné regulovansd oy tokinowd souhly 82 schop-
N0sH Spontinninoe otéhotnéni byla opakovans
plokdzdna [7]. Interleukin-11 (IL-11) je poklddinza
Klifowy cytokin celé vyviZené cytokinove souhry
Tegulnjici decidualizaci [5].

Interleukin-11 je flenem rodiny interleaki-
Nu-6 5polu § leukemickym inhibifnim faktorern
{LIF), cilidrnim nearotrofickym faktorem (CNTE),
kardiotTofinem (CT-1} a onkostatinem-M (OSM)
a spolefné s nimi s4ili afinito k receptorovémn
ferfzci gpl30. Hotovy protein je monomer slozeny
ze 179 aminokyselin o molekulovd vize 150 kDa.
Sdm se viEe na wysokoafinni receptor IL-11R0
a po spojeni & gpl30 dochdzi k homodimerizaci
IL-11 a pfenosu signdlu. IL-11 reguluje hemaro-
poezu, iNdukuje proliferaci B bunék, stimuluje
vyvoj osteoblasth, bundk gastrointestindlnino
a Nervowallo Sy st8mu [6]. V Toce 1997 byl schvAlen
rekombinantni IL-11 (pod ndzvem Oplelvekin)
jako 18k pIo prevenci zivainé trombocytopenie
u pacientd po chemoterapii.

Srudie na mysim modelu ukazuji, fe defekry
v genu pro IL-11Ra nevedon k #dnym abnormali-
tdm v emopoetick8m procesn, ale samice s tHmeo
defektem jsou sterilni [10]. Jako pfifina neplodnos-
ti w tchito Ty 3 byla powvizena nedoscatetnd deci-
dualizace endometTia a jeho postepnd degradace.
U Elowéka byla pomoci imunehistochemickéno
barveni plokdzdna produkce IL-11 v endometTin
béhem celého menstruafnino cyklu a v epitelidl-
nich bufikich glandularnich byla pozorovdna sil-
néjE1 intenzita produkce 11-11 net u stromalnich
bunék endomerria [4]. Bylo prokdzdno, fe produk-

Cex. Gynek, 2014 79, & [ 5 48-52

ce IL-11 epitelidlnimi bufikarmi endometria je silné
SNIEeNd u 7871 § Opakovanymi potTaty v anamnéze
v STOVIANI 52 zdravou skupinou [9] a také u 2en
§ idiopatickou neplodnost je pfitomnost IL-11
v glandulirmim epitelu signifikantné niz&i [5).

Cen IL-11 se nachdzi Na chIomozoe 19 v ob-
last gl3.3-ql3. 4, je kidovdn péti exony a Cryfmi
introfny. Dosud Nebyla v litelatmie popsdna 4dnd
Mutdce Golu v E0uvislost S Neplodnostd. Je popsd-
no celkem I variant genu, z toho tfi se nachdzeji
v exonech. Jako referentni sekvence byl v nasi
studii pouZitziznam genovs banky Cislo AY207 429
zwebovich serinek http: //www_nchi_nlm nih_gov
odpovidajici referencni sekvenci Cislo NM_000641,
z8 kteTé byly ziskdly varianty geme [1]. V minu-
losti malezend varianty genu IL-11 jsou uvedeny
v Sezlamu zNAmych variant na strankach NCBI
(Dittp:/rww Nchi. Nlm.Dih. gov). Tyto varian-
ty byly zjiftény napfiklad firnou Seattle SNPs
(Ca, USA), keoTd je Sdsd Wational Heart Lung
and Blood Institute's (NHLEI) a vizknm probéhl
v [TAMCi PTOgTAmS fof Genomic Applications (PCA).
Jejich studie fitala 60 vzorkh eviopského pivodu,
60 vzoTkh africkéno phvodo 2 90 vzorki asijského
plavodu.

Cilem nNadi prace bylo stanowvit vyskyt Mutacl
¥ genu pro [L-11 v populaci neplodnych £en a poIov-
nat jej s konerolni populac zdravych plodmych Zen.

METODIKA A SOUBOR ZEN

Soubor Zen

DMNA jsme wySetfili w 354 inferdlnich pacien-
tek, z toho 252 bylo primamé a 102 sekundamé
neplodnych. Skopinn Neplodnych £6n jSme Ioz-
délili podle pfifin sterility Na ovaridini faktor
(n = 45), tubdrni faktor (0 = 34), endometTidzu
{n =30}, andrologicky faktor (n= 93} idiopatickon
infertilitu (1= 99) a kombinaci faktord (0 = 44).
Pacientky s endomerTidzon nebyly Clenény podle
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stadia choroby. Pacientky klasifikovand v nasi
studii jako idiopaticky neplodné mély ovulafni
cykly, laparoskopicky prokizancu prachodnost
obouvejcovodi a absenci pelvickych adhezi & en-
dometTifey a mbly t5 normalni hysteroskopicky
i hysterosalpingograficky ndlez. Jejich partnefi
méli normAlni spelmiogramy a Nebyly prokizany
antispermaticks protilitky.

Kontrolni populace pro vySetfovdni DNA se
sklidalaz 195 zdravych fertilnich Zen, keeré mély
v anamnéze alespofl jedno spontanni owdhotméni
nasledované porodemm zdravaho NovoTizende.

Studie byla schvdlena etickon komisi LF UK
v Plzni a viechny pacientky podepsaly informo-
vany souhlas.

DNA extrakce

DMNA byla izolovdna z leukoCyti peliferni kive
za pomoci DNeasy Tissue Kit (QLAgen, Hilden,
Germany) podle firemniho protokolu. Vzorky byly
skladovdny pfi teploed -20 °C.

Polymerdzova retézova reakce a vysetrovand
mutaci v génu pro IL-11

Pro analyzy DNA jsme poufivali gelovou elak-
troforézn probinajici v teplotnim gradientu (TGGE)
a piimé sekvenovani. Analyzovany byly kddujic
oblasti A exon-intronové spoje genu. Za afelem
vytvoleni termostabilnich domeén byly primery
modifikoviny pomoci Poland java saipt pfida-
nim GC svorek {www biophys. uni-duesseldort. de/
POLAND/poland heml), ty vytvifeji o PCR produk-
tu telmostabilni domény, které umoEiuji analyzu
variant pomoci TGGE. Polymerazovd fetdzova Te-
akce (PCR) byla sestavena takeo: 12.5 pl HotStart
Taq PCR Master Mix (Qlagen], 10 pmol pfisiug-
nych primerd, 100 ng DNA a destilovand voda do
celkového objermnu 25 pl. Amplifikacni program se
sklidal z denaturace pfi 95 °C po dobu 15 minut

a pak 35 cykli sklidajicich se z denaturace pii 95 °C
p0 dobu 30 sekund, annealingu pfi 60 °C po dobu
30 sekund a extenze pii 72 °C po dobu 1 Miluty.
PCR byla zakonfena findlni extenzi pfi 72 °C po
dobu 7 minut. Délka a kvalita PCR. produktl byla
kontrolovAna na standardnim agardzovem gelu.

Vyhledivini mutac bylo provadéne analyzou
heteroduplexd na TCCE (Biometra, Goettingen,
CeTImany) za pouzid akIylamidovych gelh (3% ak-
Tylamid (AA:bis-AA [¥,5:1]), 6M urea, 1x MOPS,
2% Elycerol)). Smés heteroduplexi byla provedena
denaturaci v termocykleru CensAmp 9700 (PE/
AR Foster City, CA, USA) pfi 95 °C po dobu 5 mi-
Nut § Ndslednou postupnou Tenatraci (1°C za
sekundu) na vyslednou weplom 55 *C, kreld byla
udrEovina po dobu 15 minut. Poté byly vaoTky
zchlazeny Na 4 °C.

TGCE analyzy 3¢ plovadély ve dvou krocich
- Nejplve byly podminky elektrofolézy Optima-
lizovdnly pro kaidy PCR fragment zvldsf, pak by-
ly vz0Tky pacientek analyzovdlly N paralelnicn
gelech. DMNA byla detekovidna metodou barveni
stiibrem, kteron jsme popsali jif v nasich plede-
Ehych publikacich (2, 8]

Viechny vzolky pozitivii v TGGE jsme sek-
venovali. Pro piipravu sekvenafnich reakci byl
poufit Big Dye TelMminator Sequencing kit verze
1.1 & verze 1.1 (PE/AB, Foster City, CA, USA) Na
jednu sekvenafni reakci bylo pouFito plibliingé
100 ng templatové DNA, 3,2 pmol sekvenacni-
ho primeru, 2 pl Big Dye Terminator Sequencing
kit v1.1 (v3.1), 2 pl 5x Sequencing buffer, vie by-
10 doplnéno sterilni deionizovanovou vodoun do
objemu 10 pl. Reakce piobihala v termocykleTu
GeneAmp 9700 (PE/AB Fostar City, CA, USA) v nd-
sledujicich krocich: denamurace 96 =C/1 minuta,
25 oyklh (96 °C/15 sekund, teplota annealingu viz
tabulka 2/§ sekund, &0 °C/4 MiMuty) 2 Na sekve-
natora ABI Prism 310 (PE/Applied Biosystems,

IL-11
AY207420
43185

II86-34T2
16481881 35843745
"

fexti B

ﬂm
G36514

-

Obr.1  |decgram genu pro IL-11 5 vyZnatenim variant v exonech
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Fostel City, USA) pfi 11.3 kV po dobu 20 minat.
Pro piefifténi PCR produktd po amplifikaci byl
pouZit kit Agencoart AmPure a pro pledisténi sak-
venafni reakce kit Agencourt Cleanseq (AZencourlt
Bioscience Corporation, Beverly, MA \USA) podle
Nédvodu wyToboe.

Statistické hodnoceni

Vysledky byly statisticky hodnoceny pomoci
Fisherova exaktnino test pro Coyfpolnd tabulky.
Hodnoty p< 0,05 se povazovaly za statisticky sig-
Nifikantni.

VYSLEDKY

V nimi vyietfované populaci byly detekovamy
dvé rlizné varianty - varianta G34514 , kterd neve-
de k zaméné aminokyselin v proteinovém fevézci
A varianta C36514 , kreTd M4 za nasledek zdménu
argininu za histidin na pozici 113 (R113H).

U varianty G34514 byla zjisténa vy frekven-
ce (0,78}, net je celkovad frekvence tétd varianty
podle Seattle SNPs (0,3) [1]. To je zfejmé dino
tim, Ze vSechny vzorky v Ndmi vyietfované sku-
piné byly eviopskéno pivodu, a Nikoli smifend
jako u studie Seartde SNPs. Jejich frekvence pro
evIopskou populaci byla 0,58, kdeFro napfiklad
pIo africkou 0,0 [1]. Tato varianta nezpisobuje
AMinoky seliNovon zdMEnu, lze ji povaZovat za
.Silenit Mutaci® nebo polymorfismus. Navic jeji
vyskyt 52 statisticky vyznamné nelii ve skoping
neplodmych Zen a plodych kontrol.

Druhd nami detekovand warianta, varianta
G36514A, byla v populaci, kterou jsme vySetiovali,
nalezena u 13 piipadi neplodnych fen. Tato va-
rianca ma za nisledek zAMEnu arginimno za histidin
na pozici 113 (R113H), tak#e jeji vliv na napfiklad
pIOstoTovE nspofiddni molekuly je mozny. V komnt-
rolni skuping tato bodovd Mutace zjisténa nebyla,
COE zTiamend , 2o frekvence titd Mutaos v §ellu pio
IL-11 je w neplodnych #en signifikantné vwisi ve
STOvILANG 5 plodnymi Zenami (p = 0,01 Fisherova
exaktniho testu pro foyipolni tabulky).

DISKUSE

NaZe pilotni wysledky prokazuiji, ze frekvenca
varianty G36514 v genu pro [1-11 je u neplodnych
Zen signifikantnd vy35i ve sToviani s plodnymi
Zenami. PTotEe taro varianta vede kzdmeéné ami-
nokyselin v proceinovém fetfzci, existuje MoEnost,
e by jeji viskyt mohl souviset napi. se zménoun
prostorovEéno uspolddini molekuly IL-11, a dmi se
zMANou jeji afinity k TeceptoTu apod.

Jeden cytokin sdm O s0bé plavddpodobné ne-
miide vizNaMnou MEerou ovliviit ploces deci-
dualizace, ale existuje MOEN0St, 20 abnormalita

jednono finitele naruéi celkovou NarmOonii cyto-
kinovéno prostfiedi, keeld je obecné uzndvanow
podminkou dspéSnost periimplantafnich déjh
[3]. K jednoznafnym zdavETAm je viak tfeba mit
populaci rozsdnlejdi a studii doplnit analyzami
ndslednych déji.

Afkoli se varianty v genu pro IL-11 vyskytuji
vzarmé (1], mohow mitvliv 0a molekuldrmi pochody
béhem decidualizace, a tim pddem i implantace
a Casné embryogeneze. POTozuman phsobeni IL-11
mize slouFit k pochopeni molekularnich procesi
peri-implantafnich déji, a tm i k vytwofeni no-
wych 1ééebnych postupd, jei podpofi schopnost
implantace a viabilitu embrya, a zvyE HIN 05pds-
nost Wby neplodnosti.

ZAVER

Afkoli je zfejmé, e mutace v genu pro IL-11
nejsou Eastd a samy O sobd klinicky wyznamné,
piedstavuji dilek v poendni zatim nepochopenych
peli-implantafnich déjh. Souvislost vyvdzons a de-
likdmé regulovans cytokinové sculy § MOZNosH
spontidnnino otéhotnéni byla opakovans prokdza-
na. Pochopeni imunogenetického pozadi implan-
tace embrya ma tedy porencidl pfispét k objasnéni
pritin nékterych zatim nevysvitditelmy ch plipada
neplodnosti a otwild Nove MoEnost BChy .

Tato studle je podporovina projektem
OP VaVpl PO 2 Blomedicinské centrum
ED2.1.00/03.0076 a programem rezvo)e védnich

oblasti na Karlove Univerzité (projekt P36).
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Female patients in reproductive age with systemic lopus erythematosas and fertility complications together are observed by
rheumatologists, gynecologists, and reproductive immunologists. The paper motes the presence of autoantibodies to zona
pellucida, to phospholipids (phosphatidyl serine, phosphatidyl ethanolamine, phosphatidyl inositol, phosphatidyl glycerol,
phosphatidic acid, annexin V., beta-2 glycoprotein I, and cardiolipin} and of isoantibodies to sperm cells. Isoantibodies to sperm
cells are not significantly predominant, but autoimmunity is well expressed in IgG positivity against phosphatidyl inositol,
phosphatidyl ethanolamine, phosphatidyl serine, cardiolipin, and beta-2 glycoprotein 1, as well as antizona pellucida antibodies in
1gG isotype. According to the levels of autoantibodies we have to choose preventive treatment to protect mother and her foetus.

1. Introduction

Although autoimmune diseases (AIDs) are not in general
considered a major cause of impaired reproductive capacity
some AlDs are associated with infertility or pregnancy
wastage. Autoimmune conditions may affect all stages of
fertility, from ovarian to implantation failure and pregnancy
loss. Systemic lupus erythematosus (SLE) is one of the most
comman autoimmune disorders that affect women during
their childbearing age. Prevalence of SLE in Europe is similar
as in USA, ranging from 3.3 to 4.8 per 100.000 person-years
[1].

Typical clinical symptoms of SLE include fatigue, fever,
arthritis, a photosensitive rash serositis, Raynaud pheno-
menon, glomerulonephritis, vasculitis, and hematologic
abnormalities. Although patients with SLE are as fertile as
women in the general population, their pregnancies could
be associated with complications [2]. Fertility may be com-
promised by menstrual irregularities with anovalatory cycles
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during episodes of active disease or chronic renal failure, use
of nonsteroid anti-inflammatory drugs (NSAIDs), high-dose
corticosteroids, or cyclophosphamide.

High rate of fetal losses up to 45 percent in SLE women
has been described in some studies [2]. Another complica-
tion may be implantation failure after in vivo fertilization
and embryo transfer or impaired fetal development.

There is a wide variety of autoantibodies associated with
SLE. Some of the antibodies are helpful in the diagnostics
of the illness, while others are more useful in detecting and
monitoring disease activity or potential complications. Anti-
bodies to native double-strand DNA (dsDNA) are relatively
specific for the diagnosis of SLE. Serum antinuclear antibod-
ies (ANAs) are found in nearly all individuals with active
SLE. Significant for SLE diagnosis is assessment of spectrum
extractable nuclear antibodies (5m, La, Ro), antibodies to
ribonucleoprotein (RNP), complement and N-methyl-D-
aspartate receptor (ENA panel).



Antiphospholipid antibodies (aPLs) form a large group
of antibodies that are detected in patients with SLE as well
as with other autoimmune conditions. These antibodies are
associated with a wide range of potential complications dur-
ing pregnancy, including miscarriage, fetal death, intrauter-
ine growth restriction, prematurity, and preeclampsia-
especially in the primary antiphospholipid syndrome { APS).

In SLE women, pregnancy should be best planned during
periods of disease stabilization and nephritis remission
lasting at least six months. Closed collaboration of rheuma-
tologist, obstetrician, and neonatologist is necessary for suc-
cessful pregnancy and delivery. Fulfilling these prerequisites,
there is still around 5% of women with SLE that have fertility
or pregnancy problems [3].

A complication in reproduction is very often a reason
for thorough immunological examination. We present here
our experience with SLE patients from the perspective of
reproductive immunology.

2. Objectives

The general aim of our paper is to evaluate the results of
screening tests in reproductive immunology in women of
childbearing age with SLE. The primary aim is to investigate
the ocourrence of autoantibodies to zona pellucida and eight
various phospholipids and occurrence of isoantibodies to
sperm cells in patients with SLE in remission planning
Ppregnancy.

3. Subjects

The study group consists of 52 woman with SLE (mean time
from diagnosis 4.62 + 2.28 vyears: age 18-42 years, mean
30.4 = 3.9) that were referred for pregnancy planning to
Special Division for Infertility and Immunology of Repro-
duction at the Department of Obstetrics and Gynaecology,
Charles University and Faculty Hospital, Pilsen, Czech
Republic. All patients fulfilled the revised criteria for SLE
diagnosis [4]. All patients were in remission during the study
examinations and during attempts to fertilize, none had
acute nephritis or serious renal impairment. None of the
patients were treated with corticosteroids in a dose exceeding
10 mg per day, immunosuppressive drugs, only three were on
hydroxychloroquine sulfate (plaquenil) medication. Before
being examined and treated at our Division, all patients were
examined by endocrinologist, gynecologist, and had genetic
consultation. No substantial pathology was found in the
following hormonal tests that are known to impair fertility:
FSH, LH, progesterone, estradiol, prolactin. Pregnancy loss
occurred in 38 women from the study group prior to our
testing.

The control group consisted of 25 age-matched healthy
fertile women (age 2443 years, mean 31.2 = 3.2). All
control subjects have successtully conceived and have given
spontaneous birth to two healthy children, they had prior to
our examination regular sexual intercourse and menstrual
cycle and did not use hormonal contraceptives. The study
was approved by the local research ethics committee at the
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Charles University Medical Faculty Hospital, Pilsen, and
written informed consent was obtained from all participants.

4. Methods

Detection of autoantibodies to zona pellucida, eight phos-
pholipids ( phosphatidyl-serine, phosphatidyl-ethanolamine,
phosphatidyl-inositol, DL-glycerol, phosphatidic acid, an-
nexin V, beta-2-glycoprotein I, and cardiolipin), and isoan-
tibodies to sperm cells was performed as described below.

Both groups were tested with F-test of equality of vari-
ances. For each immunology test percentage values were
calculated independently in study and control group, and
antibody ocourrences were analyzed using standard odds
ratio formulas where applicable.

4.1. Sperm Antibodies of Serum (ASA). We have performed
tray agglutination test (TAT) [2] and indirect-mixed agglu-
tination test (i-MAR) according to previously published
guidelines for examination of the serum ASA [3]. TAT test
serves as an initial screening examination. The blood from
studied subjects was collected by venipuncture into evacu-
ated tubes and centrifuged. Isolated serum was inactivated
by heat (56°C for 30min) and stored at —20°C until
analysis. We performed the TAT test by adding 5ul of
inactivated, geometrically diluted serum and 1 gL of motile
donor sperm [ 40- 10°/mL), isolated by “swim-up technigue”
into microchambers covered by paraffin oil. After the
incubation {2h at 37°C), the immunological reaction was
evaluated under inverted microscope at 200x magnification.
Agglutination of the sperm cells at dilution at least 1: 64 was
considered as a positive result.

The i-MAR test was performed to analyze the antisperm
response in IgG and IgA class. One microliter of native
sperm suspension, 1L of inactivated serum, and 1uL
of glutaraldehyde-fixed sheep erythrocytes precoated with
human IgG and IgA were mixed together. Then, 1 uL of the
corresponding antiserum anti-IgG and anti-IgA (Behringer,
Hannover, Germany) was added. Finally, the mixture was
covered with coverslip and incubated in humid Petri cham-
ber for 5-10min. The result of the sperm agglutination
reaction was watched under the inverted microscope at 200x
magnification. The i-MAR test was considered as positive,
if more than 49% of motile spermatozoa were involved
in mixed agglutinates {spermatozoa and sheep erythrocytes
coated by the corresponding immunoglobulin).

4.2. Sperm Antibodies in Cervical Ovulatory Mucus. We use
ovulatory cervical mucus taken by a special syringe 5 days
after condom protected intercourse that is planned to happen
during ovulation time. Sperm capillary penetration test
serves as screening test, and i-MAR test detects local sperm
antibodies of IgG and/or IgA [4].

4.3, Zona Pellucida Antibodies. Classic ELISA tests {Labos-
erv) for detection of zona pellucida antibodies in isotype of
IgG and IgM were used.
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TasLe 1: Prevalence of positive results for each performed antibody analysis with comparison between study and control groups.

Mumber of positive subjects

Antibody

Odds ratio (95%

Sts:iig;g;:p ‘:ﬂl[l;]‘:l E;?up confidence interval)
Antisperm antibodies (ASAs)
Serum ASA 5/52 (9.6%) 1/25 (4.0%) 2.55 (0.28-23.10)
Cervical ovulatory mucus ASA 6152 (11.5%) 1725 (4.0%) 3.13(036-27.52)
Antizona pellucida antibodies (a7 P)
aZP Igs 12/52 (23.0%) 025 (0u0%:) NIA
aZP IgM 1/52 {1.9%) 0725 (0.0%) MIA
Antiphospholipid antibodies (aPL) against
phosphatic acid 1gG 1752 {1.9%) 0425 (0.0%) MNrfA
phosphatic acid IgM 0/52 (0.0%) 0725 (0.0%) NiA
phosphatidyl ghycerol 1gG /52 (3.8%) 0725 (0.0%) HiA
phosphatidyl ghycerol 1gM 052 (0.0%) 0725 (0.0%) HNfA
phosphatidyl inositol 125 35/52 (67.3%) V25 (0.0%) HiA
phosphatidyl inositol IgM /52 (3.8%) 1725 (4.0%) .96 (0.08-11.12)
phosphatidyl ethanclamine IgG 16752 (3LE8%) 0725 (D) MNiA
phosphatidyl ethanolamine IgM 3/52 (5.8%) 1725 (4.0%) 1.47 (0.15-14.88)
phosphatidyl serine 1gG 32/52 (61.5%) 025 (0] HNiA
phosphatidyl serine 1gM /52 (3.8%) 2425 (8.0%) 046 (0.06-3.47)
cardiolipin IgG 16/52 (30.8%) 2725 (B.0%) 5.11 (1.07-24.33)
cardiolipin IgM 432 (7.7%) 0425 (0.0%) NIA
beta-2-glycoprotein 1gG 15/52 (28.8%) 0725 (00s) NfA
beta-2-glycoprotein IgA 9752 (17.3%) 0725 (0.0%) NfA
annexin-V 7152 (13.5%) 0725 (0.0%) HNiA

Mote: statistically significant valoes are marked in bold soript.

4.4. Panel of Antiphospholipid Antibodies (aPL). ELISA was
also used for detection of aPL against phosphatidyl ser-
ine, phosphatidyl ethanolamine, phosphatidyl inositol, DL-
glycerol, and phosphatidic acid. For ELISA, polystyrene
microtiter plates were coated with 50uL of phospholipid
(50 uL/mL of methanol) and were allowed to dry overnight
at 4°C. The plates were then blocked by solution containing
10% of fetal calf serum (FCS) in 1 M TRIS buffer solution
[ TBS—250mM Tris, 1.5M NaCl), for 30 min at room tem-
perature. Subsequently, polystyrene microtiter plates were
washed three times by binding buffer (Na;CO3. NaHCOs,
MaM3, pH 9.6).

Serum from patients and controls, diluted to a ratio of
1:50 in TBS containing 10% FCS were added to the wells
after the wash. The plates were incubated for 2 hours at
room temperature and then washed five times with TBS
containing 0.05% Tween 20. Fifty microliters of peroxidase-
conjugated antihuman immunoglobulin (IgG, IgA, or IgM)
was added and incubated for 1 hour at room temperature.
The plates were then washed five times in TBS Tween.
Fifty microliters of substrate solution were added to each
well and incubated in the darkness for 30min at room
temperature, The reaction was stopped by adding 50uL of
2M sulphuric acid. The optical density of each well was
determined using a Titertek MultisKan MCC/340 (Flow

Laboratories, London, UK} at 492 nm. Background optical
density was run for all patients’ sera diluted 1:50 in wells on
identical microtiter plates coated with methanol but without
phospholipids. The phospholipids used to coat the ELISA
plates were: phosphatidyl serine, phosphatidyl ethanolamine,
phosphatidyl inositol, DL-glycerol, and phosphatidic acid
(Sigma, St.Louis, MO, USAL

For detection and quantification of serum antiannexin V
[Szabo-Scandic Handels GMBH & Co KG, Vienna, Austria)
commercial ELISA kits were used. as well as for detection
of IgG and IgA antibodies against beta?-glycoprotein I
(beta2GPI) (Immunotech, Prague Division, Czech Repub-
lic), cardiolipin levels in IgG and IgM (Millenia, London,
UK) (Table 1). Statistical analysis with the use of Statgraphics
software was performed to obtain cut-off levels for Ig
isotypes of aPLs that were derived as values above 3 standard
deviations (SDs).

5. Results

Because equality of variance test proved that both groups
were similar in age (as an independent baseline charac-
teristic), we were able to assess individual antibody preva-
lence percentages as follows: nonzero prevalences of tested
antibodies were all higher in the study group compared to
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controls with the exception of antiphosphatidyl inositol IgM
and antiphosphatidyl serine IgM (3.8% versus 4.0% and
3.8% versus 8.0%, resp.). Difference between study group
and control group in antisperm antibodies (ASAs) predomi-
nance was only nominal and statistically insignificant in both
serum ASA (9.6% versus 4.0%, odds ratio 2.55, 95% con-
fidence interval 0.28-23.10) and cervical owvulatory mucus
ASA (11.5% wversus 4.0%, OR 3.13, 95% CI 0.36-27.52).
Concerning antizona pellucida (aZP) and antiphospholipid
(aPL) antibodies, no significant difference was observed in
IgM subtypes across all tests. However, in aZP IgG subclassa
difference was found to be significant in favor of study group
(12 out of 52 subjects, 23.0%, versus zero of 25 subjects).
The same was true for almost all individual aPL antibodies
in IgG isotype, the exception being antiphosphatic acid IgG
and antiphosphatidyl glycerol 1gG (detailed results are shown
in Table 1 with significant values marked in bold script).
Even though we detected anticardiolipin IgG positivity in
two of the patients from control group (unlike any other IgG
in this study), the difference in prevalence between groups
(30.8% in study group versus B.0% in controls) still yielded
statistically significant result (odds ratio 5.11, 95% CI 1.07-
24.33).

6. Discussion

Pregnancy is the most significant exception to the immuno-
logical rules where the mothers body not only tolerates,
but also broadly supports semiallogenic blastocyst, embryo,
and fetus. Remarkable tolerance is provided by complex
immunoregulatory mechanisms between the mother and
fetal trophoblast. Failure of this tolerance is one of the
most common causes of fetal loss. As mentioned in many
papers, reproductive failure including recurrent pregnancy
loss (RPL) and infertility has been linked to presence of
wvarious autoantibodies [3).

In SLE as well as in other autoimmune diseases an
overproduction of autoantibodies is described, especially
against organ-nonspecific antigens. This feature is based on
the loss of B-cell tolerance to antigens, nucleic acids, and
their binding proteins. Antinuclear antibodies can trigger
proliferation of autoreactive lymphocytes in genetically
susceptible individuals under the influence of environmental
factors (infections, drugs, toxins, smoking, and hormonal
factors) leading to expansion of their specificity towards
more nuclear antigens or other structures (elements of
blood, plasma components, coagulation factors, and com-
plement cascade) [5]. Influenced by many proinflammatory
cytokines and chemokines inflammatory cells migrate into
target organs, activate their effector mechanisms, and cause
chronic inflammation with the help of chronic humoral
COMpPonents.

The aim of our study was to evaluate the occurrence of
variety of antibodies possibly responsible for immunological
reproduction failure in women with SLE and compare these
results with findings in healthy controls.

Many retrospective and prospective studies have proven
effect of antisperm antibodies in various human body
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fluids {serum, semen, cervical ovulatory mucus, follicular,
or peritoneal fluid) on fertility of women and men [6]. ASA
can influence the mechanisms of transport of spermatozoa
within the female genital tract due to decreasing sperm
motility, may alter sperm capacitation or the acrosome
reaction, can interfere with egp fertilization, or have post-
fertilization effects on the zygote and preimplantation early
embryo [6].

It seems clear that repeated sperm exposition is not
sufficient for most women to start production of antisperm
antibodies. Other factors such as mechanical, chemical, or
inflammatory lesions of the mucosa in female genital system
play an important role [7]. Especially in SLE women the
immunosuppressive therapy might affect the likelihood of
genital tract infection. The proven higher incidence of CMV,
EBV virus, and Chlamydin trachematis infection in SLE
patients may contribute to their infertility [8, 9].

Antisperm antibodies (ASAs) in both of our groups
were determined to evaluate the difference. In contrast to
the above mentioned facts we have found no significant
difference between antisperm antibody prevalence in study
group and control group, Our prevalence data from control

group are in consent with evidence about the presence
of these antibodies in healthy women with undisturbed
reproductive capability (several authors reported that these
antibodies occur in approximately 1 to 2.5% of fertile men
and in 4% of fertile women) [6]. Even though our data may
suffer from low sample size bias, the benefit of both serum
and cervical ovulatory mucus antibody tests seems to be the
lowest in our pool of patients and controls.

Zona pellucida (ZP), ten micrometers “strong” oogenetic
glycoprotein matrix, is formed during oogenesis and its
thickness increases with the growth of the oocyte. It serves
basically as a protective layer surrounding the oocyte as
it matures and is composed of three major glycoproteins
ZP1, ZP2, and ZP3. These glycoproteins seem to be the
important ovarian antigens participating in the etiology of
some infertility disorders, including autoimmune premature
ovarian failure {POF). POF can be seen in approximately
1-2% of healthy women, in 30% is connected with some
autoimmune causes and is often presented in women with
SLE [10]. Autoimmune POF has been proven in animal stud-
ies, where the preantral mouse follicles with both anti-ZP2
and anti-ZP antibodies were cultured and thereafter have
shown smaller diameter than controls [11]. FPurthermore,
antizonal antibodies against glycoproteins of ZP are able to
inhibit sperm attachment and penetration into oocyte and
may be the cause of natural or artificial fertilization failure.
The increased levels of serum AZA are very often detected
after repeated unsuccessful IVF as we reported earlier [12].
Some studies confirmed an antigamete antibodies (AGAs)
in high percentage of patients with unexplained infertility
versus patients with proven etiology of infertility [13].

In the present study we have found borderline significant
prevalence of aZP IgG antibodies in the study group in
comparison with the control group.

Antiphospholipid antibodies (aPL) form a group of anti-
bodies that is probably associated with compromised fertility
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not only in SLE women. Although some retrospective stud-
ies reported nonsignificant association between antiphos-
pholipid antibodies and pregnancy loss in patients with
SLE other studies have confirmed statistically significant
interrelation between them [14]. APL could be present in
up to 5% of apparently healthy controls and up to 37%
of patients with SLE. Less frequently they also accompany
other autoimmune diseases [15, 16]. In animal models the
administration of aPL during pregnancy causes placental
impairment followed by miscarriage. The thrombosis in
uteroplacental vasculature is then the result of endothelial
cell activation, inhibition of protein C/5 system and fibri-
nolysis, and annexin V displacement. Another significant
mechanism for nonthrombotic fetal damage is straight
influence of aPL on the anionic phospholipids and f2-
glycoprotein 1 of trophoblast that very probably impairs
the placentary production of chorionic gonadotropin during
the early phases of pregnancy [17]. Although the current
classification for the antiphospholipid syndrome is based
on positive identification of one or more of three stan-
dardized laboratory assays: anticardiolipin antibodies (aCL),
lupus anticoagulant (LA), and anti f{2)glycoprotein I {anti-
B(2)GPI) according to the report of a task force and
preconference workshop at the 13th International Congress
on antiphospholipid antibodies, Galveston, Texas in April
2010 several other antibodies have been proposed to be
relevant to APS. In our laboratory we use the expanded
scale of aPL detection of antiannexin V, antiphosphatidylser-
ing, antiphosphatidylethanolamine, antiphosphatidylinosi-
tol, antiphosphatidylglycerol, and antiphosphatidic acid.
Our results suggest that in women with SLE the aPL IgM
screening is unsatisfactory. On the other hand, IgG screening
shows a marked difference that may well be associated with
reproductive failure. The observed integrity (5 of 7 aPL
IgGG antibodies are significantly different between study and
control group) may be due to hypothetical associations of
certain [gG antibodies resulting in notional fixed antibody
profiles that carry sufficient potential for infertility or
pregnancy wastage only in cooperation.

A review of 10 studies of 554 women with SLE found
that fetal demise was more common in those with aPL {38
to 59 percent versus 16 to 20 percent in those without such
antibodies), LAs (36 versus 13 percent), or aCL (39 versus 18
percent). Fetal loss typically occurs after 10 weeks gestation
[5, 18].

The relationship between autoimmunity and reproduc-
tion has long been recognized. Although in one critical
review about the impact of abnormal auteimmunity on
female fertility doubts about influence of aPL to POF in SLE
were expressed SLE remains the autoimmune disease mostly
compromised by humoral changes. It seems possible that
another unexplained mechanism (e.g. presence of other anti-
bodies asan IgG antilaminin-I antibodies, anticorpus luteum
glycoprotein and antilymphocytotoxic autoantibodies, or
antimitochondrial M5 type antibodies) could be involved
|5]. These antibodies were found to interfere with markers of
placental and yolk sac differentiation, invasion, endocytosis,
signaling, and others promote thrombotic processes [19,
20].

7. Conclusion

Based on our results and long-term experience, we believe
that it is appropriate in women with SLE with recurrent and
otherwise unexplained fetal loss to recommend a detailed
evaluation by a specialist in reproductive immunology. In
the case of positive findings of autoantibodies, preventive
treatment is to be considered (e.g. corticosteroids, low
molecular weight heparin, low dose of aspirin, intravenous
immunoglobulin therapy). Because the evidence supporting
association of varions individual antibodies with reproduc-
tive failure is inconclusive a new meta-analysis of antibody
profiles in women at risk may be of benefit.
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SUMMARY

Background. In this study, we
investigated pH, levels of IgA,
I, lgM, Iysoryme and sper-
magglutinating antibodies in
human saliva of healthy wo-
meen, with or without hormaonal
contraception (HC) and thair
effect on sperm modility.

Methods and results. Saliva
was collectad immediataly af-
ter waking up from 53 healthy
randomly selected women. We
measured pH in sara and in 5a3-
liva as wiall as immunoglobulin
G, A and M levels in saliva by
radial immunodiffusion. Spesm
- saliva capillary penetration
test in native saliva served for
examination of sperm motility.
indiract-MAR test for detecti-
on of sparm antibodies in sera,
and in saliva, both cbservad
by inverted microscope. The
averzge pH values in native =3-
liva according to the menstru-
al cycles weres from 2-5 days
6.896, from 6-17 days 7.027,
and from 18 and more days
117. Rapid decrease of sperm
mutility was regesterad in acidic
saliva in comparison with alka-

line. The avarage concantration
of lgA, g, IgM and lysoryme
slighthy differed in womean with
or without hormonal contra-
ception. Moderate dacraasing
of sperm modility was found in
saliva with higher levels of lgA.
Mo sperm agglutinating antibo-
dies in saliva and in sarum were
detected in all subjects.
Conchusions. The pH of saliva
iz influsnced by saveral causes
{hormonal, immunalogical,
microbiclogical factors, by me-
al and drinks, smoking, atc).
‘Wa demonstrated that sperm
motility i lower in acidic saliva.
pH s markedly changed du-
ring various days of menstrual
cycles. We proved individual
high levels of saliva g4 Human
saliva used as coital lubricant
decreasas sparm maotility, but
doss not replace a local form
of contraception.

KEYWORDS

human saliva -
immunoglobulins -
lysozyme - pH - sperm
motility - sperm antibodies

SOUHRN

Ferreira GM, Cermd L,
Cedikovd M, Bibkovd K,
MiE i Z, Ulova-Gall

L. Imunoclogické vlastnosti
zenskych slin a jejich viiv na
pohyblivost spermii
Wychodiske. Cilem studie bylo
sledawat pH, hladiny g4, 1gG,
IgM, lyzorymu a spermagluti-
nacni protilatky ve sliné zdra-
vych divek s nebo bez hormo-
ndlni antikoncepce, a Odinek
slin na motilitu spermii.
Metody a wysledky. Sliny 59
divek byly odebrany ned po
probuzeni. Zméfili jsme pH
v jajich sérech a slingdh, IgG, M
a A rad@lni imunodifuzi jen ve
slindch. Spermie - slina kaplarni
penetraini test siouFil k wiatie-
ni potwblivosti sparmil, nepdimy
MAR-test k urceni protildtek
proti sparmiim v sérech a ve
slindch sledovanych pod inverz-
nim mikroskopem. Primémé
pH nativni sliny rozdélené po-
dle dnil menstruacniho oykiu
beyhy: mezi 2-5 dnem 6,896, me-
@i 6-17 dnem 7,027, od 18. dne
a vijse pak 717, Rychly pokles
pohyblivosti spermil jsme zjistili

Cas. Lék des. 2004; 153 xx-xx

w hoyselejEi sling ve srovndni sa
zasaditéf. Priméma koncent-
race k3A, IgG, IgM a lyzozymu ==
u divek 5 hormongini nebo bez
hormonaini antikoncepce velmi
maiko IEL Mirné snizeni maofility
spermil jsme raznamenali ve
slindch s wyESimi hlzdinami lgA.
Mazjistill jsme Fadné sparmaglu-
tinacni protilétky ve slingch ani
w sérech u sledovanyjch divek.
Zavéry. pH ve slindch je
ovliviovano riznymi factory
(hormendini, imunologickes,
mikrobidlni, ale i jidlem, pitim,
kourenim apod.). Poukazali
Eme na to, #e modilita sparmii
je nizsi v kyselajEi sing. pH slin
=2 wyrarné méni béhem men-
struainibo cyklu. Prokazali jsme
ndividuding wysoké hladiny g
ve slindch. Plirozeng lidské
sliny pouzivané jako koitding
lumbrikans snizuji pohyblivost
spermii, ale nenahramuji kakaini
pripravky kontracepce.

KLICOVA SLOVA
lidska slina -
imuneglobuliny - lysozym

- pH - pohyblivost spermii -
protildtky proti spermiim

INTRODUCTION

Saliva is a complex agueons fluid composed of elactro-
Iytes (bicarbonate, potassinm, sodinm chloride), Mocopoly-
saccharides and glycopToteins, s0Me antbacterial compo-
nents such as hydrogen pelixide, thiotyanaw Of SacTetory

immunoglobulin A and several enzymes like alpha-amylase,
lingual lipase, lysozyme, salivary lactoperoxidase, lactofer-
1in, bera-glucuronidase, esterases, phosphatases, kallikrein,
ribonucleases (1). mmuonoglobulins of all isotypes are also
detected im Duman saliva (2, 3). Saliva is easily available
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through Non-invasive methods and as a body fluid is con-
stantly exposed w0 extermal factors such as smoking, food
intake and intermal aggressors such as micobes in dental
caries thar easily disturk salivary biochemical composition
(3-5). Due to its ploperties, saliva can be involved in several
important physiological mechanisms such as digestion.
Properties of saliva are also influenced by disinfection and
nhormones (8). Curtently, 15% of the couples of reproduc-
tive age suffer from infertlity. Some of them use saliva as
“natural lubricant”, often recommended duling the initial
phase of sexual invercourse. However, saliva has a negative
effect on speTIn motility (7, 8}

Ol &x peTimental stady 48585528 selected MMunologi-
il properties of Nuiman saliva on Spelil Mmotlity il young
WwoMen with and without NoImenal Conaceptio.

STUDY AND METHODS

In this study we inCluded blood and saliva samples from
59 randomly selectod healthy female students aged 14-30
years (average age 22 years); 13 of them were on HC, 46
without hoTmonal contraception; 50 girls were sexually
active and 9 sdll virgin. The questioNnaiTe given to aly girl
informed about basic gynaecological informarion. This smdy
was apploved by the Czech INstitetional Exhics COMIMitees.
A written informed consent and a questicnnaire were ob-
tained from each subject pardcipating in the smady. Table
1 and 2 provide additional anamnestic daa. All samples of
se1a and saliva were collected under fasting conditions and
under abstinence of alcohol and cigaretts SMoking foT at least
9 hours before collection. Saliva samples were collecred in
stefile containers and immediawely after the smdent woke
up. The saliva was then wansported within half Dour inw
laboratory.

Earh samplewas centTifuged (5000 Tpm for 10 minutes),
0 TEMOve MulCil SupfMatantswere stored at-&0 °C for lacer
iMMunalogical examination. We took also 5 mi of blood and
SETUIM was obrained and stored at -20 &C.

Fresh semnen samples without spelimagglutinating an-
tibodies were collected from owo healthy fertile men by
Masmurbation for next study.

Our following expeTillents wele pelfolmed at Ioom
tEMpeTatule.

ORIGINAL ARTICLE

PH méasurément

pH meter {Hannah InstTuMments, Hamilton-elecerodes)
was used for determination of the pH of native and super-
marant of saliva, and blood seTum in each sample. The pH
values were distTibuted accoTding vo the day of the menstrual
cycle, and oTmonal Contlaception. All Measulelnents wearea
Tepeated twice and the mean valne was plotted on a graph
for further analysis.

Radial immunodiffusion technigue

BIND A RID (The Binding Site, UK) was used for detec-
tion of IgA , IgG, IEM isotypes, and lysozymea levels in the 59
SupeINAtants of saliva omly .

Sperm motilicty in saliva

‘We used a simple sperm-saliva capillaly penetration
test, modification of the Kremer test fOT ovulatoTy cervical
mucus (9). FoT oul experiments, we have chosen 2 saliva
samples with different pH (acidic and alkaline}, and another
2 samplas with different values of [gA.

A vertically rube was filled with saliva supeInatants and
Pt t0 & TeseTvoir filled with 200 pl of fresh semen with a cell
concentration of 60.000. 000/ ml from a healthy donor. Undar
inwerted MicToscope (OlyMpus, Japan), Spefin pIogTessive
motility and vitality was measured at the intervals of sart
0,2, 5, 10 and 15-20 minuees.

Indirect mixed antiglobulin réaction test (FMAR)

Wa examined speTm agglutinating antibodies in donors
SOTMen by direct MAR and in all supeInatants of saliva sam-
ples by -MAR-test).

The i-MAR test was performed to analyze the anti-sperm
response in IgC and IgA class. One microliter of Native sperm
suspensiom, 1plof inactivated saliva, 1yl of glutaraldehyde-
fixed sheep erythrocytes pre-coated with human Igc, and
1A, were mixed together. Then, 1 pl of the cormesponding an-
tiSeIutn anti-Igc, anti-1gA (Behringer, Hannowver, Germarty)
was added. Finally, the mixture was covered with coverslip
and incubated in humid Petri chamber for 5-10 min. The
tesult of the sperm agglutination Teaction was observed
undsr the invertad Microscope at 200x magnification. The
i-MAR test was considered as positive, if More than 49% of
motile SpeTmatizod were involved in Mixed agglutinates
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Obr.1  pH values of native saliva according to the menstru-
al cycle in all studied samples

Obr. 2  pH values of native saliva from patients using HC
and without HC according to the menstrual cycle
MHC - not used HC, HC - hormonal control
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obr. 3 Sperm motility according to various pH. Two salva
samples ware chosan acoording to vanious pH (alkaline and acidic)
for the experiment. Results are expressed in percentage of dec
reased viability and progressive movement of sperm (usaed con
centration of 60 milliors per mil).

Tab.1 Basic gynaecological data from 59 questionnaires

of female students

Patients data Number of patients
hermeonal contraception 13/59

no hormanal cotraception 46,59
Irreguiar menstrual cycke 659
virgins /59
sexually active 50y59

Tab.2 Social history and up to date information from student
questicnaire

Patients data Number of patients

seclal history smiokers /59
cocasional drinker 53,59
medical Immunciogical 0/ca
condition diseases
cancer 0/s9
present Infection 0/5a
dental carries) 0/59

Tab.3 Average pH of saliva and blood serum in all examined
samplas

natlve sallva TIET-TT 0.297 0.294

supermatant 74(7.0-78) 0.204 0202

of sallva

serum 7.35(7.3-7.45) Ll 0129
2004,163, 2.2
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(spermatozoa and sheep eTythrocytes codwed by the coTes-
ponding immumnoglobulin).

RESULTS

Native saliva sample had a 1ower pH (average7.10) value
compared with supermatant saliva (7. 4). Average pH of sera
was7. 35 (Table 3).

The average pH values duling menstrual cycle from
-5 days 6.896, from 6-17 days7_0Z7, and il SecTet0ry phase,
from 18 and more days7. 17 in all girls are shown in Figure 1.

Women using hormonal contraception have a lower
{more acidic) pH value coMmparad with no Nermonal contra-
ception Figure 2.

Two saliva samples Chosen foT expeTiment show dec-
reased sperm motility and viability in acidic saliva (pH 5. 545)
compared with alkaline saliva (pH 7.1) in sperm - saliva
capillary penetration west (Figure ). The speTm motility was
reduced by 50% in one minuee with the more acidic saliva
and after 5 min no sperm motlity was chsetved.

The average levels of IgA, 1gG, IgM isotypes and lysozyme
were Almost the same in wollen with or withour HC (Fig. 4,
Table &).

In all semen samples, saliva reduced Spelin progression
and motility . FoI example Figure 5 shows the result of Tedo-
ced sperm morility in a saliva sample with higher and lower
IgaA levels (wery Similar Tesules also fOr 1gG, IgM isotypes and
lys0ozyme).

DISCUSSION

Previous studies (e.g. 2, 5, 10) highlight the fact that
human saliva Contains direct antibacterial COMpONents such
a5 various antimicTobial peptides as thiocyanate ions, even
increased amylase levels, lactoperoxidase, and lysozyme,
immune cells as well as secTetory [gA and other immuno-
globulin isotypes, which partcipate in the mechanism
deTeasing sperm motility. Whaole saliva is composed of the
secTetions of the parotitid glands, the submandibular, the
sublingual, and the minor salivary glands.

We found that the pH of saliva infTeases duling the men-
strual cycle. The fact can be explained by Dormonal changes
not only in physiological cycle but also by hormonal contra-
ception. We noted a small diffeTence in pH in Supematant
and native saliva. Slightly acidic native saliva is affecred by
mucin {e.g. 3).

Our study deTNONStIAtes that youlg wOTman with Dommo-
nal contraception have nearly the same levels of IgG, IgA,
IgM isotypes and lysozyne in saliva compared with those
without artificial cycles. Identification of basic immunoglo-
bulins suggests an IgA predominance, which is poweTfully
secrered directly by salivary glands.

Saliva is a mirror of our body (4, 11-17) allewing detec-
tion of many hormonal and metabolic disease as diabetes,
thyroid disorder, adrenal disease, cancer, viral infections
etr. Cul group of young wollien were nealtny, without oral
acute of chronic periodontal pathologies such as gingivitis
and /or other antoimmune disease as .. SjOgren's syn-
drome.

We have shown in this work s0Me properties of luman
saliva and their differences in women with and without
hormonal contraception. We modeled the situation of un-
prowected intercourse (using human saliva as lnmbricant) as
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Obr. 4  Average levels of Igh, IgG, IgM and lysozyme in all
supernatants of saliva samples

siMple 5pelmn - saliva capillaly peretration test. We proved
that human saliva iMmpairs motility and progressive move-
Ment of Spelm. Oul data Nignlignes to two facts:

1. The effect of saliva as lnbricant for couples tying to be
pregmant is Not suitable because the Movelment of Sperin into
vagina and utering ceTvic will be SIOWET a8 we Nave Shown
il OuT experiments.

2. Saliva cannot be used as a 1002l CONtTACeptive “tro-
arment" for fortile couples even though some spermicidal
plOperties on the SpoTin ATe provell.

CONCLUSION

Saliva with its chemical and immunological proper-
ties used as a coital lubricant could Not use as a Nature
fOTM Of COMTACEption even if pelm prograssive motility
impairs.

rant number M3M 002 B2 OBI2 of the
f Pilsen, Czech Republic, and by the
project numibar PIE)

obr. 5  Sperm motility according to lgA levels into two indi-
vidual samiples chosen according to the higher and lower levels
of IgA in saliva supernatant. Decreased Sperm progressive ma-
tility is expressed as a percentage of the sperm and in time.
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Abstract

To overcome the sull insufficient implantation rate following i vitro fertilization
(IVE) in humans, more than two embryos are commonly replaced which polentially leads
10 a high number of multiple pregnancies with associated risks such as low birth weight
The solution for avoiding multiple pregnancies could be optimalization of embryo
selection and single embryo transfer.

The traditional systems for assessing gamete and embryo viability have limited
ability w accurately sclect those with the best developmental potential. Morphological

" Corespondence to: Vaclav Vetvicka, University of Lovisyi lle, Department of Pathology, 511 S, Floyd, Lowisville,
KY 40202, US.A. emal: vaclav vervicka@ lovisville cdu

173



60 M. Kréli¢kova, M. Cedikova, P. Pitule et al.

evaluation remains the primary method of oocyte and embryo assessment during IVF
cycles. However, its modest predictive power and inherent inter- and intra-observer
variability limits its clinical value. Prolonged embryo culture to blastocyst stage was
introduced as a possible strategy for selecting the best embryos but the extended period of
in vitro culture may have its side effects.

Successful embryo implantation requires accurate temporal regulation of maternal
immune functions to accommodate a semi-allogeneic embryo. To prepare the
immunological tolerance at the beginning of implantation, the precise temporal
regulations between the immune and endocrine components are required. Our review will
focus on molecules of embryo-endometrial cross-talk that are engaged in regulation of
the embryo implantation, and on selected follicular fluid components that might play a
role in developmental/embryogenic potential of the oocyte.

The review will also discuss advances in the understanding of the regulation of
fertility that has been made during last 15 years with the production of over 400 mutant
mouse models with a reproductive phenotype. Indeed, the past few years have witnessed
a virtual explosion in the identification of gene mutations or polymorphisms that cause or
are linked to human infertility and that are inherited in a polygenic/multifactorial fashion.

The aim of this review is to point out two recent trends in reproductive medicine -
the search for potentially useful biomarkers for improvement of pregnancy rates after the
assisted reproduction techniques (ART); and the importance of homeostasis that makes
spontancous conception possible. Especially in diagnoses like the endometriosis. the
causes of infertility remains not fully understood and the best option for these patients is
areturn to the balance that enables the spontaneous conception.

Introduction

Since the first successful in vitro fertilization (IVF) in humans and the birth of Louise Joy
Brown, the world's first test-tube baby in 1978, the number of patients using Assisted
Reproductive Technologies (ART) has increased tremendously. ART have increased in
number, their spectrum has widened and, of course, their efficiency is increasing. But ART
are not efficient enough yet and even today, many women secking medical treatment for
infertility never give birth to a child.

Successful implantation requires a functionally normal, viable embryo (or embryos) at
the blastocyst stage and a receptive endometrium. The embryo - endometrium cross-talk is
highly regulated. Numerous molecules are taking part, organized in a hierarchized cascade of
events initiated by steroid hormones and mediated by a row of cytokines, growth factors and
integrins that determine establishment of a timely dialogue between endometrium and
blastocyst.

Current ART as well as most of present investigative attention in the field of infertility
are devoted mainly to the embryo or the endometrium. For the enhancement of ART
efficiency, it is necessary to pay more investigative effort to the marginalized topic, the role
of molecular vectors transferring the cross-talk signals between the maternal uterine tissues
and trophoblast and subsequently to transfer new findings in two directions — to identify
potential biomarkers for prediction of the success of infertility treatment and to enable new
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ways in the infertility treatment by rewrning the homeostasis and making the spontaneous
conception possible again.

Assisted Reproductive Technologies - On the Search of “Positive” and
“Negative” Predictive Markers

Infertility affects 10-15% of couples at reproductive age. AL present, 4 strong demand for
assistance in resolving this problem exists, but the implantation and pregnancy rates
following IVF are still not sufficient [1. 2]. To increase the success of the treatment, more
than two embryos are commonly replaced, which might potentially result in high number of
multiple pregnancies with associated elevated risks such as low birth weight. Possible
solution for avoiding multiple pregnancies could be optimalization of embryo selection and
subsequent single embryo transfer.

Morphological criteria remains the primary method of the oocyte and embryo assessment
during TVF cycles, but its modest predictive power and inherent inter- and intra-observer
variability limits its value [3]. Prolonged embryo colture to blastocyst stage was introduced as
a possible strategy for selecting the best embryos. Unfortunately, the method has its limits in
increasing the rates and the extended period of in vitro culture may have its side cffects —¢. g.
predispose the embryo to phenomenon such as large offspring syndrome,’ which is probably
linked to altered gene expression, particularly of imprinted genes [4].

It is supposed that evaluation criteria should be changed by adding the detection of
certuin molecular markers (either in follicular fluid. blood or embryo culture media) that will
have a predictive value, In the follicular fluid. various molecules have already been proved to
be reliable in predicting the ooeyte quality or even embryo viability. These have the potential
to be used during infertility treatment as “positive predictive markers.” Results obtained by
our group [5, 6] demonstrated that if gene mutations coincide with infertility but do not
influence the infertility treatment owtcome in general, only in the presence of certain other
lactors or diagnosis, e.g. endometriosis, therefore serving as “negative predictive markers.”
Both approaches could be combined and lead to individualization of the therapy. which is
highly desirable way of approach,

What is the Role of Genetic Alterations in Infertility?

Pivotal information has been derived for a host of rare genetic disorders. Unfortunately,
in the common causes of female infertility, the progress has been much slower. Many infertile
couples continue to be diagnosed as idiopathic infertility or given descriptive diagnoses not
providing a real cause for their reproductive defect.

Important advances in the understanding of the treatment of infertility have been made
during last 15 years, with the production of over 400 mutant mouse models with a
reproductive phenotype (for review see [7-9]), Indeed, the past years have witnessed a virtal
explosion in the identification of genetic mutations or polymorphisms that cause or are linked
1o human infertility and that are inherited in a polygenic/multifactonial fashion (for review see
[10]). Nevertheless, translation of these finclings to the clinical practice remains agonizingly
slow.
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There are three necessary conditions for successful embryo implantation — the viable
embryo, the receptive endometrium, and their mutual molecular cross-talk [11]. Under the
influence of steroid hormones and paracrine signals from the developing embryo, the
endometrium becomes receptive for only a limited period of time. The receptive state is
characterized by the expression of particular genes that allow the refractory endometrium to
respond to the embryo and permit attachment.

Numerous studies in mice have suggested the importance of different cytokines produced
by both embryo and maternal tissue [12, 13] and participating in the cross-talk between the
implanting blastocyst and the endometrium [14]. The presence of complex network of
cytokines and their overlapping biological activities means that alteration of one cytokine is
likely to affect others, making studies of their role in implantation failure extremely difficult.

p53 - A New Player in Reproduction Regulation

The p53 (OMIM191170) is a key tumor suppressor. Its function is lost in many types of
cancers. either by mutation or by excessive negative regulation (for review see [15]). Since
2002, several groups have identified the existence of several p53 isoforms and have
demonstrated their roles in modulation of p53 suppressive activity in cancer (for review see
[16]). However, little is known about p53’s normal physiological function. Recently, it has
been shown that p53 is important in reproduction in a gender-specific manner [17].
Significant decreases in embryonic implantation, pregnancy rate and litter size were observed
in mating with p53'/' female mice but not with p53'/' male mice. The gene encoding leukemia
inhibitory factor (LIF) was identified as a p53-regulated gene that functions as the
downstream mediator of this effect. p53 can regulate both basal and inducible transcription of
LIF and loss of p53 decreased both the level and function of LIF in uterus. Lower LIF levels
were observed in the uterus of p53™ mice than in those of p53*"* mice, particularly at day 4 of
pregnancy when transiently induced high levels of LIF were crucial for embryonic
implantation |18, 19]. This observation probably accounts for the impaired implantation of
embryos in p53'/' female mice. Administration of LIF to pregnant p53” mice restored
maternal reproduction by improving implantation. These results clearly confirm function for
p53 in maternal reproduction through the regulation of LIF [20, 21].

Evidence is accumulating that p53 may have a similar function in humans - an
association has been reported between women carrying the p53 codon 72 mutation (a proline
to arginine change) and recurrent implantation failure [21]. In addition, the p53 gene was
suggested to be a candidate gene for endometriosis [22]. The p53 pathway is therefore the
subject of intense research trying to identify its role in both cancer and infertility.

The Role of LIF in Embryo Implantation

The LIF is a pluripotent cytokine that plays a central role in the control of the embryo
implantation. LIF (OMIM ' 159540) is a secreted glycoprotein first described as a factor
inducing the differentiation of myeloid leukemic M1 cells into macrophages [23]. An
important role for LIF in implantation was shown in LIF knockout mice, where embryo
implantation did not occur [24]. In endometrium of healthy women, LIF and LIF mRNA are
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expressed throughout the menstrual cycle with a striking increase in the midsecretory phase,
coinciding with a supposed window of implantation. Binding of LIF to LIF receptor (LIFR)
activates signal transduction pathways [25]. Human blastocysts express mRNAs for LIFR
participating actively in establishing contact with the endometrium. In the endometrium,
LIFR are expressed in the epithelium throughout the cycle with strong increase in the
midsecretory phase. Endometrium of infertile women produces significantly less LIF during
the period of receptivity [26]. In addition, LIF is detected in uterine flushing, and its level is
significantly lower in women with idiopathic infertility. Likewise, endometrial explants
derived from women with idiopathic infertility showed reduced levels of LIF secretion (for
review see [27-29]).

The first report of /if gene mutations in human searched for mutations in 74 non-selected
nulligravid infertile women and identified three point mutations. Two of them were G to A
transitions located in exon 3 at the positions 3400 and 3424 of the lif gene that lead to an
amino acid exchanges (valine 64 methionine and alanine 72 threonine) in the regions
corresponding to AB loop of the LIF protein. The AB loop seems to be highly important for
interaction with the LIFR, so that the mutation causing the amino acid exchange within the
region could result in reduced biological activity of the LIF protein. The third mutation, the C
to A transition at position 715, was located in the regulatory region, 6 bp from the start codon
of the LIF gene. It was hypothesized that this mutation could lead to transcription
abnormalities and result in the decreased LIF expression [30].

The second report of /if gene mutations in infertile women focused on patients with
recurrent failure of IVF or intracytoplasmatic sperm injection, defined as three or more
embryo transfers, and on women diagnosed with unexplained infertility for at least two years.
The previously described G to A transition at the position 3400 and the G to A transition at
position 3441 were identified in nulligravid women with unexplained infertility. The G to T
transition at the position 3453 was identified in a nulligravid woman with more then three
failure of IVF. Both newly described transitions, at the position 3453 and 3441, did not cause
the protein structure alterations. The only one woman with the heterozygous potentially
functional mutation at position 3400 conceived after IVF treatment. From these results, the
authors concluded that the second allele of the /if gene. stimulated hormonally during
superovulated cycle, might compensate the defect [31]. Their hypothesis was supported by
another study, which demonstrated that LIF on luminal epithelium enhances the expression of
a subset of progesterone-regulated genes [25].

[n our studies 15 positive samples were identified in exon 3.2 in the group of infertile
women (n=176) [5, 6]. All samples showed an alteration in DNA sequence that was identical
to previously described potentially functional /if gene point mutation, the G to A transition at
the position 3400. Out of the 15 infertile women, the group A was made up of women with
diagnoses that are frequently accompanied by changes in humoral and cell mediated
immunity - idiopathic infertility and endometriosis (n=7). Group B was comprised of patients
with polycystic ovary syndrome, andrological factor, tubal factor and hyperprolactinemia
(n=8). The control group was comprised of 136 infertile women with no lif gene mutation
diagnosed with idiopathic infertility and endometriosis (n=37) (group C) and patients with
polycystic ovary syndrome, tubal and andrological factor (n=99) (group D). Seven of the
mutation-positive patients were successfully treated by IVF, but in this group there was no
diagnosis of idiopathic infertility and only one of endometriosis, meaning that there is a
statistically significant difference in the pregnancy rates between groups A and B, but no
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statistically significant difference when comparing patients with the /if gene mutation (group
A+B) to no lif gene mutation (group C+D). These results suggest that the idiopathic infertility
and endometriosis have a negative impact on the outcome of IVF treatment in mutation-
positive women [6].

The Role of IL-11 in Endometrial Decidualisation

Interleukin 11 (IL-11) (OMIM 147681) is essential for murine implantation and signals
via intracellular phosphorylation of STAT3 in the endometrium similar to LIF [32]. Both
molecules are present in the endometrium of women during the receptive window. IL-11
expression is critically important during decidualization in the human endometrium and its
aberrant regulation may be associated with some types of infertility [33]. Reduced
endometrial pPSTAT3 and IL-11 levels were shown in some women with idiopathic infertility
[34] and in some endometriotic patients [35].

The Oocyte - Another Key Player
in the Success of Implantation

The oocyte quality profoundly affects fertilization and subsequent embryo development
driving the continued search for reliable predictors of oocyte developmental competence.
Traditional methods for the evaluation of oocyte quality are based on morphological
classification of the follicle, cumulus-oocyte complex, polar body and/or meiotic spindle (for
review see [36]). Several intrinsic (such as mitochondrial status and glucose-6-phosphate
dehydrogenase 1 activity) and extrinsic markers (such as apoptosis of follicular cells, levels of
the transforming growth factor-beta superfamily, anti-millerian hormone, inhibin B,
granulocyte colony stimulating factor, macrophage colony stimulating factor and vascular
endothelial growth factor in follicular fluid (FF)) have also been reported as useful indicators
of oocyte competence and embryo quality [37-46]. In some cases. the controversy about the
role of an individual marker remains — e.g. in the question whether LIF or leptin in FF can
predict the oocyte quality or outcome of IVF, there were various studies done with
contradictory results [47-49].

Oxidative Stress in Follicular Fluid (FF) — A Field for Search of Valid
Biomarkers?

Oxidative stress is defined as an increased intracellular concentration of the reactive
oxygen species (ROS) in a steady-state condition. The possibility that ROS and oxygen
radicals might be involved in human reproduction was suggested nearly 80 years ago [S0].
Their pathological effects result from damage to lipids (particularly in the cell membrane),
nucleic acids, proteins and other cellular materials [S1]. /n vivo, the damaging effects of
oxygen radicals are usually prevented or limited by endogenous antioxidants or scavengers of
free radicals. These include enzymes such as superoxide dismutase, catalase and selenium-
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dependent glutathione peroxidase as well as lipid- and water-soluble antioxidants such as
vitamins C, E and uric acid [52]. Ho et al. [53] and Matzuk et al. [54] reported decreased litter
size and number of litters per month in female homozygous mutant mice lacking superoxide
dismutase.

Proteome analysis of human follicular fluid from 25 normo-ovulatory women undergoing
assisted reproduction techniques due to a male infertility factor (that means that they are fully
fertile) identified several important antioxidant enzymes: i.e., catalase, superoxide dismutase,
glutathione transferase, paraoxonase, heat shock protein 27 and protein disulfide isomerase.
This indicates that during maturation the human follicle is well protected against toxic injury
caused by oxidative stress |55].

Some findings suggest that cumulus cells may have a critical role in protecting oocytes
against oxidative stress-induced apoptosis through the increase of glutathione content in
oocytes [56]. Oxidative stress has an impact on the production of granulosa cell steroid
hormones (estradiol in particular), which are important predictors of ovarian response. The
positive association between FF estradiol and total antioxidant capacity (TAC) suggests that
estradiol may play a role in the ovarian antioxidant-oxidant balance [57].

Individual FF analysis (from separate follicles) showed that ROS levels in FF participates
in embryo formation and quality [58]. Both lipid peroxidation (LPO) and TAC levels were
positively correlated with the pregnancy rate. LPO is a good marker of metabolic activity
within the follicle, and some amounts may be necessary to establish a pregnancy [59-62].
Malondialdehyde can be used as another marker of oxidative stress and also in predicting
assisted reproductive techniques outcome [63].

Although there was no significant relationship between plasma and/or FF TAC and the
underlying etiology of infertility [57], the oxidative stress is engaged in pathophysiology of
many of them. For example, the ROS action is one of the mechanisms responsible for the
embryotoxicity of hydrosalpingeal fluid and for the decreased quality of oocytes and embryos
of endometriosis patients [64]. Decreased levels of SeGPx were confirmed in FF of women
with idiopathic infertility [65, 66].

The age-related decline of the success in IVF is largely attributable to a progressive
decline of ovarian oocyte quality and quantity which can be at least partially caused by the
age-related increase in free radical activity [67, 68]. It was confirmed that active smoking
affects the pro-oxidant/antioxidant balance inside the pre-ovulatory ovarian follicle by
inducing intrafollicular oxidative stress impairing folliculogenesis [69] especially by
accelerated follicular depletion [70].

Detrimental effects of oxygen-derived free radicals on embryos during culture have been
demonstrated in several species [71, 72]. Yang et al. [73] found higher levels of hydrogen
peroxide in fragmented compared with non-fragmented human embryos and unfertilized
oocytes, whilst Paszkowski and Clarke [66] reported increased antioxidant consumption
(suggesting increased ROS activity) during incubation of poor quality embryos.

Infertility in Endometriosis Patients

Endometriosis is a common gynecological problem of reproductive-age women, and
despite the increasing evidence proving genetic component to this disease, its basic etiology
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remains unclear.It is likely that it is a polygenic/multifactorial disease caused by an
interaction between multiple genes [74]. The association between endometriosis and
infertility is complex. There are four principle factors that contribute to subfertility - impaired
folliculogenesis, decreased fertilization, inflammatory factors in follicular, peritoneal and
reproductive tract fluid, and implantation defects [75, 76]. Nevertheless, in the absence of
tubal distortion, spontaneous conception remains possible. That means that the optimal choice
for endometriosis patients is to be treated and then to get pregnant after spontaneous
conception.

Endometriosis in reproductive-age women is associated with various immunopathologies
- there are changes in both cell-mediated and humoral immunity and these changes seem to
play a crucial role in allowing endometriosis implants to persist and progress [77].

Many various cytokines are present in the peritoneal fluid. They are produced by a
variety of cells including mesothelial cells, leukocytes and ectopic endometrial cells. Their
increased levels might to promote implantation and growth of ectopic endometrium by
inducing proliferation and angiogenesis [78. 79].

The peritoneal fluid of women with endometriosis contains increased numbers of cells
which facilitate rather than inhibit the development of endometriosis. Macrophages that
would be expected to clear endometrial cells from the peritoneal cavity appear to enhance
their proliferation by secreting growth factors and cytokines [77, 80]. Nevertheless, the exact
immunological mechanisms that support persistence and proliferation of ectopic endometrial
implants within the peritoneal cavity remain unknown.

The observation that natural killer (NK) cell activity is abnormally low in endometriosis
patients has lead to a hypothesis that the inhibition of NK and cytotoxic T-cell function is one
of the key mechanisms of pathogenesis [81].

The reports about the role of LIF in the infertility of endometriosis patients are rather
conflicting. In patients with endometriosis the LIF staining intensity in uterine epithelium was
studied.  Staining intensity of LIF was evaluated using semi-quantitative
immunohistochemistry scores and immunoreactive LIF was present predominantly in
glandular epithelium, while luminal epithelium showed patchy staining. LIF staining intensity
in glandular epithelium was significantly lower in endometriosis and the results suggested
that reduced endometrial LIF contributes to infertility in some endometriotic women [35].

In the mouse model, expression of LIF in endometrium peaked at the time of
implantation and was reduced by injections of human peritoneal fluid from infertile patients
with endometriosis. PF from women with endometriosis has a detrimental effect on embryo
implantation, perhaps by adversely affecting LIF expression as well as uterine receptivity
[82]. On the other hand, in the uterine flushings and endometrial samples from 7 to 9 days
after ovulation no statistically significant differences in levels of LIF between endometriosis
patients and controls were found. The authors concluded that there is no receptivity defect
with regard to LIF secretion by eutopic endometrium in infertile women with endometriosis
[83].

Role of NK Cells in Endometriosis and Infertility in General

Large populations of macrophages and uterine-specific (NK) cells infiltrate the
implantation site, and arebelieved to be important modulators of trophoblast invasion and
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decidualization [84-86]. However, our knowledge regarding selective recruitment of
leukocyte subtypes is not complete. Adequacy of the endometrium for fertility has been
classically investigated by histologic evaluation of a mid-late luteal phase biopsy. Recent
studies demonstrate histologically normal, but biochemically abnormal, endometrium during
the window of implantation in some women with endometriosis [87]. Such evidence
continues to reinforce the hypothesis that endometrium from some women with endometriosis
might be dysfunctional. The reduced endometrial receptivity seems to account for the
reduction in cycle fecundity [88].

Increased CD158a" NK cells in peripheral blood and peritoneal fluid indicates decreased
NK cell cytotoxicity |89]. The percentage of these cells in blood as well as in perotoneal fluid
is significantly higher in women with than without endometriosis [90]. These properties of
NK cells (as well as macrophages) in women with endometriosis promote immunotolerance
to implanted tissue in the peritoneal environment [90]. According the present knowledge, NK
cells and their number as well as their low activity in endometriosis is mediated by cytokines
and by HLA-G [91]. LIF is one of the cytokines that were shown to regulate NK cells. The /if
gene knockout mice have doubled the percentage of NK cells in endometrium compared to
wild-type mice at the time of implantation window, indicating that LIF restricts the migration
of NK cells to the uterus [93]. Nevertheless, the mechanisms involved in homing of mouse
uterine NK cell precursors to the uterus regulated by LIF are not fully understood yet. Strong
expression of LIF mRNA was detected in decidual leukocytes, which are abundant at the
implantation site. Extravillous trophoblast invading the maternal decidua expresses LIFR as it
moves past decidual leukocytes, which express LIF mRNA. Although its effects on
trophoblast are not clear, LIF appears to mediate interactions between maternal decidual
leukocytes and invading trophoblast [94, 95]. LIF may also play a critical role in controlling
angiogenesis in the placental villi, since human fetal endothelial cells express LIFR, and mice
lacking a functional LIF receptor gene show altered vascular development in the placenta [96-
98].

Various cytokines have already been suggested and some of them (such as TNF-binding
protein-1 and IL-12) have already been proven to be effective in reducing endometriotic
lesions in animal models, while pentoxifylline and INF-alpha 2b have shown encouraging
results in clinical studies [99]. HLA-G is expressed by endometriotic glandular epithelium,
but not by eutopic endometrium. Differential expression of HLA-G suggests that peritoneal
inflammation or cellular stress may up-regulate mechanisms to promote ectopic endometrial
survival [100].

There is a need for immunological diagnostics in the group of patients with unexplained
infertility and endometriosis. It was proven that these patients suffer by various immunologic
disturbances, some of the endometriosis patients are even at higher risk than the general
female population of developing autoimmune and atopic disorders as well as breast and other
cancers (for review see [101].

Conclusion

Present progress in various techniques gives researchers options to employ variety of
molecular biological techniques to understand the biological processes intricately linked to
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oocyte, ovarian follicle development, fertilization and embryo development in general.
Despite an abundance of knowledge concerning essential pathways which may have critical
roles in regulation of fertility and necessary homeostasis, the repertoire of medications to treat
female fertility problems remains limited to a few classes of drugs involved in the induction
or suppression of folliculogenesis and ovulation; many of which are not specific in their drug
actions and can give rise to complications during clinical application.

Studies on LIF proved that: 1) LIF gene mutations are significantly more frequent in
infertile women compared to fertile controls; 2) LIF gene mutations are not restricted to
primary or secondary infertility or to any specific infertility diagnosis; and 3) LIF gene
mutations do not affect the outcome of infertility treatment in most patients but do in a
subgroup of infertile women diagnosed with endometriosis or idiopathic infertility, In
addition, the IVF outcome is statistically significantly lower than in control population of
women with same diagnosis but no LIF gene mutation [6].

A fundamental aim of current research in infertility treatment is to develop new
therapeutic approaches based on the knowledge of its etiopathogenesis. Further studies are
needed to identify susceptibility gene(s) and the mechanism involved in endometriosis. DNA
mutational analysis of these genes as well as the analysis of their functions will contribute to
understanding the implantation failure in women with endometriosis and infertility in general.

Acknowledgment

Supported by the project CZ.1.05/2.1.00/03.0076 from European Regional Development
Fund.

References

[I] Moragianni V. A., Penzias A. S. Cumulative live-birth rates after assisted reproductive
technology. Curr. Opin. Obstet. Gynecol., 2010 22, 189-192.

[2]  Brown R., Harper J. The clinical benefit and safety of current and future assisted
reproductive technology. Reprod. Biomed. Online, 2012, in press.

[3] Borini A., Lagalla C., Cattoli M., Sereni E., Scieajno R., Flamigni C., Coticchio G.
Predictive factors for embryo implantation potential. Reprod. Biomed. Online, 2005,
10, 653-668.

[4]  Corcoran D., Fair T. A., Lonergan P. Predicting embryo quality: mRNA expression and
the preimplantation embryo. Reprod. Biomed. Online, 2005, 11:240-438.

[5] Kralickova M., Sima R., Vanecek T., Sima P., Rokyta Z., Ulcova-Gallova Z., Sucha R.,
Uher P., Hes O. Leukemia inhibitory factor gene mutations in the population of
infertile women are not restricted to nulligravid patients. Eur. J.Obstet. Gynecol.
Reprod. Biol., 20006, 127, 231-235.

182



The Impact of Follicular Fluid Components ... 69

(6]

(71
(8]
(9]
[10]
(11]

[12]

[13]
[14]
[15]
[16]
[17]
[18]

[19]

[20]

Novotny Z., Kfizan J., Sima R., Sima P., Uher P., Zech N., Hittelova R., Baborova P.,
Uléova-Gallova Z., Subrt 1., Ulmanova E., Houdek Z., Rokyta Z., Kralickova M.
Leukemia inhibitory factor (lif) gene mutations in women diagnosed with unexplained
infertility and endometriosis have negative impact on the IVF outcome. A pilot study.
Folia Biol., 2009, 55, 92-97.

Simpson J. L. Molecular approach to common causes of female infertility. Best Pract.
Res Clin. Obstet. Gynaecol., 2002, 16, 685-702.

Furnes B.. Schimenti J. Fast forward to new genes in mammalian reproduction.
J.Physiol., 2007, 578, 25-32.

Saso S.. Ghaem-Maghami S., Chatterjee J.. Brewig N., Ungar L., Smith J. R., el Priore
G. Tmmunology of uterine transplantation: a review. Reprod. Sci., 2012 19, 123-134.
Matzuk M. M., Lamb D. J. The biology of infertility: Reseach advances and clinical
challenges. Nar. Med., 2008, 14, 1197-1213.

Tabibzadeh S., Shea W., Lessey B. A., Broome J. From endometrial receptivity to
infertility. Semin. Reprod. Endocrinol., 1999, 17, 197-203.

Makrigiannakis A., Minas V.. Kalantaridou S. N., Nikas G., Chrousos G. P. Hormonal
and cytokine regulation of early implantation. Trends Endocrinol. Metab., 2006, 178-
185.

Makrigiannakis A., Minas V. Mechanisms of implantation. Reprod. Biomed. Online,
2007, 14, 75-82.

Sharkey A. M., Smith S. K.The endometrium as a cause of implantation failure. Best
Pract. Res. Clin. Obstet. Gynaecol., 2003, 17, 289-307.

Whibley C., Pharoah P. D., Hollstein M. p 53 polymorphisms: Cancer implications.
Nat. Rev. Cancer, 2009, 9, 95-107.

Marcel V., Hainaut P. p. 53 isoforms: a conspiracy to kidnap p53 tumor suppressor
activity? Cell. Mol. Life Sci., 2009, 66, 391-406.

Stewart C. L. Reproduction: the unusual suspect. Nature, 2007, 450, 619.

Feng Z., Zhang C., Kang H. J., Sun Y., Wang H., Nagvi A., Frank A. K., Rosenwaks
Z., Murphy M. E., Levine A. J., Hu W. Regulation of female reproduction by p53 and
its family members. FASEB J., 2011, 25, 2245-2255.

Kang H. J., Feng Z., Sun Y., Atwal G., Murphy M. E., Rebbeck T. R., Rosenwaks Z.,
Levine A. J.. Hu W. Single-nucleotide polymorphisms in the p53 pathway regulate
fertility in humans. Proc. Natl. Acad. Sci. U. S. A., 2009, 106, 9761-9766.

Hu W., Teresky A. K., Levine A. J. P53 regulates maternal reproduction through LIF.
Nature, 2007, 450, 721-724.

Hu W., Feng Z.. Atwal G. S., Levine A. J. P53: A new player in reproduction. Cell
Cycle, 2008, 7, 848-852.

Nezhat F.. Datta M. S.. Hanson V.. Pejovic T., Nezhat C. The relationship of
endometriosis and ovarian malignancy: a review. Fertil. Steril.,2008, 90, 1559—1570.
Tomida M., Yamamoto-Yamaguchi Y., Hozumi M. Purification of a factor inducing
differentiation of mouse myeloid leukemic M1 cells from conditioned medium of
mouse fibroblast 1.929 cells. J. Biol. Chen., 1984.259,10978—10982.

Stewart C. L., Kaspar P., Brunet L. J., Bhatt H.. Gadi 1., Kontgen F., Abbondanzo S. J.
Blastocyst implantation depends on maternal expression of leukaemia inhibitory factor.
Nature, 1992, 359, 76-79.

183



M. Kralickova, M. Cedikova, P. Pitule et al.

(26]

[34]

[36]

(37]

[38]

Sherwin J. R., Freeman T. C., Stephens R. JI., Kimber S., Smith A. G., Chambers 1.,
Smith S. K., Sharkey A. M. Identification of genes regulated by leukemia-inhibitory
factor in the mouse uterus at the time of implantation. Mol. Endocrinol., 2004, 18,
2185-2195.

Hambartsoumian E., Taupin J. L., Moreau J. F., Frydman R., Chaouat G. In-vivo
administration of progesterone inhibits the secretion of endometrial leukaecmia
inhibitory factor in vitro. Mol. Hum. Reprod., 1998, 4, 1039-1044.

Laird S. M., Tuckerman E. M., Li T. C. Cytokine expression in the endometrium of
women with implantation failure and recurrent miscarriage. Repr. Bio Med. Online,
2006, 13, 12-23.

Aghajanova L. Leukemia inhibitory factor and human embryo implantation. Ann.N. Y.
Acad. Sci., 2004, 1034, 176-183.

Lass A., Weiser W., Munafo A., Loumaye E. Leukemia inhibitory factor in human
reproduction. Fertil. Steril., 2001, 76, 1091-1096.

Giess R., Tanasescu I, Steck T., Sendtner M. Leukaemia inhibitory factor gene
mutations in infertile women. Mol Hum Reprod., 1999 5, 581-586.

Steck T., Giess R., Suetterlin M. W., Bolland M., Wiest S., Poehls U. G., Dietl J.
Leukaemia inhibitory factor (LIF) gene mutations in women with unexplained
infertility and recurrent failure of implantation after IVF and embryo transfer. Eur.
J.Obstet. Gynecol. Reprod. Biol., 2004, 112, 69-73.

von Rango U., Alfer J., Kertschanska S., Kemp B., Muller-Newen G., Heinrich P. C.
Beier H. M., Classen-Linke L. Interleukin-11 expression: its significance in eutopic and
ectopic human implantation. Mol. Hum. Reprod., 2004, 10, 783-792.

Karpovich N., Klemmt P., Hwang J. H., McVeigh J. E., Heath J. K., Barlow D. H..
Mardon H. J. The production of interleukin-11 and decidualization are compromised in
endometrial stromal cells derived from patients with infertility. J. Clin. Endocrinol.
Metab., 2005, 90, 1607-1612.

Dimitriadis E., Sharkey A. M., Tan Y. L., Salamnosen L. A., Sherwin J. R. A.
Immunolocalisation of phosphorylated STAT3, interleukin 11 and leukaemia inhibitory
factor in endometrium of women with unexplained infertility during the implantation
window. Reprod. Biol. Endocrinol., 2007, 5, 44.

Dimitriadis E., Stoikos C., Stafford-Bell M., Clark 1., Paiva P., Kovacs G., Salamonsen
L. A. Interleukin-11, IL-11 receptor alpha and leukemia inhibitory factor are
dysregulated in endometrium of infertile women with endometriosis during the
implantation window. J. Reprod. Immunol., 2006, 69, 53-64.

Wang Q., Sun Q. Y. Evaluation of oocyte quality: morphological, cellular and
molecular predictors. Reprod. Fertil. Dev., 2007, 19, 1-12.

Ledee N., Lombroso R., Lombardelli L., Selva J., Dubanchet S., Chaouat G, Frankenne
F., Foidart J. M., Romagnani S., Ville Y., Piccinni M. P. Cytokines and chemokines in
follicular fluids and potential of the corresponding embryo: the role of granulocyte
colony-stimulating factor. Human Reprod., 2008, 23, 2001-20009.

Salmassi A., Acil Y., Schmutzler A. G., Koch K., Jonat W., Mettler L. Differential
interleukin-6 messenger ribonucleic acid expression and its distribution pattern in
eutopic and ectopic endometrium. Fertil. Steril., 2008, 89, 1578-1584.

184



The Impact of Follicular Fluid Components ... 71

[39]

[40]

[41]

(42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

Asimakopoulos B., Koster F., Felberbaum R., Tripsiannis G., Caglar G. S., Nikolettos
N., Al-Hasani S., Diedrich K. Intrafollicular and circulating concentrations of leptin do
not predict the outcome in IVF-ICSI cycles. Reprod. Sci., 2009, 16, 113-119,
Asimakopoulos B., Abu-Hassan D., Metzen E., Al-Hasani S., Diedrich K., Nikolettos
N. The level of steroid hormones and cytokines in individual follicles are not
associated with the fertilization outcome after intracytoplasmic sperm injection. Fertil.
Steril., 2008, 90, 60-64.

Asimakopoulos B., Nikolettos N., Papachristou D. N., Simopoulou M., Al-Hasani S.,
Diedrich K. Follicular fluid levels of vascular endothelial growth factor and leptin are
associated with pregnancy outcome of normal women participating in intracytoplasmic
sperm injection cycles. Physiol. Res., 2005, 54, 263-270.

Wunder D. M., Guibourdenche J., Birkhauser M. H., Bersinger N. A. Anti-Mullerian
hormone and inhibin B as predictors of pregnancy after treatment by in vitro
fertilization/intracytoplasmic sperm injection. Fertil. Steril., 2008, 90, 2203-2210.
Anifandis G., Koutselini E.. Stefanidis 1., Liakopoulos V., Leivaditis C., Mantzavinos
T.., Vamvakopoulos N. Serum and follicular fluid leptin levels are correlated with
human embryo quality. Reproduction, 2005, 130, 917-921.

Salmassi A., Schmutzler A. G., Schaefer S., Koch K., Hedderich J., Jonat W., Mettler
L. Is granulocyte colony-stimulating factor level predictive for human IVF outcome?
Hum. Reprod., 2005, 20, :2434-2440.

Lewicka S., von Hagens C., Hettinger U., Grunwald K., Vecsei P., Runnebaum B..
Rabe T. Cortisol and cortisone in human follicular fluid and serum and the outcome of
IVF treatment. Hum.Reprod., 2003, 18, 1613—-1617.

Fried G., Remaecus K., Harlin J., Krog E., Csemiczky G., Aanesen A., Tally M. Inhibin
B predicts oocyte number and the ratio IGF-I/IGFBP-1 may indicate oocyte quality
duting ovarian hyperstimulation for in vitro fertilization. J. Assist. Reprod. Genet.,
2003, 20, 167-176.

Hsieh Y. Y., Chang C. C., Tsai H. D., Lin C. S. Leukemia inhibitory factor in follicular
fluid is not related to the number and quality of embryos as well as implantation and
pregnancy rates. Biochem. Genet., 2005, 43, 501-506.

Ledee-Bataille N., Lapree-Delage G., Taupin J. L., Dubanchet S., Taieb J., Moreau J.
F., Chaouat G. Follicular fluid concentration of leukemia inhibitory factor is decreased
among women with polycystic ovaian syndrome during assisted reproduction cycles.
Human Reprod., 2001, 16, 2073-2078.

Ozomnek M. H., Bielfeld P., Krussel J. S., Hirschenhain J., Jeyendran R. S., Koldovsky
U. Epidermal growth factor and leukemia inhibitory factor levels in follicular fluid.
Association with in vitro fertilization outcome. J. Reprod. Med., 1999, 44, 367-369.
MacLeod, J. The role of oxygen in the metabolism and motility of human spermatozoa.
Am. J. Physiol., 1943, 138, 512-518.

Halliwell B., Gutteridge J. M. C. Free radicals in biology and medicine, 2nd Edn.
Oxford, OxfordUniversity Press, 1989.

Knapen M. F., Zusterzeel P. L., Peters W. H., Steegers E. A. Glutathione and
glutathione-related enzymes in reproduction. A review. Eur. J. Obstet. Gynecol.
Reprod. Biol., 1999, 82, 171-184.

185



M. Kralickova, M. Cedikova, P. Pitule et al.

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

Ho Y. S., Gargano M., Cao J., Bronson R. T., Heimler I., Hutz R. J. Reduced fertility in
female mice lacking copper-zinc superoxide dismutase. J. Biol. Chem., 1998, 273,
7765-7769.

Matzuk M. M., Dionne L., Guo Q., Kumar T. R., Lebovitz R. M. Ovarian function in
superoxide dismutase 1 and 2 knockout mice. Endocrinology, 1998, 139, 4008-4011.
Angelucci S., Ciavardelli D., di Giuseppe F., Eleuterio E., Sulpizio M., Tiboni G. M.,
Giampietro F., Palumbo P., di Illio C. Proteome analysis of human follicular fluid.
Biochim. Biohys. Acta, 2006, 1764, 1775-1785.

Tatemoto H., Sakurai N., Muto N. Protection of porcine oocytes against apoptotic cell
death caused by oxidative stress during in vitro maturation: role of cumulus cells. Biol.
Reprod., 2000, 63, 805-810.

Appasamy M., Jauniaux E., Serhal P., Al-Qahtani A., Groome N. P., Muttukrishna S.
Evaluation of the relationship between follicular fluid oxidative stress, ovarian
hormones, and response to gonadotropin stimulation. Fertil. Steril., 2008, 89, 912-921.
Das S., Chattopadhyay R., Ghosh S., Ghosh S., Goswami S. K., Chakravarty B. N.,
Chaudhury K. Reactive oxygen species level in follicular fluid — embryo wuality
marker in IVE? Human Reprod., 2006, 21:2403-2407.

Pasqualotto E. B., Lara L. V., Salvador M., Sobreiro B. P., Borges E., Pasqualotto F. F.
The role of enzymatic antioxidants detected in the follicular fluid and semen of infertile
couples undergoing assisted reproduction. Hum. Fertil., 2009, 12, 166—171.

Tamura H., Takasaki A., Miwa L., Taniguchi K., Maekawa R., Asada H., Taketani T.,
Matsuoka A., Yamagata Y., Shimurama K., Morioka H., Ishikawa H., Reiter R. J.,
Sugino N. Oxidative stress impairs oocyte quality and melatonin protects oocytes from
free radical damage and improves fertilization rate. J. Pineal Res., 2008, 44, 280-287.
Basini G., Simona B., Santini S. E., Grasselli F. Reactive oxygen species and anti-
oxidant defences in swine follicular fluids. Reprod. Fertil. Dev., 2008, 20, 269-274.
Baka S., Malamitsi-Puchner A. Novel follicular fluid factors influencing oocyte
developmental potential in IVF: a review. Reprod. Biomed. Online. 2006, 12, 500-506.
Oral O., Kutlu T., Aksoy E., Ficicioglu C.. Uslu H., Tugrul S. The effects of oxidative
stress on outcomes of assisted reproductive techniques. J. Assist. Reprod. Genet., 2006,
23, 81-85.

Seino T., Saito H., Kaneko T., Takahashi T., Kawachiya S., Kurachi H. Eight-hydroxy-
2'-deoxyguanosine in granulosa cells is correlated with the quality of oocytes and
embryos in an in vitro fertilization-embryo transfer program. Fertil. Steril., 2002, 77,
1184-1190.

Paszkowski T., Traub A. I, Robinson S. Y.. McMaster D. Selenium dependent
¢lutathione peroxidase activity in human follicular fluid. Clin. Chim. Acta, 1995, 236,
173-180.

Paszkowski T., Clarke R. N. Antioxidant capacity of preimplantation embryo culture
medium declines following the incubation of poor quality embryos. Hum. Reprod.,
1996, 11, 2493-2495.

Wiener-Megnazi Z., Vardi L., Lissak A., Schnizer S., Reznick A. Z., Ishai D., Lahav-
Baratz S., Shilog H., Koifman M., Dirnfeld M. Oxidative stress indices in follicular
fluid as measured by the thermochemiluminiscence assay correlate with outcome
parameters in in vitro fertilization. Fertil. Steril., 2004, 82 (Suppl. 3), 1171-1176.

186



The Impact of Follicular Fluid Components ... 73

[68]

[69]

[70]

(71]

[72]

(73]

[74]

[75]

[76]

(771

(78]

[79]

[80]

[81]

[82]

[83]

[84]

Broekmans F. J.. Kwee J., Hendriks D. J., Mol B. W., Lambalk C. B. A systematic
review of tests predicting ovarian reserve and IVF outcome. Human Reprod. Update,
2006, 12, 685-718.

Paszkowski T.. Clarke R. N., Hornstein M. D. Smokind induces oxidative stress inside
the Graafian follicle. Human Reprod., 2002, 17, 921-925.

Tiboni G. M.. Bucciarelli T., Giampietro F., Sulpizio M., Di Ilio C. Influence of
cigarette smoking on vitamin E, vitamin A, beta-carotene and lycopene concentrations
in human preovulatory follicular fluid. Int. J. Immunopathol. Pharmacol., 2004, 17,
389-393.

Agca C., Ries J. E., Kolath S. J., Kim J. H., Forrester L. J., Antoniou E., Whitworth K.
M., Mathialagan N., Springer G. K., Prather R. S., Lucy M. C. Luteinization of porcine
preovulatory follicles lead to systematic changes in follicular gene expression.
Reproduction, 2006, 132, 133-145.

Gupta S., Choi A., Yu H. Y., Czerniak S. M., Holick E. A., Paolella L. J., Agarwal A.,
Combelles C. M. Fluctuation in total antioxidant capacity, catalase activity and
hydrogen peroxide levels of follicular fluid during bovine folliculogenesis. Reprod.
Fertil. Dev., 2011, 23, 673-680.

Yang H. W., Hwang K. J., Kwon H. C.. Kim H. S., Choi K. W., Oh K. S. Detection of
reactive oxygen speciees (ROS) and apoptosis in human fragmented embryos. Human
Reprod., 1998, 13, 998-1002.

Bischoff F. Z., Simpson J. L. Heritability and molecular genetic studies of
endometriosis. Hum. Reprod. Update, 2000, 6, 37-44.

Mahutte N. G., Arici A. New advances in the understanding of endometriosis related
infertility. J. Reprod. Immunol., 2002, 55, 73-83.

Senapati S., Barnhart K. Managing endometriosis-associated infertility. Clin. Obstet.
Gynecol., 2011, 54, 720-726.

Seli E.. Arici A. Endometriosis: interaction of immune and endocrine systems. Semin.
Reprod. Med., 2003, 21, 135-144.

Wu M. Y.. Ho H. N. The role of cytokines in endometriosis. Am. J. Reprod. Immunol.,
2003, 49, 285-296.

Matarese G.. de Placido G., Nikas Y., Alviggi C. Pathogenesis of endometriosis:
natural immunity dysfunction or autoimmune disease? Trends Mol. Med., 2003, 9, 223-
228.

Ulukus M., Arici A. Immunology of endometriosis. Minerva Gynecol., 2005, 57, 237-
248.

Sikora J.. Mielczarek-Palacz A., Kondera-Anasz Z. Role of natural killer cell activity in
the pathogenesis of endometriosis. Curr. Med. Chem., 2011, 18, 200-208.

Illera M. J.. Juan L., Stewart C. L., Cullinan E., Ruman J., Lessey B. A. Effect of
peritoneal fluid from women with endometriosis on implantation in the mouse model.
Fertil. Steril., 2000, 74, 41-48.

Mikolajczyk M., Wirstlein P., Skrzypczak J. Leukaemia inhibitory factor and
interleukin 11 levels in uterine flushings of infertile patients with endometriosis. Hum.
Reprod., 20006, 21, 3054-3058.

Johnson P. M.. Christmas S. E., Vince G. S. Immunological aspects of implantation
and implantation failure. Hum. Reprod., 1999, Suppl. 2, 26-36.

187



74

M. Kréli¢kova, M. Cedikova, P. Pitule et al.

[85]

[86]

(87]

[88]

[90]

[91]

192]

(94]

[95]

[96]

[97]

[98]

[99]

Flynn L., Byrne B., Carton J., Kelehan P., O'Herlihy C., O'Farrelly C. Menstrual cycle
dependent fluctuations in NK and T-lymphocyte subsets from non-pregnant human
endometrium. Am. J. Reprod. Immunol., 2000, 43, 209-217.

Croy B. A., Esadeg S., Chantakru S., van den Heuvel M., Paffaro V. A., He H., Black
G. P., Ashkar A. A, Kiso Y., Zhang J. Update on pathways regulating the activation of
uterine natural Killer cells, their interactions with decidual spiral arteries and homing of
their precursors to the uterus. J. Reprod. Immunol., 2003, 59, 175-191.

Giudice L. C., Telles T. L., Lobo S., Kao L. The molecular basis for implantation

failure in endometriosis: on the road to discovery.

Surrey E. S., Schoolcraft W. B. Ann. N. Y. Acad. Sci., 2002, 955, 252-264.Management
of endometriosis-associated infertility. Obstet. Gynecol. Clin. North Am., 2003, 30,
193-208.

Zhang C., Maeda N., lzumiya C., Yamamoto Y., Kusume T., Oguri H., Yamashita C.,
Nishimori Y., Hayashi K., Luo J., Fukaya T. Killer immunoglobulin-like receptor and
human leukocyte antigen expression as immunodiagnostic parameters for pelvic
endometriosis. Am. J. Reprod. Immunol., 2006, 55, 106-114.

Matsuoka S., Maeda N., Izumiya C., Yamashita C., Nishimori Y, Fukaya T. Expression
of inhibitory-motif killer immunoglobulin-like receptor, KIR2DL1, is increased in
natural killer cells from women with pelvic endometriosis. Am. J. Reprod. Immunol.,
2005, 53, 249-254.

Maeda N., lzumiya C., Oguri H., Kusume T., Yamamoto Y., Fukaya T. Aberrant
expression of intercellular adhesion molecule-1 and killer inhibitory receptors induces
immune tolerance in women with pelvic endometriosis. Fertil. Steril., 2002, 77, 679-
683.

Maeda N., Izumiya C., Taniguchi K., Matsushima S., Fukaya T. Role of NK cells and
HLA-G in endometriosis. Front. Biosci., 2012, 4, 1568-1581.

Schofield G., Kimber S. J. Leukocyte subpopulations in the uteri of leukemia inhibitory
factor knockout mice during early pregnancy. Biol. Reprod., 2005, 72, 872-878.
Fraccaroli L., Grasso E., Zeitler E., Lombardi E., Gogorza S., Etchepareborda J. J.,
Nagle C., Cortelezzi M., Pérez Leir6s C., Ramhorst R. Modulation of maternal LIF
producers T cells by trophoblast and paternal antigens. Am. J. Reprod. Immunol., 2011,
65, 133-145.

Dimitriadis E., Menkhorst E., Salamonsen L. A.. Paiva P. Review: LIF and IL-11 in
trophoblast-ndometrial interactions during the establishment of pregnancy. Placenta,
2010, 31, S99-S104.

Sharkey A. M., King A., Clark D. E., Burrows T. D., Jokhi P. P., Charnock-Jones D.
S.. Loke Y. W., Smith S. K.: Localization of leukemia inhibitory factor and its receptor
in human placenta throughout pregnancy. Biol. Reprod., 1999, 60, 355-364.

Saito S., Nishikawa K., Morii T., Enomoto M., Narita N., Motoyoshi K., Ichijo M.
Cytokine production by CD16-CD56bright natural killer cells in the human early
pregnancy decidua. Int. Immunol., 1993, 5, 559-563.

Jokhi P. P, King A., Sharkey A. M., Smith S. K., Loke Y. W.: Screening for cytokine
messenger ribonucleic acids in purified human decidual lymphocyte populations by the
reverse-transcriptase polymerase chain reaction. J. Immunol., 1994, 153, 4427-4435.
Fedele L., Berlanda N. Emerging drugs for endometriosis. Expert Opin. Emerg. Drugs,
2004, 9,167-177.

188



The Impact of Follicular Fluid Components ... 75

[100] Barrier B. F., Kendall B. S., Ryan C. E., Sharpe-Timms K. L. HLA-G is expressed by
the glandular epithelium of peritoneal endometriosis but not in eutopic endometrium.
Hum. Reprod., 2006, 21, 864-869.

[101] Giudice L. C., Kao L. C. Endometriosis. Lancet, 2004, 364, 1789-1799.

189



Priloha XI

Seznam publikaci mimo hlavni téma dizertacni prace.

190



SEZBAM PUBLIKACI MIMO HLAVNI TEMA DIZERTACNI PRACE:

DVORAKOVA, J., M. KRIPNEROVA, M. CEDIKOVA, V. BABUSKA, V. KULDA, M.
PESTA, M. KRALICKOVA and D. MULLEROVA. Vliv perzistentnich organickych

polutanti na mitochondrialni funkce a vliv metabolického syndromu. Chemické listy, 2014.

[Article in press]. ISSN 0009-2770. 1F51, = 0,453

PITULE, Pavel, Miroslava CEDIKOVA, Ondfej DAUM, Jan VOIJTISEK, Ondfe;
VYCITAL, Petr HOSEK, Vladimir TRESKA, Ondiej HES, Milena KRALICKOVA and
Vaclav Liska. Immunohistochemical detection of cancer stem cell related markers CD44
and CD133 in metastatic colorectal cancer patients. Biomed Res Int. 2014 Vol. 2014, 7
pages. Dostupné z doi: 10.1155/2014/432139. ISSN 2314-6133. 1F,013 = 2,706

CEDIKOVA, Miroslava, Zbynék HOUDEK, Viaclav BABUSKA, Vlastimil KULDA,
Frantiek VOZEH, Nicolas ZECH, Lenka CERNA, Kristyna KRAKOROVA, Milena
KRALICKOVA and Jan CENDELIN. Fate of two types of cerebellar graft in wild type
and cerebellar mutant mice. J Appl Biomed. 2014, Vol. 12, No. 1, pp. 17 - 23. ISSN 1214-
021X. 1Fz012 = 1,775.

PITULE, Pavel, Miroslava CEDIKOVA, Vladislav TRESKA, Milena KRALICKOVA
and Vaclav LISKA. Assessing colorectal cancer heterogeneity: one step closer to tailored
medicine. J Appl Biomed. 2013, Vol. 11, No. 3, pp. 115-129. ISSN 1214-021X. 1Fy03 =
1,775.

191



8 Podékovani

Tato prace vznikla na Ustavu histologie a embryologie a Ustavu fyziologie Lékatské
fakulty v Plzni Univerzity Karlovy v Praze a vV Institutu reprodukéni mediciny
a endokrinologie, IVF Zentren Prof. Zech-Pilsen.

Rada bych podekovala svym skolitelkam doc. MUDr. Milené Krélickové, Ph.D.
adoc. MUDr. Jitce Kuncové, Ph.D. za inspirujici vedeni, pomoc pii vybéru tématu
a cenné rady pfi tvorb¢ prace.

De¢kuji také vSem svym spolupracovniklim, zejména MUDr. Michaele Miklikové
a Mgr. Pavlu Pitulovi za jejich pomoc a podporu, Ing. Vaclavu Babuskovi, MUDr. Martiné
Grundmanové, MUDr. Janu Cendelinovi, Ph.D., Mgr. Zbyitku Houdkovi, Ph.D., MUDr.
Kristyné Krakorové, Mgr. Pavle Lhotské a celému tymu z Institutu reprodukéni mediciny a

endokrinologie za jejich spolupraci a ochotu pii pokusech.

Tento projekt byl podpofen Programem rozvoje v&dnich obort Karlovy Univerzity
(projekt P36), projektem OP VaVpl PO 2 Biomedicinské centrum EDZ2.1.00/03.0076,
projektem specifického vysokoskolského vyzkumu SVV 264804/2012, 266802/2013,
260048/2014 a grantem GA UK 696212,

192



