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Abstrakt

Diplomova préace je zaméfena na hodnoceni steroidniho metabolomu v télnich tekutinach

z hlediska fyziologie lidského téhotenstvi a porodu.
Vysledky dosaZzené v ramci diplomové prace vedou k nasledujicim zavérim:

1. Podporuji tezi o zasadnim vyznamu kortikoliberinu pro nacasovani lidského
porodu skrze stimulaci steroidogenezy ve fetalni zéné fetalni nadledviny (FZ).
Zmény steroidniho metabolomu vSak mnohem l|épe predikuji nacasovani
porodu, nez zmény hladin kortikoliberinu.

2. Distribuce izoforem placentarnich oxidoreduktdz zfejmé urcuje prevahu
oxidovanych forem pohlavnich steroid(i a neuroaktivnich steroidd (NAS) u fétu
a naopak prevahu redukovanych forem téchto latek u matky. Tento
mechanismus zasadné ovliviiuje bioaktivitu steroid(l. Vysledky naznacuji roli
NAS pfi udrZzeni téhotenstvi, jejich analgeticky efekt okolo porodu a jejich
ulohu v patofyziologii poporodnich depresi.

Abstract

The present diploma thesis is focused on the evaluation of steroid metabolome in body
fluids in human pregnancy and parturition and also concentrates on the estimation of
steroids in men with epilepsy (MWE) regarding the influence of epilepsy and its treatment

with antiepileptic drugs (AEDs).
The results obtained eventuate to the following conclusions:

1. They support the proposition about the key importance of corticoliberin for the
timing of human parturition via stimulation of the steroidogenesis in the fetal zone of
the fetal adrenal (FZ). Changes in steroid levels, however, much better predict the
timing of parturition than the variation in corticoliberin.

2. The distribution of isoforms of placental oxidoreductases determines the excess of
oxidized forms of the sex steroids and NAS in the fetus and the excess of their
reduced forms in mother. This mechanism fundamentally affects the steroid
bioactivity. The results indicate the role of NAS in pregnancy sustaining, their
analgesic effect around parturition and their role in the pathophysiology of

postpartum blues.
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1. Uvod

Steroidy jsou latky lipofilni povahy, které mohou prostupovat hematoencefalickou bariérou.
Kromé klasickych hormondlnich funkci, mohou pUsobit i na nervovou soustavu a to rovnéz
prostiednictvim vazby na intracelularni receptory a nasledné regulace genové exprese. Jsou
také schopny vazat se i na membranové receptory a tak ovliviiovat excitabilitu neuronu [1].
Tato skupina se nazyvd neuroaktivni steroidy (NAS) a zahrnuje jak steroidy periferniho
plvodu, tak steroidy syntetizované pfimo v nervové soustavé - neurosteroidy. Biologicka
odpovéd zpUsobend timto typem regulace je velice rychla, radové jde o sekundy. P¥i
fyziologickych podminkach ovliviiuji NAS Siroké spektrum behavioralnich funkci, jako je

sexudlni chovani, odpovédi na stres, emoce, pamét a kognici [2-6].

V téhotenstvi jsou hladiny pohlavnich steroid a NAS extrémné zvySené. V pripadé
pohlavnich steroid( jsou jejich funkce dobfe znamé a v pfipadé neuroaktivnich steroidl jsou
dobre prozkoumany pfinejmensim jejich obecné fyziologické ucinky. Na druhé strané vsak,
nejen v pripadé NAS, ale i v pfipadé téhotenskych steroid(l obecné existuje stale mnoho
otazek ohledné jejich vzniku a realného vlivu na fyziologii a patofyziologii lidského
téhotenstvi a porodu. Stale chybi komplexni metabolomicky pfistup k této problematice
vedouci k zodpovézeni téchto nejasnosti. Situace je navic komplikovdna jedineénosti
mechanismu ovliviiujiciho trvani gestace u lidi. Studium na lidskych modelech je eticky
neprijatelné a adekvatnost vysledkl ziskanych na laboratornich zvifatech je problematicka.
V této situaci mlze cenné informace prinést metabolomicky pfistup s vyuzitim télnich

tekutin matky a eventualné plodu, kde vsak jiz rovnéz narazime na otazky etiky.

Ve své diplomové praci jsem se zaméfila na ziskani vySe uvedenych chybéjicich
informaci na zakladé vyvoje steroidniho metabolomu v télnich tekutinach matky a plodu
v zavislosti na gestacnim véku. Vzorky ziskané od Zenskych dobrovolnic pfi predc¢asnych
porodech, byly vybrany tak, aby pravdépodobnost vlivu steroid(i na jejich iniciaci byla
minimalni. Snahou naseho tymu bylo, aby steroidni spektrum Zen a plodl v okamziku
predcasnych porodid co nejvice odpovidalo srovnatelnému gestacnimu véku Zen, které vsak

rodily pozdéji v terminu a bez komplikaci.

Vysledky by mohly pomoci odhadnout vyznam NAS v prenatédlni diagnostice vzhledem

k riziku ¢i pfed¢asného porodu.



2. Teoreticky prehled

2.1. Historie

Jiz ve 40. letech minulého stoleti Hans Selye prokazal anesteticky efekt progesteronu (Prog) a
deoxykortikosteronu (DOC) a oznacil jejich 3a-hydroxymetabolity s redukovanym A kruhem
za extrémné ucinné utisujici a uspavaci latky [7]. Ackoli tyto vysledky byly velmi slibné,
v dalSich letech nedoslo k Zddnému vétSimu pokroku ohledné mechanismu pusobeni téchto
latek a jejich vyuziti v klinické praxi. Az v 70. letech Gyermek a Soyka diskutuji vyuziti
steroid(l jako anestetik [8] a Lawrence a kol. pfichazeji s hypotézou o interakci steroidnich
anestetik s lipidovou vrstvou neuronalnich membran [9]. Konkrétnéjsi byl o 3 roky pozdéji
Barker a kol., ktefi prokdazali vliv pentobarbitonu, kratkodobé plsobiciho barbiturdtu, na
excitabilitu bunék skrze modulaci GABA, receptorl [10]. Pozdéji bylo prokdzano i u
metabolitl Prog a DOC, jmenovité 3a,5a-tetrahydroprogesteronu (P3a5a, allopregnanolon)
a 3a,5a-tetrahydrodeoxykortikosteronu (3a-THDOC), Ze ucinkuji jako moduldtory GABA,
receptorll a interaguji se stejnym ¢i podobnym vazebnym mistem jako barbituraty [11].
Timto byl zahdjen intenzivni vyzkum Gc¢inkd neuroaktivnich steroid(i na GABA, receptory [1,
12-15]. Déle byly zjistény ucinky NAS také na glycinové [16], NMDA [17-18], nikotinové
acetylcholinové receptory [19] ¢&i receptory spraiené s G-proteiny [20]. Termin
,heurosteroid” (NS) byl v ¢eské literature poprvé pouzit v roce 1980 [21], v zahrani¢ni o rok
pozdéji [22] a oznaluje steroidy, které ovliviuji nervovou soustavu a jsou zde také
syntetizovany de novo. Vyskytuji se tedy vnervové soustavé i za nepfitomnosti
steroidogennich Zlaz. NAS zahrnuji vSechny steroidy, které ovliviuji nervovou aktivitu, bez

ohledu na misto jejich syntézy [1].

2.2. Chemicka struktura NS

Jako steroidy se oznacuji latky s cyklopentanoperhydrofenantrenovym skeletem slozenym ze
4 kruhlG (Obr. 1). Jsou to latky ve vodé malo rozpustné, lipofilni. Mohou tedy snadno
prechazet pres hematoencefalickou bariéru. Jejich rozpustnost v cirkulaci se naopak zvysuje,

pokud jsou ve formé esteru s kyselinou sirovou, sulfatd, pfip. ve formé glukuronidd.
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Obr.1 Cyklopentanoperhydrofenantren

Podle poctu atomU uhliku mdzeme rozlisit 3 skupiny steroidnich hormona.

e (21 steroidy — gestageny, jez maji dvouhlikovy postranni fetézec na pozici 17 a
methylové skupiny na C10 a C13. Tyto steroidy a jejich derivaty se nékdy oznacuji
jako pregnanové steroidy.

e (19 steroidy — androgeny, obsahujici keto- nebo hydroxyskupinu na C17 a dale
methylové skupiny na C10 a C13 stejné jako gestageny. Tyto steroidy a jejich derivaty
byvaji nékdy oznacovany jako androstanové steroidy.

e (18 steroidy — estrogeny. Jsou uvoliovany vaje¢nikovymi folikuly, Zlutym téliskem,
placentou a nadlevinou. Kruh A je aromatizovan a obsahuje hydroxy skupinu na C3.
Dalsi hydroxy- nebo ketoskupinu najdeme na C17. Na pozici C13 se nachazi
methylova skupina. Jejich derivaty nazyvame estranové steroidy.

Ve vSech skupindch se nachazeji steroidy s neuroaktivnimi vlastnostmi.

2.3. Biosyntéza NAS

Steroidni hormony ¢i jejich polarni konjugaty se tvofi v nadledvinach, pohlavnich Zlazach,
fetoplacentarni jednotce a nervovém systému. Biosyntéza vsech steroid( zacina
enzymatickou konverzi cholesterolu na pregnenolon (Preg), kterd je katalyzovana
cytochromem P450scc (CYP11A1). Tento enzym z molekuly cholesterolu odstépuje
isokaproaldehyd (C6). Totéz plati i pro cholesterol konjugovany. Limitujicim krokem syntézy
steroidll je dodavka cholesterolu z vnéjsi do vnitfni mitochondridalni membrany, kde je
CYP11A1 lokalizovan. Prenos cholesterolu pres vnitfni mitochondridlni membranu
zprostiedkovava steroidogenni akutni regulacni protein (StAR)[23] s transloka¢nim
proteinem (TSPO) [24], dfive nazyvanym periferni benzodiazepinovy receptor (PBR) [25].
Kpfreméné Preg na steroidni hormony dochdzi v endoplazmatickém retikulu,

v mitochondriich a v cytoplazmé bunék. Kazda steroidogenni tkan obsahuje specifickou sadu
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enzymU, tedy produkuje unikatni soubor steroidnich hormon(. Biosyntéza NAS vyrazné
zavisi na pohlavi a véku. U netéhotnych Zen v reprodukénim véku je nejvétsi podil steroid(
pregnanového typu (C21 steroidy). Jsou to metabolity Prog, které jsou syntetizovany
v corpus luteum, zejména v lutedlni ¢asti menstruacniho cyklu. VétSinu prekurzord NAS
mimo lutedlni ¢ast menstruacniho cyklu a téhotenstvi tvofi klra nadledvin. Nejvétsi
produkce pochdzi ze zona fasciculata, ktera je Ftizend osou kortikoliberin (CRH)-
adrenokortikotropni hormon (ACTH), mensi ze zona glomerulosa ftizené osou renin-
angiotensin. Zona reticularis produkuje spiSe androgenni prekurzory, které jsou substraty
pro tvorbu neuroaktivnich androstanovych metabolitl. Na Obr. 2 a 3 je shrnuta syntéza

pregnanovych i androstanovych steroid( a jejich metabolita.

2.3.1. Enzymy podilejici se na biosyntéze NAS

V prvnim metabolickém kroku je cholesterol konvertovan na Preg jiz zmifovanym
cytochromem P450scc. V dalSich krocich smérem k NAS pregnanového typu se uplatni 3f3-
hydroxysteroidni dehydrogenaza, tvofici z Preg Prog. Enzymy 5a- a B-reduktdza se podileji na
redukci jak Prog, tak i DOC, testosteronu Ci kortizolu. Tyto enzymy jsou velice aktivni
v jatrech, bunkach nervového systému a ve tkanich spojenych s téhotenstvim a porodem.
V dalSim kroku dochdzi plsobenim pluripotentnich isoenzym( 17B-hydroxysteroidnich
dehydrogenaz a aldoketoreduktdz katalyzujicich interkonverzi hydroxy-skupin na ketony a
opacné v pozicich 3 (3a-hydroxy- <> 3-oxo- <> 3B-hydroxy; 20a-hydroxy- <> 20-oxo a 17f3-
hydroxy ¢> 17-oxo) ke vzniku pregnanovych ¢i androstanovych metabolitl. Jednotlivé
izoformy posledné jmenovanych enzym( zajistuji bud’ spiSe redukcni Ci spiSe oxidacni smér
metabolismu pregnanovych ¢i androstanovych metabolitll a cely proces je tedy vratny.
Nékteré z uvedenych izoforem plsobicich oxidacnim smérem tj. z 3a-hydroxyll na ketony,

katalyzuji i dalsi konverzi vzniklych ketonl na 3B-hydroxy-izomery.
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Obr. 3. Zjednodusené schéma biosyntézy redukovanych androstanovych metaboliti

2.4. Mechanismus ucinku NAS

2.4.1. Negenomové ucinky

Mechanismus ucinku NAS spociva hlavné v ovliviiovani excitability nervovych bunék cestou

modulace propustnosti iontovych kanali skrze membranové ionotropni receptory. V CNS se

NAS vazi na GABA, (GABAA-r) a NMDA (NMDA-r) receptory a moduluji jejich ¢innost [26-28].

ProtozZe se pfi tom neovliviiuje transkripce genu, fikdme témto Ucinkdm negenomové. Toto

negenomové pusobeni je velice rychlé, ucinkuje béhem sekund nebo milisekund. Tim se lisi

od klasického genomového plsobeni steroidnich hormon(, kdy se hormon navaze na

intracelularni receptor, ktery potom v komplexu s hormonem putuje do jadra, kde funguje

jako transkripéni faktor a odpovéd nastupuje pozdéji a déle také trva.
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U steroid(l vazajicich se na GABAs-r i NMDA-r je dlleZitd stereoselektivita. Pfitomnost 3a-
hydroxy skupiny na A kruhu je nezbytna pro positivni modulaci GABA,-r. Mezi pozitivni
modulatory GABA,-r patfi 3a-pregnanové steroidy [11], v€etné izomerd THDOC a také 3a-
androstanové metabolity [29]. Tyto latky Ucinkuji tak, Ze zvysuji frekvenci a dobu otevirani
chloridovych kanalli, které jsou spojené s GABA,-r. Vtok chloridd do nervovych bunék

zpUsobuje Utlum jejich aktivity.

Z obecného hlediska jsou to tedy neuroinhibitory a vykazuji sedativni, hypnotické,
anestetické, anxiolytické a antikonvulsivni vlastnosti. 33-pregnanové steroidy [30], konjugaty
viech pregnanovych steroidd [31] a sulfaty A® steroidd (pregnenolon sulfat- Pregs,
dehydroepiandrosteron sulfat-DHEAS) se projevuji jako negativni modulatory GABAA-r a
celkové plsobi na neuron aktivacné. Pro positivni modulaci GABAA-r jsou nezbytné alespon
nanomolarni koncentrace steroidld, zatimco antagonisté UGcinkuji aZz v mnoZstvich

mikromolarnich. Pro pfehled jsou moduldtory GABAA-r zndzornény v Tabulce 1.

Tabulka 1. Pozitivni a negatvini modulatory GABA, receptor(

Modulace GABA, receptorti

positivni negativni
3a-pregnanové izomery 3B-pregnanové izomery
3a-androstanové izomery PregS
3a-THDOC DHEAS
polarni konjugaty vSech pregnanovych
izomerU
- neuroinhibitory - neuroaktivatory

U NMDA-r jsou také znamy positivni a negativni modulatory. Positivni modulatory po vazbé
na receptor zvysuji vtok vdpenatych iontd do bunky a tim zpUsobuji aktivaci neuronu. Mezi
né patii sulfaty A° steroidd [32] a polarni konjugaty Sa-pregnanovych steroidd (pievazné
sulfaty) [17]. Opacéné ucinky vykazuji polarni konjugdty 5B-pregnanovych steroidd [18]. Pro
prehled jsou tyto latky shrnuty v Tabulce 2 a jejich modulacéni Ulinnost je pak

demonstrovana na Obr. 4.
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Obr. 4. Modulacni ucinnost steroid( na iontovékandly spojené s GABA,-r (neuron z michy kurete, koncentrace GABA = 3 uM, membrdnovy potencidl = -70V,
koncentrace steroidu=100 uM) (prevzato z ¢lanku Park-Chung, M., et al. Sulfated and unsulfated steroids modulate gamma-aminobutyric acidA receptor
function through distinct sites. Brain Res, 1999. 830: 72-87.)
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NAS mohou mit udcinky i na periferni nervovou soustavu. 17B-estradiol, Prog a
allotetrahydrokortikosteron ovliviiuji kontraktilitu myometria pUsobenim na napétové
zavislé draslikové kandly [33-34]. Byly zjiStény i uclinky 5B-pregnanovych steroidd na

vapnikové kandly typu T, které jsou odpovédné za periferni vnimani bolesti [35].

Tabulka 2. Pozitivni a negativni moduldtory NMDA receptorl

Modulace NMDA receptort

Pozitivni negativni
Poldrni konjugaty Poldrni konjugaty
5a-pregnanovych izomert 5B-pregnanovych izomera
PregS
DHEAS

- neuroaktivatory - neuroinhibitory

2.4.2. Genonomové ucinky

Nékteré NAS vsak mohou plsobit i klasickou genomovou cestou skrze vazbu na
intracelularni receptory (napf. progesteronové receptory, PR). Allopregnanolon a 3a,5a-
THDOC se mohou vazat na PR poté, co jsou v burice oxidovany na 5a-dihydroprogesteron,
pfip. 5a-dihydrodeoxykortikosteron [36]. Byl nalezen také nukledrni pregnanovy X receptor,
ktery po vazbé 5B-redukovanych steroidd, zejména 5B-dihydroprogestronu (5B-DHP),
napomahd relaxaci uteru, coz by mohlo mit zasadni vyznam pro udrzeni téhotenstvi, i

naopak (pfi snizeni koncentrace téchto latek) pro nastup porodu [37-38].

2.5. Uloha NAS v téhotenstvi

Vysledky ziskané u laboratornich zvifat ukazuji, Ze NAS skutec¢né hraji vyznamnou roli
v rovnovaze zajistujici trvani téhotenstvi a na druhé strané mohou zmény jejich hladin
téhotenstvi ukoncit. V porovnani s netéhotnymi Zzenami [39] jsou hladiny NAS pregnanového
typu u téhotnych Zen extrémné zvyseny [40-44]. Ackoli mechanismy pocatku porodu jsou u
mnoha savcu do znacné miry objasnény, u ¢lovéka zatim prvotni impuls, ktery spusti kaskadu

dalsich déjd, neni znam.
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2.5.1. Role kortikoliberinu (CRH)

Dulezitou roli ve fyziologii téhotenstvi a zvlasté porodu hraje CRH. Tento peptid je v obdobi
mimo téhotenstvi produkovan hlavné hypothalamem a fidi sekreci ACTH z hypofyzy.
V nékterych ¢astech CNS, které jsou zodpovédné zejména za neurofyziologickou odpovéd na
stres, mlze plsobit jako neurotransmiter [45]. Béhem téhotenstvi produkuje velké mnoZstvi
CRH placenta. CRH i ACTH dale stimuluji steroidogenezu ve fetdlni nadledviné. Hlavnimi
produkty jsou dehydroepiandrosteron sulfat (DHEAS), pregnenolon sulfat (PregS) [46-47]
dehydroepiandrosteron (DHEA) a kortizol [48]. Tyto déje jsou schématicky zndzornény na
Obr. 6. Syntéza CRH se exponenciadlné zvysuje v poslednich ¢tyrech tydnech téhotenstvi az
k porodu, pricemzZ hladina pfislusného vazebného proteinu (CRH-BP) klesa [48]. Produkce
CRH a CRH-BP je specifickd pouze pro ¢lovéka a vyssi primaty [49]. Navzdory velkym zménam
v hladindch CRH v priibéhu téhotenstvi se CRH ukazal jako nevhodny ukazatel pro predikci
predcasného porodu [50]. Na druhou stranu zmény ve steroidnim metabolomu indukované
CRH by mohly Iépe predikovat nastupujici porod [47].

Sekrece CRH v placenté je na rozdil od hypothalamu pravdépodobné fizena pouze
cirkulujicimi a lokalné produkovanymi humoralnimi faktory, mezi néz patfi neurotransmitery,

cytokiny, prostaglandiny, peptidové hormony a steroidy [48].

2.5.2. Role progesteronu v udrzeni téhotenstvi

U hlodavcu a prezvykavcl s postupujicim téhotenstvim klesa hladina téhotenstvi udrzujiciho
Prog a zvysuji se hladiny porod vyvoldvajiciho estradiolu (E2)[51-52]. U clovéka se hladiny
Prog pfed porodem vyrazné neméni, iniciace porodu je spojena spiSe se zménami exprese
izoforem progesteronovych a estradiolovych receptor(i [53]. Prog je nejprve produkovan
Zlutym téliskem ve vaje¢niku. Mezi 2. a 3. mésicem téhotenstvi nastava luteo-placentalni
posun, kdy zZluté télisko zanika a produkci Prog prebira placenta. Obecné se predpoklada, Zze
Prog vznikd v placenté de novo z materského LDL-cholesterolu.

Ve fetalni nadledviné se kolem 30. tydne gestace formuji kompartmenty, které se pozdé;i
vyvinou v jednotlivé zény nadledviny dospélé [54]. Fetdlni zéna fetdlni nadledviny (FZ) je
cast, ktera se velmi podoba v produkci steroidQ zona reticularis a po porodu z ni také tato
zéna vznikne. Pro FZ i zona reticularis je specifickd produkce velkého mnozstvi DHEAS [46].
FZ je vsak v prenatdlnim obdobi hypertrofovana v dlsledku stimulace CRH a po porodu

atrofuje do zona reticularis. Na rozdil od zona reticularis FZ tvofi navic kromé DHEAS a
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androstendiol sulfatu také srovnatelné ¢i vétsi mnoZstvi sulfatovanych C21 steroid( PregS a
sulfatu 17-hydroxypregnenolonu [47, 55], pficemZ fyziologickd funkce hyperprodukce
sulfatovanych C21 steroidl v téhotenstvi zatim nebyla objasnéna. Soucasné prace nasi
skupiny vSak vysvétleni fyziologického vyznamu tohoto jevu naznacuji [47]. Pfechodna zéna
fetdlni nadledviny je analogicka k zona fasciculata a zajistuje v pozdnim téhotenstvi rovnéz
tvorbu kortisolu [56]. Definitivni zéna, stejné jako zona glomerulosa, pak produkuje
aldosteron. Na Obr. 5 jsou zndzornény vrstvy nadledvin u matky i plodu s produkovanymi
steroidy a vztahy mezi nimi. Celd nadledvina je v dUsledku hypertrofie FZ velikosti
srovnatelna s fetalni ledvinou [57].

Nase skupina [47] pfiSla s hypotézou o alternativni produkci Prog vyuzivajici jako substrat
nejhojnéjsi produkt fetdlni nadledviny PregS. Jak bylo vySe zminéno, FZ produkuje velké
mnozstvi PregS, jehoz fyziologicky vyznam v téhotenstvi dosud nebyl objasnén. V placenté se
vyskytuji vSechny enzymy potfebné k preméné PregS na Prog tj. steroidni sulfatdza a 38-
hydroxysteroidni dehydrogendaza [58-59] a jsou v této tkdni zcela mimoradné aktivni. Tyto
enzymy jsou totozné s enzymy, které katalyzuji preménu DHEAS na androstendion, ktery je
dale aromatazou transformovan na estron. Tento enzymovy systém, s vyjimkou aromatizace,

muzZe byt pravdépodobné vyuzit i pro dalsi metabolismus PregS.

2.5.3. Oxidoredukcni rovnovaha u steroidli v matefském a fetalnim kompartmentu

Absence korelace mezi fetalnimi a materskymi hladinami Prog by mohla souviset s distribuci
17B-hydroxysteroidnich dehydrogenaz zejména typu 1 a 2 (HSD17B typu 1 a 2) a eventuelné
dalSich izoenzymU 17B-hydroxysteroidnich dehydrogendz a aldoketoreduktdz. HSD17B
typul (HSD17B1) je lokalizovana v syncytiotrofoblastu a cytotrofoblastu, tedy v tkani
nejblize materfskému kompartmentu, a redukuje jak estron (E1) na E2, tak Prog na 20a-
dihydroprogestron (Prog20a). Na druhé strané v placentdlnich endotelidlnich burkach
v blizkosti plodu oxiduje HSD17B typu 2 E2 (HSD17B2) na E1 [60] a Prog20a na Prog (Obr. 6 a
7). Z tohoto dlvodu patrné nebyly nalezeny korelace v hladinach Prog. Prekvapivé vsak byly
nalezeny parcidlni korelace mezi fetalnim a materskym Prog20a, tedy redukovanym
metabolitem Prog, a ddle mezi Prog20a a Prog v materské krvi [61] (Tabulka 3). Hladinami
dalsich oxidovanych a redukovanych forem bioaktivnich steroidd jsem se zabyvala ve svém
druhém cili. V pripadé fetdlnich steroidnich hormont byl jiz dfive diskutovan fakt, zZe

HSD17B2 patrné chrani plod pred aktivnimi estrogeny a androgeny [60, 62].
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Obr.5. Placentdrni CRH jako hlavni reguldtor produkce steroidii v téhotenstvi (Hill et al. 2010) CYP11Al...cholesterol
desmoldza, CYP17A1...17a-hyroxyldza/17,20lyéza; SULT...hydroxysteroidni sulfotransferdza (typy 2A1, 1E1); HSD3B2...36-
hydroxysteroidni dehydrogendza/A(5->4) izomerdza typu 2; CYP11B1..116-hydroxyldza; CYP11B2...aldosteron syntdza;
CYP21A2...P450 21 hydroxyldza; HSD11B...118-hydroxysteroidni dehydrogendza (typ 1 a 2); CYP19Al..aromatdza;
CYP3A7...cytochrom P4503A7 (bez dal$iho ndzvu); SDR... dehydrogendza/reduktdza (typ 5A1), STS..steroidni sulfatdza;
AKR...aldo-ketoreduktdza (typ 1C1,1C2,1C3,1C4,1D1); HSD17B... 178-hydroxysteroidni dehydrogendza (typ 1, 2,10,12,14)
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Obr. 6. Zjednodusené schéma placentdrni cirkulace vztaZené k Gcinkim placentdrnich izoenzymi HSD17B a AKR1C
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Obr. 7. Zjednodusené schéma zndzornujici placentdrni kompartmenty. 1. Intervildzni prostor (s materskou krvi), 2.
Placentdrni bariéra termindiniho vilu, 3. Fetdini kapildry, 4. Spojené bazdlni membrdny fetdlnich kapildr a
syncytiotrofoblastu, 5. Endotelové buriky, 6. Ridky vyskyt bunék cytotrofoblastu, 7. Bazdlni membréna kapildr, 8. Bazdlini
membrdna trofoblastové ¢dsti, 9. Syncytiotrofoblast s proliferacnimi uzly (oblast bohatd na bunécnd jddra)
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Tabulka 3. Parové a parcidlni korelace mezi progesteronem (Prog) a volnym
(Prog20a) a konjugovannym 20a-hydroxyprogesteronem (Prog20aC) v séru z
pupecnikové vény (UV) and matefské loketni vény (MV; parové a parcialni
korelace s adjustaci na konstantni hladiny vsech steroid( v korelaéni matici
vyjma testovaného paru jsou nad respektive pod diagondlou. (Prevzato z Hill,
M., et al. Is maternal progesterone actually independent of the fetal steroids?
Physiol Res, 2009)

uv MV
3 g 3 g
b S b b
& o o & o S
e & - & s
0.277 | 0.196 | 0.083 | 0.103 | 0.188
Prog 46 46 46 46 46
0.063 | 0.192 | 0.582 | 0.497 | 0.210
0.241 0.569 | 0.326 | 0.632 | 0.527
UV | Prog20a 46 46 46 46 46 0
0.124 0.000 | 0.027 | 0.000 | 0.000 | 5
0.030 | 0.254 0.202 | 0.515 | 0.747 g
Prog20aC 46 46 46 46 46 |
0.852 | 0.105 0.178 | 0.000 | 0.000 | &
0.090 | -0.124 | -0.135 0.680 | 0.310 | &
Prog 46 46 46 46 46 2
0.569 | 0733 | 0.395 0.000 | 0.036 §
-0.156 /4 0.432  0.071 f 0.647 0602 | I
MV| Prog20a 46 46 46 46 46 o
0.323 |, 0.004 076554 0.000 0.000
0.072 | 0026/ 0.597 | 0:6032 | 0.283
Prog20aC 46 46 46 46 46
0.651 | 0.922 |\, 0.0004 0.842 | 0.070
PARTIAL CORRELATIONS

2.5.4. Rovnovahy mezi konjugovanymi a volnymi neuroaktivnimi steroidy

Rovnovahy mezi konjugovanymi a nekonjugovanymi NAS, svyjimkou nadledvinovych
sulfatovanych A>  steroid, jsou zajistovany prevazné jaternimi  sulfatazami,
sulfotransferazami, eventualné glukuronosyltransferazami. Tyto rovnovahy mohou byt velmi
dalezité v udrzeni téhotenstvi [47]. 5a/B-Redukované metabolity s hydroxylem na pozici 3a
jsou pozitivni modulatory GABA, receptor(l. Pokud vsak jsou sulfatovany, je jejich ucinek
opacny. Sulfatace téz zvysuje polaritu latek a prispiva k jejich lepsi rozpustnosti v cirkulaci,
zatimco spiSe brzdi jejich prostup hematoencefalickou bariérou. Konjugovanych
neuroaktivnich steroidd se nachazi v krvi zhruba o 2-3 fady vice nez volnych. Co se tyce jejich
modulacéni schopnosti, konjugaty dosahuji zhruba pouze 1/10 u¢innosti ptislusnych volnych
steroid( pfi jejich pusobeni na GABA, receptory [31]. S postupujicim téhotenstvim aktivita

steroidnich sulfataz zfejmé narusta [40].
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Katabolismus bioaktivnich steroidd (Obr. 8), oxidoredukéni rovnovdhy a poméry mezi
konjugovanymi a nekonjugovanymi steroidy mohou byt rozhodujici pro udrZeni téhotenstvi

[31, 40].
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Obr. 8. Zjednodusené schéma katabolismu GABAergnich steroidi
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2.5.5. NAS a jejich uloha pfi porodu

Zatim stdle neni jasné, jaky impuls vede u ¢lovéka k ukonéeni téhotenstvi a pocatku porodu.
Co se tyce oxytocin-produkujicich neuron( v supraoptickém jadru hypotalamu mysi, je
znamo, Ze citlivost GABA, receptorl k jeho modulatorim je dana jak typem podjednotek
receptoru [63], tak rovnovahami mezi aktivitou fosfatdz a proteinkinaz v burice [64]. Citlivost
3a-pregnanovych izomerl k oxytocinovym neurondm je zpusobena podstatné vyssi
fosfatdzovou aktivitou v neuronu. Tato citlivost mlzZe byt docasné potlacena posunem
rovnovahy smérem k vyssi aktivité proteinkindzy C (PKC) [64-65]. Obr. 9 naznacuje, jak NAS

zasahuji do mechanismu porodu.

\ Pokles hladin 36-PI ]

—
[ Inhibice GABA ,-r v hypothalamu}

[ Uvolnovani oxytocinu }

4
B2

Activace PKC ]

Ve

Pokles citlivosti
GAl}A:\-r k 30-Pl

—{ POROD J

0br.9. Uloha NAS v mechanismu porodu (SON...supraoptické jédro; 3a-Pl...3a- pregnanové izomery)

Pri poklesu hladin 3a-pregnanovych izomerlli dochazi kinhibici GABA, receptoru
v supraoptickém jadru v hypotalamu a v dlsledku toho se za¢ne uvolfiovat z bunék oxytocin.
Ten v prvni fadé plsobi na kontraktilitu déloznich svali a provokuje porod a také aktivuje
PKC, ktera desenzitizuje GABA, receptory [65]. Tim vice se pak uvolfuje oxytocinu, dochazi

zde tedy k formovani pozitivni zpétné vazby.
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3. Cile diplomové prace

1. Vyhodnoceni prediktivni hodnoty steroidi pro odhad gesta¢niho véku a nastupu
porodu

2. Ovéreni hypotézy o klicovém vlivu distribuce placentarnich oxidoreduktaz na diference
v zastoupeni aktivnich forem pohlavnich hormonl a neurosteroidi v cirkulaci

matky a plodu
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4. Material a metodika

4.1. Ucastnice studie

Studijni skupina se skladala z 50 Zen (21-41 let) v 28. az 41. tydnu téhotenstvi. Dvanact zen
(24%) porodilo po 38. tydnu téhotenstvi bez Zadnych komplikaci. Ze zbylych 38 (76%)
porodu, které nastaly mezi 28. a 37. tydnem gestace, 29 (76.3%) jich bylo ukonceno
cisafrskym noZzem kvuli zdravotnim rizikim a 9 (23.7%) porodd se uskutecnilo pfirozenou
cestou se spontdnni uterinni aktivitou. Divodem predcasného porodu u téchto Zen byla
infekéni choroba v rodicce, leukocytdza a horecka. Tato studie byla schvélena Etickou komisi
Endokrinologického Ustavu. VSechny Ucastnice podepsaly informovany souhlas (Priloha 9.1).
Byly odebirany vzorky krve z pupecnikové vény a arterie, materské loketni vény a také z

plodové vody.

4.2. Sbér vzorkl

Vzorky z pupecnikové tepny a Zily a vzorky z loketni Zily rodi¢ky byly odebrany ihned po
oddéleni plodu od pupecni sSnary. Plodova voda byla odebrana ve 2. stadiu porodu, coz je
obdobi mezi dplnym roztazenim délozniho hrdla a dobou kdy, se dité dostane ven
z porodniho kandlu. Kazdy vzorek byl uloZzen do chlazené plastové zkumavky, kterd
obsahovala 100ul 5% EDTA. Plasma byla ziskana 5-ti minutovou centrifugaci krevnich vzork

pfi 4°C a 2000 x g. Vzorky plasmy a plodové vody byly uloZeny v teploté -20°C aZ do doby,
kdy byly zpracovany.

4.3. Roztoky a chemikalie

Steroidy byly zakoupeny v Steraloids (Newport, RI, USA), Sylon B v Supelco (Bellefonte, PA,
USA), methoxylamin hydrochorid v Sigma (St.Louis, MO, USA) a roztoky v Merck (Darmstadt,

Germany).

4.4. Mé¥ici zarizeni

K méreni byl pouzit GC-MS-QP2010 Plus systém od firmy Shimadzu (Kyoto, Japonsko), ktery
se skladd z plynového chromatografu vybaveného automatickou kontrolou pritoku a

jednoduchym kvadrupdlovym detektorem s nastavitelnym elektrickym napétim od 10 do
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195 V. Pro analyzu byla pouzita kapildrni kolona stfedni polarity RESTEK Rxi (primér 0.25
mm, délka 15 m, tloustka filmu 0.1um). Elektron-impakt ionizace probihala pfi napéti 70V a
emisni proud byl nastaven na 160pA. Teplota injekéniho portu byla nastavena na 220°C,
iontového zdroje na 300°C a rozhrani mezi detektorem a kolonou na 310°C. Analyza byla
provadéna ve splitless mdédu pfi konstantni pritokové rychlosti nosného plynu (He) —
60cm/s. Oplach septa byl nastaven na 3 ml/min. Vzorky byly napichovany ve vysokotlakovém
rezimu (200 kPa) udrzovanému po dobu 1 min. Napéti na detektoru bylo nastaveno na 1.4

kVv.

4.5. Princip GC-MS

GC-MS je kombinace dvou mikroanalytickych metod: plynové chromatografie (GC) t;j.
separacni metody a hmotové spektrometrie (MS) tj. identifikacni metody. Vyhodou GC-MS je
schopnost poskytnout celé hmotové spektrum casto jiz z nékolika pikomoll analytu.
Pfipraveny analyt se ddvkuje do plynového chromatografu injektorem, ktery obsahuje
sklenénou vlozku, ve které dochazi vysokou teplotou k rychlému odpareni vzorku a ke
spravnému promichani par vzorku s nosnym plynem. Odpafeny vzorek se dostava do kolony,
jejiz délka byva rizna, u kapildrnich sloupct se pohybuje od 10 do stovek metri. Kolona je
potazena stacionarni fazi, mize to byt pevna latka ci viskdzni kapalna latka s vysokym bodem
varu (v nasem pripadé polysiloxany). Mobilnim faze je predstavovana nosnym plynem.
Kolona je umisténa v peci, kterd je temperovana na urcitou teplotu. Nosny plyn tdhne
odpareny vzorek kolonou, kde jednotlivé komponenty vzorku vice ¢i méné interaguji se
stacionarni fazi. Cim vice je slozka rozpustnd ve stacionarni fazi, tim del$i dobu stravi
v koloné - ma delsi retencni ¢as. Slozky oddélené plynovou chromatografii jsou poté
prevedeny do iontového zdroje hmotového spektrometru. Nejbéznéjsi je vytvoreni iontu
pomoci ionizace elektronovym dopadem. Neutralnim molekuldm je dodana takova energie,
kdy je odtrzen elektron za vzniku molekuldrniho iontu. Ten ma nadbytek energie, ktera
poslouZzi k preruseni nékterych chemickych vazeb za vzniku dil¢ich pozitivné nabitych iontd.
Soucet jejich hmot je rovny molekulové hmotnosti plivodniho iontu. Ne vSsechny molekularni
ionty se rozlozi na mensi ionty. Napfr. aromatické slouceniny produkuji relativné stabilni
molekuldrni ionty, naopak alifatické alkoholy jsou skoro vSechny rozloZeny na diléi ionty.
lonty jsou poté ve vakuu od sebe oddéleny podle hodnoty m/z, coz je pomér hmoty k naboji.

Na vysledném hmotovém spektru jsou ionty prezentovany v podobé peakd (vrcholk()[66].
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4.6. Mérené steroidy

Pomoci GC-MS bylo zméfeno 40 volnych steroid( a 29 konjugovanych (znacka S na konci

zkratky steroidu znaci konjugat) télesnych tekutinach matky a plodu. Stanovovaly se:

A° steroidy: Preg, 17-hydroxypregnenolon (Pregl7), DHEA a 5-androsten-3pB,17B-diol
(Adiol) véetné prislusnych polarnich konjugatt

A* steroidy: Prog, 17-hydroxyprogesteron (Progl7), androstendion (A2), testosteron
(T), estrogeny- E1, E2, estriol (E3), 16a-hydroxyestron (E116a) véetné prislusnych
konjugdtl s vyjimkou E116aC

5a/B redukované 20-oxo-metabolity Prog: 5a-dihydroprogesteron (P5a),
allopregnanolon (P3a5a), isopregnanolon (P3B5a), 5B-dihydroprogesteron (P5pB),
pregnanolon (P3a5p), epipregnanolon (P3B5B)

20a-hydroxy-metabolity Prog a Preg: 20a-hydroxypregnenolon (Preg20a) a Prog20a
véetné jejich konjugat(

5a/B redukované 20a-hydroxy-metabolity Prog: 5a,20a-tetrahydroprogesteron
(P5a20a), 5a-pregnan-3a,20a-diol (P3a5a20a), 5a-pregnan-3B,20a-diol (P3f5a20a),
5B,20a-tetrahydroprogesteron (P5B20a), 5B-pregnan-3a,20a-diol (P3a5B20a), 5B-
pregnan-3f,20a-diol (P385B20a), véetné prislusnych polarnich konjugatt

C19 5a/B redukované 17-oxo-steroidy: androsteron (A3a5a), etiocholanolon
(A3a5B), jejich polarni konjugaty a také poldrni konjugat epiandrosteronu (A3B5aS)
polarni kojugaty C19 5a/B redukovanych 17B-hydroxy-steroid(: 5a-androstan-
3a,17B-diol (A3a5al17BS), 5a-androstan-3B,17B-diol (A3B5a17BS), 5B-androstan-
3a,17B-diol (A3a5B17pS), 5B-androstan-33,17B-diol (A3B5B17pS)
7a/B-hydroxy-metabolity Preg a DHEA: 7a-hydroxypregnenolon (Preg7a), 7pB-
hydroxypregnenolon (Preg7B), 7a-hydroxy-DHEA (DHEA7a), 7B-hydroxy-DHEA
(DHEA7B)

7a/B-hydroxy-metabolity Adiolu: 5-androsten-3B,7a,17B-triol (AT7a), 5-androsten-
3B,7B,17B-triol (AT7PB) a jejich konjugaty

16a-hydroxy-metabolity A’ steroidd: 16a-hydroxypregnenolon (Pregl6a), 16a-
hydroxy-DHEA (DHEA16qa) a jejich pfislusné konjugaty

16a-hydroxy-metabolity A* steroidd: 16a-hydroxyprogesteron (Progl6a), 16a-
hydroxyandrostendion (A216a), 16a-hydroxytestosteron (T16a)
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4.7. Priprava vzorkli pro GC-MS systém

K 1ml plazmy nebo plodové vody bylo pfidano 20ul vnitiniho standardu (epiestradiol), a
vzorek byl poté extrahovdn 1 min pomoci diethyl-etheru (3ml). Po vymraZzeni vodné faze byla
éterova faze slita a odparena pfi 37°C. Z vodné faze se ddle zpracovavaly konjugaty. Odparky
byly rozpustény ve smési methanol-voda v poméru 4:1 (1ml). Byl pfidan pentan (1ml) a
vzorek byl poté 1 min extrahovan. Ndasledné se vzorek stocil a spodni polarni faze byla
odebrana pomoci Pasteurovy pipety. Vzorky byly odpareny ve vakuové centrifuze pfi 60°C.
Odparek byl rozpustén ve 100ul acetonitrilu, pfeveden do vialky a odpatfen proudem dusiku.
Nasledovala derivatizace. K odparku bylo pfidano 50ul Cinidla methoxyaminhydrochloridu
v pyridinu (2:98; MOX) a probéhla inkubace pfi 60°C 1 hod. Vzorek byl pak odparen pod
proudem dusiku. K odparku bylo pfidano 50ul ¢inidla Silon BFT (99% bis(trimethylsilyl)-
trifuoroacetamidu a 1% trimethylchlorosilan), které utvofilo trimethylsilyl derivaty na
hydroxy-skupinach (90°C, 1h). Nasledné byla smés po druhém derivatizacnim kroku vysuSena
tokem dusiku a odparky byly rozpustény ve 20ul isooktanu a 1pl tohoto roztoku byl pouZit
pro GC-MS analyzu.

Ke steroidnim konjugatlm bylo pfidano 20ul vnitfniho standardu a 1ml methanolu,
ktery vysrdzi bilkoviny. Roztok byl centrifugovdan 20 min pfi 3000 otackach a supernatant
poté stahnut do zkumavky. Dale byl odparen pfi 45°C ve vakuové odparce. K odparkiim byl
pfidan 1ml 1M trimethylchlorosilanu v methanolu a byla provedena methanolyza pti 55°C
(1h). Poté probéhla neutralizace pfiddnim malého mnozZstvi hydrouhli¢itanu sodného. Smés
byla odparena pfi 45°C. Bylo ptidano 0.5ml destilované vody a vzorky byly extrahovany 3 ml
etheru 1 min. Smés byla vymrazena, supernatant slit a odparen pfi 37°C. Odparky byly
rozpustény ve smési methanol-voda v poméru 4:1(1ml). Poté byl pfidan pentan (1ml) a
vzorky byly 1 min extrahovany. Nasledné byl vzorek stoen a odebrana spodni polarni faze
pomoci Pasteurovy pipety. Vzorky byly odpareny ve vakuové centrifuze pfi 60°C. Odparek byl
rozpustén ve 100ul acetonitrilu, preveden do vialky a odparen proudem dusiku. Nasledovala
derivatizace. K odparku bylo ptidano 50ul ¢inidla MOX v pyridinu (2:98) a vzorky se nechaly
inkubovat pfi 60°C 1 hod. Poté byly odpareny pod proudem dusiku. K odparku bylo pridano
50ul cCinidla Silon BFT (99% bis(trimethylsilyl)-trifuoroacetamidu a 1% trimethylchlorosilan),

které utvorilo trimethylsilyl derivaty na hydroxy-skupinach (90°C, 1h). Nasledné byla smés po
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druhém derivatizacnim kroku vysusena tokem dusiku a odparky byly rozpustény ve 200 ul

isooktanu a 1 ul tohoto roztoku byl pouZzit pro GC-MS analyzu.

4.8. Statisticka analyza dat

Data byla nejprve transformovana pomoci softwaru Statgraphics Centurion, verze XV od
Statpoint Inc. (Herndon, Virginie, USA). Poté byla na datech provedena vicerozmérna regrese
pomoci metody ortogondlnich projekci do latentnich struktur (OPLS model) [67]. Tento
model umoznuje zjistit, jak mezi sebou koreluji matice proménnych, v tomto pfipadé jako
zavisle proménna byl vybran gestacni vék (GV), nezavisle proménné reprezentuji hladiny
steroid(l. Variabilita byla rozdélena do 2 nezdvislyjch komponent. Prvni komponenta
vysvétluje variabilitu mezi jednotlivymi hladinami steroidd a GV a nazyva se prediktivni
komponenta. Druhda komponenta, ortogondlni, ukazuje variabilitu mezi hladinami steroidu
navzajem v matici nezavisle proménnych. OPLS model umoznuje najit jak nejlepsi prediktory,
tak nejlepsi kombinaci prediktord pro odhadnuti GV z hladin steroid(. Tento model byl
sestrojen pro 4 rGzné biologické tekutiny — pupecnikovou vénu a arterii, loketni vénu matky
a plodovou vodu. Ktomu byl pouzit statisticky software SIMCA-P v.12.0.0.0 od firmy

Umetrics AB (Ume3, Svédsko).

4.8.1. Matematicky popis OPLS modelu

Model OPLS je zaloZen na redukci dimenzionality pivodnich datovych matic X (,nezavisle”
proménné) a Y (,zdvisle” proménné) a simultanni projekci prostorl X a Y do méné-
dimenzionalni  nadplochy. Smyslem analyzy je popis vztahl mezi maticemi Y a X
maximalizaci korelaci mezi X a Y prostfednictvim extrakce komponent, které jsou linedrnimi
kombinacemi pulvodnich proménnych. Vyznam proménné pro konstrukci komponenty je
vyjadien regresnim/korelacnim koeficientem plvodni proménné s komponentou
(komponentni vahy). Komponenty jsou vzajemné nezdvislé (ortogonalni). Variabilita v X a'Y
vysvétlenda komponentami klesd od 1. Komponenty Na rozdil od regresnich modeld bez
redukce dimenzionality, multikolinearita (tésné korelace uvnitf matic X nebo Y) neni
prekdzkou, ale je vyhodou zesilujici prediktivitu (¢im tésnéjsi korelace, tim méné komponent

s vyssi prediktivitou byva vyextrahovano).
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e OPLS separuje PLS komponenty vyextrahované z X do dvou skupin:
* Komponenty korelujici s Y, prediktivni
* Komponenty ortogonalni k Y, ortogondlni

e OPLS je jednosmérna (Y Ize predikovat z X, ale ne naopak)
o . T T
,Nezavisle“proménné X — TP PP _|_ TO PO _|_ E

, Zavisle proménné Y = TPC; -+ F

Tp, To... matice komponentnich skorl prediktivnich a ortogonalnich komponent, resp. pro
matici nezdvisle proménnych X, Pp... matice komponentnich vah prediktivnich komponent
odrdazejici korelace mezi maticemi X a Y, Po... matice komponentnich vah ortogonadlnich

komponent odrazejici korelace uvnitf matic X a Y, E, F...rezidualni matice
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5. Vysledky

5.1. Vyhodnoceni prediktivni hodnoty steroidi pro odhad gestacniho véku

a nastupu porodu

Hodnoty zméfenych volnych a konjugovanych steroidl ze vSech 4 télnich tekutin pfi porodu
jsou uvedeny v Tabulce 4. Pismeno S na konci zkratky steroidu znadi konjugat. Urcité

androstanové steroidy, 7a-hydroxy metabolity A> steroidy steroidd, nékteré

20a-hydroxymetabolity C21-steroidd, jejich konjugdtl a 16a-hydroxytestosteron byl méren
v téchto télnich tekutinach poprvé.

Hladiny vétSiny steroidl zavisely na gesta¢nim véku pfi porodu. Na Obr. 10 — 13 jsou
zobrazeny steroidy, které nejvice korelovaly s gestacnim vékem pfi predcasnych a
fyziologickych porodech.

Tabulka 4. Hladiny 69 steroidl ve 4 télnich tekutinach - pupeénikové véné , pupecénikové arterii (UA-umbilical
artery), materské loketni véné (MV) a plodové vodé (AF-amnotic fluid) pfi pfed¢asnych a normalnich porodech

od 28. do 41. tydne gestacniho véku. Vysledky jsou uvedeny v nmol/l a udavaji hodnoty median( a v zdvorkach
horni a dolni kvartily.

Vysledky Pupecn|!<ova Pupetnikova véna Materslfa loketni Plodové voda

[nmol/L] arterie véna
Preg 25.8(23.5, 31.2) 37 (35.7, 44.9) 6.59 (6.09, 12.64) 7.15(6.71, 10.4)
PregS 3214 (3081, 3999) 2691 (2500, 3517) 514 (506, 645) 258 (244, 396)
Pregl?7 26.9 (23.6,57.1) 8.9 (7.2,15.3) 16.4 (13.2, 22.6) 4.12 (3.72,4.73)
Pregl7s 941 (878, 1462) 699 (659, 1214) 83.2 (64.8, 129) 25.5(24.9,72.1)
DHEA 8.1(7.5,11.7) 2.19(2.1,2.72) 14.1(13.9, 16.1) 1.58 (1.44, 2.07)
DHEAS 1698 (1291, 2516) 1625 (1525, 2289) 1288 (1178, 1883) 97.4 (73.8, 220)
Adiol 0.226 (0.175, 0.297) 0.081 (0.068, 0.121) 0.642 (0.592, 0.859) 0.058 (0.052, 0.113)
AdiolS 3406 (3058, 4061) 3680 (3432, 4303) 388 (323, 597) 244.5 (235.8, 395.5)
Prog 745 (599, 1249) 1440 (1411, 2177) 386 (369, 497) 150 (145, 169)
Progl?7 30 (25.9, 38) 60.1 (55, 71.4) 19.1 (18, 66.1) 6.78 (6.65, 10.8)
A2 3.42(3.19, 4.21) 2.22(2.01, 2.61) 9.9 (9.8,11.9) 3.26 (2.96, 4.41)
T 1.25(1.13, 1.76) 1.04 (0.97, 1.99) 3.6 (3.44, 4.37) 1.06 (1.00, 1.70)
E1 17.4 (15.3, 40.7) 113 (112, 166) 50.3 (45.6, 65.4) 12.3 (11.5, 16.5)
E1S 157 (135, 232) 146 (133, 232) 623 (579, 728) 54.0(50.1, 83.8)
E2 3.50 (3.27, 7.36) 13.7 (13, 16.6) 36.2 (33.6, 45.8) 2.10(1.90, 3.22)
E2S 16.0 (15.4, 16.9) 17.6 (17.1, 18.4) 32.5(31.3, 38.2) 5.63 (5.13, 6.74)
E3 53 (52.1, 94.0) 256 (252, 389) 31.2(28.5, 36.6) 90.5 (66.5, 204)
E3S 3382 (3237, 4630) 2950 (2899, 3805) 349 (338, 499) 2959 (2597, 3479)
Ell6a 1.53 (1.52, 2.45) 9.21(8.76, 11.3) 1.38(1.29, 1.41) 9.37 (8.46, 11.4)
PSa 38.3(34.6, 53.4) 36.9 (32.9, 54.0) 17.6 (16.0, 25.8) 12.9(12.4, 13.6)
P3a5a 4.60 (4.40, 5.60) 3.63 (3.51, 4.47) 6.40 (6.10, 8.20) 2.22(2.15, 4.91)
P3a5as 210 (200, 257) 239 (238, 311) 1087 (1037, 1373) 73.0(69.0, 114)
P3B5a 9.50(9.10, 12.9) 5.96 (5.63, 8.77) 2.87(2.81, 3.93) 5.99 (5.42, 7.01)
P3B50S 356 (356, 433) 318 (301, 480) 436 (410, 569) 48.9 (45.7,75.2)
PSR 9.80 (8.90, 16.2) 9.80 (7.80, 21.2) 1.31(1.27, 1.78) 1.54 (1.33,2.38)
P3a5B 12.8(12.1, 15.1) 4.42 (3.92, 6.33) 4.40 (4.20, 6.20) 2.87 (2.45, 3.94)
P3a5BS 184 (177, 253) 193 (175, 229) 475 (444, 573) 108 (101, 208)
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Tabulka 4, pokracovani. Hladiny 69 steroid(i ve 4 télnich tekutinach - pupecnikové véné, pupecnikové arterii
(UA-umbilical artery), materské loketni véné (MV) a plodové vodé (pti predcasnych a normalnilch porodech od
28. do 41. tydne gestacniho véku. Vysledky jsou uvedeny v nmol/l a udavaji hodnoty median( a v zédvorkach

horni a dolni kvartily.

Vysledky Pupecm!(ova Pupetnikové véna Materslfa loketni Plodové voda

[nmol/L] arterie véna
P3B5P 1.04 (0.89, 1.38) 0.66 (0.60, 1.03) 0.36 (0.33, 0.66) 0.28 (0.17, 0.42)
P3B5BS 51.5(47.5, 81.1) 64.6 (59.7, 81.2) 42.9 (40.3, 51.8) 18.4 (16.8, 25.4)
Preg20a 2.47 (2.41, 2.76) 1.68 (1.67, 3.09) 1.82 (1.74,2.03) 0.48 (0.46, 1.80)
Preg200aS 1924 (1843, 2463) 2028 (1770, 2798) 996 (848, 1208) 262 (207, 344)
Prog20a 76 (73, 98) 50.2 (45.1, 73.3) 64.4 (62.1, 93.7) 7.0(6.8,9.1)
Prog20as 77.9(77.8,104.1) 94.9 (92.8, 117) 35.2(32.9, 52.9) 23.1(16.9, 35.2)
P5a200 56.6 (49.1, 80.2) 40.3 (39.0, 54.2) 28.9(26.5, 36.6) 11.1(10.0, 21.1)
P5a200S 109 (100, 176) 90 (88, 148) 52.3 (44, 69) 69.6 (57.1, 129)
P3a5a20a 0.382 (0.361, 0.516) 0.233 (0.215, 0.346) 0.423 (0.392, 0.496) 0.276 (0.234, 0.509)
P3a5a20aS 126 (112, 137) 122 (83, 352) 17.5(14.2, 27.4) 13.6 (11.5, 36.1)
P3B5a20a 2.14 (1.84, 2.65) 1.59 (1.48, 2.35) 1.65 (1.49, 1.95) 0.69 (0.59, 2.14)
P3B5020aS 1500 (1387, 1947) 1615 (1576, 1750) 4008 (3805, 5412) 530 (365, 956)
P5B20a 13.9(12.9, 26.7) 13.0 (10.6, 22.3) 1.65 (1.59, 2.74) 1.06 (0.99, 1.22)
P5820aS 54.6 (51.1, 92.1) 59.2 (54.5,91.7) 11.6 (11.4, 13.9) 13.3(11.8, 25.2)
P3a5B820a 12.1(11.6, 15.4) 2.85(2.57, 3.80) 5.28 (4.34, 8.04) 3.12(1.98, 7.81)
P3a5820aS 1657 (1462, 2386) 1362 (1250, 1719) 1806 (1760, 2967) 1090 (916, 1449)
P3B5B20a 0.424 (0.393, 0.569) 0.187 (0.168, 0.268) 0.235 (0.221, 0.335) 0.115 (0.1, 0.274)
P3B5B20aS 311 (254, 392) 307 (267, 389) 587 (489, 867) 65.6 (49.8, 231)
A3a5a 0.170 (0.160, 0.198) 0.057 (0.052, 0.081) 0.302 (0.271, 0.420) 0.065 (0.061, 0.128)
A3a5as 11 (11, 19) 13.1 (11, 18) 384 (361, 428) 31 (28, 45)
A3B5aS 58.3 (46.2, 93.7) 58.4 (56, 87.8) 94.9 (88.6, 174.9) 7.7 (6.9, 13.3)
A3a5B 0.050 (0.042, 0.066) 0.056 (0.054, 0.0687) 0.148 (0.141, 0.168) 0.062 (0.052, 0.138)
A3a58S 2.58(2.47, 3.03) 2.55 (2.47, 3.08) 30.9 (29.7, 46.3) 8.76 (8.49, 11.3)
A3a5a17BS 13.5(12.6, 18.7) 13.13 (12.7, 20.4) 25.3(21.8,38.5) 4.38(3.9,11.7)
A3B5017BS 4.33 (3.66, 6.90) 6.13 (5.58, 7.98) 18.7 (17.2,22.2) 1.93 (1.86, 5.61)
A3a5B17BS 3.22(3.20, 3.87) 3.88(3.67, 4.84) 5.58 (5.38, 9.77) 0.77 (0.68, 5.03)
A3B5B17Bs 1.08 (1.05, 1.66) 1.53(1.52, 1.71) 0.52 (0.39, 1.05) 0.92 (0.82, 1.71)
Preg7a 0.346 (0.325, 0.496) 0.509 (0.500, 0.673) 0.215 (0.198, 0.253) 0.089 (0.086, 0.115)
Preg7B 0.189 (0.184, 0.342) 0.423 (0.422, 0.439) 0.300 (0.286, 0.441) 0.082 (0.077, 0.153)
DHEA7a 1.79 (1.72, 2.17) 1.83(1.70, 2.23) 1.67 (1.64,2.01) 0.78 (0.70, 1.04)
DHEA7B 0.226 (0.222, 0.265) 0.234 (0.230, 0.265) 0.392 (0.378, 0.489) 0.168 (0.164, 0.239)
AT7a 0.023 (0.019, 0.038) 0.006 (0.005, 0.010) 0.068 (0.061, 0.171) 0.009 (0.009, 0.011)
AT70S 0.729 (0.664, 1.44) 0.485 (0.454, 0.586) 0.114 (0.104, 0.250) 0.152 (0.142, 0.177)
AT78 0.010 (0.009, 0.018) 0.006 (0.005, 0.009) 0.058 (0.056, 0.073) 0.006 (0.006, 0.008)
AT7BS 0.779 (0.603, 1.45) 0.523 (0.494, 0.750) 0.123 (0.115, 0.247) 0.201 (0.163, 0.303)
Pregl6a 9.30(9.20, 17.3) 5.08 (4.36, 6.34) 1.23(1.11, 1.71) 3.49 (2.92, 12.5)
Pregl6aS 10.8 (10.8, 15.9) 12.3 (11.69, 26.6) 2.09 (1.65, 3.52) 15.9 (15.8, 27.9)
DHEA16a 18.2 (16.7, 21.5) 52.5(48.9, 65.7) 6.27 (5.95, 9.05) 18.0 (16.3, 37.0)
DHEA16aS 1368 (1129, 4221) 1645 (1325, 4831) 219 (211, 425) 521 (290, 843)
Progl6a 180 (171, 261) 393 (377, 694) 80.1(77.7, 123) 44.1(36.6, 115)
A216a 15.9 (15.5, 19.6) 14.4 (14.0, 21.0) 3.17 (2.91, 4.54) 15.0 (14.0, 24.8)
Ti6a 11.8 (10.2, 20.3) 17.0 (14.4, 21.9) 7.8(7.2,9.9) 8.12 (7.92, 13.0)
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Obr.10. Hladiny volného a konjugovaného pregnenolonu v plodové vodé (AF-amniotic fluid),
materské loketni véné (MV), pupecnikové arterii (UA-umbilical artery) a pupecnikové véné (UV-
umbilical vein) v zavislosti na gestacnim véku. Symboly s useckami reprezentuji retransformované
priméry a jejich 95% konfidenéni intervaly. Intervaly, které se neprekryvaji, oznacuji vyznamné
odlisnosti mezi prislusnymi dvojicemi. Subj..faktor subjekt (separuje inter-individudini variabilitu).
BF...faktor télesné tekutiny (body fluid); GA...faktor gestacniho véku (gestational age);
BFxGA...interakce faktort,; w...tyden gestace (week of gestation)F...Fisher-Snedecorova statistika;
>...statisticky vyznamné vyssi neZ; = statisticky nevyznamny rozdil.
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Obr. 11. Profily estronu a jeho konjugdtu v pupecnikové arterii (UA-umbilical artery), plodové
vodé (AF-amniotic fluid), materské loketni véné (MV) a pupecnikové véné (UV-umbilical vein) v
zavislosti na gestacnim véku. Symboly a obrdzky jsou identické, jako na Obr. 10.
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Obr. 12. Profily konjugovaného 5-androsten-36,7a,17B-triolu a konjugovaného 5-androsten-
38,76,178-triolu v pupeclnikové arterii (UA-umbilical artery), plodové vodé (AF-amniotic fluid),
materské loketni véné (MV) a pupecnikové véné(UV-umbilical vein) v zdvislosti na gestacnim
veku. Symboly a obrdzky jsou identické, jako na Obr. 10.
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Obr. 13. 16a-Hydroxydehydroepiandrosteron a konjugovany androstendiol v
pupecnikové arterii (UA-umbilical artery), plodové vodé (AF-amniotic fluid), materské
loketni véné (MV) a pupecnikové véné (UV-umbilical vein) v zdvislosti na gestacnim
véku. Symboly a obrdzky jsou identické, jako na Obr. 10.
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Ddle byla porovnavdna prediktivita mezi rlznymi télnimi tekutinami. Bylo zjisténo, Ze
nejlepsi prediktivni vlastnosti ma pupecnikovd véna (R=0,950), ndsleduje pupecnikova
arterie (R=0,945), loketni véna matky (R=0,895) a plodovd voda (R=0,891). Korelacni
koeficient vicerozmérné regrese R ukazuje, jak dobfe souhlasi predikce se skutecnymi
hodnotami gestatniho véku. Jeho mocnina, tzv. koeficient determinance (R%) prezentuije,
jaké procento variability gestacniho véku je vysvétleno hladinami relevantnich steroidd,
pficemz kritériem relevance proménné je vyznamnost statistiky variable importance (VIP)
[67]. Cim vice se hodnoty blii hodnoty R k 1, tim lep3i je model a jeho prediktivita. Korelace
mezi skutecnym a predikovanym GV u rliznych télnich tekutin jsou zobrazeny na Obr. 14.
Prediktivity jednotlivych steroidd jsou zndzornény na Obr. 15. Tento sloupcovy graf
zobrazuje komponentni vahy (vyjadiené jako korelacni koeficienty) mezi jednotlivymi
steroidy i GV charakterizujici jejich korelovanost s prediktivni komponentou. Cim je absolutni
hodnota komponentni vahy proménné (s prediktivni komponentou) blize &islu 1, tim ma
steroid lepsi predi¢ni vlastnosti. Steroidy, u kterych chybi sloupecek byly na zakladé VIP

oznaceny jako nerelevantni a nebyly zafazeny do modelu.
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Obr.14 Porovnadni prediktivity OPLS modelu pro predikci gestacniho véku z hladin
endogennich steroid( v pupecnikové arterii (A), pupecnikové véné (B), loketni véné
matky (C) a plodové vodé (D). R je korelacni koeficient a R? je procento variability
v matici zavisle proménné Y (gestacni vek) vysvétlené OPLS modelem.
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Dostupnost mérenych télnich tekutin je rGzna. Jak odbér plodové vody, tak odbér krevnich

vzorkd z pupecni $ilry v pribéhu téhotenstvi jsou invazivni metody. Na druhé strané odbér

s

krve z loketni Zily rodicky je snadny a nepfindasi zadné vaziné komplikace ani pro matku ani

pro plod. Predikce porodu ze steroidl z materské krve je tedy z hlediska klinické praxe

nejvyhodnéjsi. Proto byla jesté pro ilustraci sestavena tabulka hladin steroid( v maternalni

véné v raznych tydnech gestac¢niho véku (Tabulka 5).

Tabulka 5. Porovnani vyznamnych hladin steroid v materndini loketni véné v rliznych tydnech gestacniho véku
pfi predcasnych a fyziologickych porodech. Pismeno S na konci zkratky steroidu znaci steroidni konjugat.
Vysledky jsou uvedeny jako medidny s kvartily v nmol/l. Rozdily mezi skupinami jsou hodnoceny Kruskal-
Wallisovym testem nasledovanym vicendsobnym porovnavanim dle Dunna.

Skupina A Skupina B Skupina C Skupina D Rozdily mezi skupinami“’
Steroid 28.-32. tyden 33.-35. tyden 36.-37. tyden 38.-41. tyden
n=19 n=10 n=9 n=12

Preg 5.1(4.2,7.6) 7.9 (6.6,9.4) 8.9(7,11) 6.6 (5.8, 13) p=0.0057, AB, AC, AD
PregS 70 (60, 102) 274 (221, 354) 540 (444, 957) 514 (407, 645) p<0.0001, AB, AC, AD, BC, BD
Pregl7s 3.5(1.8,19) 81 (62, 113) 93 (48, 158) 83 (36, 129) p<0.0001, AB, AC, AD
DHEA 2(0.92,4.2) 5.8 (4.5, 6.6) 5.6 (4.4,12) 14 (8, 16) p<0.0001, AC, AC, AD, BD,
DHEAS 92 (45, 153) 382 (202, 548) 1220 (1010, 1530) 1290 (778, 1880) p<0.0001, AB, AC, AD, BC, BD
Adiol 0.32(0.22, 0.58) 0.62 (0.44, 0.83) 0.34(0.29, 0.6) 0.64 (0.41, 0.86) p=0.0195, AB, AD
AdiolS 58 (37,91) 171 (124, 282) 328 (318, 393) 387 (308, 597) p<0.0001, AB, AC, AD
Progl7 17 (8.8, 23) 23(13,29) 19 (19, 66) 27 (24, 28) p=0.0643, AC, AC, AD
El 15 (5.1, 28) 25 (18, 32) 36 (28, 55) 50 (35, 65) p=0.0036, AC, AC, AD
E1S 44 (29, 98) 159 (111, 191) 472 (282, 731) 623 (390, 728) p<0.0001, AB, AC, AD, BD
E2 12 (6.2, 20) 36 (25, 59) 23 (20, 49) 36 (28, 46) p<0.0001, AB, AC, AD
E2S 11 (8.6, 14) 50 (34, 62) 31(27, 42) 33 (22, 38) p<0.0001, AB, AC, AD
E3 9.8 (5.9, 14) 24 (22, 28) 20 (16, 48) 31 (23, 37) p=0.0053, AB, AC, AD
E3S 50 (43, 74) 476 (300, 625) 524 (331, 1430) 348 (261, 499) p<0.0001, AB, AC, AD
E116a 0.32(0.18, 0.48) 0.66 (0.39, 0.74) 0.58 (0.37, 0.8) 1.4(1.1,1.4) p<0.0001, AB, AD, BD, CD
P3a5as 451 (299, 617) 1600 (1050, 2110) 2070 (1710, 3040) 1090 (803, 1370) p<0.0001, AB, AC, AD
P3B50aS 138 (80, 186) 488 (288, 821) 805 (429, 1380) 436 (285, 569) p<0.0001, AB, AC, AD
P3a5pB 8.5(7.1,11) 9.6 (6.3, 12) 7.6(7.2,9.3) 4.4(3,6.2) p=0.0207, AD, BD
P3a5BS 226 (161, 370) 561 (384, 1030) 794 (591, 1070) 475 (405, 573) p<0.0001, AB, AC, AD
P3B5B 0.86 (0.58, 1.2) 0.71 (0.64, 0.81) 0.58 (0.52, 0.75) 0.36 (0.19, 0.66) p=0.045, AD
P3B5BS 21 (17, 30) 56 (47, 62) 68 (60, 104) 43 (33,52) p<0.0001, AB, AC, AD, CD
Preg20a 1.1(0.79,1.7) 1.6 (1.3,1.9) 2.4(1.6,3.7) 1.8(1,2) p=0.0158, AC, AC
Preg20aS 228 (185, 293) 1030 (855, 1280) 1090 (786, 1500) 849 (656, 1180) p<0.0001, AB, AC, AD
Prog20a 53 (22, 83) 97 (63, 186) 150 (94, 186) 64 (46, 94) p=0.0063, AB, AC, CD
Prog20as 18 (11, 34) 38 (30, 59) 38(34,71) 35 (27, 53) p=0.0101, AB, AC, AD
P5020aS 25 (19, 43) 98 (69, 127) 82 (46, 100) 52 (35, 69) p<0.0001, AB, AC, AD
P3B5020aS 2010 (1130, 2700) 9600 (5440, 12400) 7670 (4570, 10500) 4010 (2500, 5410) p<0.0001, AB, AC, AD
P3B5B20aS 252 (159, 427) 814 (598, 1040) 946 (594, 1130) 587 (359, 867) p<0.0001, AB, AC, AD
A30505 51 (30, 165) 133 (74, 167) 173 (137, 400) 384 (201, 428) p=0.0011, AC, AC, AD, BD
A3B50S 10 (6.5, 16) 28 (17, 36) 77 (46, 141) 95 (75, 175) p<0.0001, AB, AC, AD, BC, BD
A3a5pB 0.071 (0.048, 0.11) 0.081 (0.054, 0.1) 0.09 (0.07, 0.13) 0.15(0.11, 0.17) p=0.0489, AD, BD
A3a5BS 4.5(2.1,10) 8.6 (6.8, 11) 17 (15, 27) 31 (27, 46) p<0.0001, AC, AC, AD, BD
A3a5a17BS 7.3(4.6,9.7) 29 (22, 39) 26 (22, 33) 25 (17, 38) p<0.0001, AB, AC, AD
A3B5a17BS 4.3(2.8,7.1) 17 (8.3, 18) 17 (13, 21) 19 (12, 22) p<0.0001, AB, AC, AD
A3a5B17BS 1.2(0.92,2.3) 4.4(2.4,12) 4(3.1,7.5) 5.6(3.9,9.8) p<0.0001, AB, AC, AD
A3B5B17BS 0.36 (0.2, 0.49) 1.2 (0.66, 1.7) 1.1(0.86,1.2) 0.52(0.23, 1) p<0.0001, AB, AC, BD, CD
Preg7 0.04 (0.016, 0.071) 0.088 (0.039, 0.17) 0.031(0.02, 0.12) 0.3(0.1,0.44) p<0.0001, AD, BD, CD
DHEA7a 0.98 (0.66, 1.3) 1.1(0.84,1.5) 0.97 (0.86, 1.2) 1.7 (1.3, 2) p=0.0067, AD, BD, CD
DHEA7B 0.094 (0.074, 0.32) 0.32 (0.22, 0.36) 0.38 (0.27, 0.53) 0.39 (0.33, 0.49) p=0.0075, AC, AC, AD
AT7a 0'0101'(()2'10)056’ 0.06 (0.04, 0.09) 0.041 (0.029, 0.081) 0.068 (0.045, 0.17) p<0.0001, AB, AC, AD
AT7aS 0.01 (0.004, 0.01) 0.06 (0.031, 0.069) 0.16 (0.06, 0.21) 0.11 (0.08, 0.25) p<0.0001, AB, AC, AD
AT7B 0'01;(&2'50)054’ 0.062 (0.05, 0.089) 0.06 (0.047, 0.093) 0.058 (0.035, 0.073) p<0.0001, AB, AC, AD
AT7BS 0.004 (0.002, 0.01) 0.03 (0.015, 0.048) 0.088 (0.029, 0.15) 0.12 (0.097, 0.25) p<0.0001, AB, AC, AD, BD
Pregl6a 0.45 (0.3, 0.8) 0.71(0.57,0.77) 1.6 (1.1, 1.8) 1.2(0.81,1.7) p<0.0001, AC, AC, AD, BC, BD
Pregl6aS 0.3(0.19,0.61) 0.8 (0.48, 1.6) 1.2 (0.45,2.9) 2.1(1.2,3.5) p<0.0001, AB, AC, AD
DHEAl6a 0.75 (0.43,0.92) 1.3(0.9, 1.5) 2.3(1.8,2.9) 6.3(2.8,9.1) p<0.0001, AB, AC, AD, BD
DHEA16a5 44 (19, 67) 46 (32, 61) 118 (50, 565) 218 (119, 425) p<0.0001, AC, AC, AD, BD
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5.2. Ovéreni hypotézy o klicovém vlivu distribuce placentarnich
oxidoreduktaz na diference v zastoupeni aktivnich forem pohlavnich

hormon a neurosteroidu v cirkulaci matky a plodu

Hladiny oxidovanych a redukovanych forem steroidd ve 4 télnich tekutinach jsou zobrazeny
v tabulce 4. Do graft (Obr. 16-20) byl proti gestacnimu véku vynesen pomér redukované
formy steroidu k formé oxidované. Z graf(l je zfejmé, Ze tyto poméry jsou vidy nejvyssi
v maternalni véné a to pro vsechny skupiny podle gestaéniho véku. Zjistjujeme tedy, Ze
v materské krvi koluje v aktivni fomé vice estrogeni a GABAergnich steroidd (50/B-
redukované pregnanové i androstanové metabolity s hydroxylem v poloze 3a-). Naopak ve
fetdlni krvi, zejména v pupecnikové véné odvadéjici krev z placenty, je vice aktivnich
gestagen( progesteronu a 5a/B-dihydroprogesteronti (Obr. 17, 18). Pupecnikova véna totiz
ukazuje hladiny steroidd kolujici v plodu jesté pred jejich katabolismem v jatrech plodu.
V materské krvi se nachazi vétsi mnoiZstvi GABAergnich 3a-pregnanovych izomer(, tedy
positivnich moduldtor(i, oproti neaktivhim (a na GABAs-r dokonce kompetujicim) 3pB-

analoglim (Obr. 19).
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Obr. 16. Poméry redukovanych k oxidovanym formdm steroidu ve 4 riznych tekutindch: v
pupecnikové arterii (UA-umbilical artery), plodové vodé (AF-amniotic fluid), materské loketni
véné (MV) a pupecnikové véné (UV-umbilical vein) v zavislosti na gestacnim véku. Symboly a
obrdzky jsou identické, jako na Obr. 10.
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Obr. 17. Poméry neaktivnich redukovanych 20a- k aktivnim oxidovanym 20-oxo- formdm
gestagenl a redukovanych aktivnich 178- k oxidovanym neaktivnim 17-oxo- formdm estrogendi
ve 4 riznych tekutindch: v pupecnikové arterii (UA-umbilical artery), plodové vodé (AF-amniotic
fluid), materské loketni véné (MV) a pupeclnikové véné (UV-umbilical vein) v zdvislosti na
gestacnim veéku. Symboly a obrdzky jsou identické, jako na Obr. 10.
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Obr. 18. Poméry GABAergnich 3a- k neaktivnim 3-oxo- formdm steroid(i ve 4 riznych tekutindch:
v pupecnikové arterii (UA-umbilical artery), plodové vodé (AF-amniotic fluid), materské loketni
véné (MV) a pupecnikové véné (UV-umbilical vein) v zdvislosti na gestacnim véku. Symboly a
obrdzky jsou identické, jako na Obr. 10.
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Obr. 19. Poméry 3a-GABAergnich k neaktivnim kompetujicim 36- formdm (na GABA,-r) steroid(i
ve 4 riznych tekutindch: v pupecnikové arterii (UA-umbilical artery), plodové vodé (AF-amniotic
fluid), materské loketni véné (MV) a pupecnikové véné (UV-umbilical vein) v zdvislosti na
gestacnim véku. Symboly a obrdzky jsou identické, jako na Obr. 9. (Konverzi v metabolické
steroidni cesté 3a-hydroxy- <> 3-oxo <> 3B-hydroxy- mohou zajistovat stejné izoformy enzymi
HSD17B a AKR1C.)

45 - 14 - 9 - BF: F=287.6, p<0.0001; Subj: F=3,
. p<0.0001; GA: F=3.8; p=0.0115;
BFxGA: F=1.9; p=0.0585;
AF>MV>UV>UA; 28-32w=33-35w>38-
4 A 1 8 A 41w=36-37w
R I
c c 4 s c . c 7
553 c 5 - c o’ \
o O o O 10 1 ——r” o \
c C ° c - = ..‘;; \
& 8 3 2 s 226 i\
cc | A 8 5 0 o \
bo bo . c [ =] \
[T w 2 = c ‘e,
- 8 4 k=] SUA
S a 25 | - 285 AV
o 8 o Q T Qo \
T S z 3 k
>z 74 Sg 6 | © € 4 \
S & > G 20 N
S > o > o > \
o 9 o O W O \
o ¥ 15 - S W 3 ¥3
=] . —_ 3 - 3
= c = c =
55 §5°] &5
]
2< 14 < <24
BF: F=138, p<0.0001; Subj: F=3, )
p<0.0001; GA: F=49.1, 1 gF = . Subi F= .
0.5 1 p<0.0001; BFXGA: F=1.1; BF: F=203.7, p<0.0001; Subj: F=6.7, p<0.0001; 1 A
e . o GA: F=2; p=0.1148; BFxGA: F=3.4; p=0.0008;
p=0.3763; MV>AP>UA=UV; 33 MV>AF>UA>UV; 33-35w>28-32w=38-
35w>28-32w=36-37w>38-41w Aene3e 370 a3
O T T T 1 0 T T T 1 O T T T 1
28-32 33-35 36-37 3841 28-32 33-35 36-37 3841 28-32 33-35 36-37 3841
Gestacni vék (v tydnech) Gestacni vék (v tydnech) Gestacni vék (v tydnech)

Obr. 20. Pomeéry poldrnich konjugdti 3a- GABAergnich k neaktivnim kompetujicim 36- formdm (na GABA,-r) steroidu ve
4 rlznych tekutindch: v pupecnikové arterii (UA-umbilical artery), plodové vodé (AF-amniotic fluid), materské loketni véné
(MV) a pupecnikové véne (UV-umbilical vein) v zdvislosti na gestacnim véku. Symboly a obrdzky jsou identické, jako na Obr.
10 (Konverzi v metabolické steroidni cesté 3a-hydroxy- <> 3-oxo <> 38-hydroxy- mohou zajistovat stejné izoformy enzymda
HSD17B a AKR1C).

42



6. Diskuse

6.1. Vyhodnoceni prediktivni hodnoty steroidi pro odhad gestacniho véku a

nastupu porodu (cil ¢.1)

Metodou GCMS byl zméren témér cely steroidni metabolom v pupecnikové arterii a véné,
plodové vodé a materské loketni véné. Nékteré redukované androstanové steroidy, 7a-
hydroxymetabolity A steroidil, nékteré 20a-hydroxy-C21 steroidy, jejich konjugaty a 16a-
hydroxytestosteron byly v matefskych a fetdlnich tekutindch méreny poprvé. Ostatni hladiny
steroidli byly viceméné vsouladu svysledky jinych autord [68-73]. Hladiny 20-oxo
metabolitl progesteronu byly v porovnani s daty jinych autor( spise nizsi [42-43, 71]. Mohlo
to byt zplsobeno sbérem vzork( v ponékud odlisSnych fazich porodu. Je zndmo, Ze hladiny
téchto steroid(l se po porodu rychle a velmi vyrazné snizuji. U jejich konjugdtl je naopak
znama vétsi stabilita jejich hladin [74].

Zeny, které rodily predéasné, nemély porod spojeny s nerovnovahou v hladinach
steroid(l. VZdy se jednalo o jiné komplikace, jako napf. horecka ¢i leukocytéza. Mizeme tedy
predpokladat, Ze tyto hladiny, snad jen s vyjimkou kortikoid( ukazuji, jaké jsou hladiny
steroid(l v tydnech pfed normalnim fyziologickym porodem. Z namérenych dat byl sestrojen
predikéni model, ktery ukazuje, jaké steroidy nejvice koreluji s gestacnim vékem. Dulezité
také je, o jakou télni tekutinu se jedna. Prediktivita je nejvyssi u steroidl z pupecnikové vény
a arterie, nasleduje materska loketni Zila a nakonec plodova voda. Z obecného hlediska maji
steroidy ve vSech sledovanych télnich tekutindch velice vyznamnou prediktivni hodnotu.
Z Obr. 15 lze vydist, ze nejvétdi prediktivitu vykazuji produkty FZ, tj. konjugaty A’ steroidd a
jejich 7a/B-hydroxy- a 16a-hydroxy-metabolity, jako je AT7aS a AT7PBS, PregS, AdiolS,
DHEA16a a dale estrogeny. Konjugaty AT7a i AT7B, PregS a AdiolS jsou silnymi prediktory ve
viech 4 tekutinach. Z estrogen(l se ukdzaly jako dobré prediktory E116a a E3S ve vsech
télnich tekutinach. E1 vysoce koreluje s gesta¢nim vékem v pupecnikové véné i arterii, mensi
korelace je vidét u materské loketni Zily a plodové vody. Tyto vysledky souhlasi s poznatkem,
Ze jak aktivita FZ, tak aktivita placentdlni aromatazy se zvySuje s postupujicim téhotenstvim
[75]. V plodové vodé dosahuji vysokych korelaci 16a—hydroxy metabolity steroidl. Vysledky
souhlasi s faktem, Ze tyto katabolity jsou vyluéovany do plodové vody. Z praktického hlediska

je vyhodné vsimat si prediktorl v materské krvi, vzhledem k jeji snadné dostupnosti a
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neinvazivnosti. V Tabulce 5 jsou uvedeny hladiny steroidd z matefské plazmy, které se
vyznamné méni v zavislosti na gestacnim véku. Jako silné prediktory v matefské krvi (i
v ostatnich tekutinach) se jevi DHEA16a, cozZ je katabolit vznikajici hlavné v jatrech plodu,
DHEAS a PregS. Velice dobrymi prediktory v materské krvi byly shledany E1S a E116a. Vysoké
hodnoty predikce v materské véné dosahuje take A3B5aS. Je moziné, Zze se na produkci
tohoto steroidu podili ve vétsi mife steroidogenni organy matky a proto je zde nalezena
takova korelace. Naopak pomérné nizkou prediktivni hodnotu maji redukované metabolity
progesteronu, vcetné pregnanovych izomer(. Konjugované metabolity sice s gestacnim
vékem koreluji, ale méné ne? A® steroidy. Vysledky ptedchozi studie potvrzuji, ze volné
pregnanové steroidy jsou s postupujicim gestacnim vékem ve vétsi mire sulfatovany na
pfislusné konjugaty [40]. Tento déj ma velky vyznam v regulaci hladin neuroaktivnich
steroiddl na konci téhotenstvi. Je pravdépodobné, Ze sulfatace v nékterych pripadech
posunuje biologickou aktivitu smérem k vyvolani porodu. O 5B-redukovanych steroidech je
znamo, Ze udrzuji vazbou na pregnanové X receptory délohu v klidu (Mitchell 2005), pficemz
zvySenou sulfataci se jejich hladina sniZuje. 5B-Redukované steroidy negativné koreluji s
gestacnim vékem v materské krvi a P3a5p jesté v pupecnikové véné. Dalsim dlivodem jejich
poklesu kromé sulfatace je ziejmé jesté snizujici se aktivita 5B-reduktdzy v placenté [40, 43,

71].

6.2. Ovéreni hypotézy o klicovém vlivu distribuce placentarnich
oxidoreduktaz na diference v zastoupeni aktivnich forem pohlavnich

hormon( a neurosteroidu v cirkulaci matky a plodu (cil ¢. 2)

NasSe nedavno publikované predbéiné vysledky potvrzujici mj. absenci korelace hladin
progesteronu mezi UV a MV, avsak prekvapivé nalézajici analogickou korelaci pro volny
i konjugovany 20a-hydroxy-metabolit progesteronu a dalsi analogie pro 5a/B-
dihydroprogesterony, nas vedla kdalSimu zkoumani udlohy steroidnich placentarnich
dehydrogendz/reduktaz (short chain dehydrogenases, SDR) a aldoketoreduktaz (AKR) ve
fyziologii a patofyziologii lidského téhotenstvi a porodu. Také prace Droleta a kol. [60]
naznacovala, Ze jejich lokalizace by se mohla liSit v zavislosti na jejich funkci. Tato diplomova
prace méla za cil ovéreni této hypotézy s vyuzitim steroidni metabolomiky a jeji zobecnéni

pro vétsinu skupin biologicky aktivnich steroid(l. V syncytiotrofoblastu se vysoce exprimuje
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HSD17B1, ktera katalyzuje konverzi smérem kredukovanym formdm steroidd.
Syncytiotrofoblast je oblast nejblize matefskému kompartmentu. Do materské krve by tedy,
podle nasi hypotézy, mély prechazet hlavné redukované formy steroidd, které jsou v pfipadé
estrogenl a GABAergnich steroidl bioaktivni a jsou naopak inaktivni v pfipadé gestagenu.
Nejblize fetalnimu kompartmentu se nachdazeji endotelidlni bunky, které exprimuji velké
mnozstvi HSD17B2, ktera katalyzuje konverzi estrogent a GABAergnich smérem k inaktivnim
oxidovanym formam [60] a naopak, v pfipadé gestagenl prekvapivé k formam bioaktivnim.
V tomto ptipadé by zde snad mohla byt souvislost s pravdépodobné neuroprotektivnim
ucinkem gestagen( u plodu [76]. Vysledky ziskané v ramci diplomové prace skutec¢né plné
potvrdily nasi hypotézu a to véetné paradoxné vyssich hladin gestagen( v UV ve srovnani s
MV . Pfi porovnani celého steroidniho metabolomu v pupecnikové a materské Zile je zjevné,
Ze placentarni zony, které jsou v kontaktu s materskym kompartmentem produkuji spise vice
redukované metabolity progesteronu a estrogen(, kdeZzto placetarni zény blize k plodu tvofi
(s vyjimkou 3B-hydroxy-steroidl, jejichz vznik katalyzuji také spiSe oxidacné pusobici
izoenzymy HSD17B a AKR1C) metabolity vice oxidované. To znamena, Ze pupecnikova krev
obsahuje vétsi podil 20-oxo-steroidUll, jako je Prog, 17-oxo-steroidd (estron, DHEA), 3-oxo-
steroidy (5a/B-DHP) a 3B-hydroxy-steroidy (isopregnanolon a epipregnanolon), na rozdil od
materské krve, kde se nachazi vyrazné vyssi podil 20a-hydroxy-steroidd (Prog20a), 17p-
hydroxy-steroid  (E2, androstendiol) a 3a-hydroxy-steroid( (allopregnanolon a
pregnanolon). Jiz dfive byl Droletem a kol. a dalSimi autory [60] diskutovan fakt, Ze umisténi
HSD17B2 v endotelidlnich burikdch placenty ma uplatnéni v ochrané plodu pred bioaktivnimi
formami pohlavnich hormont [60, 62]. Nase vysledky tuto hypotézu potvrzuji nejen
v pfipadé plodu, ale vedou k zavérlim obecnéjsim ukazujicim, Ze distribuce placentarnich
enzym( rozhoduje o zcela odliSné bioaktivité téhotenstvi ovliviiujicich steroidd u plodu a
matky. Vysledky ukazuji zvySené poméry redukovanych 3a-pregnanovych steroid(
(GABAergnich modulatort), ku inaktivnim 3-oxo-izomerim i kompetujicim inaktivnim 3[3-
izomerlm v krvi matky. 3a-Pregnanové izomery vykazuji sedativni, hypnotické, anestetické a
anxiolytické vlastnosti. Dalo by se tedy spekulovat, zdali neni matka témito zvysSenymi
hladinami |épe chranéna pred stresem a komplikacemi spojenymi s téhotenstvim. 3a-
Pregnanové steroidy jsou také téhotenstvi udrZicimi steroidy, které snizuji aktivitu

myometria prostfednictvim negenomovych mechanismu [77].
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7. Zaveér

Pomoci vicerozmérné regrese byl sestrojen predikéni model, ktery ukazuje prediktivitu
steroid(l ve 4 rGznych télnich tekutindch, pficemz nejlepsi prediktivita byla zjiSténa u steroid(
z pupecnikové vény. Predpovidani nastupu porodu je ale prakticky schidné, a pritom stéle
ucinné, z hladin matefskych steroidu. Byly zjistény nejlepsi prediktory nastupu porodu v krvi
z matefské loketni vény potvrzujici klicovou ulohu osy placenta-FZ pfi iniciaci porodu. Tento
vysoce pravdépodobny mechanismus umoziuje predikci terminu porodu na zakladé
hormondlnich zmén. Tento model vSak nezohledriuje nahlé komplikace, které nesouvisi
s rovnovahou téhotenstvi-ovliviiujicich steroid(l. Je nutno zdUlraznit, Ze pristup pouZity nasim
tymem rovnéz umoznil obejit invazivni ziskavani vzork( télnich tekutin plodu.

Dalsim vysledkem diplomové prdce je nalezeni obecného mechanismu zaloZzeného na
distribuci placentarnich izoenzymd HSD17B a AKR1C, ktery urcuje proporce pohlavnich
steroid( a neurosteroidd u matky a plodu.

Vysledkem diplomové priace je i publikace pfijatd do tisku vrenomovaném
zahrani¢nim casopise (Priloha 9.2.) O vysledky ziskané v ramci této diplomové prace se

hodlam opfit i souvislosti s tématem planovaného postgradualniho studia.
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Informovany souhlas ucastnika studie
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Abstract

Despite the extensive research during the last six decades the fundamental questions concerning the role of
steroids in the initiation of human parturition and origin and function of some steroids in pregnancy were not
definitely answered. Based on steroid metabolomic data found in the literature and our so far unpublished
results, we attempted to bring new insights concerning the role of steroids in the sustaining and termination of
human pregnancy, and predictive value of these substances for estimation of term. We also stabbed to explain
enigmas concerning the biosynthesis of progesterone and its bioactive catabolites considering the conjunctions
between placental production of CRH, synthesis of bioactive steroids produced by fetal adrenal, localization of
placental oxidoreductases and sustaining of human pregnancy. Evaluation of data available in the literature,
including our recent findings as well as our new unpublished data indicates increasing progesterone synthesis
and its concurrently increasing catabolism with approaching parturition, confirms declining production of
pregnancy sustaining 5B-pregnane steroids providing uterine quiescence in late pregnancy, increased sulfation
of further neuroinhibiting and pregnancy sustaining steroids and indicates also the functioning of alternative
mechanism for progesterone synthesis and close relationships between localization of placental
oxidoreductases and consistently higher levels of sex hormones, neuroactive steroids and their metabolites in
the oxidized form in the fetus and in the reduced form in the maternal compartment.

Keywords: steroids, labor, plasma, metabolome, GC-MS



1. Introduction

Despite the extensive research during the last six decades the questions concerning the role of steroids in the
initiation of human parturition and origin and function of some steroids in pregnancy were not definitely
answered. Human parturition is unique [1] and therefore the use of animal model is frequently inadequate.
Therefore the information contained in steroid metabolome in human body fluids may be helpful for a better
understanding the physiology of human pregnancy and parturition. Although the steroid metabolome in
maternal circulation was extensively studied, the information is deficient concerning the metabolomic profiles
in human fetal body fluids. In this study we attempted to review existing state of art in the steroid
metabolomics focused on human late pregnancy. The data found in the literature including our recently
published data and our current, so far unpublished results, which were obtained from women at labor from the
28" to 41" week of gestation using GC-MS will be reviewed. The latter data includes almost complete steroid
metabolome in fetal umbilical arterial and venous blood as well as in the maternal venous blood and amniotic
fluid. The metabolomic profiles were recorded in 12 women giving birth after the 38" week of gestation who
were without perinatological complications and the group of 38 preterm births being selected so that the
reasons in preterm labors were independent of the steroid status (for details see [2] or [3]).

Some of the mechanisms explaining the hormonal control of pregnancy sustaining and onset of parturition
involve progesterone withdrawal at concurrently increasing estradiol production before the onset of
parturition [4-5]. However, progesterone levels in human maternal blood do not markedly change around
parturition [6-7]. Regarding progesterone, the initiation of human delivery is rather connected to a changed
expression of specific isoforms of progesterone receptors than to a change in progesterone levels. In addition
to the increased circulating estradiol levels, the changing expression of specific isoforms of estradiol receptors
probably also contributes to the onset of labor [8]. From the further steroids, cortisol may inhibit progesterone
action in the regulation of 15-hydroxyprostaglandin dehydrogenase expression at term [9].

In pregnancy and parturition a role of the most abundant neuroinhibiting reduced progesterone metabolite
allopregnanolone was suggested in rats [10]. Allopregnanolone, and probably also some other steroids,
operate via positive modulation of the type-A y-aminobutyric acid receptors (GABA,-r) [11-12] on the
membranes of hypothalamic oxytocin-producing cells. However, the role of allopregnanolone and further
neuroactive steroids (NS) in the timing of human parturition is still unclear.

The levels of pregnane NS are excessively increased in pregnant women [13] in comparison with those in
non-pregnant [14]. Besides GABA,-r, the polar conjugates of the reduced 3o/B-hydroxy-50/B-reduced
pregnane steroids are also active on N-methyl-D-aspartate receptors (NMDA-r) showing positive and negative
modulation for the 5a- and 5B- isomers, respectively [15]. Although CNS possesses independent steroid
production [16], the peripherally produced NS may pass the blood-brain barrier [17] and influence the steroid
metabolome in the CNS. NS may also operate at the peripheral level like allopregnanolone and progesterone,
both attenuating myometrial contractions via the opening of voltage-dependent K'-channels, contrary to
estradiol, which is their antagonist [18-19]. The NS may be also produced locally, exerting intracrine and
paracrine effects. On the other hand, conjugated steroids may be easily transported by circulation in high
amounts from more distant sources. The reduced progesterone metabolites might also exert peripheral
analgesic effects via blockade of T-type calcium channels, which are responsible for pain perception [20].

Besides non-genomic effects, reduced progesterone metabolites, which are synthesized in large quantities
in pregnancy [13, 21-27], may also bind on nuclear receptors such as progesterone receptors [28] providing
uterine quiescence. Some studies including ours reported decreasing production of pregnancy sustaining 5p3-
pregnane steroids that provide uterine quiescence via binding to nuclear pregnane X receptors [13, 26, 29-31].

The kinetics of irreversible catabolism of the bioactive steroids, oxido-reductive balances between active
and inactive forms of steroids [32] and balances between free steroids and their conjugates [33] may be crucial
for the regulation of their biological activity and consequently for the pregnancy sustaining.

Concerning the steroid metabolome in human body fluids, there are four key steroidogenic organs such as
fetal and maternal adrenal, placenta, fetal and maternal liver (Fig. 1). Considering the endocrine, autocrine and
paracrine steroid effects, the uterus and fetal membranes might be of a great importance [34]. However, the
contribution of the steroids produced in these tissues to steroid metabolome in fetal and maternal blood does
not seem to be essential.



1.1. Steroid metabolism in fetal and maternal adrenal

1.1.1. The key role of placental CRH in the regulation of steroid biosynthesis in pregnancy

The paramount mechanism controlling overall production of the most of pregnancy steroids is based on
placental production of CRH (Fig. 1) [35]. CRH in non-pregnant subjects is a hypothalamic hormone controlling
the pituitary secretion of ACTH and, in turn, the production of corticosteroids in an adult adrenal. The
hypothalamic-pituitary-adrenal axis in these subjects is based on a negative feedback loop between the final
active hormone, ACTH and CRH. The situation in pregnancy after luteo-placental shift is different. CRH is
primarily expressed in human placenta and instead of the negative feedback loop cortisol-ACTH-CRH; there is a
positive one between cortisol and CRH, while the ACTH production stagnates. CRH directly stimulates
production of A’ steroid sulfates in the fetal zone of the fetal adrenal (FZ) [36-37] and cortisol synthesis in the
transitional zone of the fetal adrenal (TZ) [38] via binding to ACTH receptors [39]. ACTH receptor mRNA is
localized in all cortical zones but its abundance is higher in DZ (definitive zone) than in FZ [40]. The fetal adrenal
gland at term is almost the size of the fetal kidney and the FZ at term produces steroids more abundantly than
normally secreting adrenal glands of the adult [35]. The C-19- and possibly also the C-21 A’ steroids, originating
in the FZ and being further processed in placenta and liver, represent the largest fraction of steroids in
pregnancy [41-44]. However, progesterone is commonly considered to originate mainly in placenta from
maternal LDL-cholesterol [7, 45].

After midgestation, the TZ cells may have the capacity to synthesize cortisol and be analogous to cells of the
zona fasciculata of the adult adrenal. By the 30™ week of gestation, the definitive zone of the fetal adrenal (DZ)
and TZ begin to resemble the adult zona glomerulosa and zona fasciculata, respectively [46]. The FZ still
producing conjugated C-19 A’ steroids is similar to the adult zona reticularis but unlike the adult zona
reticularis, the FZ produces excessive amounts of conjugated C-21 A’ steroids, including sulfates of
pregnenolone (PregS), 17-hydroxypregnenolone [35] and androstenediol (Fig. 2). As generally accepted, the A®
steroid sulfates (originating in the FZ) serve as precursors for the placental production of estradiol [36-37] and
as suggested in our recent study [2], possibly also for progesterone synthesis.

The levels of CRH are extremely high in maternal and high in the fetal blood [47]. The rising levels of human
placental CRH in maternal circulation in the last four weeks of pregnancy stimulate the production of
conjugated C-19- [36] and probably also the C-21- A® steroids [2] in FZ in a dose-dependent manner. CRH is as
effective as ACTH at stimulating sulfated dehydroepiandrosterone (DHEAS) production but is 70% less potent
than ACTH at stimulating cortisol production. Although CRH increases the expression of cholesterol desmolase
(CYP11A1, cholesterol side chain cleavage enzyme) it is not mitogenic for fetal adrenal cortical cells [36].

It should be outlined that the excessive production of placental CRH is specific for primates and the boost in
CRH production in late pregnancy is specific only for human and great apes [48]. This should be considered
when addressing the initiation of human parturition and this is the primary reason for which the animal models
may not be optimal for investigation of human pregnancy. Only human beings and great apes produce a
circulating binding protein for CRH (CRHBP), the levels of which fall at the end of pregnancy thus increasing the
bioavailability of CRH [49-50].

Despite the substantial alterations in the placental CRH production in late pregnancy, the predictivity of the
unstable CRH for an estimation of term is relatively poor [51]. Nevertheless, the CRH induced changes in the
steroid metabolome may better predict the approaching parturition. When using the simultaneous
guantification of the steroid metabolome in one sample by GC-MS or LC-MS and multivariate approach for
evaluation of the results obtained, the cumulative effect of mutually strongly inter-correlated steroids
substantially improves the predictivity. This algorithm appears to be less expensive and more informative. As
demonstrated in our recent study [3], the predictivity of the primary products of the FZ for the onset of human
parturition is high.

1.1.2. Steroid 17a-hydroxylase/17,20 lyase (CYP17A1)

Besides stimulation of CYP11A1, CRH also stimulates 17a-hydroxylase/17,20 lyase (CYP17A1) expression
possessing both 17a-hydroxylase and 17,20-lyase activities [36]. CYP17A1 proteins and mRNAs were detected
only in FZ and TZ, not in the DZ [52-53]. CYP17A1 also exhibits marked progesterone 16a-hydroxylase activity in
human steroidogenic cells including those from the fetal adrenal [54]. CYP17A1 has extremely low C-17,20-
lyase activity toward C-21 A* steroids and fails to convert these substances to corresponding C-19 steroids [54].
However, also the levels of sulfated C-21 A’ steroids are elevated in the maternal blood [55] and excessively
elevated in the fetal circulation in contrast to the situation in non-pregnant women (Fig. 2), which indicates
limited C-17,20-lyase activity in the FZ also for C-21 A® steroids.



1.1.3. Steroid sulfotransferases and sulfatases

The human type 2A1 hydroxysteroid sulfotransferase (SULT2A1) displaying reactivity towards 3a/B-
hydroxysteroids, estrogens, and 17-hydroxyl group of androgens is highly expressed in the adrenal cortex [56].
TZ and FZ showed immunoreactivity for SULT2A1, but not the DZ [53]. SULT2A1 enzyme activities are
independent of the gestational age (GA) [57]. In addition to the SULT2A1 expression, the estrogen preferring
sulfotransferase (SULT1E1) activity [58] and relatively high steroid sulfatase (STS) immunoreactivity were also
reported in the adult adrenal gland [59].

1.1.4. Activities of enzymes enrolled in the synthesis of corticoids

3B-Hydroxysteroid dehydrogenase/A(5->4)-isomerase (HSD3B) catalyzes the oxidative conversion of 3pB-
hydroxy-A5 steroids. HSD3B immunoreactivity is not detected in the fetal adrenal prior to 22 weeks of
gestation, but becomes discernible in the TZ and DZ after 23 weeks [52-53]. In late pregnancy, TZ and DZ
provide the conversion of A’-steroids to 3-oxo-A’ precursors of corticosteroids expressing type 2 HSD3B
(HSD3B2) [60]. Early in gestation, only the A®-steroid production occurs in the TZ and FZ, which expresses
CYP11A1 and CYP17A1 [52]. ACTH does not influence steroidogenesis in the FZ [61]. Like the HSD3B2, the
enzymes CYP21A2 (P450 21 hydroxylase, or P450C-21), CYP11B1 (11B hydroxylase or P450c11) and CYP11B2
(aldosterone synthase) are necessary for corticoid synthesis. CYP21A2 immunoreactivity is minor in the DZ but
is detectable in almost all cells in the TZ and FZ [53, 62]. After 23 gestational weeks, the immunoreactivity for
CYP21A2 is detected in all three zones [53]. TZ expressing CYP11A1, CYP17A1, HSD3B2, CYP21A2 , type 1-
(CYP11B1) and type 2 11B-hydroxylase (CYP11B2) has the capacity to synthesize cortisol after midgestation [53,
62] while the DZ may synthesize mineralocorticoids, but not until near term [62]. CYP17A1, CYP11B1, and
CYP11B2 immunoreactivities are present in the TZ and FZ but absent in the DZ but [62]. Later in gestation, the
DZ produces mineralocorticoids, TZ produces glucocorticoids and the FZ continues to produce A®-steroids [52].

Human adrenal glands also possesses 11B-hydroxysteroid dehydrogenase (HSD11B) activity catalyzing
inactivation of glucocorticoids [63].

1.1.5. Adrenal C-3, C-17 and C-20 oxidoreductive conversions

HSDs, catalyzing reversible C-3, C-17 and C-20 oxidoreductive inter-conversions belong to either the short-chain
Dehydrogenase/Reductases (SDRs) or the Aldo-Keto Reductases (AKRs). Several SDRs are active in the adrenals.

The type 11 17B-HSD HSD17B11 3(a-->B)-hydroxysteroid epimerase prefers the oxidative conversion
converting 5a-androstan-3a,17B-diol to androsterone [64-65].

Type 6 17B-HSD (HSD17B6) possessing both oxidoreductase and 3(a-->B)-hydroxysteroid epimerase
activities acts on both C-19 and C-21 3a-hydroxysteroids. Because bioactive steroids commonly exert their
effect in a stereo-specific manner, epimerase activity may be of biological importance [66].

Type 7 17B-HSD (HSD17B7) preferably operates as reductase and catalyzes the reduction of the oxo- group
in either 17- or 3-position of the substrate to the corresponding 17B- or 3a-hydroxy counterparts, respectively.
HSD17B7 exhibits also minor 3BHSD-like activity towards progesterone and 20a-dihydroprogesterone
(Prog20a) [67]. Like the HSD17B7 the type 12 17B-HSD (HSD17B12) also prefers the reductive direction
catalyzing the conversion of estrone into estradiol and was also detected in the adrenal [68].

1.1.6. 16a-Hydroxylation

16a-Hydroxylation being primarily provided by cytochrome P450 CYP3A7 enzyme probably regulates the levels
of precursors for the synthesis of hormonally active steroids. The CYP3A7 is also active in the fetal adrenal but
the levels of the CYP3A7 isozyme in fetal adrenals are only 33% of that in fetal livers [69-70].

1.1.7. Differences in enzyme expression between fetal and adult adrenal

While the expression of some enzymes like CYP17A1, 21-hydroxylase, 11B hydroxylase, and CYP11B2 do not
significantly differ between the fetal adrenal in late pregnancy and adult adrenal, others show pronounced
differences. CYP11A1, cytochrome b5 enzyme (CYb5) and P450 oxidoreductase (POR) messenger RNA (mRNA)
expression is nearly twice higher in fetal than in adult adrenal, and SULT2A1 transcript shows even 13-fold
higher levels in the fetal adrenal. Alternatively, HSD3B2 mRNA expression in midgestation is 127-fold lower
than that in the adult adrenal. It is evident that increased expression of CYP11A1 in fetal adrenal reflects high
cholesterol utilization for steroidogenesis. CYb5 and POR cofactors may stimulate CYP17A1 activity and thus
the production of sulfated A® steroids in the fetal adrenal [71]. Markedly higher expression of SULT2A1 reflect
high claim for steroid sulfation enabling a production of sufficiently soluble precursors, which can be easily



transported in excessive amounts by circulation for the placental synthesis of sex hormones. Alternatively, the
lack of HSD3B2 in the FZ provides preferential synthesis of the A® C-21 steroids over cortisol production.

1.2. Steroid metabolism in fetal and maternal liver

The activities of CYP11A1 and HSD3Bs in the fetal liver are negligible or even absent in human pregnancy [72].
However, other steroidogenic enzymes in the maternal- and particularly in the fetal liver may substantially
influence the steroid metabolome in both fetal and maternal circulation.

1.2.1. Liver 16a-Hydroxylation and estrogen formation

16a-Hydroxylation is provided by cytochrome P450 CYP3A7 enzyme that is pronouncedly expressed in the
microsomal fraction from fetal liver [70, 73] although this activity in the adult liver is negligible [43]. While
CYP3A4 and CYP3AS5 enzymes are responsible for the production of 7a-hydroxy-DHEA (DHEA7a), 7B-hydroxy-
DHEA (DHEA7B), and 16a-hydroxy-DHEA (DHEA16a) in the adult liver microsomes, the fetal/neonatal CYP3A7
produces DHEA16a and DHEA7( [74].

The fetal liver is the primary source of 16a-hydroxy-metabolites of A® steroids, as also documented by
consistently higher levels of 16a-hydroxy-metabolites of the substances in fetal circulation when compared
with the maternal compartment [75-76], confirmed also by our unpublished results (Fig. 3) . However, some
authors [54, 75] suggested Progl6a synthesis from Pregl6a catalyzed by CYP17A1 localized in the placenta.

The levels of 16a-hydroxy-steroids in the fetal blood increase from the second to the third trimester [61, 75-
76] and rise considerably at delivery[77]. In addition, the ratios of 16a-hydroxymetabolites to 16-deoxy-
steroids significantly increased after 30" week of gestation indicating increasing catabolism of the sex hormone
precursors in the fetal liver [78] (Fig. 3) (unpublished results).

According to the Diczfalusy’s concept [79], the DHEAS from the fetal adrenals is hydroxylated at the 16a-
position in the fetal liver and then aromatized to E3 in the placenta and most of this huge amount of E3 exits
the placenta into the uterine vasculature and maternal circulation.

The inhibitory effect of sulfated DHEA16a on estrogen production is minimal at low DHEAS concentrations
(favoring the secretion of estrone and estradiol) and is greatly enhanced at concentrations of DHEAS that
induced maximum estrone and estradiol secretions. In trophoblastic cells, the metabolism of DHEAS can
modulate E3 secretion, and the metabolism of sulfated DHEA16a can modulate the secretion of estrone and
estradiol [80]. However, whilst each substrate appeared to inhibit the aromatization of the other, the 16-
deoxy-C-19 steroids are more potent inhibitors [81]. 16a-Hydroxy-metabolites of testosterone and
androstenedione are only poor substrates for the placental CYP19A1 in contrast to the corresponding 16-
deoxy-steroids [82] and the initial rates of estrogen formation are higher for the 16-deoxy-C-19 steroids [81].

Lee and colleagues [83] reported that at a physiologically relevant low substrate concentration (10 nM),
CYP3A7 had a strong catalytic activity for the 16a-hydroxylation of estrone, and the ratio of its 16a-
hydroxylation to 2-hydroxylation was 107%. However, when estradiol was the substrate, CYP3A7 had only very
weak catalytic activity for 16a-hydroxylation, and the ratio of its 16a-hydroxylation to 2-hydroxylation was 10-
33%. Moreover, the maximum velocity/K(m) ratio was more than 100 times higher for the 16a-hydroxylation of
estrone than for estradiol. This prompts that estrone originating in placenta from androstenedione is
transported by circulation into the fetal liver, where may be further conjugated by sulfatases and
glucoronidases, converted to estradiol by reductive and SDRs and AKR1Cs (mainly AKR1C4 being independent
of the substrate sulfation status). Estradiol of the placental and liver origin may be also sulfated, then the free
and conjugated estrone may be 16a-hydroxylated by CYP3A7 (the most potent AK1C4 is independent of the
substrate sulfation status) and finally, liver SDRs and AKR1Cs may catalyze further conversion of the free and
conjugated (in C-3 position) 16a-hydroxy-estrone to free and conjugated estriol.

Like in the case of CYP3A7, the adult liver exhibits little CYP19A1 activities but the fetal liver is capable to
extensively aromatize various C-19 steroids to estrogens [84-85] and the CYP19A1 activity in the fetal
hepatocytes appears to be up regulated by glucocorticoids [86].

1.2.2. C-3, C-17 and C-20 oxidoreductive conversions

Because active hydroxysteroids generally exert their effect in a stereo-specific manner, epimerase activity may
potentially play an important role in regulating the biological activities of various steroids.

Human liver contains all isoforms (AKR1C1, AKR1C2, AKR1C3, and AKR1C4) of dihydrodiol dehydrogenase
with 20a-, 17B-, 3a- or 3B-hydroxysteroid dehydrogenase-like activity [87-89]. Activities of AKR1Cs could
control occupancy of the androgen- and GABA,-r [90]. In vivo, all AKR1Cs preferentially work as reductases [91]
and are capable to reduce estrone and estradiol to progesterone and Prog20a, respectively. On the other hand,



AKR1Cs may decrease the neurosteroid concentrations by inactivating allopregnanolone and eliminating the
precursors like progesterone from the synthetic pathways via reduction of the 20-oxo-steroid group [32, 92].
The AKR1C2 preferring 3a-reduction over the 3B-reduction may catalyze 3a-, 17B-, and 20a-HSD reactions [32,
89, 92-93]. AKR1C3 catalyze the reduction of 5a-dihydrotestosterone (5a-DHT), androstenedione, estrone and
progesterone to produce 5a-androstan-3a,17B-diol, testosterone, estradiol and Prog20a, respectively [88].
AKR1C4, the expression of which is limited to the liver [32, 94-95], catalyzes the transformation of the 5a-DHT
into 5a-androstan-3a,17B-diol. Liver specific AKR1C4 shows superior catalytic efficiency versus the other
isoforms. This efficiency exceeded those obtained with the other isoforms by 10-30-fold. In contrast to the
other isoforms, the catalytic efficiency for AKR1C4 is unaffected by steroid conjugation [89].

Two liver SDRs, HSD17B7 and HSD17B12, also preferentially work as reductases. HSD17B7 preferring the
reduction of the oxo group in 20-, 17- or 3-position to the corresponding 20a-hydroxy-, 17B-hydroxy- or 3a-
hydroxy-counterparts is also significantly expressed in the liver [67, 96] as well as HSD17B12 catalyzing the
transformation of estrone into estradiol [68].

HSD17B2, HSD17B10 and HSD17B11, which are also highly expressed in the liver, prefer the oxidative
direction. HSD17B2 may contribute to formation of 20a- and 17f3-steroids from their 20-oxo- and 17-oxo-
counterparts [42]. HSD17B6 prefers oxidoreductase and 3(a-->B)-hydroxysteroid epimerase activities and acts
on both C-19 and C-21 3a-hydroxysteroids [66]. Type 10 17B-HSD (HSD17B10) being abundantly expressed in
the liver, is capable of catalyzing the oxidation of steroid modulators of GABA,-r [97]. HSD17B10 catalyzes the
oxidation of 5a-androstan-3a,17p-diol to 5a-DHT [98] and conversion of allopregnanolone and
allotetrahydrodeoxycorticosterone (3a,5a-THDOC) to the corresponding inactive 3-oxo steroids. The catalysis
of HSD17B10 appears to be essential for maintaining normal functions of GABAergic neurons [99]. Finally, the
HSD17B11 [64] can convert 5a-androstan-3a,17B-diol to androsterone [64-65].

Commonly, 20a-hydroxysteroids are considered as inactive catabolites. However, 20a-
dihydropregnenolone relax the tonic contractions induced by KCl in a concentration-dependent way [100].

1.2.3. 5a/B-Reductases

5a- and 5B-Reductions are important for the biosynthesis of NS. Conjugation of the androgens occurs
extensively in the liver which has high activity of 5a- and 5B-reductases [101-102].

There are two isoforms of 5a-reductase, with a limited degree of homology, different biochemical
properties and distinct tissue distribution. Type 1 5a-reductase (SRD5A1) is widely distributed in the body, with
the highest levels in the liver. SRD5A1 converts testosterone into 5a-dihydrotestosterone and progesterone or
corticosterone into their corresponding 5a-3-oxo-steroids. In the androgen-dependent structures, 5a-DHT is
almost exclusively formed by 5a-reductase type 2 (SRD5A2) [103]. In the peripheral tissues, including the liver,
SRD5A1 and reductive 3a-HSD isoforms work consecutively to eliminate the androgens and protect against the
hormone excess [104].

AKR1D1 belonging to AKRs, efficiently catalyzes the reduction of both C-19 and C-21 3-oxo0-A* steroids to the
corresponding 5B-reduced metabolites. 113-Hydroxy group in corticoids hinders the transformation [102].

The higher levels of several 5B-reduced progesterone metabolites in the fetus than in maternal
compartment (Figs. 4B,D and 5C,D) (unpublished data) indicate higher placental expression of AKR1D1 towards
the fetal compartment and/or higher expression of AKR1D1 in the fetal liver. The latter possibility appears to
be more likely because both 5B-PI display lower levels in the blood from umbilical vein (UV) than in blood from
the umbilical artery (UA) (Figs. 5C,D) (unpublished data). In addition, the ratio of 5B-DHP to progesterone is
significantly higher in UA than in UV (Fig. 4D).

1.2.4. Balance between polar conjugates and unconjugated steroids

The balance between the sulfated and unsulfated NS may be decisively influenced by the activities of liver
sulfatases, sulfotransferases and perhaps also the glucuronosyltransferases. The pregnane and androstane
5a/B-reduced metabolites being frequently neuroactive are readily sulfated in the liver. As already mentioned,
the balances between free steroids and their conjugates [33] may be crucial for the regulation of their
biological activity and consequently for the sustaining of pregnancy. The 5a/B-reduced metabolites with a
hydroxyl in the 3a-position positively modulate GABA,-r. Their sulfates operate in the opposite way, though on
different binding sites. Sulfation may also decrease the concentration of unconjugated NS, the polarity of which
is more favorable for crossing the blood-brain barrier. The modulation efficiencies of the conjugated
neurosteroids on GABA,-r may reach about 1/10 of those for the corresponding unconjugated substances [33].
Nonetheless, in maternal circulation the concentrations of conjugated pregnane steroids are about 2 orders of
magnitude higher when compared with their unconjugated analogues. Conjugation is a prerequisite for the



activity of 3a/B-hydroxy-5a/B-reduced pregnane steroids on N-methyl-D-aspartate receptors (NMDA-r)
showing positive and negative modulation for the 5a- and 5B- isomers, which are neuroactivating and
neuroinhibiting substances, respectively [15]. Finally, the sulfation might influence the activity and/or
availability of the peripherally active pregnancy-sustaining steroids like the 5o/B-reduced pregnane and
androstane steroids but may also facilitate their transport by circulation. However, even in these cases, the
sulfation rather shift the biological activity towards induction of labor, catabolizing the 5B-reduced steroids
that provide uterine quiescence via pregnane X type receptors [29] and allopregnanolone that relaxes
myometrium through voltage-dependent K* channels [105].

Our previous [13] and current data consistently show rising sulfation of all Pl including neuroinhibiting
GABA-ergic substances in late pregnancy (Fig. 5E-H) (unpublished data).

The sulfotransferase SULT2A1 is highly expressed in human liver [56, 106-108]. In the fetal liver, SULT2A1
activity exhibits remarkable inter-individual variability, which may be the cause for an absent correlation with
the GA [57]. Liver glucuronosyltransferase enzyme UGT2B7 catalyzes the glucuronidation of bile acid substrates
but also the 3a-hydroxylated androgenic steroids, and 17B-estrogens at very high rates [109].

The sulfotransferase enzyme SULT1E1 has the lowest K(m) values for estrogens and catecholestrogens of
the known human SULT isoforms [110]. SULT1E1 is responsible for the sulfation and inactivation of estradiol at
physiological concentrations. The enhanced SULT1E1 activity may have a role in inhibiting GH-stimulated
STAT5b phosphorylation and IGF-1 synthesis via the sulfation and inactivation of estradiol [111]. SULT1E1 may
also play an important role in protecting peripheral tissues from possible excessive estrogenic effects [58].

Besides placenta, also the liver shows strong expression of STS [112]. Although Warren and French [113]
reported about four times less activity for DHEAS hydrolysis in human liver when compared with placenta,
Selcer and co-workers reported comparable STS immunoreactivity in these tissues [112]. In contrast to
placenta where the arylsulfatase K (ARSK) is not expressed, this enzyme might contribute to the hydrolysis of
steroid sulfates in the liver [114].

1.2.5. Inactive steroid catabolites and prediction of term

Taking into account the simple availability of maternal blood in contrast to the fetal blood and amniotic fluid,
the GA-predicting steroids in maternal plasma are of greatest interest. The inactive catabolites of sulfated A’
steroids produced by the FZ or placental estrogens frequently exhibit even better predictivity for an estimation
of GA that the parent steroids. These catabolites appear to be the end products of the steroid metabolism, the
biosynthesis of which is readily catalyzed by the liver enzymes. For instance, the excellent predictivity was
recorded for conjugated 16a-hydroxy-metabolites of A’ steroids and estrogens (Fig. 6), polar conjugates of
5a/B-reduced C-19 steroids (Fig. 7A-C) and some 5-androstene-3B,7a/B,17B/oxo-steroids (Fig. 7D-F) [3].
Moreover, an acceleration of 16a- and possibly also 7B-hydroxylation was reported with approaching term
[61, 75-76].

1.3. Transport of steroid sulfates into the placenta

The transport of steroid sulfates from the fetal and maternal circulations into the placental cells (where they
are further metabolized) appears to be mediated by an organic anion transporter OAT-4, which is localized in
the cytotrophoblast membranes and at the basal surface of the syncytiotrophoblast [115] (Fig. 8). The data
indicates the transport of steroid conjugates between the fetal and maternal compartment without preceding
hydrolysis.

1.4. Steroid metabolism in placenta

Sex hormones produced by the placenta play a key role in the endocrine control of pregnancy and parturition.
Placental CRH stimulates the production of estradiol in a time- and dose-dependent manner and also the
MRNA levels of the key enzymes for estrogen synthesis such as aromatase (CYP19A1), type 1 17B-HSD
(HSD17B1) [116] as well as enzymes involved in progesterone synthesis like type 1 3Bf-HSD (HSD3B1) and
CYP11A1 [117].

1.4.1. Cholesterol desmolase in placenta

In contrast to other tissues producing cholesterol, placenta lacks short term modulation of steroid synthesis. In
this tissue, the electron supply to CYP11A1 limits the conversion rate permitting pregnenolone synthesis to
proceed at only 16% maximum velocity. Thus, the mitochondria have a near-saturating cholesterol
concentration for CYP11A1, likely provided by the StAR-like protein MLN64. Cholesterol translocation to the



CYP11A1 is not critical for placental progesterone synthesis and the subsequent pregnenolone conversion to
progesterone [118].

1.4.2. Steroid sulfatases and placental production of sex hormones

The principal metabolic step preceding further placental metabolism of sulfated A’ steroids originating in FZ is
their desulfation being provided by the placental STS, which is localized in the endoplasmic reticulum [119].
The placental STS expression in pregnancy explicitly outweighs the production in other tissues [58]. STS allows
access of DHEA to the HSD3B1 and CYP19A1 within the syncytiotrophoblast layer and conversion to estrogens
[120]. Placental STS is independent of substrate concentration [121] and of GA [122-124].

1.4.3. 36-hydroxysteroid dehydrogenase activity

HSD3B1 is necessary for the placental synthesis of progesterone and C-19 3-oxo-4-ene steroids. The latter
substances are further metabolized to estrogens [60, 125]. HSD3B1 placental activity is predominantly located
in the syncytiotrophoblast and intermediate trophoblast cells [126-127]. The specific activities of HSD3B for C-
21 steroids in mitochondrial and microsomal preparations from human term placenta are about two times
higher than for the C-19 steroids [128]. Like in the case of sulfatase activity, placental HSD3B1 activities are
constant throughout the human gestation [129] [122-123] and around parturition [124, 130]. Progesterone and
DHEAS may cause marked HSD3B inhibition in physiological conditions [121, 131].

1.4.4. Estrogen formation

Placenta is the primary site of estrogen formation in pregnancy. CYP19A1 catalyzing the last steps of estrogen
biosynthesis from A* C-19 steroids is abundantly expressed in syncytiotrophoblast [132]. Estrogens regulate
their own synthesis by the product inhibition. The substrate inhibition is more apparent for 16-deoxy-estrogens
than for their 16a-hydroxy-metabolites [133]. 16-deoxy- and 16-hydroxy-C-19 substrates bind at separate, but
interactive sites and each substrate on binding inhibits the aromatization of the other [134-135].

CYP19A1 activity strongly depends on GA. The increase in estradiol levels in maternal blood from the 2" to
the 3" trimester is greater than that of the placental weight and there is significantly higher placental CYP19A1
activity in the 3" trimester than in the 2™ trimester [122]. The aforementioned results as well as our recent
data [3] indicate high predictivity of parturition onset for some estrogens (Fig. 9) (unpublished data).

1.4.5. 16a-Hydroxylation

Although the CYP3A7 is primarily expressed in the fetal liver, its activity was also found in the placenta. The
amounts of placental and endometrial CYP3A7 mRNA and protein substantially increase from the first to the
second trimester of pregnancy [73].

1.4.6. 5a/8-Reductases

The pioneer studies on placental 5a-reductase [129] reported in vitro synthesis of 5a-reduced pregnanes
3H]5a-pregnane-3,20-dione and [3H]3B-hydroxy-5a-pregnan-20-one from [3H]progesterone by placental
tissue. 5a-Reduced steroids, including allopregnanolone, suppress neuronal activity and may have
neuroprotective effects in the fetus. Placental expression of both isoenzymes increased with advancing
gestation. Placental 5a-reductases may provide precursors to brain allopregnanolone synthesis [136].

AKR1D1 is primarily expressed in the liver but its activity was also detected in other tissues including
placenta [30]. The progesterone metabolite 5B-dihydroprogesterone (5B-DHP) is a potent tocolytic. Acute in
vitro treatment with 5B-DHP causes rapid uterine relaxation that is not mediated by pregnane X-type receptors
(PXR) but the 5B-reduced metabolites of progesterone may also act chronically in pregnancy through a PXR-
mediated mechanism [29]. In the placenta and myometrium, relative expression of AKR1D1 decreases in
association with labor by about two-fold and 10-fold, respectively [30]. In contrast to the turnover of
progesterone to 5a-DHP reflecting 5a-reductase activity which remains stable (Fig. 4C), the conversion of
progesterone to 5B-DHP reflecting 5B-reductase activity decreases later in pregnancy [13, 26, 30] (Fig. 4D) (our
unpublished data). This data is consistent with a possible role for 5p-DHP in the onset of spontaneous human
parturition. The placental expression of 5B-reductase m-RNA is about two orders of magnitude higher than in
myometrium and about three orders of magnitude higher than in chorion and amnion [30].



1.4.7. Steroid sulfotransferase

SULT2B1 catalyzing sulfation of DHEA but not estradiol is present in syncytiotrophoblast [107-108, 137-138]
while SULT1E1 and SULT2A1 show negligible functional activity in placental tissues [139], which means that
estrogens are sulfated in an extra placental way, most probably in the liver.

1.4.8. Reversible C-3, C-11, C-17 and C-20 oxidoreductive inter-conversions in placenta

Placenta expresses various dehydrogenases belonging to SDRs and AKRs. From the SDRs, the cytoplasmic
HSD17B1 is highly expressed in syncytiotrophoblast [42]. Besides catalyzing the conversion of estrone and
progesterone to estradiol and Prog20a, respectively, HSD17B1 may also catalyze the formation of 5-
androstene-3(3,17B-diol from DHEA [140-141]. Syncytiotrophoblast, coming directly into contact with maternal
blood, converts estrone to estradiol. In contrast to type HSD17B1 mRNA, type HSD17B2 mRNA is not
detectable in cell cultures of human cytotrophoblast or syncytiotrophoblast [142]. Besides HSD17B1, the AKR1
member C3 enzyme (AKR1C3), HSD17B7 and HSD17B12 may also catalyze progesterone deactivation to
Prog20a and conversion of inactive estrone to bioactive estradiol [68, 88, 132, 141].

AKR1C3 is pluripotent widely distributed enzyme catalyzing the conversion of aldehydes and ketones to
alcohols [143-144]. AKR1C3 functions as a bi-directional 3a-, 173- and 20a-HSD and can interconvert active
androgens, estrogens and progestins with their cognate inactive metabolites, however, like other AKR1Cs in
vivo, AKR1C3 preferentially works as a reductase [88, 91, 143].

Regarding 3a- pregnanolone isomers (Pl) positively modulating GABA,-r, the oxidoreductive conversion of
20-oxo- to 20a-hydroxy-group or a modification of the C17,20 side chain results in a selective (subtype
dependent) reduction of positive allosteric modulation of GABA,-r (about six-fold) [145]. In addition, the
reversible oxido-reductive interconversion of 3a-hydroxy/3-oxo/3B-hydroxy-5a/B-reduced pregnane and
androstane steroids may influence the ratio of neuroinhibiting 3a-hydroxy-5a/B-reduced metabolites, which
are allosteric positive modulators of GABA,-r, to the corresponding 3-oxo-metabolites and 3B-hydroxy-
metabolites. The latter ones are biologically inactive but compete with the 3a-hydroxy-isomers for the active
sites on the receptors [146].

In contrast to the aforementioned enzymes, the HSD17B2 prefers the oxidative direction catalyzing the
progesterone biosynthesis from inactive Prog20a as well as the conversion of bioactive estradiol to biologically
inactive estrone [42]. The site of expression of HSD17B2 was identified in two studies, either in endothelial cells
of fetal capillaries and some stem villous vessels [42] or in endothelial cells of villous arteries and arterioles
[147]. Moghrabi et al. suggested a protective role of the HSD17B2 from the excess of bioactive estrogens and
androgens in the fetus [42]. Besides HSD17B2, the type 14 17B-HSD (HSD17B14) a member of SDRs may also
convert estradiol to estrone and 5-androstene-33,173-diol to DHEA [147].

The metabolism of placental sex steroids in the reductive direction increases as pregnancy advances and
significantly rises during human parturition [129, 148]. This phenomenon may be of an importance in the
mechanism of initiation and continuation of labor and might indicate a mechanism of progesterone withdrawal
in association with the onset of human parturition.

HSD11B1 expression is abundant in syncytiotrophoblast microvillus membranes juxta the maternal
circulation whereas HSD11B2 expression is extensive throughout the remainder of the syncytiotrophoblast,
including the basal cell membrane and epithelial basal lamina [149]. HSD11B1 expression is constant, but the
expression of HSD11B2 in the placenta increases significantly with GA. The adaptation of HSD11B2 activity
prevents the increasing maternal cortisol concentrations from transplacental passage [150].

1.5. Distribution of placental oxidoreductases and sources of progesterone, estrogens and neuroactive
steroids in pregnancy

As indicated by growing progesterone levels in UV (our unpublished results) (Fig. 10), placental production of
progesterone probably increases shortly before termination of pregnancy but its levels in UA, MV, and amniotic
fluid (AF) remain constant. This means that there should be concurrently increasing progesterone catabolism in
this period.

Paradoxically, although progesterone is the most important steroid in human pregnancy there are a lot of
peculiarities and contradictions regarding its biosynthesis. As already mentioned, the FZ is analogous to adult
zona reticularis. However, while both FZ and zona reticularis produce large amounts of DHEAS, the extensive
production of PregS is specific for FZ. This substantial dissimilarity between FZ and zona reticularis remains
unexplained. Although, DHEAS from the FZ is generally accepted as the substrate for placental estrogen
synthesis, the physiological role of PregS in human pregnancy is unknown.



On the other hand, the maternal LDL cholesterol is considered to be a single substrate for placental
progesterone synthesis, although the conversion of cholesterol/sulfate to pregnenolone/sulfate is the rate
limiting step but not the cholesterol transport to active sites like in extra placental tissues. It is generally
accepted that the activities of STS and HSD3B1 are enormous in comparison with other human tissues and
being independent of GA are capable to readily convert DHEAS to estrogens. Inconsistently, the fate of PregS
was not considered although its concentrations in late pregnancy are at least the same as DHEAS levels.
Whereas DHEAS easily penetrates to the active sites in placenta being desulfated and converted to
androstenedione and testosterone, there is no reason for PregS to act differently. Neither STS nor HSD3B1
activities are rate limiting for placental progesterone synthesis [118]. Therefore, it may be more expediential to
utilize fetal PregS instead of the necessity to synthesize total maternal progesterone de novo from maternal
LDL cholesterol.

The progesterone is vital for pregnancy sustaining and so there may be independent sources for its
production. Whereas the conversion of maternal LDL cholesterol may be the first of them, there is no reason
for placenta to reject processing of pregnenolone sulfate in the same way as DHEAS, obviously, except for the
final step, i.e. estrogen synthesis. The former source provides stability of progesterone production in the cases
where the steroid production in the FZ fails, however, the latter may substantially contribute to the
progesterone production. As our data indicates, the rise in production of A® steroids with approaching labor is
linked to rise of progesterone levels in UV but not in other body fluids. This data indicates that primarily
placental- and perhaps also the liver oxidoreductases may readily convert progesterone to its metabolite
Prog20a and vice versa and that the different location of the reductase- or oxidoreductase-preferring isoforms
in placental tissues may be decisive for the reductive or oxidative status of steroid metabolome in mother and
fetus. Not only the progesterone levels , but also the concentration of estrogens, NS and other substances
which influence pregnancy sustaining like 50/B reduced pregnane- and androstane metabolites in fetal and
maternal circulations are in all probability controlled by the distribution of placental oxidoreductases.

The reason why the placental production was considered to be independent of the fetal PregS might be the
absence of correlations between maternal and fetal progesterone although the levels of estradiol (synthesized
from the fetal DHEAS) also do not correlate between mother and fetus. However, as reported in our recent
study [2], there are significant partial correlations for both free and conjugated Prog20a between UV and MV
and the correlation between Prog20a and progesterone in MV (Tab. 1). In addition, there are also significant
partial correlations between estrone polar conjugates in UV and unconjugated estradiol in MV and a
correlation between estrone and estradiol in MV (Tab. 2) (unpublished data).

Assuming that the distribution of placental oxidoreductase isoforms controls the reductive and oxidative
status of steroid inter-conversions in maternal and fetal compartment, respectively, the difference between
oxidative fetal- and reductive maternal steroid metabolomic status should be the most apparent when
comparing blood from UV, containing placental steroids before their further metabolism in other fetal tissues
(mainly liver), and MV. In accordance with the aforementioned assumption, the blood from UV contains higher
proportions of 20-oxo-steroids like progesterone, 17-oxo steroids (e.g. estrone and DHEA), 3-oxo-steroids like
5a/B-DHP and 3B-hydroxy-steroids (isopregnanolone and epipregnanolone), while maternal venous blood
contains higher proportions of 20a-hydroxy-steroids like 20a-dihydroprogesterone, 17B-hydroxy-steroids such
as estradiol and androstenediol and 3a-hydroxy-steroids like neuroinhibiting allopregnanolone and
pregnanolone (Fig. 11) (unpublished data). Furthermore, the levels of conjugated 3a-hydroxy-5a/B-reduced C-
19 steroids in MV are pronouncedly higher (Fig. 7A-C) than in the fetal circulation and amniotic fluid, while the
3B-isomer conjugated epiandrosterone do not significantly differ between mother and fetus (Fig. 7B).

Besides the neuroinhibiting effects in the CNS (which are probably counterbalanced by changed
phosphorylation status of the GABA,-r [10]) the higher levels of the 3a-hydroxy steroids in MV might be useful
for pregnancy sustaining by reducing myometrial activity via the voltage-gated K* channels [105].

Gilbert Evans and colleagues reported 3a-hydroxysteroid oxidoreductase-mediated turnover of 5a- and 5p-
DHP to their metabolites allopregnanolone and pregnanolone. In the maternal circulation, between the 28"
and 38" week of gestation, a decrease of allopregnanolone and increase of pregnanolone occurred [26]. On the
contrary, our data showed a consistent decrease in both allopregnanolone/5a-DHP and pregnanolone/5B-DHP
ratios between the 28" and 41 week of gestation (Fig. 11E,F). In addition, we have recorded a slight but
significant decrease even in the allopregnanolone/isopregnanolone ratio (Fig. 11G) (unpublished data).
Considering the enzyme distribution in placenta, these results indicate increasing activity of placental and
perhaps also the liver HSD17B7 in late pregnancy. The data also points to decreasing synthesis of
neuroinhibiting GABA-ergic steroids with advancing gestation.



2. Conclusions

The data available in the literature including our recent findings and new unpublished data indicate increasing
progesterone synthesis that is accompanied by increasing catabolism with approaching parturition. The data
also confirms declining production of pregnancy sustaining 5B-pregnane steroids. These substances provide
uterine quiescence in late pregnancy. There is also an increasing sulfation of neuroinhibiting and pregnancy
sustaining steroids with approaching term. The alternative mechanism for progesterone synthesis may be
closely associated with the distribution of placental oxidoreductases and consistently higher levels of sex
hormones, neuroactive steroids and their metabolites.
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Table 1. Correlations (after power transformation to Gaussian distribution and constant variance) between
progesterone (Prog), 20a-dihydroprogesterone (Prog20a), and 20a-dihydroprogesterone polar conjugates
(Prog20aC) in umbilical venous blood (UV) and maternal venous blood (MV); Pearson’s and partial correlations
(with adjustment of all variables in the correlation matrix to constant except the pair under investigation) are
above and below the diagonal, respectively.

uv MV
o (@]
3 3 S S
o o~ o~ o~
& & 5 & 5 &
o o o o o =
0.277 | 0.196 | 0.083 | 0.103 | 0.188
Prog 46 46 46 46 46
0.063 | 0.192 ] 0.582 | 0.497 | 0.210
0.241 0.569 | 0.326 | 0.632 | 0.527
uv| Prog20a 46 46 46 46 46 -
0.124 0.000 | 0.027 | 0.000 | 0.000 | 3
0.030 | 0.254 0.202 | 0.515 | 0.747 | &
Prog20aC 46 46 46 46 46 E
0.852 | 0.105 0.178 | 0.000 | 0.000 | &
0.090 | -0.124 | -0.135 0.680 | 0310 | &
Prog 46 46 46 46 46 'g
0.569 | 0.433 [ 0.395 0.000 | 0.036 | £
-0.156 | 0.432 | 0.071 | 0.647 0.602 §
MV| Prog20a 46 46 46 46 46
0.323 | 0.004 | 0.655 ] 0.000 0.000
0.072 | -0.016 | 0.597 | -0.032 | 0.283
Prog20aC 46 46 46 46 46
0.651 | 0.922 | 0.000 | 0.842 | 0.070
PARTIAL CORRELATIONS

Table 2. Correlations (after power transformation to Gaussian distribution and constant variance) between
estrone (E1), estrone polar conjugates (E1C), estradiol (E2), and estradiol polar conjugates (E2C), in umbilical
venous blood (UV) and maternal venous blood (MV); Pearson’s and partial correlations (with adjustment of all
variables in the correlation matrix to constant except the pair under investigation) are above and below the
diagonal, respectively.

uv MV
(8] [S) [S) [S)
o o ] A o o [ A
0.540 | 0.702 | 0.337 | 0.427 | 0.615 | 0.355 | 0.366
E1 45 45 46 a7 46 47 47
0.000 | 0.000 [ 0.022 | 0.003 | 0.000 | 0.014 | 0.011
-0.015 0.596 | 0.557 | 0.335 | 0.853 | 0.396 | 0.629
E1C 45 46 48 48 48 48 48
oV 0.930 0.000 | 0.000 | 0.020 | 0.000 | 0.005 | 0.000
0.623 | 0.109 0.691 | 0.343 | 0.610 | 0.278 | 0.421
E2 a5 46 47 47 46 47 a7 |,
0.000 | 0.503 0.000 | 0.018 | 0.000 | 0.059 | 0.003 | 3
-0.395 | 0.024 | 0.698 0.226 | 0.507 | 0.430 | 0.683 | £
E2C 46 48 47 49 48 a9 a9 |z
0.012 | 0.881 | 0.000 0.119 | 0.000 | 0.002 | 0.000 |
0.001 |-0.189 | 0.185 | -0.207 0.458 | 0.614 | 0.406 | &
E1 47 48 47 49 49 50 so |z
0.998 | 0.231 | 0.248 | 0.182 0.001 | 0.000 | 0.004 | £
0.201 | 0.691 | 0.042 | -0.035] 0.279 0397 | 0612 |
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MV 0.215 | 0.000 | 0.796 | 0.824 ] 0.070 0.005 | 0.000
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E2C 47 48 47 a9 50 49 50
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Figure 1: Simplified scheme of steroidogenesis in human late pregnancy.
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Figure 2: Profiles of conjugated sulfated A’ steroids in the plasma from the umbilical artery (UA), umbilical vein
(UV) and maternal cubital vein (MV) and in amniotic fluid (AF) according to the gestational age. The repeated
measures ANOVA model was used for the evaluation of the relationships between steroid levels, GA and the
type of body fluid. The model consisted of within-subject factor body fluid (factor BF - four body fluids were
investigated in each subject), subject factor (factor Subj), between-subject factor gestational age (factor GA —
the subjects were separated into 4 groups according to the GA) and body fluid x GA interaction (BFxGA
interaction). The symbol w denotes the week of gestation. Significant BFXGA interaction indicates that there is
a significant difference between the dependences of the individual body fluids on GA. F-ratio represents the



Fisher’s statistic and p designates statistical significance for the factors and interaction. The symbols with error
bars represent re-transformed means with their 95% confidence intervals for individual body fluids (full
circles...UA, full squares...UV, empty squares...MV, empty triangles...UA. The significance testing in the form of
the subgroup confidence intervals is for the interaction of body fluid (sample material) with GA. The 95%
confidence intervals are computed using the least significant difference multiple comparisons (p<0.05). The
confidence intervals, which do not overlap each other, denote significant difference between the respective
subgroup means. Further embedded table contains the multiple comparisons that are completed separately for
the gestation week and for the sample material (body fluid). The symbol “=“ expresses insignificant difference,
while the symbol ,>“ means ,significantly higher than”. The significance level was considered for p<0.05. The
horizontal line from the full circles represents the mean level of the steroid in the luteal phase of the menstrual
cycle.
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Figure 3: Profiles of the ratios of 16a-hydroxy-steroids to the corresponding 16-deoxy-steroids in the plasma
from the umbilical artery (UA), umbilical vein (UV) and maternal cubital vein (MV) and in amniotic fluid (AF) in
preterm and normal labor. The drawings and symbols are the same as for Figure 2.
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Figure 4: Profiles of 5a-dihydroprogesterone and 5B-dihydroprogesterone and their ratios to progesterone in
the plasma from the umbilical artery (UA), umbilical vein (UV) and maternal cubital vein (MV) and in amniotic
fluid (AF) in preterm and normal labor. The drawings and symbols are the same as for Figure 2.
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Figure 5: Profiles of unconjugated pregnanolone isomers and ratios of conjugated pregnanolone isomers to
corresponding unconjugated steroids in the plasma from the umbilical artery (UA), umbilical vein (UV) and
maternal cubital vein (MV) and in amniotic fluid (AF) in preterm and normal labor. The drawings and symbols

are the same as for Figure 2.
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Figure 6: Profiles of 16a-hydroxy-estrogens in the plasma from the umbilical artery (UA), umbilical vein (UV)
and maternal cubital vein (MV) and in amniotic fluid (AF) in preterm and normal labor. The drawings and
symbols are the same as for Figure 2.
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Figure 7: Profiles of three conjugated 3a/B-hydroxy-5a/B-androstane-17-ones and some 5-androstene-3B,
7a/B,17B/17-oxo-steroids in the plasma from the umbilical artery (UA), umbilical vein (UV) and maternal
cubital vein (MV) and in amniotic fluid (AF) in preterm and normal labor. The drawings and symbols are the

same as for Figure 2.



Figure 8: Transmission electron micrograph of the human placenta; S...syncytiotrophoblast, C...
cytotrophoblast, Ca...fetal villous capillary, bar...2 um.



180 60 -

160 +
50 4
140 -
120 - 40 A
. _ 20N
— / - Y
e < 100 - : 2= SN Pl
O o / © O K \ 7
harl . 5 £ 30 A ! \ e
£ £ ! = K ™--
w S 80 , w = !
. 1
i II’
60 1 ,. 20 A I’
d 1
10 ~
1 0 - 1
28-32 33-35 36-37 38-41 28-32 33-35 36-37 3841
Gestational age [week] Gestational age [week]
700 - 70 ~
600 - 60 A
500 - _ 50 A
4 2
©
g o
@ = 400 - B = 40 -
=S =
T o ©T ©
= € Y £
w S 300 - o= 30 -
2 )
= ‘=
S 5
200 - © 20
100 1 10
0 T T T 1 O T T T 1
28-32 33-35 36-37 3841 28-32 33-35 36-37 3841
Gestational age [week] Gestational age [week]

Figure 9: Profiles of free and conjugated estrogens in the plasma from the umbilical artery (UA), umbilical vein
(UV) and maternal cubital vein (MV) and in amniotic fluid (AF) in preterm and normal labor. The drawings and
symbols are the same as for Figure 2.
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Figure 10: Profile of progesterone in the plasma from the umbilical artery (UA), umbilical vein (UV) and
maternal cubital vein (MV) and in amniotic fluid (AF) in preterm and normal labor. The drawings and symbols
are the same as for Figure 2.
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Figure 11: Profiles of the ratios of steroids in reduced forms to the corresponding oxidized forms in the plasma
from the umbilical artery (UA), umbilical vein (UV) and maternal cubital vein (MV) and in amniotic fluid (AF) in
preterm and normal labor. The drawings and symbols are the same as for Figure 2.



