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Abstrakt

Proteiny tepelného Soku zajist'uji univerzalni stresovou odpoveéd’ bunék, napiiklad pii
vystaveni bun¢k vysoké teploté, tézkym kovim, extrémnimu pH, infekci, zanétu,
kyslikovym radikalim nebo nedostatku zivin a kysliku. Predpokladali jsme, ze se
stresové podminky spojené s t¢hotenskymi komplikacemi projevi zménou profilu
genové exprese proteini tepelného Soku, které jsme testovali. Hladiny mRNA
proteinti tepelného Soku (Hsp27, Hsp60, Hsp70, Hsp90a a HspBP1) byly testovany
v placentarni tkani, plné periferni Zzilni krvi a matetské krevni plazmé u Zen
s nésledujicimi téhotenskymi komplikacemi — preeklampsie (PE), fetdlni rlstova
restrikce (FGR), gestacni hypertenze (GH), spontanni piedCasny porod (PTB),
pfedcasny odtok plodové vody (PPROM) a u fyziologickych gravidit. Déale jsme
zjistovali, zda ma zavaznost daného onemocnéni vliv na genovou expresi

jednotlivych hsp v pfislusném biologickém materidlu.

V placentarni tkéni byla zjiSténa zvySend genova exprese Hsp27, Hsp90a a HspBP1
u pacientek s mirnou preeklampsii (stavu, ktery nevyzaduje okamzité¢ ukonceni
téhotenstvi, pokud je tadné léCen) a u Zen s pozdni preeklampsii s klinickou
manifestaci az po 34. tydnu téhotenstvi. Co se tyce predcasnych porodl, byla
pozorovana zvysend exprese Hsp27 a Hsp60 u obou skupin (PTB a PPROM). Navic
byla pozorovana downregulace Hsp70 a HspBP1 u pacientek s PPROM ve srovnéani
s fyziologickymi graviditami. Protein HspBP1 navic vykazoval zménu exprese mezi
skupinami PTB a PPROM. U Hsp60 a Hsp70 byla pozorovadna silnd pozitivni
korelace mezi genovou expresi v placentarni tkani a koncentracemi CRP
v matefském séru ve skupiné Zen s PTB. Hladiny n¢kterych mRNA hsp se zvySovaly
s nartstajicim gestacnim tydnem v dobé porodu v placentarni tkani u pacientek
s PPROM (Hsp27, Hsp70, Hsp90a) a PTB (Hsp27). Mateiska cirkulace odrazi
patologické stavy jak u matky, tak v placenté. V plné periferni Zilni krvi doSlo
k upregulaci Hsp70 a downregulaci Hsp90a u PE, FGR i GH ve srovnani
s normalnim prabéhem tehotenstvi. Protein Hsp60 zvysil svou genovou expresi
v plné periferni Zilni krvi u PE a FGR. Pfi nasledné analyze v krevni plazmé matek

se rovnéz prokdzalo zvyseni genové exprese Hsp70 ve skupiné pacientek s PE a GH.



Abstract

Heat shock proteins provide a universal stress response to cells, for example,
exposed to high temperature, heavy metals, extreme pH, infection, inflammation,
oxygen radicals, or in case of lack of nutrients and oxygen. We assumed that stress
conditions associated with pregnancy-related complications will result in a change in
gene expression profile of heat shock proteins we selected for the study. Heat shock
protein mRNA levels (Hsp27, Hsp60, Hsp70, Hsp90a and HspBP1) were tested in
placental tissue, whole peripheral venous blood and maternal plasma in women with
the following pregnancy-related complications - preeclampsia (PE), fetal growth
restriction (FGR), gestational hypertension (GH), spontaneous preterm birth (PTB),
preterm premature rupture of membranes (PPROM) and normal pregnancies. We
also investigated whether the severity of the disease had any impact on hsp gene

expression in particular biological samples.

In placental tissue, overexpression of Hsp27, Hsp90a and HspBP1 was found in
patients with mild preeclampsia (that does not require immediate termination of
pregnancy if properly treated), and in women with late onset of preeclampsia with
clinical manifestation after 34™ week of gestation. Concerning preterm birth,
overexpression of Hsp27 and Hsp60 was observed in both groups (PTB and
PPROM). In addition, downregulation of Hsp70 and HspBP1 was observed in
patients with PPROM compared to normal pregnancies. Moreover, HspBP1 showed
a change in gene expression between the groups of patients with PTB and PPROM.
Strong positive correlation between gene expression of Hsp60 and Hsp70 in
placental tissue and CRP levels in maternal sera was observed in the PTB group.
Some of the examined hsp mRNA displayed increased levels with advancing
gestational age at delivery in placental tissue of patients with PPROM (Hsp27,
Hsp70, Hsp90a) and PTB (Hsp27). Maternal circulation reflects pathological
conditions of both mother and placenta. In whole peripheral venous blood, Hsp70
was upregulated and Hsp90a was downregulated in PE, FGR and GH compared to
normal pregnancy. Upregulation of Hsp60 in whole peripheral venous blood was
observed in patients with PE and FGR. Subsequent analysis performed on maternal

plasma samples confirmed increased Hsp70 gene expression in PE and GH groups.



Seznam zkratek

ADP adenosindifosfat

Apaf-1 faktor aktivujici apoptotické protedzy-1

Askl apoptoticka signal regulujici kindza 1

ATP adenosintrifosfat

cDNA komplementarni DNA

CNS centrdlni nervova soustava

COX-2 cyklooxygendza 2

CPR cerebroplacentdrni pomer

CRP C-reaktivni protein

Ct prahova hodnota

DAXX protein asociovany s doménou smrti

DNA deoxyribonukleova kyselina

DTK diastolicky krevni tlak

EDTA kyselina ethylendiamintetraoctova

Eng endoglin

FAM 6-karboxyfluorescein

FGR fetalni rGstova restrikce

Flt-1 Fms-podobna tyrozinova kinaza 1

GBS streptokok skupiny B

GH gestacni hypertenze

HELLP z angl. Hemolysis, Elevated Liver enzymes and Low Platelet
Count

hsp protein tepelného Soku



IGFBP-1 inzulinu podobny rustovy faktor vazajici protein-1

IL interleukin

IUGR intrauterinni rtistova restrikce

IncRNA dlouha nekodujici ribonukleova kyselina
MGB z angl. minor groove binder

MIAC mikroby indukovany intraamnialni zanét
mRNA mediatorova ribonukleova kyselina

NEF nukleotid vyménny faktor

NO oxid dusnaty

OTR oxytocinovy receptor

PAMG-1 placentarni alfa-mikroglobulin-1

PE preeklampsie

PGE: prostaglandin E2

PI index pulsatility

PIGF placentarni ristovy faktor

PPROM predcasny odtok plodové vody

PTB spontanni predcasny porod

sEng solubilni endoglin

sFlt-1 solubilni forma FIt-1

SGA malé plody vzhledem ke gesta¢nimu stafi
STK systolicky krevni tlak

TAMRA tetrametylrhodamin

TGF transformujici ristovy faktor

TK krevni tlak



VEGF vaskularni endotelovy rustovy faktor
VEGFR receptor pro vaskularni endotelovy rastovy faktor

VIC 4,7,2"-trichloro-7'-fenyl-6-karboxyfluorescein
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1. Uvod

Existuje mnoho faktord, které mohou ovlivnit a ohrozit té¢hotenstvi. Pokud je zenam
poskytovana prenatalni péce, je vysSsi pravdépodobnost normalniho pribehu
téhotenstvi a porodu zdravého ditéte. V rdmci prenatdlni péce se uplatiiuje
neinvazivni a invazivni prenatdlni diagnostika. Prenatdlni diagnostika mé za ukol
identifikovat téhotné Zeny se zvySenym rizikem vyskytu dané choroby ¢i vady a toto
podezieni nésledné potvrdit nebo vyvratit. Tim je umoznéna v¢asna diagnostika a
péce o téhotnou zenu. V soucasné dobé se védeckd komunita snazi najit nové
prediktivni a diagnostické markery pro Siroké spektrum téhotenskych komplikaci. Ve
své praci jsem se zaméfila na studium proteini tepelného Soku. Jedna se
fylogeneticky konzervované proteiny, které jsou produkovany jako odpovéd na
vystaveni bunék stresovym podminkam. Ptedpokladali jsme, Ze téhotenské
komplikace bez ohledu na asociaci s placentarni insuficienci, budou vyvolavat u
matky 1 v placenté stresovou reakci, kterd se bude manifestovat zménou profilu
genové exprese proteind tepelného Soku, které jsme studovali v piislusném

studovaném biologickém materialu.

V disertaéni préaci jsem navazovala na svou diplomovou praci s ndzvem ,,Vyznam
proteinli tepelného Soku v diagnostice a prognostice t¢hotenskych komplikaci* a
sledovala jsem genovou expresi proteinli tepelného Soku (Hsp27, Hsp60, Hsp70,
Hsp90a a HspBP1) u vybranych t&€hotenskych komplikaci (preeklampsie, fetalni
rustova restrikce, gestacni hypertenze, spontanni predcasny porod, pred€asny odtok
plodové vody) v dobé klinick¢é manifestace daného onemocnéni. Hladiny mRNA
sledovanych proteinti tepelného Soku byly testovany v placentarni tkéani, plné

periferni Zilni krvi Zen a matefské plazmé.


https://is.cuni.cz/studium/dipl_st/index.php?id=3d3d9457c975989b37ff3d9ebabaebb3&tid=&do=main&doo=detail&did=117636
https://is.cuni.cz/studium/dipl_st/index.php?id=3d3d9457c975989b37ff3d9ebabaebb3&tid=&do=main&doo=detail&did=117636

2. Proteiny tepelného Soku

Proteiny tepelného Soku (heat shock proteins, hsp) jsou vSudypfitomné,
fylogeneticky konzervované molekuly, které se vyskytuji u vSech zivych organismu
— jak u prokaryot, tak u eukaryot (v€etné cloveka). Nachdzeji se témét ve vSech
vnitrobunéénych strukturach, jako je jadro, mitochondrie, endoplazmatické retikulum
nebo cytoplazma [Robert, 2003]. Tato proteinova rodina zajiStuje univerzalni
stresovou odpovéd’ bunék, naptiklad pii vystaveni bunc¢k vysoké teplote, tézkym
kovim, extrémnimu pH, infekeci, zanétu, kyslikovym radikalim nebo nedostatku
zivin a kysliku [Wagner et al, 1999; Benjamin & McMillan, 1998]. Hsp maji duélni
roli v zavislosti na tom, zda jsou lokalizovany intracelularné nebo extracelularné.
Intracelularni proteiny tepelného Soku maji protektivni funkci a napomadhaji
bunécnému preziti béhem smrticich podminek [Bruemmer-Smith et al, 2001; Schmitt
et al, 2007; Mehlen et al, 1996]. Naopak extracelularné lokalizované hsp nebo hsp
vazané na bunécnou membranu zprostfedkovavaji imunologické funkce a ucastni se
stimulace imunitniho systému [Schmitt et al, 2007; Calderwood et al, 2016; Multhoff
& Hightower, 2011]. Pritomnost proteinti tepelného Soku v lidském séru je
asociovana s pritomnosti stresovych faktord, naptiklad zénétu, virové nebo
bakteridlni infekce [Pittet et al, 2002; Gelain et al, 2011]. Existuji jak konstitutivni,
tak inducibilni formy proteind tepelného Soku. Za fyziologickych podminek buiky
exprimuji konstitutivni formy proteini tepelného Soku a exprese téchto hsp se
nckolikanasobné zvysi pifi vystaveni bunék ndhlym teplotnim zménam ¢i jinym
stresovym podminkdm. Béhem nefyziologickych podminek dochéazi také k zahdjeni
exprese inducibilnich forem hsp. S proteiny tepelného Soku je také spojen termin
chaperon. Chaperony jsou proteiny, které napomadhaji ostatnim bilkovindm se
spravn¢ sbalit (ziskat spravné prostorové usporddani) nebo se rozbalit, zabranuji
jejich predCasnému svinuti a intermolekularnim interakcim jes$t€¢ nesbalenych

bilkovin a tim 1 jejich precipitaci.
2.1 Historie proteini tepelného Soku

V roce 1962 italsky genetik Ferruccio Ritossa a jeho spolupracovnici popsali, Ze po

vystaveni larev Drosophila busckii a Drosophila melanogaster teplotnimu Soku
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dochazi v urcitych lokusech chromozomu slinnych zlaz k tvorbé charakteristickych
smycek, které vykazuji zvySenou transkripcni aktivitu [Ritossa, 1962]. Nicmén¢ az
vroce 1974 byly proteiny, kodovany geny v téchto oblastech, pojmenovany jako
proteiny tepelného Soku, a to z divodu zvyseni jejich syntézy ptfi nadhlém zvyseni
teploty [Tissiéres et al, 1974]. Na zéaklad¢ dalSich studii bylo prokazano, ze ke
zvyseni syntézy proteinli tepeln¢ho Soku nedochazi pouze v ptipadé zvyseni teploty,
ale Ze expresi hsp vyvolavd mnoho dalSich faktori v bunice. Dalsi studie také
prokazaly, Ze proteiny tepelného Soku jsou pfitomny a mohou byt indukovany u
vSech prokaryotickych a eukaryotickych organizmi, véetné rostlin, a ze patii mezi

nejvice fylogeneticky konzervované proteiny.
2.2 Nomenklatura

Lidské proteiny tepelného Soku se obvykle déli do nékolika rodin na zdklad¢ jejich
funkce v buiice, homologie v primarni struktufe a ptfiblizné molekulové hmotnosti
meétfené v kDa. Mezi tyto rodiny patii rodina malych proteini tepelného Soku, Hsp40,
Hsp60, Hsp70, Hsp90 a Hsp110. Nomenklaturu lidskych hsp rodin navrhl Kampinga
se svym tymem [Kampinga et al, 2009].

2.2.1 Rodina malych proteini tepelného Soku

Proteiny této rodiny maji molekulovou hmotnost jednotlivych podjednotek 12-43
kDa a jsou charakterizované pfitomnosti vysoce konzervovaného useku 80-100
aminokyselin v jejich C-terminalni doméné nazyvané¢ho o-krystalinovd doména,
ktera je lemovdna mén€ konzervovanou N-terminalni doménou a C-terminalni
sekvenci [Kappé et al, 2003; Franck et al, 2004]. Malé proteiny tepelného Soku jsou
Casto nalézany v oligomernich komplexech, které obsahuji jednoho ¢i vice ¢lenti této
rodiny, ¢imZ mohou poskytovat buiice velkou rozmanitost v chaperonové specificité.
U lidi bylo identifikovano 11 ¢lenti malych proteinti tepelného Soku, pricemz nejlépe
prostudovanymi ¢leny jsou Hsp27 (HspB1), aA krystalin (HspB4) a aB krystalin
(HspB5) [Kampinga et al, 2009].

Hsp27 byl zprvu charakterizovan jako ATP-nezéavisly chaperon, ktery usnadiiuje

spravné opétovné sbaleni poskozenych proteinii v disledku teplotniho Soku [Moran
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et al, 1978; Jakob et al, 1993]. Dalsi vyzkumy vSak odhalily, Ze protein reaguje i na
jiné stresové podnéty, jako naptiklad oxida¢ni nebo chemicky stres [Rogalla et al,
1999]. V priabéhu oxidac¢niho stresu slouzi Hsp27 jako antioxidant, snizujici hladiny
reaktivnich forem kysliku pomoci zvySovani hladin intracelularniho glutathionu a
snizovanim hladin intracelularniho zeleza [Arrigo et al, 2005; Mehlen et al, 1997].
Hsp27 ma anti-apoptotické G¢inky za podminek chemického stresu pomoci interakce
jak s mitochondridlné zévislou, tak s mitochondridlné nezavislou cestou apoptozy.
Hsp27 vaze DAXX béhem apoptdzy zprostiedkované Fas-FasL a zabranuje nasledné
asociaci DAXX s Fas a Askl (apoptoticka signal-regulujici kinaza 1) [Charette &
Landry, 2000]. Hsp27 také interaguje s Bax a cytochromem c, ¢imz zabraiuje
mitochondrialné zavislé apoptoze [Bruey et al, 2000a; Havasi et al, 2008]. Hsp27 se
také podili na ochrané pted programovanou bunéénou smrti inhibici apoptozy zavislé
na kaspdzach [Calderwood et al, 2006]. Hsp27 mé také schopnost regulovat
cytoskeletalni dynamiku aktinu béhem tepelného Soku a jinych stresovych podminek

[Huot et al, 1996; Guay et al, 1997].

Lidsky Hsp27 je konstitutivné exprimovany protein, nachazejici se v mnoha tkanich,
ktery je kddovany HSPB1 genem a tvofi velké, dynamické oligomery s prumérnou
hmotnosti 500 kDa. Hsp27 oligomery sestavaji ze stabilnich dimert, které jsou
tvofeny dvéma a-krystalinovymi doménami sousednich monomertt [Gusev et al,
2002]. Tyto dimery jsou zavislé na jedinecném cysteinovém zbytku pfitomném v a-
krystalinové doméné lidského (C137) Hsp27 a mysiho (C141) Hsp25 [Diaz-Latoud
et al, 2005]. Delece téchto jedinecnych cysteinovych zbytkd méni schopnost Hsp27 a
Hsp25 multimerizovat a vylucuje jeho chaperonovou aktivitu a schopnost interagovat
s polypeptidy. N-termindlni domény Hsp27 jsou zodpovédné za vznik velkych
oligomert [Thériault et al, 2004]. N-terminalni domény jsou citlivé na fosforylaci —
lidsky Hsp27 obsahuje tii fosforylovatelna serinova mista (Serl5, Ser78 a Ser82)
[Landry et al, 1992]. Tyto fosforylace jsou vysledkem aktivity né€kolika kinaz
[Kostenko & Moens, 2009], zejména MAPKAP kinaz 2 a 3, které jsou samy
aktivovany fosforylaci proteinovou kindzou MAP p38. Je obecné akceptovano, Ze
intenzivni fosforylace tfi serinovych mist pfitomnych v N-terminilni doméné
indukuje disociaci velkych oligomerti Hsp27. Tento jev byl napiiklad pozorovan

v buiikdch tkanové kultury, kde byla fosforylovatelna serinova mista nahrazena



kyselinou asparagovou [Rogalla et al, 1999; Mehlen et al, 1997]. Nicmén¢ tento
zaveér neplati, pokud jsou buiiky vyhladovélé [Mehlen & Arrigo, 1994], nebo kdyz je
Hsp27 exprimovan v tkanich [Bruey et al, 2000b].

2.2.2 Hsp40 rodina (DNAJ)

V této rodin€ se nachazi proteiny o velikosti pfiblizn¢ 40 kDa. Hsp40 je jedna z
nejveétsich hsp rodin u lidi a je charakteristicka pfitomnosti konzervované J-domény,
o které je znamo, ze interaguje s ¢leny rodiny Hsp70 vazbou k Hsp70 N-termindlni
ATPazové doméné. Tato interakce reguluje a stimuluje vlastni aktivitu ATPazy
Hsp70 a tim 1 navazani klientskych proteintt Hsp70 [Wittung-Stafshede et al, 2003].
Vsechna eukaryota maji nékolik gentd kodujicich Hsp40, coz vede k expresi
tkanovych nebo kompartmentové specifickych izoforem, které plni mistné specifické
funkce. Proteiny rodiny Hsp40 jsou chaperony, které se vazou na hydrofobni zbytky
nesbalenych a nové vznikajicich polypeptidi a sdileji spole¢né substraty s Hsp70
[Szabo et al, 1996]. Hsp40 rodinu mizeme roz¢lenit do 3 skupin podle homologie
s bakteridlnim proteinem Dnal z E. coli [Hennessy et al, 2005]. Lidsky genom
kéduje 4 proteiny typu A, které vykazuji homologii s E. coli DnaJ a obsahuji N-
koncovou J-doménu, oblast bohatou na glycin/fenylalanin, cystein bohatou oblast a
variabilni C-terminalni doménu. Hsp40 typu B maji N-koncovou J-doménu a
sousedni oblast bohatou na aminokyseliny glycin a fenylalanin. V lidském organismu
se nachazi 14 proteinii typu B a do této podskupiny patii DNAJBI, ktery je vysoce
exprimovany a teplotné inducibilni. Posledni podskupinou je typ C. Proteiny tohoto
typu obsahuji J-doménu, ktera ale nemusi byt umisténa na N-konci proteinu.
V lidském organismu se nachazi celkem 22 typti C DNAJ proteinti [Hennessy et al,

2005; Kampinga et al, 2009].
2.2.3 Hsp60 rodina

Hsp60 spada do rodiny tzv. chaperonini. Chaperoniny jsou proteiny, které poskytu;ji
podporu pfi sbalovani ostatnich proteinil véetné fagového virionu, dokazi stabilizovat
proteiny urcené k transportu do mezimembranového prostoru a umi opét rozbalit
Spatné sbalené proteiny. Lze je rozdélit do dvou skupin podle ptitomnosti nebo

nepfitomnosti ko-chaperoninu, jejich aminokyselinovych sekvenci a oligomernich
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struktur. Chaperoniny I. skupiny se nachdzeji v bakteridlnim cytosolu (GroEL),
v eukaryotickych organelach, jako jsou mitochondrie (HSPDI1) a chloroplasty
(Rubisco vazebny protein) a v cytosolu nékterych archea. Skupina II sestava
z chaperoninli archea a eukaryotickych cytosolickych variant (CCT) [Horwich et al,
2007]. V lidském genomu nachazime jak mitochondridlni chaperoniny — HSPD
(HSPD1 gen, znamy také jako Hsp60) a HSPE (HSPE1 gen, znamy také jako
Hsp10), tak cytosolické chaperoniny — CCT [Kampinga et al, 2009].

Lidsky Hsp60, ktery je produktem HSPDI genu, je mitochondridlni chaperonin,
zodpovédny za transport a opétovné sbaleni piiblizné 15-30 % bunécnych proteinti
transportovanych z cytoplazmy do mitochondridlni matrix [Ranford et al, 2000].
Spolecné s Hsp10 usnadiiuje spravné sbaleni importovanych proteinti. Muze také
zabrdnit nespravnému sbaleni a podporuje opétovné slozeni a spravné sestaveni
rozlozenych polypeptidii generovanych za stresovych podminek v mitochondridlni
matrix [Levy-Rimler et al, 2001]. Krom¢& své role proteinu tepelného Soku hraje
Hsp60 dtlezitou roli v pfenosu a replikaci mitochondrialni DNA [Kaufman et al,
2003]. Upregulace Hsp60 umoziluje udrzovani dalSich bunécnych procest
probihajicich v bunice, zejména béhem stresovych podminek. Podle nékterych studii
ma Hsp60 také imunologickou roli. Hsp60 je uvoliiovan mononukledrnimi bunkami
periferni krve po expozici lipopolysacharidiim nebo bakteridlnim homologiim Hsp60
(GroEL), coz aktivuje urcité typy bun¢k (monocyty, makrofagy a dendritické buriky)

a indukuje sekreci Sirokého spektra cytokinii [Davies et al, 2006].

Nejcastéji studovany a nejlépe popsany je bakteridlni GroEL/GroES chaperoninovy
systém (E. coli). GroEL je tvofen ze dvou homo-heptamerickych kruhi, které maji
dohromady kolem 800 kDa, pticemzZ kazdy kruh obsahuje sedm 57kDa podjednotek.
Kazda podjednotka obsahuje tii domény — 1) ekvatoridlni doména, kterd obsahuje
vazebna mista pro nukleotidy (ATP) a zprostfedkovava kontakt mezi podjednotkami,
2) apikalni doména, ktera se podili na vazbé polypeptidu a obsahuje vazebnd mista
pro GroES, 3) intermedidlni doména, kterd spojuje ekvatoridlni a apikalni doménu.
GroES je tvofen ze sedmi 10kDa podjednotek a funguje jako tzv. ko-chaperonin
[Langer et al, 1992]. Reakéni cyklus probiha tak, ze hydrofobni aminokyseliny
apikalni domény GroEL zachyti nascentni protein. Na ekvatoridlni doménu se navaze

ATP, coz indukuje konformacni zménu GroEL. GroES je néasledné schopen vazby na
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apikalni doménu GroEL a nesbaleny protein je uvolnén do dutiny komplexu, ktery je
nyni ve své cis konformaci. Hydrolyza ATP v cis komplexu vede k vazbé ATP na
druhy (neobsazeny) trans GroEL kruh. Vazbou druhého ATP dojde k uvolnéni
GroES z komplexu a uvolnéni substratového proteinu [Horwich et al, 2006; Walter,

2002].

V cytosolu lidskych bunék se nachazi hetero-oligomericky chaperoninovy komplex
slozeny z osmi riiznych podjednotek (CCT), ktery hraje nezbytnou roli ve skladani
nove syntetizovanych cytosolickych proteinti a chrani nové vznikajici proteiny pred
jejich agregaci. Jednotlivé podjednotky jsou kédovany samostatnymi geny a sdileji

priblizn€ 30% identitu aminokyselinové sekvence [Kampinga et al, 2009].
2.2.4 Hsp70 rodina

Rodina proteind tepelného Soku o velikosti 70 kDa predstavuje jednu z nejvice
rozsifenych tfid chaperond, kterd je vysoce konzervovana a vyskytuje se u vsech
organismi. Clenové Hsp70 rodiny kontroluji viechny aspekty bunééné proteostazy,
jako je vznik nového proteinového fetézce, import proteinu do organel, transport
proteinu pies membranu, sestavovani multi-proteinovych komplexi nebo proteinova
degradace. U eukaryot se vyskytuji jak konstitutivni (HspAS), tak stresove
inducibilni (HspA1A) izoformy. Vysoké hladiny inducibilnich izoforem produkuji
buiiky v reakci na vysokou teplotu, oxida¢ni stres nebo zmény pH. Hsp70 jsou
monomerni proteiny, které se nachéazeji v jakémkoliv eukaryotickém intracelularnim
kompartmentu, kde se nachazi ATP a lze je také najit v buné€nych membranach
[Gehrmann et al, 2005] 1 extracelularné¢ [Pockley et al, 2014], dale se nachazi u
bakterii a urcitych archaea. Hsp70 jsou podporovéany velkou Skalou ko-chaperond,

které jsou klicové pro vazbu klientskych proteini.

Riizné izoformy Hsp70 jsou selektivné exprimovany na bunééném povrchu bunék
napadenych viry nebo bakteriemi nebo na nadorovych bunkich a lze je nalézt
v extracelularnim prostfedi zdravych a nemocnych jedinci [Hantschel et al, 2000;
Multhoff & Hightower, 1996; Pockley et al, 2014]. Extraceluldarni Hsp70 mohou
existovat bud’ volné v rozpustné form¢, vazané na antigenni peptidy nebo asociované

s exosomy [Lancaster & Febbraio, 2005].
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Hsp70 obsahuji tii hlavni funkéni domény: 1) N-termindlni ATPazova doména, ktera
vaze ATP a hydrolyzuje ho na ADP, 2) substrat vazajici doména, ktera obsahuje
drazku pro neutrdlni, hydrofobni aminokyselinové zbytky, 3) C-termindlni doména,
ktera je bohata na o-helixy a funguje jako ,,viko* pro substrat vazajici doménu.
Pokud je na Hsp70 navazan ATP, viko je oteviené a peptidy se vazou a uvolnuji
relativné rychle, avSak afinita pro substrat je nizkd. Jelikoz je bazéalni rychlost
ATPazy Hsp70 velmi nizk4, tak je stimulovana synergickym ptisobenim substratu a
ko-chaperonu z rodiny proteintt Hsp40. Homodimerni Hsp40 se vazi na nesbalené
polypeptidy prostfednictvim své C-terminalni domény. Po dodani substratu vazané¢ho
na Hsp40 na Hsp70 dochazi k interakci Hsp40 s N-terminalni ATP4zovou doménou
Hsp70, coz vyvola konforma¢ni zménu, kterd stimuluje hydrolyzu ATP a dojde
k uzavieni drazky pro vazbu substratu. Kdyz je Hsp70 vazan s ADP, chaperon
vykazuje vysokou afinitu a nizkou vyménnou rychlost pro sviij substrat. Uvolnéni
ADP je zprostiedkovano specifickou interakci NEF (nucleotide exchange factor)
s N-terminalni ATP4zovou doménou Hsp70 a néaslednou konformacéni zménou, ktera
vede k nizké afinit¢ a uvolnéni substratu. Uvolnény substrat mize byt bud’ sloZzen do
nativniho proteinu, znovunavazan k Hsp70 nebo sestaven do oligomert [Mayer,

2010; Wittung-Stafshede et al, 2003].

Lidska Hsp70 rodina obsahuje 13 genovych produktii, které se od sebe 1iSi urovni
exprese, bunécnou lokalizaci a aminokyselinovou sekvenci. Hlavnimi inducibilnimi
¢leny Hsp70 jsou Hsp70-1 (HspAlA) a Hsp70-2 (HspA1B), souhrnné nazyvané
Hsp70. Tyto dva proteiny se od sebe li§i pouze dvéma aminokyselinami. Bazalni
mRNA exprese HspAI1A/B se ve vétSiné tkani liSi a pfekracuje trovné exprese
jinych izoforem Hsp70 u lidi [Daugaard et al, 2007]. Oba tyto proteiny nalezneme
hojné v cytosolu, jadfe nebo exosomech. HspA1lA se nachazi také v bun&cné sténé.
Geny pro HspAlA a HspAlB se nachdzi na kratkém raménku 6. chromozomu
v klastru MHC III. tfidy v oblasti 6p21.3 a neobsahuji zaddné introny [Milner &
Campbell, 1990].

Funkce rtznych c¢lent Hsp70 rodiny zévisi na jejich bunécné lokalizaci. Za
fyziologickych podminek plsobi ¢lenové této rodiny jako molekularni chaperony.
Vnitrobunééné Hsp70 napomahaji skladani nové syntetizovanych a denaturovanych

proteintl, transportu proteini do organel nebo disociaci agregovanych proteini
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[Frydman et al, 1994]. Proteiny Hsp70 chrani buiiky pied teplotnim nebo oxida¢nim
stresem, protoze takovato stresova situace zptusobuje poskozeni proteini (denaturace
nebo agregace). Hsp70 rozpoznd hydrofobni aminokyseliny ¢aste¢né denaturovanych
proteinti a pomiize jim znovu se slozit do spravné konformace. Hsp70 ve spojeni
s dimernimi Hsp40 a NEF dokaze rozpoznat také stabilni chybné slozené
polypeptidy a pomoci jim se spravnym slozenim. Proteiny z rodiny Hsp70 maji také
anti-apoptotické uc€inky a blokuji apoptézu na rlznych urovnich. Hsp70 dokéze
blokovat mitochondridlni translokaci a aktivaci Bax, ¢imz zabranuje permeabilizaci
mitochondrialni membrany a uvolfiovani pro-apoptotickych faktort [Stankiewicz et
al, 2005; Yang et al, 2012]. Déle Hsp70 inhibuje sestaveni signaliza¢niho komplexu
spoustéjiciho bunéénou smrt (DISC) [Guo et al, 2005]. Jednou z dalSich moznosti je
vazba Hsp70 pfimo na Apaf-1 a blokace vazby prokaspazy 9 na mitochondridlni

apoptozom [Beere et al, 2000].

HspBP1, neboli Hsp70 vazebny protein 1 (Hsp 70 binding protein 1), je ¢lenem
rodiny eukaryotickych proteinii znamych jako nukleotidové vyménné faktory pro
Hsp70 [Bracher & Verghese, 2015]. Jednd se hlavné o intracelularni protein,
nachazejici se vjadife a cytoplazmé, nicméné ho lze najit také extracelularné.
HspBP1 se vaze na HspAlA, inhibuje jeho chaperonovou aktivitu a podporuje
disociaci ATP z N-termindlni ATPé4zové domény Hsp70 [Raynes & Guerriero,
1998]. HspBP1 také hraje roli pti nddorové regulaci chaperonovych proteint, kdy
HspA1lA nemuze uplatiovat svou anti-apoptotickou funkci [Tanimura et al, 2007].
Lze ocekavat, ze molarni pomér HspBP1 k Hsp70 v buitkach bude dilezitym
determinantem interakce mezi témito dvéma proteiny, jakoz i funkce vysledného

komplexu.
2.2.5 Hsp90 rodina

Clenové patiici do rodiny Hsp90 jsou vysoce konzervované a viudypiitomné
molekuly s piibliznou molekulovou hmotnosti 90 kDa. Jednd se o molekularni
chaperony podporujici sklddani de novo syntetizovanych nebo nespravné slozenych
proteintl, ¢imz plisobi proti jejich agregaci. V nestresovych podminkéch ptedstavuji
1-2 % vSech bunécnych proteinli mnoha bunék [Csermely et al, 1998]. U savcu se

jednotlivi ¢lenové této rodiny nachdzeji v riznych bunéénych kompartmentech.
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V cytoplazmé mizeme nalézt Hsp90a a Hsp90B, v endoplazmatickém retikulu
existuje GRP94 a v mitochondriich se vyskytuje TRAP-1. Proteiny rodiny Hsp90
jsou nezbytné¢ b&hem mnoha bunécnych procesti a regulacnich drah, jako je
apoptoza, kontrola bunécného cyklu, zivotaschopnost bun¢k, skladani a degradace
proteinti nebo bunécna signalizace [Garcia-Cardena et al, 1998; Lewis et al, 2000;
Aligue et al, 1994]. Krom¢ toho také indukuji adaptivni imunitu aktivaci
dendritickych a antigen prezentujicich bunék [Imai et al, 2011; Rajagopal et al,
2006]. Nadmeérna exprese Hsp90 je spojena s mnoha patologickymi stavy, jako jsou
nadorova onemocnéni, virové infekce, zanét nebo neurodegenerativni onemocnéni

3

[Pick et al, 2007]. Hsp90 interaguji s ,klientskymi proteiny®“, které zahrnuji
proteinkindzy, transkripéni faktory a dalsi proteiny, a bud’ usnadnuji jejich stabilizaci

a aktivaci nebo je nasméruji k proteazomalni degradaci [Hahn, 2009].

V lidském genomu je kodovano 5 proteint patfici do Hsp90 rodiny [Kampinga et al,
2009]. V cytoplazmé savc¢ich bunék se nachazi dvé hlavni izoformy Hsp90 - Hsp90a
a Hsp90B. Hsp90a je inducibilni a zaroven ptrevazujici forma a Hsp90B je
konstitutivni a menSinova forma [Sreedhar et al, 2004]. Tyto cytosolické izoformy
Hsp90 jsou vysoce homologni a vykazuji 85% sekvenéni identitu [Johnson, 2012].
Ackoliv ob¢ izoformy tvofi velmi Casto dimery, Hsp90a ma tendenci dimerizovat
Castéji ve srovnani s Hsp90p [Sreedhar et al, 2004]. Kazdy monomer je sloZen
z n€kolika domén. N-terminalni doména obsahuje ATP vazebny motiv, coZ znamena,
ze je zodpovédna za vazbu a hydrolyzu ATP. U eukaryot se na rozdil od prokaryot
vyskytuje kratkd dynamické oblast, kterd spojuje N-terminalni doménu s centralni
doménou. Tato oblast je vysoce nabitd a ma variabilni délku a sloZzeni aminokyselin
[Tsutsumi et al, 2009]. Centralni doména obsahuje vazebné misto pro y fosfat z ATP
a moduluje funkci Hsp90. Nékteré studie navic prokazaly, ze se tato doména ucastni
vazby ko-chaperonti a interakce s klientskymi proteiny [Meyer et al, 2003]. C-
termindlni doména slouzi k dimerizaci Hsp90, obsahuje vazebné misto pro
kalmodulin, a také obsahuje dal§i vazebné misto pro ATP, které se otevie po
obsazeni N-termindlniho mista a slouzi jako alostericky regulator aktivity N-

terminalni ATPazy [Soti et al, 2002; Soti et al, 2003].
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2.2.6 Hsp110 rodina

Hspl110 je rodina velkych stresovych proteini, kterd je pojmenovana po savcim
Hspl110 a je evolu¢né spjata s rodinou Hsp70. Bylo zjisténo, ze sekvence Hsp110
sdili pfiblizn€é 30-33% aminokyselinovou identitu s ¢leny rodiny Hsp70. Nejvyssi
shoda byla nalezena v konzervované N-terminalni ATPazové doméné [Lee Yoon et
al, 1995]. Proteiny rodiny Hsp110 byly nalezeny u vSech studovanych obratlovct,
ale nejlépe byly popsany u savcil (mys, kiedek, ¢lovék). Clenové této rodiny jsou
schopni véazat se na Spatn¢ sbalené proteiny, ¢imz zabranuji jejich agregaci, ale
nemohou je rozvinout a opét sbalit [Oh et al, 1997]. Lidsky Hsp110 funguje také jako
nukleotidovy vyménny faktor pro chaperonové proteiny HspAlA a HspAlB, kde
podporuje uvolnéni ADP, ¢imz se spusti uvolniovani klientského proteinu [Dragovic
et al, 2006; Rauch & Gestwicki, 2014]. V lidském genomu se nachazeji 4 geny
kédujici proteiny rodiny Hspl10, pfi¢emz 3 tyto proteiny se nachazeji v cytosolu
(HspH1, HspH2 a HspH3) a jeden v endoplazmatickém retikulu (HspH4) [Kampinga
et al, 2009].

3. Téhotenské komplikace

3.1 Hypertenze v téhotenstvi

Hypertenzi v téhotenstvi definujeme pomoci naméfenych hodnot krevniho tlaku —
systolicky TK > 140 mmHg a/nebo diastolicky TK > 90 mmHg. B&hem téhotenstvi
rozlisujeme nekolik typd hypertenze [Report of the National High Blood Pressure
Education Program Working Group on High Blood Pressure in Pregnancy, 2000].

1. Chronicka hypertenze — jedna se o hypertenzi diagnostikovanou pied téhotenstvim
nebo do 20. tydne gestace. Vysoky krevni tlak, ktery se vyskytne béhem téhotenstvi,

ale po porodu nevymizi, je také oznaCovan jako chronicka hypertenze.

2. Gestacni hypertenze — hypertenze vyskytujici se po 20. tydnu téhotenstvi, ktera
neni doprovéazena proteinurii. Finalni uréeni této diagn6zy je mozné aZz po skonceni
téhotenstvi. Pokud nedoSlo krozvoji preeklampsie a krevni tlak se vratil
k normélnim hodnotdm do 12 tydnt po porodu, jednalo se o gesta¢ni hypertenzi.
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3. Preeklampsie/eklampsie — obvykle se vyskytuje po 20. tydnu téhotenstvi (nebo i
diive v ptipadé trofoblastické nemoci). Je charakterizovana elevaci krevniho tlaku a
proteinurii, dile se mohou vyskytovat i dalsi klinické pfiznaky jako bolest hlavy,
poruchy vizu, bolest bficha nebo abnormalni vysledky laboratornich testt, konkrétné

nizky pocet krevnich desti¢ek a abnormalni hodnoty jaternich enzymii.

4. Preeklampsie superponovana na chronickou hypertenzi — jedna se o ptipad, kdy se
preeklampsie vyskytne u zen, které byly hypertenzni jiz pied graviditou. V tomto
piipadé jsou progndzy pro matku i plod horsi nez u samotné preeklampsie nebo

chronické hypertenze.
3.1.1 Preeklampsie

Preeklampsie je potencidlné nebezpecna komplikace druhé poloviny tchotenstvi,
porodu nebo rané¢ho obdobi po porodu, charakterizovand hypertenzi, abnormalnim
mnozstvim bilkovin vmoc¢i a dalSimi systémovymi poruchami. Pro vznik
preeklampsie je nutnd pfitomnost placenty. Preeklampsie se podili na mateiské a
novorozenecké morbidit¢ a mortalité. Incidence tohoto onemocnéni je ve stfedni

Evropé 4-8 % [Bistak, 2017].
3.1.1.1 Klinické priznaky preeklampsie

Preeklampsie je onemocnéni definované jako téhotenstvim podminéna hypertenze
s proteinurii a ptipadné edémy vyskytujici se po 20. tydnu téhotenstvi. Podle
zavaznosti piiznakd lze preeklampsii rozdélit na mirnou a zavaznou formu —
hodnoceno podle kritérii ACOG (American College of Obstetrics and Gynecology)
[ACOG Practice Bulletins, 2002].

Mirna preeklampsie se vyznacuje hypertenzi (systolicky TK > 140 mmHg a/nebo
diastolicky TK > 90 mmHg) a proteinurii (pfitomnost > 300 mg proteind v moci za

24 hodin).

Zavazna preeklampsie je diagnostikovana tehdy, kdy je pfitomno jedno nebo vice

z nasledujicich kritérii:
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» Systolicky krevni tlak > 160 mmHg a/nebo diastolicky krevni tlak > 110
mmHg béhem 2 méfeni v rozestupu alespont 6 hodin, kdy je pacientka
v klidovém rezimu

Proteinurie > 5 g za 24 hodin

Objem vyloucené moci za 24 hodin je mensi nez 500 ml (oligourie)
Bolest hlavy, poruchy vizu

Epigastricka bolest ¢i bolest v pravém hypochondriu

Plicni edém nebo cyandza

Abnormalni hodnoty jaternich enzymt

Trombocytopenie

vV V V V V V V V

Fetalni rastova restrikce

klonickych kiec¢i téhotné zeny navazujicich na téZzkou nebo superponovanou

preeklampsii.

HELLP syndrom (Hemolysis, Elevated Liver enzymes and Low Platelet count) je
zavaznou komplikaci preeklampsie se znacnou matefskou a perinatalni morbiditou a
mortalitou [Baxter & Weinstein, 2004]. Jedna se o stav zdvazné preeklampsie, ktery
je komplikovany hemolyzou, trombocytopenii a patologickymi jaternimi testy.
Avsak HELLP syndrom se nemusi vyskytovat pouze v souvislosti s preeklampsii, ale
také jako samostatné onemocnéni, protoze 15-20 % pacientek s HELLP syndromem

nema predchozi hypertenzi nebo proteinurii [Reubinoff & Schenker, 1991].

Preeklampsie mize byt dédle rozd€lena na zakladé manifestace klinickych piiznakt
na Casnou preeklampsii (vyskyt pred 34. tydnem gestace), a pozdni preeklampsii

(vyskyt po 34. tydnu gestace) [Poon et al, 2010; Akolekar et al, 2011].

3.1.1.2 Rizikové faktory preeklampsie

Preeklampsie se Cast€ji vyskytuje u prvorodicek a mladych matek, u nichz se
predpokladd, Ze se jedna o prvotni konflikt s paterndlnimi antigeny. Stejné tak
dochazi ke zvySenému vyskytu tohoto onemocnéni u Zen, které jsou gravidni na
zéklad¢ darovanych pohlavnich bun¢k nebo embryi, nebo jsou opakované tehotné,

ovSem s jinym partnerem. Del§i interval mezi porody také zvySuje riziko
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preeklampsie [Duckitt & Harrington, 2005; Tuffnell et al, 2005]. DalSimi rizikovymi
faktory jsou viceCetna téhotenstvi, preeklampsie v predchozi gravidité, chronicka
hypertenze, diabetes mellitus, chronické onemocnéni ledvin, antifosfolipidovy
syndrom, obezita nebo vék nad 35 let [Musa et al, 2018]. Naopak koufeni cigaret
snizuje riziko vzniku preeklampsie. Podle studie Sibai a spol. mély matky, které
nekoufily vice jak rok pred graviditou, vyssi vyskyt preeklampsie (5,9 %) nez zeny,

které ptestaly kouftit na zac¢atku téhotenstvi (2,7 %) [Sibai et al, 1995].

3.1.1.3 Patogeneze preeklampsie

Preeklampsie je onemocnéni, které se vyskytuje u téhotnych zen. Je znamo, ze
placenta hraje klicovou roli vrozvoji preeklampsie. Proto také pfiznaky
preeklampsie obvykle vymizi po porodu (odstranéni placenty z téla Zeny). Toto
onemocnéni se muze vyskytnout i v pfipadé¢ hydatidozni moly, kdy dochazi
k minimalnimu nebo Zadnému vyvoji plodu [Zhao et al, 2016]. OvSem muze se
vyskytnout i situace, kdy odstranéni placenty nebylo provedeno spravné a fragmenty

placenty zustaly v d€loze, poté ptiznaky preeklampsie pietrvavaji i nadale.

Preeklampsie progreduje ve 2 stadiich: (1) abnormélni placentace na zacatku prvniho
trimestru nasledovand (2) matefskym syndromem na konci druhého a ve tfetim
trimestru charakterizovanym nadbytkem anti-angiogennich faktori [Redman &

Sargent, 2005; Romero & Chaiworapongsa, 2013].

Placentace a trofoblasticka invaze do matetské tkan¢ zahrnuje dva procesy. Nejprve
dochazi k vaskularizaci a vytvofeni feto-placentdlni cévni sité. Poté dochézi
k migraci bunck cytotrofoblastu nebo endovaskularniho trofoblastu do matefskych
spirdlnich artérii [Zhou et al, 2002]. Béhem normalniho priib&hu placentace vytvari
bunky cytotrofoblastu extravilozni trofoblast, ktery migruje do délozni sliznice a
napada prvni tfetinu myometria a spiralni artérie. Extravilozni trofoblast indukuje
remodelaci matefskych spiralnich artérii, pravdépodobné tim, Ze zplsobi ztratu
elastické laminy a vétSiny buné€k hladkého svalstva a doCasné nahradi endotel téchto
cév. Tim se cévy stavaji nizkoodporové, vysokokapacitni a nereaguji
vasokonstrikén€, to umoziuje zvyseni prutoku krve, coz je nezbytné pro spravny rast

a vyvoj plodu [Zhou et al, 2002; Valenzuela et al, 2012; Bistak, 2017]. Proces, pfi
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kterém dochézi k pteméné cytotrofoblastli na bunky s endotelidlnim fenotypem se
nazyva pseudovaskulogeneze. Béhem tohoto procesu dochdzi ke sniZeni exprese
adhezivnich receptorti, které jsou charakteristické pro epitelové bunky a naopak se
zvysi exprese adhezivnich receptorti typickych pro vaskularni bunky [Zhou et al,
1997]. V ptipad¢ preeklampsie dochazi vrané fazi tchotenstvi ke Spatné
trofoblastické invazi, kterd se omezuje pouze na spiralni artérie piitomné
v povrchové ¢asti decidua, nedostatecné remodelaci matetskych spirdlnich artérii,
kdy cytotrofoblasty nepiijmou fenotyp vaskularni adheze [Zhou et al, 1997], a tim 1
k nedostatecnému zasobovani placenty mateiskou krvi. Nedostatek krve nasledné
zpusobuje placentarni ischemii a hypoxii s lokalni oxidacni stresovou reakci a

omezeni rustu plodu.

Spravné placentarni vaskularizace se ucastni angiogenni faktory a jejich receptory.
Mezi tyto faktory patii vaskularni endotelovy rustovy faktor (VEGF) a placentarni
rustovy faktor (PIGF). VEGF je pro-angiogenni faktor produkovany makrofagy, T-
lymfocyty, nadorovymi buiikami a cytotrofoblastem, podili se na angiogenezi a
vaskulogenezi a je nezbytny pro integritu matetskych endotelidlnich bun¢k [Alon et
al, 1995]. PIGF je také produkovan bunkami trofoblastu, béhem prvnich 30 tydnt
gravidity dochazi u normotenznich zen ke zvySovani hladin tohoto faktoru, nasledné
pak dochézi k jeho snizovani [Romero et al, 2008]. Receptory angiogennich faktorti
jsou VEGFR1 a VEGFR2. VEGFRI je znam také jako Flt-1 (Fms-podobna
tyrozinova kinaza 1), vaze jak VEGF, tak PIGF a nachazi se vdzany na buné¢nych
membrandch. Rozpustna forma Flt-1, sFlt-1, se nachazi v krevni cirkulaci [Neufeld

etal, 1999].

sFlt-1 je produkovan syncytiotrofoblastem v dasledku alternativniho sestfihu mRNA
Flt-1, coz vede ke zkraceni proteinu bez schopnosti vazat se na VEGF nebo PIGF
uvnitf bunék. V krevnim fecisti ovSem pulsobi jako antagonista VEGF a PIGF a
zabranuje témto ristovym faktorlm navazat se na jejich membranové receptory,
¢imzZ znemozni aktivaci ptislusnych signalnich drah [Maynard et al, 2003; Romero et

al, 2008].

Dale se vaskularizace ucastni endoglin. Endoglin je transmembranovy glykoprotein,
ktery je soucasti komplexu TGF-. Ma pro-angiogenni aktivitu a zabraiiuje apoptoze
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v hypoxickych endotelidlnich buiikach. Jedna se o koreceptor TGF-f1 a B3 a je
exprimovany na bunééné membrané vaskuldrniho endotelu a syncytiotrofoblastu.
TGF-B1 indukuje vazbou na endoglin migraci a proliferaci endotelidlnich bunék
[Romero et al, 2008]. Na druhou stranu rozpustny endoglin (sEng) ma anti-
angiogenni ucCinky, protoze brani vazbé TGF-B1 na receptor na endotelidlnich
bunkach. sEng je indukovéan hypoxii a je to antagonista Eng. Vzhledem ke svym
ucinkim je povazovan za jeden z markerti preeklampsie [Venkatesha et al, 2006]. U
zen s preeklampsii se vyskytuji zvySené hladiny sEng, piicemz vyssi hladiny
vykazuji pacientky se zavaznou preeklampsii v porovnani s preeklampsii mirnou

[Perucci et al, 2014].

U preeklampsie dochazi ke Spatné trofoblastické invazi, kterd ma za nésledek
nedostatek kysliku, coz zpiisobuje placentarni produkci anti-angiogennich faktort,
jako jsou sFIt-1 nebo sEng. Tyto faktory prechézi do mateiské cirkulace, coz vede
k endotelialni dysfunkci, hypertenzi a proteinurii. U normotenznich gravidnich zen
jsou hladiny sFlt-1 stabilni kolem 33. a 36. tydne a po tomto obdobi dojde ke zvySeni
sFlt-1 a sniZzeni hladin PIGF a VEGF. U preeklampsie je pozorovano casnéjsi a
mnohem vyraznéjsi zvySeni sFlt-1 a snizeni PIGF a VEGF [Lam et al, 2005].
Zvysena hladina sFlt-1 u Zen s preeklampsii byla pozorovana i v dalSich studiich a ke
zvySeni hladin doslo nékolik tydnti pfed nastupem klinickych projevlii [Maynard et
al, 2003; Levine et al, 2004]. ZvySené hladiny sFIt-1 také koreluji se stupném
zédvaznosti preeklampsie. V souCasné¢ dob€ je dostupny automatizovany
imunochemicky test Elecsys® pro predikci preeklampsie, ktery vyuziva poméru sFlt-

1/PIGF [Verlohren et al, 2010].

Existuji dikazy o tom, Ze vrozena i adaptivni imunita jsou zahrnuty v patogenezi
preeklampsie [Saito et al, 2007]. V prubéhu normalniho téhotenstvi nastava prechod
imunitni reakce od Th-1 typu k typu Th-2, ¢imZ dojde k upfednostnéni humoralni
imunity a bunéénd imunitni odpovéd’ je potlacena. V ptipad¢ preeklampsie se vSak
pfedpokladd prevaha imunitni reakce typu Th-1. Predominance Th-1 imunity
nesouvisi pouze se Spatnou placentaci, ale také s nadmérnou zanétlivou odpoveédi a
endotelidlni dysfunkci pozorovanou u preeklampsie [Saito & Sakai, 2003]. Nicméné
v hladinach né&kterych cytokinG byly pozorovany kontroverzni nalezy. Kumar

prokazal, ze mezi 14. a 18. gestacnim tydnem byly sérové hladiny TNF-q, IL-10 a
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INF-y signifikantné nizs$i u zZen, u kterych se rozvinula preeklampsie v porovnani
s zenami s normalnim pribéhem gravidity [Kumar et al, 2013]. V jiné studii bylo
naopak prokézano zvySeni sérovych hladin IL-2, IL-4, IL-6, IL-8, IL-10, IL-12p40,
IL-12p70, IL-18, INF-y a TNF-a u zen s preeklampsii ve srovnani s zenami
s fyziologickou graviditou, pficemz krev byla témto zenam nabirana mezi 36. - 37.
tydnem gravidity [Szarka et al, 2010]. V dal$i studii byly pozorovany zvySené
plazmatické hladiny TNF-a, TNFRI1, IL-18, IL-12 a Hsp70 u Zen s Casnym onsetem
preeklampsie ve srovnani s onsetem pozdnim. Naopak koncentrace IL-10 byla vyssi

u pozdniho onsetu preeklampsie ve srovnani s Casnym onsetem [Peracoli et al, 2013].

Systém renin-angiotenzin-aldosteron také hraje roli pfi vzniku preeklampsie. Tento
systém primarné reguluje krevni tlak, koncentraci soli a mnoZzstvi extraceluldrni
tekutiny a tim zajiSt'uje homeostdzu organismu. Renin je enzym tvofeny pfevazné v
juxtaglomerularnim aparatu v ledvinach a c¢astecné v déloze. Renin ptlisobi jako
peptidaza, ktera S$tépi angiotenzinogen za vzniku dekapeptidu angiotenzinu I
Angiotenzin 1 je nasledné konvertovan na angiotenzin II pomoci angiotenzin
konvertujiciho enzymu. Angiotenzin II m4 silné vazokonstrikéni u¢inky, ¢imz zveda
krevni tlak a stimuluje produkci aldosteronu v kiife nadledvin [Sparks et al, 2014].
Za signalni transdukci zodpovidaji prevazné receptory AT-1 a AT-2 (angiotensin II
receptor 1 a 2). V pribéhu normalni gravidity jsou hladiny reninu a angiotenzinu
nckolikandsobné zvySeny, ale vazokonstrikce u téchto Zen nenastavd, naopak,
fyziologické t€hotenstvi je charakterizovano zvySenym objemem plazmy a vyraznou
vazodilataci. Nedavné studie ukézaly, ze dalSim St€penim angiotenzinu II vznikne
heptapeptid zvany angiotenzin 1-7, ktery ma sviij vlastni Mas-receptor a jehoZ hlavni
funkci je vazodilatace a ma protizanétlivé, antiproliferacni a antiangiogenni ucinky.
U té€hotnych Zen byly pozorovany zvySené hladiny angiotenzinu 1-7 v séru a v moci
v porovnani s neté¢hotnymi Zenami [Merrill et al, 2002]. Naopak preeklampsie je
charakterizovana vazokonstrikci a sniZzenym objemem plazmy v porovnani
s normalnim t¢hotenstvim [Salas et al, 2005]. V klinické fazi preeklampsie dochazi
ke snizeni koncentrace aktivniho reninu, angiotensinu II a aldosteronu. Hladina
angiotenzinu 1-7 vmoc¢i a plazmé je také sniZena u Zen s preeklampsii, coz
naznacuje, Ze miiZze byt naruSena rovnovaha mezi angiotenzinem II a angiotenzinem

1-7 a tim padem dochézi k vazokonstrikci a hypertenzi [Merrill et al, 2002]. U
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preeklampsie se navic zvySuje vaskularni citlivost na angiotenzin II. B&hem
normdlniho téhotenstvi je AT-1 receptor v monomerni formé, zatimco b&hem
preeklampsie se nachazi v heteromerni formé spolu s receptorem pro bradykinin.
Heteromerni forma AT-1 receptoru je necitliva k inaktivaci a vysoce citlivd na vazbu
angiotenzinu II [AbdAlla et al, 2001]. Proto se piedpokladd, Ze relativné nizké
hladiny angiotenzinu 1-7 v kombinaci se zménou konformace AT-1 receptoru a
zvySenou citlivosti na angiotenzin II zvyhodnuji vazokonstrikci v pribc¢hu
preeklampsie. Vysledky studie Siddigui ukazuji, Ze az u 95 % zen s preeklampsii
byly detekovany autoprotilatky proti AT-1 receptoru a tyto protilatky koreluji se
zavaznosti onemocnéni [Siddigui et al, 2010]. Autoprotilatky proti AT-1 receptoru
jsou schopné aktivovat AT-1 receptor obdobné jako angiotenzin II a tim zvySuji jeho
funkci. Autoprotilatky proti AT-1 receptoru také zvysuji syntézu a sekreci inhibitoru
plazminogenu (PAI-1) v bunkach trofoblastu, coz vede ke snizeni invazivnosti
trofoblastu [Xia et al, 2003]. Tyto autoprotilatky také stimuluji placentarni produkci
anti-angiogennich faktora sFlt-1 a sEng [Parrish et al, 2010].

V priibéhu téhotenstvi dochdzi k oxidacnimu stresu, kdy se predpokldda zvySena
placentarni mitochondrialni aktivita a produkce reaktivnich kyslikovych radikald,
zejména superoxidového radikdlu [Myatt & Cui, 2004]. Béhem preeklampsie pak
dochazi ke zvySeni Grovné oxidacniho stresu [Myatt & Cui, 2004]. Preeklamptické
placenty vykazuji nerovnovdhu mezi enzymy produkujicimi reaktivni kyslikové
radikaly a antioxidanty [Many et al, 2000]. Oxida¢ni stres mlZze také podporovat
transkripci anti-angiogennich faktort, jako naptiklad sFlt-1 [Huang et al, 2013]. Bylo
také prokazano poSkozeni placentarnich antioxida¢nich mechanizmi b&hem
preeklampsie. U preeklamptickych pacientek byla zjiSt€éna sniZena aktivita
placentarni superoxid dismutazy a glutathion peroxidazy v porovnani s Zenami
s normalnim pribéhem téhotenstvi [ Vaughan & Walsh, 2002]. Nicméné podle studie
Postona a jeho tymu podévani antioxidantii (vitamini E a C) nezabrénilo vzniku
preeklampsie u rizikovych pacientek a navic doslo v této skupiné Zen k nartstu poctu

déti, které se narodily s nizkou porodni hmotnosti [Poston et al, 2006].

V patogenezi preeklampsie se mize uplatiiovat i hemoxygenaza. Jedna se o enzym,
ktery katalyzuje oxidaci porfyrinového kruhu vazaného na protein (v rdmci tvorby

bilirubinu). Dochazi pfitom k uvolnéni Zzeleza z hemu a vzniku oxidu
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uhelnatého. Hemoxygenaza je upregulovana ve stavech hypoxie a ischemie, piicemz
jeji produkt (CO) ptisobi jako vazodilatator a snizuje tlak v placenté [Bainbridge et
al, 2002; Lyall et al, 2000]. Hemoxygenaza je exprimovana trofoblasty a ukazalo se,
ze jeji inhibice vede ke Spatné invazi trofoblasta in vitro [McCaig & Lyall, 2009]. To
potvrzuji 1 snizené hladiny hemoxygendzy, které byly nalezeny u pacientek
s preeklampsii [Barber et al, 2001; Dulak et al, 2008; Zhao et al, 2009]. Naopak
zvySena genova exprese hemoxygenazy snizuje hladiny sFlt-1 a sEng [Cudmore et
al, 2007]. U kutacek cigaret byly zjistény zvySené hladiny CO, coz mtize vysvétlit,
ze koufeni cigaret poskytuje urCitou ochranu pied preeklampsii [Cudmore et al,

2007; Sidle et al, 2007; Conde-Agudelo et al, 1999].

Predpoklada se, ze v pribchu preeklampsie dochéazi také k naruSeni systému oxid
dusnaty/syntdza oxidu dusnatého. NO je silny vazodilatditor a v pribchu
preeklampsie byly pozorovany snizené hladiny tohoto plynu a zvySené hladiny
arginazy, kterd degraduje prekurzorovou molekulu v draze syntézy NO [Lowe, 2000;
Dai et al, 2013; Sankaralingam et al, 2010]. Nedostatek NO koreluje
s metabolickymi poruchami pozorovanymi u preeklampsie, jako je hypertenze,

proteinurie, snizena rychlost glomeruléarni filtrace a agregace desti¢ek [Lowe, 2000].

Systém generujici sulfan (H2S) je také zapojen do patogeneze preeklampsie. HoS je
plynna signédlni molekula, kterd ma vazodilata¢ni, cytoprotektivni a angiogenni
vlastnosti. Sulfan je tvofen tfemi enzymy - cystathionin y-lyazou, cystathionin B-
syntazou a 3-merkaptopyruvat sulfurtransferazou [Zhao et al, 2001]. U Zzen
s preeklampsii byly zjiStény sniZzené hladiny plazmatického H»S, coZ mélo souvislost
se sniZzenou expresi cystathionin y-lyazy v placenté. Wang se svym tymem
predpokladd, Zze snizeni aktivity cystathionin y-lydzy muze zménit angiogenni
rovnovahu v téhotenstvi a vyvolat abnormalni placentaci a matefskou hypertenzi
[Wang et al, 2013]. U pacientek s cCasnym onsetem preeklampsie byla zase
pozorovana downregulace genové exprese cystathionin B-syntdzy [Holwerda et al,
2012]. Zda se, Zze H>S také moduluje hladiny sFlt-1 a sEng. Byl proveden
experiment, kde byl potkanlim injikovan adenovirus nadmérné exprimujici sFlt-1.
Tito potkani pak byli osetfeni NaHS (donor H»S) a vykazovali snizené hladiny sFlt-1
v séru a zvySené sérové hladiny VEGF. Klinicky tito potkani vykazovali sniZenou

proteinurii, hypertenzi a mensi glomerularni poSkozeni [Holwerda et al, 2014].
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3.1.1.4 Diagnostika a predikce preeklampsie

V dnesni dobé¢ se vyuziva k diagnostice preeklampsie méteni krevniho tlaku a
proteinurie. Stanoveni zavaznosti preeklampsie zahrnuje posouzeni 1 dalSich
nespecifickych symptomt, jako je bolest hlavy, poruchy vizu, epigastrickd bolest a
zvraceni nebo snizené pohyby plodu a vyskyt fetalni ristové restrikce. Dale se
doporucuji dalsi vySetieni, jako je napi. Dopplerovska ultrasonografie. Nicmén¢
diagnostika je mozna az po propuknuti onemocnéni. Proto je snaha o nalezeni
prediktivnich markert, které by byly schopny predikovat preeklampsii nékolik tydnii
pred jejim nastupem, optimalng v prvnim trimestru gravidity. Zenam se zvySenym
rizikem pozdéjsiho vyskytu preeklampsie by tak mohla byt preventivné poddvana
nizkd davka kyseliny acetylsalicylové (Aspirin), kterd rizika preeklampsie, fetalni

rustové restrikce a pfed€asného porodu snizuje.

Aby urcity analyt mohl slouZzit jako prediktivni marker, mél by spliovat né€kolik
kritérii. Detekce markeru musi byt moznd pomoci neinvazivnich diagnostickych
metod, které maji vysokou specificitu a dostateCnou senzitivitu pro studované
onemocnéni. Detekce markeru musi byt mozna jest¢ pred ndstupem klinickych
projevit onemocnéni. Hodnoty dané¢ho markeru musi odraZet progresi onemocnéni
nebo se v prubéhu terapie ménit. Vhodna je také snadnd méfitelnost markeru a

finan¢ni nendro¢nost pouzivané metody.

V dnesni dobé jiz existuje n¢kolik biochemickych markert, které by mohly slouZzit
nebo jiZ slouzi jako rutinni prediktivni markery pozdéjsiho rozvoje onemocnéni, a to

JiZ v prvnim trimestru t€hotenstvi.
PAPP-A (Pregnancy-associated protein A)

PAPP-A je glykoprotein syntetizovany v placenté bunikami trofoblastu, ktery je
testovan jako biochemicky marker uz tadu let [Westergaard et al, 1983]. PAPP-A
funguje jako protedza IGFBP-4, ¢imZ zvySuje mitogenni funkci IGF, a tim podporuje
rust [Oxvig, 2015]. Béhem tehotenstvi se plazmatickd koncentrace PAPP-A zvysuje.
Vsoucasné dobé se tento glykoprotein pouzivda v kombinaci s lidskym
choriongonadotropinem (B-hCG) a méfenim nuchélni translucence jako skriningovy

test pro trisomii 21. 18. a 13. chromozomu v gesta¢nich tydnech 11+0 — 13+6
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[Kagan et al, 2008]. U plodt s normalnim karyotypem byly snizené hladiny PAPP-A
(pod 5. percentil) v prvnim trimestru spojeny se zvySenym rizikem preeklampsie,
fetalni ristové restrikce, SGA nebo predcasného porodu [Ranta et al, 2011; Smith et
al, 2002]. PAPP-A lze vyuzit jako prediktivni marker pro preeklampsii, ale jeho
prediktivni schopnost je velmi nizka, zhruba 10-20 %, pokud je pouzit jako
samostatny marker [Odibo et al, 2011; Poon et al, 2009]. V kombinaci
s Dopplerovskou ultrasonografii je PAPP-A biochemickym markerem preeklampsie
s mirou predikce az 70 % a faleSnou pozitivitou 5 % [Odibo et al, 2011; Poon et al,

2009].

Fetalni hemoglobin a al-mikroglobulin

Soucasné studie naznacuji, ze volny, extracelularni fetadlni hemoglobin (HbF) je
zapojen do patogeneze preeklampsie. Kromé toho al-mikroglobulin se podili na
fyziologické obrané proti extracelularnimu fetdlnimu hemoglobinu. Jejich
koncentrace v matefském séru nebo plazmé lze pouzit jako casny prediktivni
biochemicky marker preeklampsie, ktery ma slibné vysledky [Anderson et al, 2011].
Anderson se svym tymem provedl studii, ve které¢ sledoval sérové koncentrace
extracelularniho fetadlniho hemoglobinu a al-mikroglobulinu u 96 pacientek v 10. -
16. tydnu gestace, z nichz 60 nasledné rozvinulo preeklampsii. Sérové koncentrace
extracelularniho fetdlniho hemoglobinu a al-mikroglobulinu byly vyznamné
zvySeny u zen, které nasledné rozvinuly preeklampsii. Pfi kombinaci téchto dvou
markerd byla ziskdna 69% sensitivita pti 5% fale$né pozitivité [Anderson et al,

2011].

PP13 (Placentarni protein 13)

PP13 je produkovan buiikami trofoblastu a podili se na implantaci a remodelaci
matefskych spirdlnich artérii. Pfi normalnim pribéhu téhotenstvi se sérové hladiny
PP13 pomalu zvySuji s progresi gravidity. Nékolik studii prokdzalo sniZenou hladinu
PP13 v séru v prvnim trimestru u Zen, u kterych se nasledné rozvinula preeklampsie.
PP13 je markerem pifedev§Sim zavazné preeklampsie a HELLP syndromu a
skriningovy potencidl lze vyrazné zvysit jeho kombinaci s jinymi biomarkery [De

Villiers et al, 2017]. Pii kombinaci sérového PP13 a Dopplerovské ultrasonografie
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v prvnim trimestru t€hotenstvi Ize ziskat az 90% sensitivitu pifi 6% faleSné pozitivité
pro predikci ¢asného onsetu preeklampsie [Nicolaides et al, 2006]. Nicméné rtizné

studie uvadi rizné predikéni schopnosti PP13 v prvnim trimestru gravidity.
sFlt-1 (solubilni Fms-podobna tyrozinova kindza 1) a sEng (solubilni endoglin)

sFlt-1 a sEng jsou faktory souvisejici s angiogenezi. Oba tyto plazmatické faktory
jsou zvySené u Zen s preeklampsii ve srovnani se zdravymi kontrolami. ZvySenou
hladinu sFlt-1 1ze pozorovat uz ptred nastupem klinickych pfiznakl preeklampsie a
hladina koreluje s Casem onsetu preeklampsie a ¢astecné se zdvaznosti onemocnéni.
Casny nastup preeklampsie vykazuje vy$§i hladiny sFlt-1 [Wikstromet al, 2007; Cui
et al, 2018]. V soucasné dobé¢ se sFlt-1 vyuziva k predikci preeklampsie v kombinaci
s placentarnim ristovym faktorem. Nizky pomér sFlt-1/PIGF (< 38) predpovida
absenci preeklampsie v nasledujicim tydnu s negativni prediktivni hodnotou 99,3 %
[Zeisler et al, 2016]. Solubilni endoglin je také studovan jako marker preeklampsie
[Cui et al, 2018]. Pfi pouziti sEng v kombinaci s Dopplerovskou ultrasonografii a
PIGF byla mira predikce pro ¢asny onset preeklampsie 77,8 % pii 5% faleSné
pozitivité [Foidart et al, 2010].

PIGF (placentarni riistovy faktor)

PIGF je pro-angiogenni faktor, jehoZ sérové hladiny nariistaji v pribéhu prvnich
dvou trimestrii, a pak postupné klesaji s blizicim se koncem t&€hotenstvi. U zen
s preeklampsii byl zjistén pokles hladiny PIGF ve srovnani s Zenami s fyziologickym
prubéhem gestace, a to uz na konci prvniho trimestru [Akolekar et al, 2008].
Nejlepsich prediktivnich vysledki ma kombinace poméru pro-angiogenniho PIGF a
anti-angiogenniho sFlt-1. Pomér sFIt-1/PIGF je mozné vyuZzit k odliSeni
preeklampsie nebo HELLP syndromu od jinych hypertenznich poruch (GH,
chronicka hypertenze) nebo od normotenznich zen. Pomér sFlt-1/PIGF také roste se
zavaznosti preeklampsie, proto ho lze pouZzit pro zhodnoceni zévaznosti tohoto
onemocnéni [Verlohren et al, 2012; Zeisler et al, 2016]. V soucasné dobé¢ je dostupny
automatizovany imunochemicky test Elecsys® k detekci poméru sFlt-1/PIGF
[Verlohren et al, 2010]. Prospektivni studie PROGNOSIS zjiStovala hrani¢ni
hodnoty poméru sFlIt-1/PIGF pro predikci rozvoje preeklampsie u jednocetnych
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gravidit. Tato studie si dala za cil prokézat, ze nizky pomér sFlt-1/PIGF predikuje
absenci preeklampsie do 1 tydne a naopak vysoky pomér sFIt-1/PIGF predikuje
rozvoj preeklampsie do 4 tydnii. Tato studie probihala na 30 studijnich mistech a
ucastnilo se ji 1050 zen. PROGNOSIS validovala pouziti Elecsys® testt, které jsou
dostupné v rutinnich laboratotfich. Z vysledku této studie vyplyva klinicky pouzitelna
cut-off hodnota 38 a vysledky dale poukazuji na to, ze pfi sFlt-1/PIGF < 38 je
negativni prediktivni hodnota 99,3 %, se senzitivitou 80 % a specificitou 78,3 %.
Pozitivni prediktivni hodnota pii sFIt-1/PIGF > 38 Cini 36,7 %, se senzitivitou 66,2
% a specificitou 83,1 % [Zeisler et al, 2016].

Cystatin C

Cystatin C patii do rodiny inhibitorti cysteinovych protedz a je Siroce pouzivany
klinickymi Iékati jako citlivy marker funkce ledvin a pro odhad glomeruléarni filtrace.
Hladina cystatinu C v plazm¢ téhotnych Zen se u preeklampsie zvySuje a studie
ukazuji, Ze by hladina cystatinu C mohla byt spolehlivym diagnostickym markerem
preeklampsie [Bellos et al, 2019; Strevens et al, 2007]. Podle studie Wattanavaekina
muze sérova hladina cystatinu C ptedpovidat pfedcasny porod u zdvazné formy
preeklampsie [Wattanavaekin et al, 2018]. Ptedpokldda se, ze zvySené hladiny
cystatinu C jsou zplsobeny naruSenou funkci ledvin a/nebo zvySenou syntézou
v placenté [Kristensen et al, 2007]. Pii predikci preeklampsie mize byt cystatin C
uzitecny v kombinaci sjinymi markery a Dopplerovskou ultrasonografii

[Thilaganathan et al, 2010].

Extracelularni nukleové kyseliny

Cirkulujici extracelularni nukleové kyseliny (DNA, mRNA, mikroRNA, IncRNA)
vplazmé a séru predstavuji potencidlni biomarkery se slibnymi klinickymi
aplikacemi v riznych I€katskych odvétvich, vcetné prenatdlni diagnostiky. Objev
fetalnich buné€k a pozdéji extracelularni fetalni DNA v matetské krvi [Lo et al, 1997]
oteviel novou perspektivu na poli neinvazivni prenatdlni diagnostiky [Maron &
Bianchi, 2007]. Nejvyznamnéj$§im zdrojem fetalnich nukleovych kyselin jsou
apoptoticka téliska placentarniho trofoblastu, kterd se uvolnuji do matetské cirkulace

pii remodelaci placenty v duasledku apoptozy a béhem normalniho pribéhu
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té¢hotenstvi dochazi k narGstani hladin volné fetalni DNA s gestacnim vékem
[Alberry et al, 2009]. Vzhledem k tomu, Ze pii placentarni insuficienci dochézi
k nadmérnému uvoliiovani apoptotickych télisek trofoblastu, tak dochézi i ke
zvySenému vyskytu fetadlnich nukleovych kyselin v krvi matky [Sifakis et al, 2009].
Dalsim zdrojem cirkulujicich nukleovych kyselin jsou exozomy. Exozomy jsou
bioaktivni vacky o priméru 30-100 nm, které se vyskytuji v témét vSech télnich
tekutinach (v€etn¢ krevni plazmy). Bé&hem tcéhotenstvi placentarni buiky
(cytotrofoblasty a syncytiotrofoblasty) uvolnuji jiz od 6. tydne exozomy, které se
nasledné dostavaji do mateiské cirkulace. Placentou produkované exozomy obsahuji
specifické proteiny a nukleové kyseliny, na zéklad¢ kterych je Ize odlisit od exozomu
produkovanych jinymi bunikami. Exozomy placentarniho ptvodu obsahujici
mikroRNA, které se nachédzeji v matetské cirkulaci, jsou také studovany jako mozné
prediktivni markery preeklampsie. Byla pozorovana vyssi koncentrace celkovych a
placentarnich exozomii u presymptomatickych zen, které nasledné vyvinuly
preeklampsii ve srovnani se zdravymi t¢hotnymi kontrolami [Salomon et al, 2017].
Prvni studii o kvantitativnich zménach extracelularni fetadlni DNA v matefské plazmé
u Zen s preeklampsii provedl Lo se svym tymem [Lo et al, 1999]. Nasledné studie
také prokdzaly zvySené hladiny extracelularni fetdlni DNA u zen s preeklampsii ve
srovnani s normalnim pribéhem téhotenstvi. Leung se svym tymem pozorovaly
zvySené hladiny fetdlni DNA v matetské plazmé u zen (11-22. tyden gestace), které
nasledné rozvinuly preeklampsii [Leung et al, 2001]. Vyssi hladiny fetalni DNA byly
také zaznamenany u pacientek se zdvaznou preeklampsii ve srovnani s pacientkami
s preeklampsii mirnou [Alberry et al, 2009]. Obdobné jako extracelularni fetalni
DNA, tak i fetalni mRNA se nachazi v matefské cirkulaci, a mze byt pouZita pfi
neinvazivni prenatdlni diagnostice. Ng se svym tymem prokéazal, Ze se hladiny
placentarné specifické mRNA, kodujici kortikoliberin, zvySuji u pacientek
s preeklampsii [Ng et al, 2003]. V soucasnosti se studium predikce preeklampsie
soustred'uje také na mikroRNA biomarkery. MikroRNA jsou kratké (22-24
nukleotidii dlouh¢) nekddujici RNA, které se podileji na regulaci genové exprese.
Ukazuje se, Ze uz na konci prvniho trimestru dochazi k upregulaci nékterych
mikroRNA v matefské cirkulaci Zzen, které v pribéhu téhotenstvi vyvinou
preeklampsii [Hromadnikova et al, 2017; Winger et al, 2018]. Také byla pozorovana
downregulace placentarné specifickych C19MC mikroRNA (miR-517-5p, miR-
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520a-5p, miR-525-5p) nachazejicich se v plazmatickych exozomech u Zen na konci
prvniho trimestru, které nasledné vyvinuly preeklampsii ve srovnani s Zzenami
s fyziologickym pribéhem téhotenstvi [Hromadnikova et al, 2019]. V prubchu
preeklampsie dochéazi také k dysregulaci dlouhych nekodujicich RNA (IncRNA).
LncRNA jsou dlouhé (vice jak 200 nukleotidli) nekodujici RNA, které hraji
dalezitou roli v patogenezi riiznych onemocnéni. V posledni dobé nékolik studii
prokdzalo abnormalni expresi IncRNA v preeklamptickych placentach, coz
naznacuje, ze IncRNA mohou hrat roli v patogenezi preeklampsie. Soucasné studie
ukazuji jak upregulaci (MIR503HG, NR 002794) [Ma et al, 2019; Cheng et al,
2019], tak downregulaci (PVT1) [Wang et al, 2019] dlouhych nekodujicich RNA

v buiikéch trofoblastu u pacientek s preeklampsii.
3.1.1.5 Lécba preeklampsie

Postup pii 1écbé preeklampsie se lisi podle zdvaznosti onemocnéni [Méchurova &
Andélova, 2013]. Pti potvrzeni diagnézy mirné preeklampsie je indikovano nasazeni
antihypertenzni terapie, a to jiz pii zvySeni hodnot krevniho tlaku nad 140/90 mmHg.
Pouzivaji se peroralni antihypertenziva, kterd jsou bezpecna pro gravidni Zzeny.
Lékem prvni volby je methyldopa, ale lze vyuzit 1 dalsi 1é¢iva, napt. metoprolol,
pindolol, acebutolol, labetalol, isradipin nebo amlodipin. Na zdklad& klinickych
symptomil a laboratornich vysledkli je mozné i ambulantni sledovani pacientek
s mirnou preeklampsii. Pti progresi preeklampsie je doporucovano ¢asné ukonceni

gravidity [Méchurova & Andé€lova, 2013].

Pacientky se zdvaznou formou preeklampsie jsou vzdy indikovany k hospitalizaci a
1é¢be. Cilem 1écby je postupné snizeni krevniho tlaku do pasma bezpecného pro
matku 1 plod (systolicky tlak krve je drzen v rozmezi hodnot 140-160 mmHg a
diastolicky krevni tlak v rozmezi 90-105 mmHg). Pti 1écb€ zavazné preeklampsie se
vetSinou vyuzivaji intravenozni aplikace 1¢kli. Lékem prvni volby je labetalol nebo
hydralazin. Pfi hypertenzni krizi lze pouzit urapidil, nikardipin nebo nitropusid
sodny. Dilezitou soucésti 1écby zavazné preeklampsie je podani antikonvulziva
(napf. intravenézni podani MgSO4). Zendm se zavaznou formou preeklampsie, které
se nachdzi mezi 24. a 34. tydnem t&hotenstvi je poddvana antenatalni kortikosteroidni

1é€ba. Vzhledem k tomu, Ze plod byva ohrozen nedostatecnou funkci placenty, je
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dalezité¢ sledovani stavu plodu pomoci ultrazvuku a kardiotokografu. Pii zjiSténi
tézké poruchy pratoku krve placentou nebo z vitdlni indikace matky je nutné

predcasné ukonceni t€hotenstvi [Méchurova & Andé€lova, 2013].
3.2 Fetalni ristova restrikce

Fetalni ristova restrikce je Castou teéhotenskou komplikaci, kterd souvisi s fadou
nepfiznivych perinatdlnich a postnatalnich komplikaci, mezi které¢ patii naptiklad
naruseni neurologického a kognitivniho vyvoje nebo kardiovaskularni a endokrinni
poruchy. K omezeni rtstu plodu dochazi, kdyz plod nedosdhne svého nitrodélozniho
rustového potencialu. Tato komplikace postihuje zhruba 5-10 % téhotenstvi a je to
druhé nejcastéjsi pti¢ina novorozenecké timrtnosti. Termin fetdlni ristova restrikce je
pouzivan k popisu plodi s odhadovanou hmotnosti mensi nez 10. percentil pro dany
gestacni veék, kterd je cCasto spojena s placentarni insuficienci. [ACOG Practice
Bulletin No. 204: Fetal Growth Restriction, 2019]. Nevyhodou této definice je, ze
nezohlediiuje ristovy potencidl plodu. U konstituéné malych plodi miZze vést
k nespravné diagnoze fetdlni ristové restrikce a naopak pouziti této definice selhdva
u vétsich plodu, které ale nedosahly svého ristového potencialu. V literature se také
Casto setkdvame s pojmem SGA (small for gestational age), tedy plody malymi
vzhledem ke svému gestaénimu stafi. Skupina SGA zahrnuje plody, které maji
hmotnost pod 10. percentilem pro dany gestacni ve€k, ale jednd se o zdravé,
konstitu¢né malé plody, které maji niZsi riziko postnatalnich komplikaci. Pro odliSeni
FGR od SGA plodil se vyuziva Dopplerovské ultrasonografie, vysetfeni priitokd v
arteria cerebri media, arteria umbilicalis, arteria uterina a ductus venosus. U plodi
s fetalni rGstovou restrikci jsou zaznamendny abnormalni pritoky ve vyse zminénych

tepnach nebo v ductus venosus.
3.2.1 Etiologie fetalni riistové restrikce

Fyziologicky rist plodu zavisi na mnoha faktorech. VyZaduje adekvatni piisun

kysliku, Zivin a dalSich potfebnych latek z krve matky ptes placentu do krevniho

ob¢hu plodu. Neméné dulezitym ptredpokladem je normalni endokrinni signalizace

fidici rast plodu a placenty. Velkou roli také hraji faktory wvné&jSiho prostredi.

Z tohoto dliivodu existuje také velkd Skala faktorti, které se mohou podilet na vzniku
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fetalni rastové restrikce plodu. Zakladnimi pfi¢inami vzniku fetalni rastové restrikce

jsou mateiské, fetalni a uteroplacentarni faktory [Hendrix & Berghella, 2008].

Nejobsahlejsi skupinou faktorti jsou matetské faktory. Zdravotni stav matky zasadné
ovliviiuje rast a vyvoj plodu, proto jakékoliv chronické onemocnéni matky muze
(napt. preeklampsie), antifosfolipidovy syndrom, diabetes mellitus, onemocnéni
ledvin, kardiovaskularni choroby, autoimunitni onemocnéni (napt. systémovy lupus
erythematodes) [Xiong et al, 1999; Cunningham et al, 1990]. Rast plodu dale
ovliviiuje uzivani navykovych latek (tabak, alkohol, drogy) [Shu et al, 1995], Spatna
vyziva gravidnich zen nebo nizké BMI pired otéhotnénim. Negativni vliv na rast
plodu maji také nékteré Iéky wuzivané b&hem gravidity (napf. warfarin,
cyklofosfamid) nebo infekéni choroby matky (napf. malarie, cytomegalovirus,

toxoplazmoza, zardénky, syfilis) [Pereira et al, 2014].

Fetalni faktory zpusobujici rastovou restrikci zahrnuji uréit¢ chromozomalni
abnormality (napf. trisomie 13., 18. a 21. chromozomu, Turnerv syndrom),
strukturalni malformace (vrozené srde¢ni vady plodu, gastroschiza, defekty neuralni
trubice), genetické abnormality a syndromy (Bloomtv syndrom, Silveriiv-Russelltiv
syndrom). Dal8im rizikovym faktorem nizké porodni vahy jsou viceCetna te¢hotenstvi,
pfiCemz se zvySujicim se poctem plodl v déloze stoupa riziko FGR. Monochorialni
dvojcata jsou navic ohrozena ristovou restrikci kvili nerovhomérnému sdileni

placenty a feto-fetalni transfuzi [Denbow et al, 2000].

Mezi uteroplacentarni faktory patii abnormalni placentace, ktera zptisobuje zhorSeny
pratok krve placentou. Abnormalni placentace je nejcastéj$i patologie zptsobujici
fetalni riistovou restrikci. DalSimi faktory jsou poruchy placenty (abrupce, infarkty,
hemangiom, chorioangiom) a pupe¢niku (jedinad arteria umbilicalis, velament6zni

upon pupecniku).

3.2.2 Klasifikace FGR

Normalni rist plodu zajistuji 2 procesy — hyperpldzie a hypertrofie. V prvnich 16

tydnech je rist plodu zajistén hyperplazii, tedy zmnozenim poctu bunék. V obdobi
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mezi 16. - 32. tydnem téhotenstvi existuje soubézna faze hyperplazie a hypertrofie
(zvétSeni velikosti bun¢€k) a od 32. tydne se na riistu novorozence podili bunécna
hypertrofie s rychlym naristem velikosti bunék. Tento model normélniho rtstu plodu

je zékladem pro klinickou klasifikaci FGR.

Na zéklad¢é poméru obvodu hlavy/obvodu bficha Ize rozlisit plody symetrické neboli
proporcionaln¢ malé plody a plody asymetrické, tzn. plody s neimérné pomalejSim
rustem obvodu bficha [Boito et al, 2002]. Z tohoto hlediska lze fetdlni rtistovou
restrikci rozdélit na 3 typy. Typ I zahrnuje plody symetrické, tyto plody vykazuji
proporciondlni zmenSeni velikosti hlavy a bficha. Z hlediska rozvoje CNS je
symetricka forma FGR hors$i nez asymetricka. Etiologické faktory ovliviiuji pribeh
rustu téchto plodid vrané fazi, béhem faze bunétné hyperplazie. Typ II je
charakterizovan pozdnim ndstupem zmén v ristu, obvykle po 30. nebo 32. tydnu
téhotenstvi, ve fazi bunééné hypertrofie. Obvod hlavy a délka stehenni kosti jsou
obvykle méné ovlivnény a odpovidaji gestatnimu veéku. Nicméné obvod bficha je
vazné ovlivnén a snizuje odhadovanou hmotnost plodu. Tyto plody jsou asymetrické
a vyrazn¢ dystrofické, hlavnim etiologickym faktorem je placentarni insuficience.
Typ II zahrnuje plody, u kterych ke zméné ristu dochazi ve druhém trimestru, kdy
nastava faze hyperpldzie i hypertrofie. Jedna se o typ, ktery zahrnuje spojeni
pfedchozich mechanizml (typ I a typ II) a plody vykazuji hypotroficky vzhled.
Etiologie je asociovand s fetdlnimi infekcemi, jako je cytomegalovirus,

toxoplazmoza nebo zardénky, uZivanim drog nebo nékterych 1é€iv.

Dalsi moZznosti klasifikace FGR je déleni na zdklad€ onsetu riistové restrikce. V roce
2016 byla stanovena hranice mezi ¢asnou a pozdni formou FGR na 32. tyden
[Gordijn et al, 2016]. Casna fetalni rastova restrikce postihuje plody pied
dokoncenym 32. tydnem. U plodd s casnou formou FGR dochazi ke zméné
v placentarni implantaci (primarni placentarni insuficience), ktera casto vede ke
zvySené rezistenci v arteria uterina a ke zvySenému riziku rozvoje preeklampsie.
Vysledna fetalni hypoxie vyzaduje kardiovaskularni adaptaci plodu. Jako obranny
mechanismus vykazuje plod vysokou toleranci k nizkym hladinam kysliku a
hypoxémii. Casna FGR musi byt feSena ve vétsing piipadi pfedéasnym ukonéenim
téhotenstvi, coz je spojeno s vysokou mortalitou i morbiditou. Pozdni forma fetalni

rustova restrikce se objevuje po 32. tydnu téhotenstvi a je zpravidla asociovana se
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sekundarni placentarni insuficienci. Vzhledem k tomu, Ze hypoxie plodu neni tak
vysoka jako u casné formy FGR, vyzaduje pozdni FGR mensi kardiovaskularni
adaptaci plodu. Na druhou stranu je mira tolerance k hypoxii nizsi nez u ¢asné FGR

[Figueras & Gratacos, 2014].

Podle konsenzu klasifikace a diagnostiky zroku 2016 je casny onset FGR
diagnostikovan u tchotenstvi pred dokoncenym 32. tydnem, pokud: odhadovana
hmotnost plodu a/nebo abdominalni obvod je mensi nez 3. percentil nebo je
zaznamenan nulovy a/nebo reverzni tok v arteria umbilicalis. Dal§i moznost pro
klasifikaci a diagnostiku ¢asné formy FGR je ptitomnost dvou z nasledujicich 3
parametr: 1) odhadovana hmotnost plodu a/nebo abdominalni obvod je mens$i nez
10. percentil, 2) abnormdlni index pulsatility v arteria umbilicalis (> 95. percentil
pro dany gestacni v¢k), 3) abnormalni index pulsatility v arteria uterina (>95.
percentil pro dany gestacni veék). Pozdni onset FGR je diagnostikovéan u téhotenstvi
po 32. tydnu, pokud: odhadovand hmotnost plodu a/nebo abdominalni obvod je
mensi nez 3. percentil. FGR spozdnim néstupem Ize také klasifikovat a
diagnostikovat, pokud jsou pfitomny dva =z ndsledujicich tfi parametrii: 1)
odhadovana hmotnost plodu a/nebo abdominalni obvod je mensi nez 10. percentil, 2)
rust plodu je mensi o 2 kvartily v prabéhu monitorovani plodu, 3) znadmky
centralizace krevniho ob&hu plodu (CPR < 5. percentil pro dany gesta¢ni vék)
[Gordijn et al, 2016]. U pozdni FGR se ¢asto vyskytuje i abnormalni index pulsatility

v arteria cerebri media (< 5. percentil pro dany gestacni vek).
3.2.3 Dopplerovska ultrasonografie

Pro spravné zhodnoceni ristu plodu je nutné znat piesné gestatni stafi. Odhad
gestacniho staii na zaklad¢é posledniho menstruacniho cyklu je zna¢né nespolehlivy,
a proto se pro presnéjsi urceni staii plodu vyuziva ultrazvuk — méfeni zarode¢ného
ter¢iku, temenokostréni délky, temenopatni délky. Pro vahovy odhad plodu pomoci
ultrazvuku se vyuziva meéteni obvodu hlavicky a bficha, biparietdlniho priméru a
délky stehenni kosti. Prutokové parametry v arteria umbilicalis, arteria uterina a
arteria cerebri media se méti pomoci Dopplerovské ultrasonografie. Dopplerovska
ultrasonografie umoziuje neinvazivni detekci pfiznakd placentarni insuficience a

fetalnich hemodynamickych zmén, ke kterym dochazi béhem hypoxie. Pomoci této
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metody lze odliSit plody s fetalni ristovou restrikci od plodt malych vzhledem ke

svému gestacnimu stafi.

Index pulsatility v arteria uterina hraje kliCovou roli v diagnostice abnormalni
placentace. Nedavny konsenzus potvrdil vyznam hodnoceni indexu pulsatility (PI) v
arteria uterina, zejména v pripadech Casné fetalni ristové restrikce. Abnormalni
hodnoty indexu pulsatility v arteria uterina se nachazeji nad 95. percentilem pro

dané gestacni stari [Gordijn et al, 2016].

Index pulsatility v arteria umbilicalis odrézi placentarni vaskularni rezistenci, ktera
siln¢ koreluje s placentarni insuficienci. Béhem normalniho t€hotenstvi dochazi
s rostouci délkou gestace k nariistani diastolického pritoku v arteria umbilicalis, a
tim postupné klesa rezistence. V piipad¢ placentarni nedostatec¢nosti dochazi ke
zvySeni vaskularni rezistence, coz se projevi poklesem diastolického pritoku krve a
dojde ke zvySeni PI. Abnormélni hodnoty PI se nachazi nad 95. percentilem pro dané
gestacni stafi. Nulovy nebo reverzni diastolicky tok v arteria umbilicalis znamena

tézkou placentarni insuficienci spojenou s vyssi perinatalni morbiditou a mortalitou.

V ptipadé mozkové cévy arteria cerebri media dochazi v ptipad¢ redistribuce
krevniho ob¢hu ke snizeni vaskuldrni rezistence, zvySeni diastolického toku krve a
snizeni indexu pulsatility. Abnormalni hodnoty PI v arteria cerebri media se nachéazi

24

pod 5. percentilem pro dané gestacni stafi.

CPR, neboli cerebroplacentarni pomér, je udadvan jako pomér indexu pulsatility v
arteria cerebri media a arteria umbilicalis. Jedna se o matematické vyjadreni miry
centralizace obéhu plodu. Centralizace krevniho obéhu plodu znamena, Ze jsou krvi
pfednostné zasobeny zivotné dileZité organy, jako mozek, srdce a nadledviny na
ukor ostatnich organti. Tento pomér ma lepsi prediktivni hodnotu pro hypoxii plodu
nez samostatné prutoky v obou tepnach [DeVore, 2015]. Abnorméalni hodnoty CPR

se nachazi pod 5. percentilem pro dany gestacni vék.

Abnormalni pritoky v ductus venosus jsou ptitomny v zavaznych piipadech FGR a
jsou diikazem hroziciho srde¢niho selhani a antenatalniho umrti plodu. Snizena nebo

reverzni vina ,,a“ v ductus venosus je dikkazem snizeného nebo protismérného toku
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pii systole sini, zatimco pulzace v umbilikdlni véné jsou obrazem zvySeného

centralniho Zilniho tlaku [Seravalli, 2016].
3.3 Predc¢asny porod

PredCasny porod piedstavuje jeden z hlavnich diivodii novorozenecké mortality a
nejcastejSim divodem pro prenatalni hospitalizaci. Postihuje okolo 6-12 % téhotnych
zen, v zavislosti na geografickych a demografickych aspektech. V rozvojovych
zemich je vyss§i procento vyskytu predcasnych porodii nez v zemich rozvinutych.
V Ceské republice se incidence predéasnych porodii pohybuje dlouhodobé kolem 8
% [Kacerovsky et al, 2017a]. Jednd se o jakékoliv ukoncéeni téhotenstvi pied
dokoncenym 37. tydnem téhotenstvi. K pfed€asnému porodu dochédzi nastupem
délozni Cinnosti (40-45 % vSech ptfed¢asnych porodit), pfedcasnym odtokem plodové
vody (25-30 % vSech predCasnych porodil) nebo iatrogenné z divodi zavazné
zdravotni komplikace u matky nebo plodu (30-35 % vsech ptedcasnych porodi).
PtedCasné¢ porody muzeme rozd¢lit z hlediska tydnu porodu na 3 podkategorie:
extrémné predcasny porod — porod pied nebo v pribéhu 27. tydne, velmi piredCasny
porod — porod mezi 28-31. tydnem téhotenstvi a mirn¢ pred¢asny porod — porod
mezi 32-36. tydnem gestace. Prah viability z hlediska moznosti narodit se zivé a
prezit lezi v soucasnosti mezi 22-23. tydnem. Obdobi 22-25. tydne téhotenstvi je
neonatology oznacovano jako ,Sedd zona“ s nejistou progndézou mortality ¢i

morbidity [Gothova, 2013].

3.3.1 PPROM

Piedcasny odtok plodové vody (PROM, Premature Rupture of Membranes) je
charakterizovan jako poruSeni plodovych oball s odtokem plodové vody alespoii 1
hodinu pfed nastupem pravidelné délozni Cinnosti. Pokud k odtoku plodové vody
dojde pted dokoncenym 37. tydnem gestace, jedna se o piedCasny odtok plodové
vody pted terminem (PPROM) [ACOG Practice Bulletins, 2018]. S pfed¢asnym
odtokem plodové vody se poji termin ,,latence®, coz je doba od ruptury plodovych
oball do porodu. Podle gesta¢niho véku se PPROM déli na ¢asny PPROM (24-34.
tyden gestace) a pozdni PPROM (34-37. tyden gestace).

31



3.3.1.1 Patofyziologie PPROM

PtedCasny odtok plodové vody ma multifaktoridlni patofyziologii. Dulezitou roli
v etiologii PPROM hraje infekce v choriodecidudlnim prostoru nebo mikroby
indukovany intraamnialni zanét. Mikroby indukovany intraamnialni zanét (MIAC,
Microbial Invasion of the Amniotic Cavity) zplsobuji pievazné genitalni
mykoplazmata, zejména Ureaplasma parvum a Ureaplasma urealyticum. Tato
komplikace postihuje ptiblizn€ 30 % téhotenstvi s PPROM [Yoon et al, 1998a; Yoon
zanétlivou odpovéd, kterd se vyznacuje zvysSenou hladinou IL-6 a IL-8 v plodové
vod¢ [Kacerovsky et al, 2015]. V klinické praxi se k diagnostice intraamnialniho
zanétu pouziva vySetfeni vzorku plodové vody, ktery se odebird transabdominalné

nebo vaginalné.

DalS$im mechanismem spjatym srozvojem PPROM je snizeni obsahu kolagenu
v plodovych obalech. Kolagen v plodovych obalech klesa se vzristajicim gestacnim
vékem jak u fyziologickych gravidit, tak u PPROM, nicméné u pacientek
s pred¢asnym odtokem plodové vody byl zjistén mensi obsah kolagenu nez u Zen
s normalnim pribéhem té€hotenstvi [Skinner et al, 1981]. Tuto teorii podporuje 1 fakt,
ze v plodové vode byly nalezeny zvysené hladiny matrixovych metaloproteinaz (1, 8
a 9) a snizené hladiny tkanového inhibitoru metaloproteinaz (1 a 2). Nerovnovaha
mezi matrixovymi metaloproteindzami a tkanovym inhibitorem metaloproteinaz
v plodové vodé mlZe odrazet poruchu, ktera podporuje pred€asné poruseni membran

[Vadillo-Ortega et al, 1996].

Déle se na rozvoji PPROM mitze podilet defekt plodovych oballi, nadmérné rozpéti

plodovych oballi nebo senescence a apoptoéza bunék plodovych obalti.

Také existuje mnoho rizikovych faktorti, které zvySuji pravdépodobnost vyskytu
pfedCasného odtoku plodové vody. Jedna se o rizikové faktory matefske,
uteroplacentarni a fetalni. Matefské faktory zahrnuji: vyskyt PPROM nebo
pfed¢asného porodu v minulé gravidité, koufeni cigaret, abusus kokainu, sexualné
prenosné infekce, krvaceni v pribchu te€hotenstvi, chronicka terapie kortikosteroidy,

onemocnéni pojivove tkang, nizky socioekonomicky status rodicky nebo nizky body
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mass index. Mezi uteroplacentarni rizikové faktory se tadi: abrubce placenty,
konizace, cervikdlni insuficience, nadmérna distenze délohy, anomadlie dé¢lohy,
mikroby indukovany intraamnidlni zdnét nebo fetdlni rastovéa restrikce. Fetalni
rizikové faktory zahrnuji vicecCetna téhotenstvi nebo abnormalni mnozstvi plodové
vody. Jak je vidét, pfi¢in vzniku PPROM je mnoho a nékterym z nich Ize predejit.
Dutlezité je v€asné odhaleni rizikovych faktori a intenzivni péce o vysoce rizikova

téhotenstvi.
3.3.1.2 Diagnostika PPROM

Dulezitym krokem v diagnostice piedCasného odtoku plodové vody je ziskani
anamnestického Udaje o odtoku plodové vody. Tento udaj je nasledné potvrzen
ptitomnosti plodové vody vzadni klenb&é poSevni pii vySetieni v zrcadlech
[Kacerovsky et al, 2017b]. Déle je mozno pouzit Temesvaryho zkousku (zalozenou
na zméné pH v pochvé) ¢i specifické testy na prikkaz plodové vody ve vaginalni
tekuting (napt. detekce pfitomnosti PAMG-1 (placentérni alfa-mikroglobulin-1) nebo
IGFBP-1 (inzulinu podobny rastovy faktor vazajici protein-1). Potvrdit diagndézu
muze také prukaz oligohydramnionu nebo anhydramnionu pomoci ultrazvuku

[Kacerovsky et al, 2017b].
3.3.1.3 Management PPROM

U pacientek s pfed¢asnym odtokem plodové vody je nejprve nutné vyloucit
pfitomnost klinické chorioamnionitidy (teplota matky nad 37,5°C a pfitomnost
nejméne dvou z nasledujicich pfiznaki: tachykardie matky > 100 tepi za minutu,
tachykardie plodu > 160 tepi za minutu, hnisavy vaginalni vytok, citlivost délohy,
bolest biicha a leukocytéza > 15 000/mm?), zdvazné krviceni a znamky hypoxie
plodu. Pokud je PPROM komplikovan nékterou z uvedenych situaci, mélo by byt
té¢hotenstvi neprodlen¢ ukonceno [Kacerovsky et al, 2017b]. Pokud pacientka
s PPROM nevykazuje vySe zminéné¢ komplikace, rozhoduje o dalSim postupu
gestacni stafi, ve kterém k ruptute obalu doslo. U téhotenstvi ptfed dokonéenym 34.
tydnem je zpravidla preferovanym postupem expektace. VSechny pacientky
s PPROM by pfi pfijmu mély dostat antibiotickou profylaxi. Kortikosteroidy se

obvykle podavaji pacientkdim do 34. tydne téhotenstvi. Antenatalni podani
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kortikosteroidii snizuje riziko neonatdlniho umrti, respiratni dechové tisné
novorozence a riziko intraventrikularniho krvaceni plodu/novorozence. Tokolyza se
u pacientek s prfedCasnym odtokem plodové vody nedoporucuje, protoze nevede
k signifikantnimu prodlouzeni téhotenstvi a nesnizuje neonatalni mortalitu a

morbiditu [Kacerovsky et al, 2017b].

3.3.2 PTB

Spontanni pred¢asny porod (PTB, spontaneous preterm birth) je definovan jako
vyskyt pravidelnych déloznich kontrakci pfi miniméalni frekvenci dvou stahti za 10
min, spolu se zménami na déloznim hrdle, coz vede k porodu pted dokonc¢enym 37.
tydnem [ACOG Practice Bulletins, 2016; Kacerovsky et al, 2017a]. Zmény
délozniho hrdla souvisi s insuficienci, coz je nebolestiva dilatace délozniho hrdla,
ktera muize vést k pozdnimu potratu nebo predCasnému porodu, a zkracenim
délozniho hrdla mezi 20. - 30. tydnem téhotenstvi pod 25 mm [Kacerovsky et al,
2017al].

3.3.2.1 Patofyziologie PTB

Spontanni predCasny porod ma obdobné jako PPROM velké mnozstvi rizikovych
faktorli, a to jak endogennich, tak exogennich. Mezi né patii naptiklad piedchozi
pfed¢asny porod, opakované potraty ve druhém trimestru, anomalie délohy a
d€lozniho Cipku, in vitro fertilizace, viceCetnd gravidita, zdravotni komplikace
matky, krvaceni v pribéhu téhotenstvi, abnormalni placentace, urogenitalni infekce,
etnicky ptvod, nizky socioekonomicky status, koufeni cigaret, uzivani alkoholu a
drog, psychosocidlni stres nebo stresové zivotni udalosti, namédhava fyzické zatéz ¢i

nedostatecna prenatalni péce.

Jednou z pfic¢in vedoucich ke spontdnnimu ptfed¢asnému porodu je zénét, ktery
ptestoupi z pochvy do d€lohy a na plodové obaly a poté do plodové vody. ZvySené
riziko infekce je spojeno s dilataci déloZzniho hrdla. Porody v €asnéjSich gestacnich
tydnech jsou spojeny sinfekci castéji, nez porody pozdngj$i. Histologicka

chorioamnionitida byla hlaSena u témét 70 % piredCasnych porodd do 24. tydne
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gestace ve srovnani s 16 % pacientek ve 34. tydnu t&€hotenstvi [Lahra & Jeffery,

2004; Shennan & Jones, 2004].

Vzhledem ktomu, Ze zeny s viceCetnym t¢hotenstvim, polyhydramnionem a
anomdliemi délohy maji vyssi riziko pfedcasného porodu, uvazuje se o vlivu
nadmérné distenze délohy a nésledném pted¢asném nastupu kontrakci. Studie in
vitro potvrzuji zvySenou expresi geni COX-2 (cyklooxygendza 2), PGE:
(prostaglandin E2), OTR (oxytocinovy receptor), pii distenzi délohy, ktera vede
k ptedCasnému porodu [Mohan et al, 2007; Terzidou et al, 2005].

3.3.2.2 Prevence PTB

U téhotnych zZen s kratkym déloznim hrdlem nebo s anamnézou pred¢asného porodu,
¢i pozdniho potratu, je mozné podat progesteron [Kacerovsky et al, 2017a].
Progesteron stabilizuje myometrium (inhibuje jeho kontraktilitu) a pisobi
intramuskularni injekce nebo vaginalng, pficemz vaginalni podani progesteronu ma
vyssi biologickou dostupnost a nizsi frekvenci nezadoucich uc¢inka [Kacerovsky et
al, 2017a]. Dal$i moZnosti je cerklaz délozniho hrdla, coZ je operace délozniho hrdla,
kterd teSi jeho insuficienci ve druhém a na pocatku tietiho trimestru gravidity.
Cerklaz mize byt indikovéana preventivng, na zdkladé anamnézy, dale pak pfi zjiSténi
zkraceného délozniho hrdla nebo pfi dilataci hrdla délohy s prolabujicim vakem blan

do pochvy [Alfirevic et al, 2017].

3.3.2.3 Management PTB

Pro kratkodobé zastaveni nebo zmirnéni kontrakci 1ze pouZit tokolytickou lécbu.
Tokolyza dokéze oddalit pted¢asny porod o dva az sedm dni, nicméné vétSina
pouzivanych tokolyttk mé také nezddouci UCinky na matku nebo plod.
Kortikosteroidy se obvykle podavaji pacientkdm do 34. tydne gravidity, pokud se
ocekava predcasny porod v nejblizSich sedmi dnech. Pokud je ptfedCasny porod
neodvratitelny nebo je pacientka GBS pozitivni, je vhodné zahgjit antibiotikovou

profylaxi [Kacerovsky et al, 2017a].
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4. Proteiny tepelného Soku v téhotenstvi

Jedna z prvnich studii, zabyvajici se lokalizaci proteini tepelného Soku v placentg,
pochédzi zroku 1998. Pomoci imunohistochemie, s vyuzitim vysoce specifickych
antisér, byla zkoumana lokalizace hsp v placentarni tkani a tkéni decidua
normotenznich Zen béhem prvniho, druhého a tfetiho trimestru t€hotenstvi [Shah et
al, 1998]. Proteiny Hsp27, Hsp60, Hsp70 a Hsp90 byly detekovany v deciduélnich
stromalnich bunikach béhem kazdého trimestru, pficemz intenzita barveni se u Hsp27
a Hsp60 v pribehu téhotenstvi neménila. Hsp70 a Hsp90 vykazovaly pokles hladin s
rostouci délkou gestace. Hsp60 a Hsp90 se nachdzely primarné v jadie, Hsp70 byl
detekovan jak vjadfe, tak vcytoplazm&€ a Hsp27 byl piitomen priméarné
v cytoplazmé. Co se tyCe placenty, Hsp60, Hsp70 a Hsp90 byly lokalizovany
v cytotrofoblastu, syncytiotrofoblastu, intermediarnim trofoblastu, Hofbauerovych a
endotelialnich bunkach. Obdobn¢ jako v tkani decidua, tak i v placenté¢ se Hsp60 a
Hsp90 nachézely primarné v bunééném jadie a Hsp70 byl nalezen jak v jadre, tak
v cytoplazmé. V placenté byl Hsp27 nalezen pouze v intermedidrnim trofoblastu
syncytiotrofoblastu, a to jen v prvnich dvou trimestrech [Shah et al, 1998]. Exprese
proteint Hsp60, Hsp70 a Hsp90 v placenté¢ byla také studovéna v souvislosti
s predéasnym porodem a fetdlni rastovou restrikci. V placentarni tkéni byla
zaznamenana exprese vSech tfi studovanych proteint tepelného Soku, ale nebyly
nalezeny zadné rozdily v intenzité¢ hsp exprese mezi skupinami FGR, pfed¢asnym
porodem a porodem v terminu. Nicméné v neékterych placentach Zen s predCasnym
porodem byly detekovany komplexy Hsp60-protilditka a Hsp70-protilatka. Tyto
imunokomplexy mohou podle autora pfispét k pred¢asnému porodu. Anti-Hsp60 a
anti-Hsp70 protilatky byly rovnéZ u Zen, které piedcasné porodily, detekovany i
v matetskeé cirkulaci [Ziegert et al, 1999].

4.1 Hsp v prubéhu fyziologické gravidity

Vzhledem k tomu, ze Hsp70 je nejvice studovanym proteinem tepelného Soku, tak
bylo publikovano pomérné hodné studii, které se zabyvaji jeho expresi u riznych
téhotenskych patologii i v pribéhu fyziologické gestace. Hsp70 je detekovan

v periferni cirkulaci jak u téhotnych, tak u netéhotnych Zen. Béhem normalniho
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prabéhu téhotenstvi byly pozorovany nizsi hladiny Hsp70 v matetské cirkulaci ve
srovnani s net¢hotnymi Zenami [Molvarec et al, 2007]. Podle této studie se také
hladiny Hsp70 méni v priabéhu te€hotenstvi a v zavislosti na véku té¢hotné zeny —
sérova koncentrace Hsp70 se zvySuje s postupujicim gestacnim stafim a zaroven
klesa se vzrustajicim vékem matky [Molvarec et al, 2007]. Nicmén¢ existuji takeé
studie, ve kterych nebyl nalezen statisticky rozdil v koncentracich sérového Hsp70
v pribeéhu normdlniho téhotenstvi [Fukushima et al, 2005]. I kdyz mé& Hsp70
lokalizovany v buiikach protizanétlivé ucinky, Hsp70 nachazejici se extracelularné
muze fungovat jako stres signalizujici molekula, kterd signalizuje nefyziologicky
stav, jako je bunécny stres nebo poskozeni, a vede k indukci vrozené a adaptivni
imunitni odpovédi [Pockley, 2003]. Extracelularni Hsp70 se ucastni piemény
dendritickych bunék z tolerogennich na imunogenni a stimuluje cytolytickou aktivitu
NK bunék a y/0 T lymfocytd, coz mlze zpusobit netolerovani plodu imunitnim
systémem matky. Z toho divodu se predpoklada snizeni hladin cirkulujiciho Hsp70

béhem tehotenstvi.

ZvySeni hladin Hsp70 v matetské cirkulaci se vzristajicim gesta¢nim vékem miize
byt zplisobeno narlistem mnozstvi apoptotickych télisek placentarniho trofoblastu,
ktera se uvoliuji do matetské cirkulace pfi remodelaci placenty v dasledku apoptozy

[Redman & Sargent, 2000].

SniZzovani hladin cirkulujiciho Hsp70 v souvislosti s rostoucim vékem rodicky
odpovidd obdobnym studiim u netéhotnych zen a mohlo by souviset se snizenou
schopnosti bun€k reagovat na stresové situace a syntetizovat hsp s rostoucim vékem

[Jin et al, 2004].
4.2 Hsp v prubéhu preeklampsie

Vzhledem ktomu, Ze preeklampsie souvisi s oxidacnim a hemodynamickym
stresem, placentarni ischemii a z&nétlivymi cytokiny, tak existuji studie zkoumajici
proteiny tepelného Soku v souvislosti s timto onemocnénim. Nejvice studovanym
proteinem tepelného Soku v souvislosti s t€hotenskymi komplikacemi je opét Hsp70.
Molvarec a jeho tym sledovali hladiny Hsp70 v matetském séru u 142 hypertenznich

téhotnych Zen a u 127 normotenznich t&hotenstvi. Zjistili zvySené sérové hladiny
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Hsp70 u hypertenznich zen ve srovnani se zdravymi kontrolami [Molvarec et al,
2006]. Obdobné vysledky ukazuji i dalsi studie. ZvySené hladiny Hsp70 v matetském
séru byly pozorovany u Zen s ¢asnym onsetem zavazné preeklampsie ve srovnani
s normalnim pribéhem téhotenstvi, a zaroven také u Zen s Casnym onsetem zavazné
preeklampsie ve srovnani s zenami s pozdnim ndstupem zdvazné preeklampsie
[Jirecek et al, 2002; Fukushima et al, 2005]. Liu pozoroval zvySenou genovou i
proteinovou expresi Hsp70 v placent¢ a purifikovanych mikrovaskularnich
endotelidlnich bunikkdch u 28 pacientek s placentarni insuficienci (preeklampsie a
IUGR) [Liu et al, 2008]. Dalsi studie sledovala sérové hladiny Hsp70 a Hsp60 u
preeklampsie s ¢asnym a pozdnim onsetem, a déle, zda plazmatické hladiny Hsp70 a
Hsp60 souviseji s hladinami cirkulujicich cytokint, a také funkcemi ledvin a jater u
preeklampsie [Peracoli et al, 2013]. U Hsp60 nebyly pozorovany zadné statisticky
vyznamné zmény, ale Hsp70 vykazoval vyssi sérové hladiny u pacientek s casnym
onsetem preeklampsie ve srovnani s onsetem pozdnim. Dale byla ve skupiné
pacientek s ¢asnym nastupem preeklampsie pozorovana pozitivni korelace mezi
hladinami Hsp70 a koncentracemi TNF-a, TNF-o-receptoru I, IL-1B, IL-12,
laktatdehydrogenazy, aspartataminotransferazy a kyseliny mocové [Peragoli et al,
2013]. Zvysené hladiny cirkulujiciho Hsp70 nemusi byt jen markerem preeklampsie,
ale mohou hrat roli také v jeji patogenezi. Stresované a poskozené nekrotické bunky
uvolnuji Hsp70 do extracelularniho prostoru, coz miize vyvolat prozanétlivou (Th-1)
imunitni odpovéd’ [Pockley, 2003]. Systémova zanétlivd reakce matky, ktera je
zodpovédna za piiznaky a symptomy preeklampsie, zahrnuje zvySeni poctu a
aktivaci leukocytt s produkei prozanétlivych cytokind, které ovliviiuji Th-1 odpoveéd

a aktivaci komplementu, a produkci proteinti akutni faze [Redman et al, 1999].

U preeklamptickych Zen vykazuji sérové hladiny Hsp70 vyznamné korelace
s hladinami CRP vséru, sérovou aktivitou aspartditaminotransferdzy a
laktatdehydrogenazy a plazmatickymi hladinami malondialdehydu [Molvarec et al,
2009]. Tyto vysledky naznacuji, Ze zvySené hladiny Hsp70 v séru odrazeji

systémovy zanét, oxidacni stres a hepatocelularni poSkozeni béhem preeklampsie.

38



4.3 Hsp a predcasny porod

V ptipadé¢ predcasného porodu byla pozorovana zvySend exprese jak
intracelularniho, tak extracelularniho Hsp70. Bylo zjiSténo, ze pritomnost inducibilni
formy Hsp70 ve vagindlnich vzorcich téhotnych Zen je spojena s bakteridlni
vagindzou, pricemz se predpokladd, ze exprese tohoto proteinu je spojena se
snizenou prozanétlivou imunitni odpoveédi na abnormalni vaginalni floru téhotnych
zen [Geng et al, 2005]. Uvoliovani vagindlniho Hsp70 v reakci na abnormalni
vaginalni mikrofloru miize vyvolat produkci NO ve snaze minimalizovat patologické
dasledky tohoto pozménéného prostiedi [Geng et al, 2006]. Bakterialni vagindza je
jednim z rizikovych faktor pfedc¢asné¢ho porodu [Subtil et al, 2002; Tabatabaei et al,
2019]. Kromé toho bylo zjisténo, ze lidské plodové obaly konstitutivné exprimuji
Hsp70 a expozice bakteridlnimu lipopolysacharidu vyrazné stimuluje expresi Hsp70
ve fetdlnich obalech, coz naznafuje roli tohoto proteinu v cytoprotekci pied
stresovymi faktory béhem t¢hotenstvi [Menon et al, 2001]. Také bylo prokazano, ze
intraamnialni infekce, histologicka chorioamnionitida a termin porodu jsou spojeny
se zvySenymi koncentracemi Hsp70 v plodové vodé. Autoti predpokladaji, ze Hsp70
hraje roli v obranném mechanismu hostitele tim, ze aktivuje vrozenou imunitni
odpovéd’ u Zen s intrauterinni infekei [Chaiworapongsa et al, 2008]. Ziegert sledoval
proteinovou expresi Hsp60, Hsp70 a Hsp90 v placentach Zen s pfedCasnym porodem,
porodem v terminu a u Zen s IUGR [Ziegert et al, 1999]. Ve vSech placentarnich
tkanich zaznamenal expresi téchto proteind, ale nenasel Zadny rozdil v intenzité hsp
exprese u jednotlivych diagnéz. Nicméné u nékterych zen s pfedCasnym porodem
zaznamenal tvorbu komplextt Hsp60-protilatka a Hsp70-protilatka, pficemz u téchto
pacientek nalezl také cirkulujici protilatky proti Hsp60 a Hsp70 v matefském séru.
Proto se domniva, Ze tvorba patologickych imunokomplexi Hsp60-protilatka a
Hsp70-protilatka mtize pfispét k vyvolani predcasného porodu [Ziegert et al, 1999].
V dalsi studii Fukushima pozoroval vyznamné vyssi sérové hladiny Hsp70 u Zen se
zvySenym rizikem pted€asného porodu oproti zdravym téhotnym Zendm bez
jakychkoliv komplikaci [Fukushima et al, 2005]. Krom¢ toho byly koncentrace
Hsp70 vséru vyznamné vysSi u vysoce rizikovych pacientek, které porodily

predCasné ve srovnani s témi, které byly vysoce rizikové, ale rodily v terminu.
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5. Hypotéza a cile prace

Hypotéza mé disertacni prace predpoklada, ze se stresové podminky spojené
s téhotenskymi komplikacemi projevi signifikantni zménou profilu genové exprese
vybranych proteinti tepelného Soku. Dalsi predpoklad je, ze zavaznost konkrétni

patologie bude mit vliv na expresi téchto hsp.

Hlavnim cilem mé disertacni prace bylo zjistit vztah mezi genovou expresi proteinil
tepelného Soku a vybranymi tehotenskymi komplikacemi (preeklampsie, fetalni
rustova restrikce, gestacni hypertenze, spontanni predcasny porod, pred€asny odtok

plodové vody).
Dil¢i cile byly nésledujici:

» Kuvantifikace vybranych proteinii tepelného Soku [konstitutivni Hsp27 (gen
HSPBI1), konstitutivni mitochondrialni Hsp60 (gen HSPD1), inducibilni Hsp70
(gen HSPA1A), inducibilni Hsp90a (gen HSP90AA1) a Hsp70 ko-chaperon
HspBP1 (gen HSPBP1)] v placentarni tkani, plné periferni zilni krvi a matetské
plazmé u Zen s t€hotenskymi komplikacemi (PE, FGR, GH, PTB, PPROM) a u
fyziologickych gravidit.

» Porovnani genové exprese vybranych protein tepelného Soku u pacientek s

t€hotenskymi komplikacemi a u Zen s normalnim pribéhem téhotenstvi.
» Posouzeni vlivu zdvaznosti onemocnéni na genovou expresi hsp.

» Posouzeni matefské a fetalni odpovédi na stresové podminky spojené

s t¢hotenskymi komplikacemi.
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6. Material a metody

Ve své praci jsem pracovala se vzorky placentarni tkané, matefské plné periferni
zilni krve a krevni plazmy zen s téhotenskymi komplikacemi a s normalnim
pribéhem t&hotenstvi. Vzorky byly sbirany v letech 2011-2016 v Ustavu pro pééi o
matku a dité¢ v Praze-Podoli. Cast krevnich vzorkii od Zen s normalnim priibéhem
té¢hotenstvi byla téz =ziskdna z Gynekologicko-porodnické kliniky, Fakultni
nemocnice v Motole. Vzorky nesrdzlivé periferni zilni krve byly nabirany do
zkumavek s chelataénim ¢inidlem EDTA. Z takto ziskaného vzorku bylo odebrano
200 pl pro izolaci RNA a ze zbytku krve byla ziskdna plazma. Vzorky placentarni
tkané ve stabilizacnim roztoku (RNAlater), vzorky plazmy a vzorky RNA z plné
periferni zilni krve byly skladovany pii -80°C neZz doSlo kjejich finalnimu
zpracovani. Vsechny pacientky, které se ucastnily studie, podepsaly informovany
souhlas se zafazenim do studie. Studie byla schvalena Etickou komisi 3. 1ékatské

fakulty Univerzity Karlovy.

Zeny s normalnim priibéhem tehotenstvi byly definovany jako Zeny bez lékatskych,
porodnickych nebo chirurgickych komplikaci b&éhem gravidity, které mély
jednocetné téhotenstvi, rodily po ukon¢eném 37. tydnu t€hotenstvi a narodily se jim

zdravé déti s porodni vahou vyssi nez 2500 g.

Preeklampsie byla diagnostikovana, pokud se u pacientky vyskytla hypertenze (STK
> 140 mmHg a/nebo DTK >90 mmHg) ve dvou méfenich v rozmezi ¢tyf hodin a
byla doprovazena proteinurii > 300 mg/24 h po 20. tydnu gestace [ACOG Practice
Bulletins, 2002]. Zavazna preeklampsie byla diagnostikovdna, pokud byl ptitomen
jeden nebo vice z nasledujicich symptomti: 1) systolicky tlak krve > 160 mmHg nebo
diastolicky tlak krve > 110 mmHg, 2) proteinurie > 5 g za 24 hodin, 3) nizky objem
vyloucené moci (oligourie, méné nez 500 ml za 24 hodin), 4) respirani problémy
(plicni edém nebo cyanodza), 5) Spatna funkce jater, 6) bolesti hlavy nebo poruchy
vizu, 7) bolest v oblasti epigastria 8) trombocytopenie, 9) pritomnost fetalni riistoveé

restrikce.

Fetalni rastova restrikce byla diagnostikovana, pokud byla odhadovand hmotnost

plodu pod 10. percentilem pro dany gestacni vék a na zdklad¢ adjustace pro
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populaéni standarty Ceské republiky. Skupina SGA (plody malé vzhledem ke svému
gestacnimu stafi) zahrnovala plody s hmotnosti nebo délkou pod referencni hranici
pro dany gestacni vék. Skupina intrauterinni rastové restrikce (IUGR) zahrnovala
plody, které mély odhadovanou hmotnost pod 10. percentilem pro dané gestacni staii
a zaroven alesponi jeden z nasledujicich patologickych nalezli zjisténych pomoci
Dopplerovské ultrasonografie: abnormalni index pulsatility v arteria umbilicalis
(abnormélni hodnoty nad 95. percentilem pro dany gestacni vék), nulovy a/nebo
reverzni tok v arteria umbilicalis, abnormalni index pulsatility v arteria cerebri
media (abnormalni hodnoty pod 5. percentilem pro dany gestacni vék), znamky
centralizace krevniho obéhu plodu (CPR pod 5. percentilem pro dany gestacni vék) a

nedostatek plodové vody (anhydramnion nebo oligohydramnion).

PPROM byl definovan jako pfed¢asny odtok plodové vody pied terminem porodu,
poruseni plodovych obalii s odtokem plodové vody pied nastupem pravidelné

délozni ¢innosti pred tydnem téhotenstvi 37+0.

Spontanni pted¢asny porod (PTB) byl definovan jako vyskyt pravidelnych déloznich
kontrakei pfi minimalni frekvenci dvou stahit za 10 min, spolu se zménami na

déloznim hrdle, které vedly k porodu pied ukoncenym 37. gestaénim tydnem.

Zeny s PPROM a PTB pred 34. tydnem gestace, které nemély znamky klinické
infekce, byly léCeny kortikosteroidy pro urychleni procesu dozrani plic u plodu.
Tokolyza byla aplikovana pouze u téch pacientek pred 34. tydnem téhotenstvi, které
nevykazovaly znamky fetdlni nebo maternalni infekce, fetalniho distresu
(nedostate¢ny prisun kysliku pro plod) a mély GBS-negativni kultivaéni vySetieni.

Vétsing pacientek byla poddna profylakticka antibiotika.
6.1 Placentarni tkan

Placentarni tkan (oblast centralniho kotyledonu) byla po doddni do laboratofe
promyta a nasledn¢ zamrazena v RNAlater (Ambion, Austin, USA) na teplotu -80°C
nez doslo kjejimu dal§imu zpracovani. Do analyzy bylo zahrnuto 95 pacientek
s preeklampsii (s a/nebo bez FGR), 39 zZen s fetdlni rastovou restrikei plodu, 31

pacientek s gestacni hypertenzi a 42 Zen s normalnim pribéhem tchotenstvi. V dalsi

42



¢asti studie, ktera se zabyvala pfedCasnymi porody, bylo analyzovdno 80 vzorkl
placent zen s PPROM, 30 placent od Zen se spontannim pfed¢asnym porodem (PTB)

a 50 placent od Zen s normalnim prabéhem te¢hotenstvi.

Z 95 pacientek, u kterych se vyskytla preeklampsie, mélo 40 Zen ptiznaky mirné
preeklampsie a u 55 zen se vyskytovala zdvaznd forma preeklampsie. S ohledem na
gestani stafi dosSlo u 38 pacientek s preeklampsii k porodu pied 34. tydnem
téhotenstvi a 57 zen rodilo po 34. tydnu gestace. 70 Zen s preeklampsii mélo pred
té¢hotenstvim normalni krevni tlak a u 25 Zen se vyskytovala preeklampsie
superponovana na predchozi chronickou hypertenzi. Ctyfi Zeny s riistovou restrikci
plodu rodily pted 32. tydnem téhotenstvi a 35 pacientek s FGR po 32. tydnu gestace.
Oligohydramnion nebo anhydramnion byl pfitomen ve 14 piipadech FGR. Pomoci
Dopplerovské ultrasonografie byl zjistén abnormalni index pulsatility (PI) v arteria
umbilicalis (14 zen s preeklampsii a 14 Zen s FGR) a/nebo v arteria cerebri media (9
zen s preeklampsii a 6 téhotenstvi s FGR). Cerebroplacentarni pomér (CPR, pomér
PI v arteria cerebri media a Pl arteria umbilicalis) byl pod 5. percentilem v 18
ptipadech (9 zen s preeklampsii a 9 téhotenstvi s FGR). Nulovy a/nebo reverzni tok
v arteria umbilicalis se vyskytl v 9 ptipadech (7 Zen s preeklampsii a 2 téhotenstvi s
FGR). U 43 Zen sPPROM byla diagnostikovana  histologicka
chorioamnionitida (HCA).

V tabulkach 1a a 1b jsou uvedena klinickd data Zen zahrnutych do studie.

Tabulka 1a: Klinicka data pacientek snormalnim a patologickym prubéhem
téhotenstvi

Zdravé kontroly  Preeklampsie FGR GH
(n=42) (n=95) (n=39) (n=31)
VEKk (roky) 31 (28-33) 32 (29-35) 29 (27-34) 30 (28-31)
Tlak krve (mmHg)
Systolicky 120 155 120 150
(112-128) (149-160) (120-125) (144-160)
Diastolicky 76 (70-80) 100 (90-103) 80 (75-80) 95 (92-100)
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Proteinurie (g/24h)

Gestacni vék v dobé

nabéru krve (tydny)

Gestacni vék v dobé

porodu (tydny)

Zpiisob porodu
Vaginalni
Cisaisky fez

Hmotnost

novorozence (gramy)

(3232-3548)

- 1,46 (0,53-3,5) -

36 (35-37) 35 (31-38) 36 (30-37)
39 (38-40) 36 (31-38) 37 (35-38)
35 (83,3 %) 15(158%) 9 (23,1 %)
7(16,7 %) 80 (84,2%) 30 (76,9 %)
3345 2425 2350

(1590-2925)

(1875-2568)

37 (36-39)

39 (38-40)

24 (77,4 %)
7 (22,6 %)
3110

(3020-3210)

Data jsou uvadéna jako median (25. - 75. percentil) pro kontinudlni proménné a jako Cislo
(procento) pro kategorické proménné

Tabulka 1b: Klinicka data pacientek s pied¢asnym porodem a porodem v terminu

Zdravé kontroly PTB PPROM
(n=50) (n=30) (n=80)

Vék (roky) 33 (30-35,75) 30 (28-35) 31,5 (28-36)
Gestacni vék v dobé 39 (38-40) 33 (29-35) 34 (31-36)
porodu (tydny)
Zptisob porodu

Vaginalni 41 (82 %) 22 (73,3 %) 52 (65 %)

Cisai'sky ez 9 (18 %) 8 (26,7 %) 28 (35 %)
Hmotnost novorozence 3435 2110 2205 (1528-2693)

(gramy)

BMI matky
Pohlavi ditéte
Muz

Zena

(3252,5-3687,5)

25,00 (23,00-28,00)

28 (56 %)

22 (44 %)
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(1620-2570)

25,2 (21,80-29,00)

20 (66,7 %)

10 (33,3 %)

25,00 (22,40-28,00)

49 (61,3 %)

31 (38,7 %)



Prvorodicka
Ano - 11 (36,7 %) 37 (46,3 %)
Ne - 19 (63,3 %) 43 (53,7 %)
Podani kortikosteroidu
Ano - 19 (63,3 %) 57 (71,3 %)
Ne - 11 (36,7 %) 23 (28,7 %)

Podani antibiotik

Ano - 25 (83,3 %) 74 (92,5 %)

Ne - 5 (16,7 %) 6 (7,5 %)
Tokolyza

Ano - 12 (40 %) 19 (23,8 %)

Ne - 18 (60 %) 61 (76,2 %)
CRP (mg/l) - 5,9 (3,9-23,0) 6,7 (3,6-13,0)
Leukocyty (x10°/1) - 11,4 (10,1-15,0) 12,7 (10,6-16,3)
Apgar skére <7 (5 min) - 2 (6,7 %) 4 (5 %)
Apgar skére <7 (10 min) - 1(3,3 %) 2 (2,5 %)
pH pupecnikové krve - 7,32 (7,30-7,36) 7,32 (7,29-7,36)

Data jsou uvadéna jako median (25.

75. percentil) pro kontinualni proménné a jako ¢islo

(procento) pro kategorické proménné

6.2 Materska plna periferni Zilni krev

Vzorky matetské plné periferni Zilni krve byly nabirany do zkumavek s chelataénim
¢inidlem EDTA. Krve od Zen s fyziologickym pribéhem téhotenstvi byly nabirany
ve 36. tydnu gestace pii preventivni prohlidce. Krve od Zen s patologickym
prib&hem t&hotenstvi byly nabirany v dobé manifestace klinickych piiznaki

onemocnéni.
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Do studie bylo zahrnuto celkem 129 Zen (32 zen s normalnim pribéhem téhotenstvi,
56 zen s preeklampsii s vyskytem a/nebo bez vyskytu fetalni ristové restrikce, 22

zen s fetalni ristovou restrikei a 19 Zen s gestacni hypertenzi).

U 19 Zen byla diagnostikovana mirna preeklampsie a 37 Zen mélo ptiznaky zavazné
preeklampsie. S ohledem na gestacni staii 24 pacientek s PE rodilo pted 34. tydnem
gestace a 32 zen s PE rodilo po 34. tydnu t¢hotenstvi. U 13 Zen se jednalo o
preeklampsii  superponovanou na piedchozi chronickou hypertenzi. U 7 zen
s vyskytem FGR u plodu bylo téhotenstvi ukonceno pied 32. tydnem a 15 Zen
s diagnézou FGR u plodu rodilo po 32. tydnu gestace. U 8 rlistové retardovanych
plodu se vyskytl oligohydramnion nebo anhydramnion. Abnormalni index pulsatility
v arteria umbilicalis byl zjistén u 12 Zen s preeklampsii a u 15 t&€hotenstvi s FGR.
Abnormdlni index pulsatility v arteria cerebri media se vyskytl u 8 Zen s
preeklampsii a 9 téhotenstvi s FGR. Patologicky cerebroplacentarni pomér byl
detekovan u 7 Zen preeklampsii a 9 téhotenstvi s FGR. Klinickd data pacientek
zahrnutych do studie jsou uvedena v tabulce 2.

Tabulka 2: Klinicka data pacientek s normalnim a patologickym priibéhem téhotenstvi
(vzorky mater'ské pIné periferni krve)

Zdravé kontroly  Preeklampsie FGR GH
(n=32) (n=56) (n=22) n=19)
Vék (roky) 32 (29-35) 33 (29-36) 30 (28-34) 31 (29-33)
Tlak krve (mmHg)
Systolicky 120 155 128 157
(110-125) (150-161) (118-139) (151-163)
Diastolicky 75 (71-79) 100 (92-104) 80 (73-85) 100 (93-102)
Proteinurie (g/24h) - 1,36 (0,54-3,5) - -
Gestacni vék v dobé 40 (39-40) 36 (32-39) 37 (33-38) 39 (37-39)
porodu (tydny)
Zpiisob porodu
Vaginalni 24 (75 %) 8 (14,3 %) 9 (40,9 %) 10 (52,6 %)
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Cisarsky fez 8 (25 %) 48 (85,7 %) 13 (59,1 %) 9 (47,4 %)

Hmotnost 3400 2400 2100 3300

novorozence (gramy)
(3150-3700) (1430-3240)  (1920-2600) (2900-3650)

Data jsou uvadéna jako median (25. - 75. percentil) pro kontinualni proménné a jako cislo
(procento) pro kategorické proménné.

6.3 Materska krevni plazma

Vzorky matetské periferni zilni krve byly nabirany do 9ml zkumavek s chelata¢nim
¢inidlem EDTA. Krve od Zen s fyziologickym prib¢hem téhotenstvi byly nabirdny
ve 36. tydnu gestace pii preventivni prohlidce. Krve od Zen s patologickym
pribéhem gestace byly nabirany v dob¢é manifestace klinickych ptiznaki
onemocnéni. Periferni krev byla centrifugovana pti pokojové teploté pii 4 600 rpm
po dobu 10 minut, poté byla provedena re-centrifugace plazmy za stejnych

podminek.

Celkem bylo vySetfeno 39 krevnich plazem Zen s normalnim pribc¢hem t€hotenstvi,
78 vzorka Zen s preeklampsii (s a/nebo bez FGR), 25 vzorkl plazem Zen s fetalni

rustovou restrikci plodu a 33 vzorkt bylo od Zen s gestacni hypertenzi.

Ze 78 preeklamptickych zen mélo 27 Zen mirnou preeklampsii a 51 Zen m¢élo
zavaznou formu preeklampsie. T¢hotenstvi bylo nutno ukon¢it pred 34. tydnem u 30
zen s preeklampsii a 48 Zen s PE rodilo po 34. tydnu gestace. Preeklampsie se
objevila u 56 pacientek, které byly diive normotenzni, a u 22 Zen se vyskytla
preeklampsie superponovana na piedchozi chronickou hypertenzi. 5 téhotenstvi s
rustove retardovanymi plody muselo byt ukonceno pied 32. gestatnim tydnem a 20
zen s diagnéozou FGR u plodu rodilo az po 32. tydnu gestace. U 9 ristove
retardovanych ploda se vyskytl oligohydramnion nebo anhydramnion. Abnormalni
index pulsatility v arteria umbilicalis byl zjist€n u 12 Zen s preeklampsii a u 14
téhotenstvi s FGR. Abnormalni index pulsatility v arteria cerebri media se vyskytl u
9 téhotenstvi s preeklampsii a u 5 t€hotenstvi s FGR. Patologicky cerebroplacentarni
pomér byl identifikovan u 8 téhotenstvi s preeklampsii a 9 téhotenstvi s FGR.
Nulovy a/nebo reverzni tok v arteria umbilicalis se vyskytl ve 4 ptipadech (2 PE a 2

FGR). Klinické data pacientek zahrnutych do studie jsou uvedena v tabulce 3.
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Tabulka 3: Klinick4 data pacientek s normalnim a patologickym priibéhem téhotenstvi
(vzorky krevnich plazem)

Zdravé kontroly  Preeklampsie FGR GH
(n=39) (n="78) (n=25) (n=33)
Vék (roky) 33 (30-35) 34 (29-37) 32 (28-36) 30 (29-33)
Tlak krve (mmHg)
Systolicky 120 156 127 155
(112-128) (150-163) (115-139) (150-165)
Diastolicky 76 (70-80) 100 (90-103) 80 (75-86) 100 (93-100)
Proteinurie (g/24h) - 1,23 (0,55-3,4) - -
Gestacni vék v dobé 40 (39-40) 36 (31-38) 36 (34-38) 39 (37-39)
porodu (tydny)
Zptisob porodu
Vaginalni 28 (71,8 %) 13 (16,7 %) 9 (36 %) 19 (57,6 %)
Cisarsky fez 11 (28,2 %) 65 (83,3 %) 16 (64 %) 14 (42,4 %)
Hmotnost 3380 2450 2160 3210
novorozence (gramy) (3142-3645) (1442-3220)  (1925-2610) (2880-3620)

Data jsou uvadéna jako median (25. - 75. percentil) pro kontinualni proménné a jako ¢islo
(procento) pro kategorické proménné.

6.4 1zolace RNA z placentarni tkané

Celkova RNA byla izolovana z 30-35 mg placentarni tkan€ za vyuZiti komercné
dostupného kitu QIAamp RNA Blood Mini Kit (Qiagen, Hilden, Némecko), podle

protokolu od vyrobce.

Placentarni tkan byla nejprve homogenizovana v 600 pl fedéného pufru RLT (99 %
pufru RLT + 1 % B-merkaptoethanolu). Homogenni lyzat byl nasledné centrifugovan
3 minuty pfi maximalni rychlosti centrifugy (14 500 rpm) a dale byl pouzit jen Cisty
supernatant. K supernatantu bylo ptidano 600 pl 70% etanolu a cely vzorek byl fadné
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protfepan. Vznikla smés byla pfenesena na kolonku s filtrem (QIAamp spin) a
stocena na centrifuze 30 spifi 14 500 rpm. Nasledné byl vzorek zachyceny na
kolonce s filtrem postupné promyvan nejprve 700 pl pufru RW1 a poté dvakrat 500
ul pufru RPE. Po ptidani kazdého pufru byl vzorek centrifugovan 30 s pii 14 500
rpm. Po druhém ptidéni promyvaciho pufru RPE byl vzorek centrifugovan 4 minuty
pti 11 000 rpm. Pro dosuSeni vzorku byla jesté provedena centrifugace pii 11 000
rpm po dobu 2 minut. Eluce probé¢hla s 50 pl vody (RNase-Free Water). Pro
minimalizaci DNA kontaminace byla eluovana RNA oSetfena 5 pul
Deoxyribonukleazy 1 (DNase I, Fermentas International, Ontario, Kanada) v
ptitomnosti 5 upl 10x koncentrovaného reakéniho pufru s MgCl, (Fermentas
International, Ontario, Kanada) po dobu 30 min pfi teplot¢ 37°C. Nakonec bylo
pfidano 5 ul 50mM EDTA (Fermentas International, Ontario, Kanada) a nasledovala
10 minutovd inkubace pii 65°C. Koncentrace RNA byla zméfena pomoci
spektrofotometru (NanoDrop-1000, Witec AG, Littau, Svycarsko). Viechny vzorky
mély pomér absorbanci 260/280 nm > 1,9, coz indikuje vysokou kvalitu a Cistotu

izolace.

6.5 1zolace RNA z plné periferni Zilni krve matky

Celkova RNA byla izolovana z 200 pl periferni zilni krve (zkumavky pro nabér krve
obsahovaly chelata¢ni ¢inidlo EDTA) za vyuziti komeréné dostupného kitu QIAamp
RNA Blood Mini Kit (Qiagen, Hilden, Némecko), podle protokolu od vyrobce.

Ke 200 pl periferni krve bylo pfiddno 1000 pl EL pufru. Poté doslo k desetiminutové
inkubaci na ledu a desetiminutové centrifugaci (200 rpm, 4°C). Vznikly supernatant
byl odstranén a k peleté bylo ptidano 400 pl EL pufru a vzorek byl prottepan. Opét
doslo k desetiminutové centrifugaci (200 rpm, 4°C). Po odstranéni supernatantu se
k pelet¢ ptridalo 350 pl tedéného pufru RLT (99% pufru RLT + 1% B-
merkaptoetanolu). Nasledné byl vzorek ptepipetovan na kolonku (QIAshredder spin
column) a centrifugovan pti 14 500 rpm po dobu 3 minut. K lyzatu bylo ptidano 350
ul 70% etanolu a smés byla promichéna. Poté doSlo k piepipetovani vzorku do
kolonky s filtrem a k centrifugaci pfi 14 500 rpm po dobu 30 s. Kolonka byla
postupné promyta 700 pl pufru RWI1 a 2 x 500 pl pufru RPE. Po ptidani kazdého

pufru byl vzorek centrifugovéan 30 s pti 14 500 rpm. Po druhém pfidani promyvaciho
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pufru RPE byl vzorek centrifugovan 4 minuty pii 11 000 rpm. Pro dosuseni vzorku
byla jesté provedena centrifugace pii 11 000 rpm po dobu 2 minut. Eluce probéhla s
50 ul vody (RNase-Free Water). Pro minimalizaci DNA kontaminace byla eluovana
RNA oSettena 5 ul Deoxyribonukleazy I (DNase I, Fermentas International, Ontario,
Kanada) v pfitomnosti 5 pl 10x koncentrovaného reakcéniho pufru s MgCl,
(Fermentas International, Ontario, Kanada) po dobu 30 min a pii teplot¢ 37°C.
Nakonec bylo ptfidano 5 pl 50mM EDTA (Fermentas International, Ontario, Kanada)
a nasledovala 10 minutova inkubace pii 65°C. Koncentrace RNA byla zméiena

pomoci spektrofotometru (NanoDrop-1000, Witec AG, Littau, Svycarsko).
6.6 1zolace RNA z materské krevni plazmy

Periferni krev (9 ml) byla nabirdna do zkumavek s EDTA a centrifugovana pfi
pokojové teploté dvakrat pti 4 600 rpm po dobu 10 minut. Vyizolovana plazma byla
uchovéna pfi -80°C. Celkova RNA byla izolovana z 1 ml plazmy za pouziti RNeasy
Mini Kit (Qiagen, Hilden, Némecko) podle protokolu od vyrobce.

K 1 ml plazmy byly ptidany 3 ml Trizol LS Reagent a vzorek byl promichan pipetou.
Homogenizovana smés byla inkubovdna 5 minut pfi pokojové teploté a nasledné
bylo ke smé&si ptidano 800 pl chloroformu. Vzorek byl opét promichan a nechal se
inkubovat 15 min pfi pokojové teploté. Poté probéhla centrifugace ptfi 6 500 rpm po
dobu 15 min a teploté¢ 4°C. Do Cisté zkumavky se odebrala vodna faze, ke které se
pridalo 1,143 ml 100% etanolu a vSe se dukladné¢ promichalo. Cely vzorek byl
postupné aplikovan na RNeasy kolonku s filtrem a centrifugovan pii 14 500 rpm 30
s. Po aplikaci celého vzorku na kolonku probé&hla jesté centrifugace pii 14 500 rpm
po dobu 1 min pro odstranéni nadbytec¢ného etanolu. Vzorek byl promyt 700 pl pufru
RW1 a dvakrat 500 pl pufru RPE. Po piidani kazdého pufru byl vzorek
centrifugovan 30 s pii 14 500 rpm. Po druhém pfidani promyvaciho pufru RPE byl
vzorek centrifugovan 2 minuty pfi 14 500 rpm. Pro dosuSeni vzorku byla jesté
provedena centrifugace pii 14 500 rpm po dobu 90 s. Eluce probéhla s 50 pul vody
(RNase-Free Water). Pro minimalizaci DNA kontaminace byla eluovana RNA
oSetfena 5 pl Deoxyribonukledzy I (DNase I, Fermentas International, Ontario,
Kanada) za pfitomnosti 5 pl 10x koncentrovaného reakéniho pufru s MgCly

(Fermentas International, Ontario, Kanada) po dobu 30 min a pfi teploté¢ 37°C.
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Nakonec bylo ptidano 5 pul 50mM EDTA (Fermentas International, Ontario, Kanada)
a nasledovala 10 minutova inkubace ptfi 65°C. Koncentrace izolované RNA byla

zméfena pomoci spektrofotometru (NanoDrop-1000, Witec AG, Littau, Svycarsko).
6.7 Kvantitativni RT-PCR v realném case

Analyza hladin mRNA proteinti tepelného Soku byla provedena pomoci kvantitativni
reverzné-transkriptdzové polymerazové tetézové reakce v realném cCase. Analyza
byla provedena na sekvencnim detek¢nim systému ABI PRISM 7500 (Applied
Biosystem, Foster City, CA, USA). Primery pro lidské hsp a B-aktin a sondy byly
navrzeny pomoci programu Primer Express verze 2.0 (Applied Biosystem, Foster
City, CA, USA). Sekvence jednotlivych primert (pfimy a zpétny) a sond jsou
uvedeny v tabulce 4. Celkem bylo detekovano 5 hsp systémi — Hsp27 (HSPBI,
délka amplikonu 67 bp), Hsp60 (HSPD1, délka amplikonu 69 bp), Hsp70 (HSPAI1A,
délka amplikonu 87 bp), Hsp90a (HSP90OAATL, délka amplikonu 85 bp), HspBP1
(HSPBP1, délka amplikonu 66 bp) a B-aktin (ACTB, housekeeping gen, délka
amplikonu 70 bp). Byla provedena jednokrokova kvantitativni RT-PCR v redlném
Case, coz znamena, ze reverzni transkripce i polymerazova fetézova reakce probihaly
v jedné zkumavce. Kazdy vzorek byl analyzovan v duplexu. Jako endogenni kontrola
byl pouzit gen pro p-aktin. Jako referencni vzorek byla pouZita placenta
z fyziologického priibéhu teéhotenstvi. Celkovy reakéni objem c¢inil 25 pl a reakéni
smés obsahovala TagMan One-Step PCR Master Mix Reagents ve sloZeni 2x Master
Mix a 40x MultiScribe and RNase Inhibitor Mix (Applied Biosystems, Foster City,
CA, USA), pfimy a zpétny primer (pro hsp a B-aktin), TagMan sodu (pro hsp a B-
aktin), vodu a izolovanou celkovou RNA z placentarni tkané, plné periferni Zilni
krve nebo matetské krevni plazmy. Koncentrace jednotlivych primer a sond jsou
uvedeny v tabulce 5. Reakéni smési pro jednotlivé hsp systémy a jednotlivé typy
vzorkl (placenta x plna periferni zilni krev x matei'ska krevni plazma) jsou uvedeny
v tabulkéch 6a-6¢. Jednotlivé RNA vzorky byly fedény ve vodé (DEPC-Treated
Water, Ambion, Foster City, CA, USA) v zévislosti na typu analyzované¢ho vzorku
(placenta x plna periferni zilni krev x matefskd krevni plazma) a hsp systému.
Vzorky placentarni tkan€ byly nafedény na finalni koncentraci 2 ng/ul pro systémy

Hsp27, Hsp70 a Hsp90a, pro zbylé 2 systémy (Hsp60 a HspBP1) probéhlo fedéni na
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100-200 ng/ul, v zavislosti na pocatecni koncentraci vzorku. Vzorky plné periferni
zilni krve byly fedény také na 2 ng/ul pro systémy Hsp27, Hsp70 a Hsp90a a pro
zbylé dva systémy probéhlo fedéni 1:1. Vzorky matetskych krevnich plazem byly
fedény na 2 ng/ul.

Teplotni profil pouzity pro jednokrokovou RT-PCR v redlném case zahrnoval
reverzni transkripci pii teploté 48°C po dobu 30 minut, preinkubaci pii 95°C po dobu
10 minut, kterd slouzila k aktivaci AmpliTaq Gold DNA polymerazy, a 50 cykla
PCR. Kazdy cyklus zahrnoval dva kroky - denaturaci DNA pii teploté 95°C po dobu

15 s a nasedani + extenzi primert pfi teploté¢ 60°C po dobu 1 min.

2 ALt algoritmus, ktery

Pro vyhodnoceni relativnich zmén genové exprese byl pouzit
je znamy jako komparativni Ct metoda [Livak & Schmittgen, 2001]. Prahovy cyklus
(Ct, cycle threshold) je cyklus, ve kterém hladina fluorescence dosdhne stanovené
prahové hodnoty. Tato metoda pouziva hodnoty Ct generované ze systému qPCR pro
vypocet relativnich zmén genové exprese v cilovych a referen¢nich vzorcich, za

pouziti referen¢niho genu jako normalizatoru.

AACt= (Ct nsp - Ct beta-aktin) testovaného vzorku — (Ct ngp — Ct peta-akiin) referencniho

vzorku

Tabulka 4: Primery a sondy pouZité pro RT-PCR v reilném case

Gen Gen info-NCBI Sekvence primert
(lokalizace)

B-aktin ACTB, GenelD 60 5’-CCTGGCACCCAGCACAAT-3’
(jadro, cytoskelet, vSechny 5’-GCCGATCCACACGGAGTACT-3’
bunky a tkang)

Hsp27 HSPBI1, GenelD 3315 5'-TCCCTGGATGTCAACCACTTC-3"

konstitutivni  (éadro, cytoplazma, vSechny 5"-TCTCCACCACGCCATCCT-3"

buriky a tkané, fyziologicky

nizka hladina exprese)
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Hsp60

konstitutivni

Hsp70
inducibilni
(odpovéd na
stresové
podméty)
Hsp90a.
inducibilni
(odpoveéd na
stresové
podméty)
HspBP1

ko-chaperon

HSPD1, GenelD 3329
(mitochondrie, vS§echny bunky a
tkane)

HSPA1A, GenelD 3303
(cytoplazma, jadro, vezikuly,
bunééné membrany, viechny

buiky a tkan¢)

HSP90AA1, GenelD 3320
(cytoplazma, vSechny buiky a

tkéng)

HSPBP1, GenelD 23640
(cytoplazma, jadro, centrozom,

vezikuly, vSechny buiky a

5-GATGTTGATGGAGAAGCTCTAAGTACA-3’

5-TGCCACAACCTGAAGACCAA-3’

5'-ACCAAGCAGACGCAGATCTTC-3"

5’- GCCCTCGTACACCTGGATCA-3’

5-TGCGGTCACTTAGCCAAGATG-3"

5-GAAAGGCGAACGTCTCAACCT-3’

5-TGGCCGACCTGTGTGAGA-3’

5’-GCAGGTGCATGCCAGACA-3’

Hsp70

tkang)
Gen Sekvence sondy
B-aktin 5"-(VIC) ATCAAGATCAATGCTCCTCCTGAGCGC (TAMRA)-3’
Hsp27 5'-(FAM) CCCCGGACGAGCTGACGGTC (TAMRA)-3’
Hsp60 5'-(FAM) TCGTCTTGAATAGGCTAAAG (MGB)-3
Hsp70 5"-(FAM) CCTACTCCGACAACCAACCCGGG (TAMRA)-3’
Hsp90a 5'-(FAM) CCCAGACCCAAGACCAACCGATGG (TAMRA)-3
HspBP1 5'-(FAM) CATGGACAATGCCG (MGB)-3
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Tabulka 5: Koncentrace pouzitych primeri a sond

Hsp27 Hsp60 Hsp70 Hsp90a HspBP1
hsp 900/300 900/200 300/200 300/200 700/200
B-aktin 300/200 300/200 300/200 300/200 200/100

Koncentrace primerd a sond (nmol/l) jsou uvedeny jako stejna koncentrace pfimého a

zpétného primeru / koncentrace sondy.

Tabulka 6a: Priprava reakcéni smési pro detekci hsp systému v placentarni tkani, rozpis

na 1 jamku, veskeré objemy jsou uvadény v pl.

Hsp27 Hsp60 Hsp70 Hsp90a HspBP1
2xMM
12,5 12,5 12,5 12,5 12,5
voda
0.25 0375 3375 3375 2
40xRT
X 0,625 0,625 0,625 0,625 0,625
hso o
Sp primery 2254225 2254225 075+075 075+075 175+1.75
h
sp sonda 0375 025 0.25 0.25 025
p-aktin primery
0754075 075+075 075+0.75 075+075  05+0.5
p-aktin sonda
0,25 0,25 0,25 0,25 0,125
RNA 5 5 5 5 5

2xMM= 2x koncentrovany master mix; 40xRT= 40x koncentrovand MultiScribe reverzni

transkriptaza + RNase Inhibitor Mix

Tabulka 6b: Priprava reak¢ni smési pro detekei hsp systémi v pIné periferni Zilni krvi,
rozpis na 1 jamku, veskeré objemy jsou uvadény v pl.

Hsp27 Hsp60 Hsp70 Hsp90a. HspBP1
2xMM 12,5 12,5 12,5 12,5 12,5
voda 0,25 0 3,375 3,375 0
40xRT 0,625 0,625 0,625 0,625 0,625
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hsp primery 225+225 2254225  075+075 0754075 1,75+1.75
hsp sonda 0,375 0,25 0,25 0,25 0,25
p-aktin primery | (754075 0,75+0,75 0,75+0,75  0,75+0,75 0,5+0,5

B-aktin sonda 0.25 0,25 0,25 0,25 0,125

RNA 5 5,375 5 5 7

2xMM= 2x koncentrovany master mix; 40xRT= 40x koncentrovand MultiScribe reverzni

transkriptaza + RNase Inhibitor Mix

Tabulka 6c: Priprava reakcéni smési pro detekci hsp systému v materské krevni plazmé,
rozpis na 1 jamku, veskeré objemy jsou uvadény v pl.

Hsp27 Hsp60 Hsp70 Hsp90a HspBP1
2xMM 12,5 12,5 12,5 12,5 12,5
voda 0,25 0,375 3,375 3,375 2
40xRT 0,625 0,625 0,625 0,625 0,625
hsp primery 2254225  225+225 0,75+0,75 0,75+0,75 1,75+1,75
hsp sonda 0,375 0,25 0,25 0,25 0,25
p-aktin primery | 751075 0,75+0,75 0,75+0,75 0,75+0,75 0,5+0,5
p-aktin sonda 0,25 0,25 0,25 0,25 0,125
RNA 5 5 5 5 5

2xMM= 2x koncentrovany master mix; 40xRT= 40x koncentrovand MultiScribe reverzni

transkriptaza + RNase Inhibitor Mix

6.8 Statisticka analyza

Pro ur€eni normality dat byl pouzit Shapiro-Wilk test, ktery ukazal, ze data nemaji
normalni rozloZeni. Proto byly hladiny hsp mRNA mezi skupinami porovnavany
neparametrickymi testy (Mann-Whitney U-test pro srovnavani mezi dvéma
skupinami a Kruskal-Wallis test pro srovnani mezi vice skupinami) pomoci softwaru
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Statistica (verze 9.0, StatSoft, Inc., Tulsa, OK, USA). Hladina signifikance byla
ustanovena na hodnoté p< 0,05. Grafy byly vytvofeny také v softwaru Statistica.
Krabicové grafy obsahuji median hodnot genové exprese hsp (vodorovna ¢ara uvniti
boxu), horni a dolni ohrani¢eni boxu znaci 75. a 25. percentil, horni a dolni interval
boxu predstavuji maximalni a minimalni hodnoty, které nejsou vice jak 1,5
nasobkem kvartilového rozpéti. Kolecka znaci odlehlé hodnoty a hvézdicky extrémni

hodnoty.

Korelace mezi proménnymi byly spocitiny pomoci Spearmanova korela¢niho
koeficientu (p). Pokud je hodnota korela¢niho koeficientu -1 nebo 1, jednd se o
perfektni negativni nebo pozitivni korelaci. Pokud se hodnota korelacniho
koeficientu pohybuje v intervalu <-1; -0,5> nebo <0,5; 1>, jedna se o silnou
negativni nebo pozitivni korelaci. Pokud je korela¢ni koeficient v rozmezi od -0,5 do
0 a od 0 do 0,5, jedna se o slabou negativni nebo pozitivni korelaci. Hladina

signifikance byla opét stanovena na hodnoté p< 0,05.
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7. Vysledky

7.1 Hladiny mRNA hsp v placentarni tkani u pacientek

s téhotenskymi komplikacemi a pred¢asnym porodem

Vzorky placentarni tkdné¢ byly rozd€leny do jednotlivych skupin — fyziologicka
gravidita (FG), preeklampsie s nebo bez fetalni ristové restrikce (PE+/-FGR), fetalni
rustova restrikce (FGR), gestacni hypertenze (GH), ptfed¢asny odtok plodové vody
(PPROM) a spontanni piedc¢asny porod (PTB). Polty jednotlivych vzorkli ve

skupinach byly uvedeny v kapitole material a metody.

Signifikantni zvySeni exprese mRNA bylo pozorovano pouze u Hsp27 (p= 0,021) u
zen s t¢hotenskymi komplikacemi (PE+/-FGR, FGR, GH) ve srovnani s Zenami
s normalnim pribéhem téhotenstvi. Naslednd Kruskal-Wallis analyza prokazala
zvysSeni exprese Hsp27 pouze u skupiny pacientek s PE+/-FGR ve srovnani s FG
graviditou (Hsp27: p= 0,012). Grafické zndzornéni viz graf 1. U ostatnich hsp
syst¢émi nebyla pozorovdana zmeéna v genové expresi ani u jedné skupiny
téhotenskych komplikaci ve srovnani s fyziologickou graviditou. Preeklampsie
s nebo bez fetalni ristové restrikce: Hsp60: p= 0,433; Hsp70: p= 1,0; Hsp90a: p=
0,150; HspBP1: p= 0,532. Fetalni rtstova restrikce: Hsp27: p= 0,221; Hsp60: p= 1,0;
Hsp70: p= 1,0; Hsp90a: p= 1,0; HspBP1: p= 0,270. Gestacni hypertenze: Hsp27: p=
0,571; Hsp60: p= 0,853; Hsp70: p=1,0; Hsp90a: 1,0; HspBP1: p= 1,0.

Co se tyce predCasnych porodl, doslo k signifikantnimu zvySeni exprese mRNA
oproti fyziologické skupiné u Hsp27 a Hsp60, a to jak u skupiny PPROM (Hsp27:
p= 0,002; Hsp60: p= 0,005), tak u PTB (Hsp27: p= 0,003; Hsp60: p= 0,004). U
pred¢asného odtoku plodové vody doSlo navic ke statisticky signifikantnimu snizeni
exprese u Hsp70 (p= 0,021) a HspBP1 (p= 0,034). Hsp90a nevykazoval Zadné
zmény exprese (p= 0,415). Stejné tak bez zmény exprese byly systémy Hsp70 (p=
1,0), Hsp90a (p= 1,0) a HspBP1 (1,0) u kategorie spontanni ptedcasny porod. U ko-
chaperonu HspBP1 byl navic pozorovan signifikantni rozdil v expresi mezi
skupinami PPROM a PTB (p= 0,009), kdy u PPROM doslo ke sniZeni exprese
HspBP1 oproti PTB. Ostatni proteiny tepelného Soku nevykazovaly Zadny vyznamny

57



rozdil mezi skupinou spontanniho pied¢asného porodu a skupinou pacientek
s pred¢asnym odtokem plodové vody (Hsp27: p= 1,0; Hsp60: p= 1,0; Hsp70: p=
0,266; Hsp90a: p= 0,986). Grafické znazornéni statisticky signifikantnich vysledkt
ukazuje graf 2.

Graf 1: Genova exprese Hsp27 v placentarni tkani u preeklampsie s nebo bez fetalni

rustové restrikce
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Graf 2: Genova exprese Hsp27, Hsp60, Hsp70 a HspBP1 u piedcasnych porodi a
fyziologické gravidity
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7.1.1 Asociace studovanych mRNA hsp v placentarni tkani a
zavaznost preeklampsie s ohledem na klinické priznaky, termin

porodu a Dopplerovskou ultrasonografii

Exprese mRNA jednotlivych hsp byla hodnocena ve vztahu k zavaznosti
onemocnéni na zaklad¢é klinickych pfiznakli (mirnd a zdvazna preeklampsie) a
terminu porodu (porod pted/po 34. tydnu té¢hotenstvi). Jednotlivé skupiny byly mezi

sebou porovnavany neparametrickym Kruskal-Wallis testem.

Pti porovnavani pacientek s mirnou nebo zavaznou preeklampsii s pacientkami
s normalnim pribéhem téhotenstvi bylo pozorovano statisticky signifikantni zvySeni
exprese mRNA hsp pouze u zen s mirnou preeklampsii, a to konkrétné u Hsp27 (p<
0,001), Hsp90a (p= 0,008) a HspBP1 (p= 0,012). Vysledky jsou zndzornény v grafu
3. Hsp60 (p= 0,328) a Hsp70 (p= 0,498) nevykazovaly zménu exprese. Stejné tak
nedoSlo k Zzadné statisticky vyznamné zméné exprese u pacientek se zavaznou
formou preeklampsie ve srovnani s fyziologickymi graviditami (Hsp27: p= 0,249;

Hsp60: p=0,267; Hsp70: p= 1,0; Hsp90a: p=0,706; HspBP1: p= 1,0).

Dale jsme se zaméfili na expresi mRNA proteint tepelného Soku v souvislosti s
nutnosti pred¢asného ukonceni téhotenstvi u Zen s PE+/-FGR — porod pted nebo po
34. tydnu gestace vs. fyziologicka gravidita. U pacientek s preeklampsii s nebo bez
FGR, kter¢ rodily po 34. tydnu gestace, doslo ke statisticky signifikantnimu zvySeni
exprese Hsp27 (p= 0,001), Hsp90a (p= 0,05) a HspBP1 (p= 0,05), viz graf 4. Zbylé
dva systémy (Hsp60: p= 0,552 a Hsp70: p= 0,172) nevykazovaly zménu exprese.
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Stejn¢ jako u zavazné preeklampsie ani Zeny s preeklampsii s nebo bez FGR, u
kterych muselo byt t¢hotenstvi ukonceno pied 34. tydnem gestace, nevykazovaly
rozdil v expresi mRNA hsp ve srovnani s fyziologickymi graviditami (Hsp27: p=

0,428; Hsp60: p=0,854; Hsp70: p=1,0; Hsp90a.: p= 0,405; HspBP1: p= 1,0).

Déle jsme Zeny s preeklampsii +/- FGR rozd¢lili do skupin 4 skupin, které jsme mezi
sebou porovnavali: mirnd PE s porodem pied 34. tydnem vs. mirnd PE s porodem po
34. tydnu vs. zavaznd PE s porodem pted 34. tydnem vs. zdvazna PE s porodem po
34. tydnu. V této analyze vyslo statisticky signifikantni zvySeni exprese mRNA
Hsp27 (p= 0,046) a HspBP1 (p= 0,024) u pacientek s mirnou preeklampsii, které
rodily po 34. tydnu téhotenstvi ve srovnani s Zenami se zdvaznou preeklampsii, u

nichz bylo ukonceno téhotenstvi pted 34. tydnem gestace (viz graf 5).

Dale jsme zjistovali, zda existuje rozdil v expresi mRNA hsp mezi skupinou
pacientek s preeklampsii +/- FGR, u kterych preeklampsie nasedala na ptedchozi
hypertenzi a mezi pacientkami s preeklampsii +/- FGR, u kterych doslo k ndhlému
rozvoji preeklampsie az béhem téhotenstvi. Statisticka analyza (Mann-Whitney U-
test) neodhalila Zz4dné zmény mezi skupinou pacientek s preeklampsii
superponovanou na chronickou hypertenzi a skupinou Zen s nahlym rozvojem
preeklampsie bez piedchozi hypertenze (Hsp27: p= 0,259; Hsp60: p= 0,439; Hsp70:
p=0,889; Hsp90a: p=0,396; HspBP1: p=0,561).

Nakonec jsme se zaméfili na zhodnoceni vztahu mezi genovou expresi hsp
v placentarni tkdni a prenatdlnimi parametry Dopplerovské ultrasonografie.
Zjistovali jsme, zda existuje rozdil mezi skupinami pacientek s patologickym
priabéhem tcéhotenstvi (preeklampsie a/nebo fetalni rastova restrikce), které maji
normalni a abnormalni hodnoty pritoki v arteria umbilicalis, arteria cerebri media
a normalni ¢i abnormalni hodnoty cerebroplacentdrntho poméru (CPR). Pro
statistické vyhodnoceni byl pouzit Mann-Whitney U-test. Statisticka analyza
neprokazala vliv indexu pulsatility v arteria umbilicalis na expresi mRNA proteini
tepelného Soku v placentarni tkani — Hsp27: p= 0,418; Hsp60: p= 0,862; Hsp70: p=
0,264; Hsp90a: p= 0,695; HspBP1: 0,184. Index pulsatility v arteria cerbri media
také neukédzal zadny statisticky signifikantni rozdil mezi uvedenymi skupinami —
Hsp27: p= 0,685; Hsp60: p= 0,784; Hsp70: p= 0,813; Hsp90a: p= 0,977; HspBP1:
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p= 0,462. Ani cerebroplacentarni pomér nemél vliv na genovou expresi hsp
v placentarni tkani — Hsp27: p= 0,964; Hsp60: p= 0,468; Hsp70: p= 0,404; Hsp90a::
p=0,907; HspBP1: p=0,317.

Graf 3: Upregulace Hsp27, Hsp90a a HspBP1 v placentarni tkani u pacientek s mirnou

preeklampsii
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Graf 4: Upregulace Hsp27, Hsp90a a HspBP1 v placentarni tkani u pacientek s PE+/-

FGR s onsetem onemocnéni po 34. tydnu gestace
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Graf 5: Upregulace Hsp27 a HspBP1 v placentarni tkani u pacientek s mirnou PE,
které rodily po 34. tydnu gestace ve srovnani s pacientkami se zavaZznou formou

preeklampsie, u kterych bylo ukoné¢eno téhotenstvi pired 34. tydnem gestace
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7.1.2 Expresni profil proteini tepelného Soku v placentarni tkani u

téhotenstvi s PPROM s vyskytem HCA a bez pritomnosti HCA

Pacientky s pfedCasnym odtokem plodové vody byly rozdéleny do dvou skupin
v zavislosti na pfitomnosti ¢i nepiitomnosti histologické chorioamnionitidy. Ke
statistické analyze byl pouzit Mann-Whitney U-test, ktery neprokazal zadny
statisticky vyznamny rozdil v expresi hsp mezi skupinami HCA-pozitivnich a HCA-
negativnich pacientek (Hsp27: p= 0,804; Hsp60: p= 0,427; Hsp70: p= 0,504;
Hsp90a: p= 0,679; HspBP1: p=0,775).

7.1.3 Vliv zpisobu porodu na genovou expresi hsp v placentarni

tkani v ramci skupin PPROM, PTB a fyziologickych gravidit

V ramci kazdé skupiny byly Zeny rozdé€leny podle zplisobu porodu — vaginélni porod
vs. cisafsky fez. Data byla hodnocena pomoci Mann-Whitney-U testu. V ramci
skupiny spontanni ptfedcasny porod nebyl nalezen zadny signifikantni rozdil
v genové expresi hsp mezi skupinami zen, které rodily vaginaln€ a cisatskym fezem
(Hsp27: p=1,0; Hsp60: p= 0,227; Hsp70: p= 0,812; Hsp90a.:: p= 0,516; HspBP1: p=
0,201). Ve skupin¢ pacientek s PPROM bylo zjisténo statisticky signifikantni
zvySeni exprese Hsp27 (p= 0,038) u Zen, které rodily vagindlné ve srovnani se
skupinou Zen, které rodily cisafskym fezem (viz graf 6). Zbylé hsp systémy
nevykazovaly Zadné zmény v genové expresi mezi uvedenymi skupinami (Hsp60: p=
0,498; Hsp70: p= 0,219; Hsp90a:: p= 0,604; HspBP1: p= 0,791). Ani ve skupin¢ zen
s fyziologickou graviditou, které rodily v terminu, nebyly zaznamenany Zadné zmény
v expresi proteintl tepelného Soku (Hsp27: p= 0,382; Hsp60: p= 0,417; Hsp70: p=
0,613; Hsp90a: p=0,510; HspBP1: p= 0,305).
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Graf 6: Signifikantné zvySena genova exprese Hsp27 u Zen s PPROM, které rodily

vaginalné ve srovnani s Zenami, které rodily cisaiskym fezem
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7.1.4 Vliv doby mezi odtokem plodové vody a porodem na genovou

expresi hsp v placentarni tkani ve skupiné pacientek s PPROM

Déle jsme studovali, zda mé& na expresi proteini tepelného Soku vliv doba mezi
odtokem plodové vody a porodem u pacientek s PPROM. Rozhodnuti o tom, zda ma
byt te¢hotenstvi jiz ukonceno, zaleZelo na gestacnim véku a stavu plodu. Pokud mély
pacientky intrauterinni infekci, abrupci placenty nebo plod vykazoval znamky
distresu, porod byl indukovan okamZité, bez ohledu na gestacni vék. Pro statistickou
analyzu byl pouzit Spearmanliv korelacni koeficient. Vysledky analyzy ukazaly
slabou negativni korelaci mezi dobou mezi odtokem plodové vody a porodem a
genovou expresi hsp v placentarni tkéni u pacientek s PPROM (Hsp27: p= —0,278,
p= 0,015; Hsp60: p=—0,387, p= 0,001; Hsp70: p= —0,319, p= 0,005; Hsp90a: p=
—-0,269, p= 0,018; HspBP1: p=—0,153, p= 0,183), coz znamena, ze exprese vetSiny

hsp klesa s nartstajici dobou mezi odtokem plodové vody a porodem (graf 7).
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Graf 7: Vliv doby mezi odtokem plodové vody a porodem na genovou expresi hsp

v placentarni tkani u skupiny Zen s PPROM
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7.1.5 Asociace mezi gestatnim starim v dobé porodu a genovou

expresi hsp v placentarni tkani ve skupinach PPROM a PTB

Pomoci Spearmanova korela¢niho koeficientu byl zjiStovan vztah mezi gestacnim
stafim v dob& porodu a genovou expresi jednotlivych hsp ve skupiné pacientek
s PPROM a dale pak u pacientek se spontdnnim ptedcasnym porodem. Byla zjisténa
slaba pozitivni korelace mezi gestaCnim stafim v dobé porodu a genovou expresi
Hsp27 (p= 0,297, p= 0,010), Hsp70 (p= 0,336, p= 0,003) a Hsp90a (p= 0,322, p=
0,005) u zen s PPROM (graf 8). Hsp60 (p= 0,216, p= 0,060) a HspBP1 (p= 0,006, p=

0,959) nevykazovaly Zadnou statisticky vyznamnou korelaci ve skupiné¢ PPROM.

Ve skupin€ Zen se spontdnnim pifed€asnym porodem byla nalezena silna pozitivni

korelace mezi gestaCnim stafim v dob¢€ porodu a genovou expresi Hsp27 (p= 0,668,
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p= 0,002), viz graf 9. Exprese ostatnich hsp v placentich Zen se spontannim
predCasnym porodem se neliSila s ohledem na gestacni staii v dobé porodu (Hsp60:
p= -0,035, p= 0,871; Hsp70: p= 0,393, p= 0,065; Hsp90a: p= 0,340, p= 0,110;
HspBP1: p= 0,261, p=0,221).

Tyto vysledky naznacuji, ze t€hotenstvi s PPROM a PTB vykazuji zvySenou expresi

nekterych hsp v placentarni tkani s nartstajicim gestaénim stafim v dob¢ porodu.

A

Graf 8: Slaba pozitivni korelace mezi gestacnim stafim v dobé porodu a genovou

expresi Hsp27, Hsp70 a Hsp90a v placentarni tkani u Zen s PPROM
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Graf 9: Silna pozitivni korelace mezi gestatnim staiim v dobé porodu a genovou

expresi Hsp27 v placentarni tkani u Zen se spontannim pifed¢asnym porodem
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7.1.6 Asociace mezi genovou expresi hsp v placentarni tkani a
koncentraci CRP v matefském séru ve skupinach PPROM a PTB

s ohledem na antenatalni profylaktické podani kortikosteroidu

U pacientek s pfed¢asnym porodem (PPROM 1 PTB) jsme sledovali, zda existuje
vztah mezi genovou expresi hsp v placentarni tkdni a koncentracemi CRP
v matefském séru, a to s ohledem na antenatalni podani kortikosteroidi. Korelace
byla provedena pomoci Spearmanova korelacniho koeficientu. Ve skupiné zen
s PPROM byly podany profylaktické antenatalni kortikosteroidy u 57 ptipadd, a 23
zendm kortikosteroidy podany nebyly. Ve skupiné spontannich piedcasnych porodi
bylo nutné podani profylaktickych antenatalnich kortikosteroidti u 19 Zen a 11 zen
bylo bez 1écby. U Zen s PPROM nebyla nalezena Zadna asociace mezi hladinami
sérového CRP a genovou expresi hsp v placentarni tkani (Hsp27: p= —0,157, p=
0,189; Hsp60: p=—0,144, p= 0,228; Hsp70: p=-0,124, p= 0,300; Hsp90a.:: p=-0,203,
p= 0,090; HspBPI1: p= 0,053, p= 0,658). Ani profylaktick¢ antenatdlni podani
kortikosteroidii nemélo vliv na asociaci mezi expresi hsp v placenté a koncentracemi
CRP v matefském séru. Zeny s PPROM po 34. tydnu, které nepotiebovaly
profylaktické podéani antenatdlnich kortikosteroidli, vykazovaly podobné vysledky
(Hsp27: p= 0,140, p= 0,437; Hsp60: p= 0,145, p= 0,419; Hsp70: p= 0,243, p=0,175;
Hsp90a: p= —0,031, p= 0,864; HspBP1: p= 0,242, p= 0,175) jako Zeny s PPROM,

kterym byly podany profylaktické antenatalni kortikosteroidy (Hsp27: p=—0,257, p=
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0,119; Hsp60: p=-0,216, p= 0,194; Hsp70: p=-0,278, p= 0,092; Hsp90a.: p=-0,296,
p=0,072; HspBP1: p=-0,077, p= 0,646).

Nicméné, u zen se spontdnnim pied¢asnym porodem byla pozorovana silna pozitivni
korelace mezi genovou expresi Hsp60 (p= 0,505, p= 0,049) a Hsp70 (p= 0,567, p=
0,028) v placentarni tkani a koncentracemi CRP v matetfském séru (graf 10). Zbylé
tf1 hsp systémy nevykazovaly zddnou korelaci (Hsp27: p= 0,191, p= 0,459; Hsp90a.:
p= 0,153, p= 0,553; HspBP1: p=0,372, p= 0,149). Nasledna analyza podskupin
sohledem na profylaktické podani antenatdlnich kortikosteroidii odhalila, Ze
pacientky se spontdnnim piedCasnym porodem, kterym nebyly podany
kortikosteroidy, také vykazovaly silnou pozitivni korelaci mezi genovou expresi
Hsp60 (p= 0,905, p= 0,002) a Hsp70 (p= 0,738, p= 0,037) v placenté a
koncentracemi CRP v matefském séru (graf 10). AvSak tyto hsp systémy
nevykazovaly zadnou korelaci u Zen se spontannim piedcasnym porodem, kterym
byly podany profylaktické antenatalni kortikosteroidy (Hsp60: p= -0,214, p= 0,610;
Hsp70: p= 0,405, p= 0,320).

Graf 10: Silna pozitivni korelace mezi genovou expresi Hsp60 a Hsp70 v placentarni
tkani u Zen s PTB a matefskym sérovym CRP - bez ohledu a s ohledem na

profylaktické podani antenatalnich kortikosteroidu
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7.1.7 Vztah mezi genovou expresi hsp v placentarni tkani a poctem
leukocyti v krvi pacientek s PPROM a PTB sohledem na

profylaktické podani antenatalnich Kortikosteroida

Nakonec byl posuzovan vztah mezi genovou expresi hsp v placenté a poctem
leukocytt v krvi u zen s PPROM a PTB. Opét byl pouzit Spearmantiv korela¢ni
koeficient. Nebyla nalezena zddna asociace mezi poctem leukocytl v krvi matky a
genovou expresi hsp ani u Zen s PPROM (Hsp27: p= 0,017, p= 0,881; Hsp60: p= -
0,191, p=0,101; Hsp70: p=-0,060, p= 0,604; Hsp90a.: p=-0,073, p= 0,527, HspBP1:
p=-0,067, p= 0,565) ani u Zen se spontannim pied¢asnym porodem (Hsp27: p= -
0,193, p=0,426; Hsp60: p= 0,236, p= 0,330; Hsp70: p= 0,107, p= 0,658; Hsp90a.: p=
-0,178, p= 0,464; HspBP1: p=-0,286, p=0,238).

Ani profylaktické podani antenatalnich kortikosteroidi nemélo Zadny vliv na vztah
mezi genovou expresi hsp v placentarni tkani a poctem leukocytl v krvi matky ve
skupinach zen s PPROM a PTB [Zeny s PTB, kterym nebyly podany kortikosteroidy
(11 ptipadl) — Hsp27: p=-0,467, p= 0,174; Hsp60: p= 0,042, p= 0,907; Hsp70: p= -
0,067, p= 0,855; Hsp90a:: p= -0,491, p= 0,150, HspBP1: p= -0,515, p= 0,128; Zeny
s PTB, kterym byly podany kortikosteroidy (19 ptipadit) - Hsp27: p= 0,286, p=
0,493; Hsp60: p= 0,405, p= 0,320; Hsp70: p= 0,524, p= 0,183; Hsp90a:: p= 0,238, p=
0,570, HspBP1: p= 0,095, p= 0,823; zeny s PPROM, kterym nebyly podany
kortikosteroidy (23 piipadt) - Hsp27: p= 0,230, p= 0,172; Hsp60: p= -0,121, p=
0,477; Hsp70: p= 0,192, p= 0,255; Hsp90a: p= 0,122, p= 0,471, HspBP1: p=-0,177,
p= 0,294; Zeny s PPROM, kterym byly podany kortikosteroidy (57 ptipadti) - Hsp27:
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p= -0,055, p= 0,748; Hsp60: p= -0,096, p= 0,570; Hsp70: p= -0,033, p= 0,846;
Hsp90a: p=-0,056, p= 0,744, HspBP1: p= 0,056, p= 0,744].

7.2 Genova exprese proteintii tepelného Soku v materské
pIné periferni zilni krvi u pacientek s téhotenskymi

komplikacemi

Pacientky byly opét rozdéleny do nckolika skupin na zékladé vyskytu konkrétni
téhotenské komplikace. Témito skupinami byly preeklampsie s vyskytem nebo bez
vyskytu fetdlni rastové restrikce (PE+/-FGR), fetdlni rdstova restrikce (FGR),
gestacni hypertenze (GH) a skupina zen s normalnim pribéhem téhotenstvi (FG).

Skupinové analyza byla provedena pomoci Kruskal-Wallis testu.

Zakladni analyza ukézala statisticky signifikantni zvySeni genové exprese Hsp60 (p=
0,006) a Hsp70 (p< 0,001) a sniZzeni genové exprese Hsp90a (p< 0,001) u zZen

s tehotenskymi komplikacemi.

Pti detailnéjSim rozd€leni do jednotlivych skupin bylo pozorovéano statisticky
signifikantni zvyseni genové exprese Hsp70, a to ve vSech nami sledovanych
skupinach patologickych gravidit — PE+/-FGR (Hsp70: p< 0,001), FGR (Hsp70: p<
0,001), GH (Hsp70: p< 0,001) ve srovnani se skupinou Zen s fyziologickym

prubéhem gestace, viz graf 11.

Hsp60 vykazoval statisticky signifikantni zvySeni genové exprese oproti fyziologické
skupiné u skupiny Zen s PE+/-FGR (Hsp60: p= 0,019) a u zen s fetalni rtstovou
restrikci (Hsp60: p= 0,007). Gestacni hypertenze nevykazovala zmény v expresi

Hsp60 (p= 0,339) oproti fyziologické skupiné, viz graf 11.

Hsp90a vykazoval statisticky vyznamné sniZeni genové exprese u skupiny pacientek
s PE+/-FGR (Hsp90a: p< 0,001) a gestacni hypertenzi (Hsp90a: p= 0,002) ve
srovnani s fyziologickou skupinou. V ptipad¢ fetalni riistové restrikce se projevil
trend k downregulaci Hsp90a oproti normalnimu prubéhu téhotenstvi, nicméné p

hodnota nedosahla hladiny signifikance (Hsp90a: p= 0,068), viz graf 11.
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U systémt Hsp27 a HspBP1 nebyla detekovana signifikantni zména genové exprese
u patologickych gravidit v porovnani s fyziologickou graviditou — PE+/-FGR
(Hsp27: p= 1,0; HspBP1: p= 1,0), FGR (Hsp27: p= 1,0; HspBP1: p= 1,0) a GH
(Hsp27: p=1,0; HspBP1: p=0,342).

Graf 11: Genova exprese Hsp60, Hsp70 a Hsp90a v mateiské plné periferni Zilni krvi u

pacientek s téhotenskymi komplikacemi
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7.2.1 Asociace mezi genovou expresi hsp v mateiské plné periferni
Zilni krvi a zavazZnosti preeklampsie s ohledem na klinické priznaky,

termin porodu a Dopplerovskou ultrasonografii

Zeny s preeklampsii snebo bez FGR byly rozdéleny na zakladé zavaznosti
klinickych ptiznakti do dvou skupin — mirn4 PE a zavazna PE. Dalsi déleni do skupin

bylo provedeno na zékladé gestacniho staii v dobé porodu — Zeny, které rodily pted
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34. tydnem téhotenstvi, a zeny, které rodily po 34. tydnu gestace. Déle jsme
studovali skupiny Zen s ohledem na vyskyt chronické hypertenze (PE superponovana
na predchozi hypertenzi vs. ndhly onset PE) a nakonec jsme hodnotili vztah genové

exprese hsp k prenatalnim parametrim Dopplerovské ultrasonografie.

U mirné preeklampsie doslo ke statisticky signifikantnimu zvyseni genové exprese
Hsp60 (p= 0,027) a Hsp70 (p< 0,001) a k downregulaci Hsp90a. (p= 0,016) ve
srovnani s fyziologickymi graviditami. Obdobné vysledky byly ziskany také pro
zavaznou preeklampsii — trend k upregulaci Hsp60 (p= 0,063) a upregulace Hsp70
(p< 0,001) a downregulace Hsp90a (p< 0,001) (graf 12). Hsp27 nevykazoval zddnou
zménu genové exprese ani u mirné (Hsp27: p= 1,0) ani u zdvazné (Hsp27: p= 0,078)
preeklampsie. Zadna zména genové exprese nebyla pozorovana ani u HspBP1 —

mirnd PE: p= 1,0, zdvazna PE: p=1,0.

Gestacni stafi v dobé porodu mélo rovnéZ vliv na genovou expresi jednotlivych hsp
v mateiské plné periferni zilni krvi. Jak u Zen s preeklampsii, které rodily pred 34.
tydnem téhotenstvi, tak u Zen, které rodily po 34. tydnu tchotenstvi doslo
ke statisticky vyznamnému zvySeni exprese Hsp60 (p= 0,039, p= 0,003) a Hsp70
(p< 0,001, p< 0,001) a ke statisticky vyznamné downregulaci Hsp90a (p< 0,001, p=
0,005) oproti zenam s normalnim pribéhem téhotenstvi. Vysledky jsou znazornény
v grafu 13. Systémy Hsp27 a HspBP1 nevykazovaly Zadnou zménu exprese ani u Zen
s PE, které rodily pted 34. tydnem (Hsp27: p= 0,477; HspBP1: p= 1,0) ani u Zen
s PE, které rodily po 34. tydnu téhotenstvi (Hsp27: p= 0,489; HspBP1: p= 1,0) ve

srovnani s fyziologickymi kontrolami.

Obdobné jako v placentarni tkani ani v plné periferni zilni krvi matky nebyl
detekovan rozdil v genové expresi hsp mezi pacientkami s preeklampsii
superponovanou na chronickou hypertenzi a Zenami snahlym vyskytem
preeklampsie bez piedchozi hypertenze (Hsp27: p= 0,866; Hsp60: p= 0,688; Hsp70:
p=0,076; Hsp90a: p=0,759; HspBP1: p=0,602).

Dal8imi sledovanymi parametry byly index pulsatility v arteria umbilicalis, index
pulsatility v arteria cerebri media a cerebroplacentarni pomér u Zen s preeklampsii a

nebo fetalni rtistovou restrikci. Nebyl prokazan zadny efekt indexu pulsatility v
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arteria umbilicalis (Hsp27: p= 0,778; Hsp60: p= 0,209; Hsp70: p= 0,169; Hsp90a.
p= 0,898; HspBP1: p= 0,885), indexu pulsatility v arteria cerebri media (Hsp27: p=
0,408; Hsp70: p= 0,506; Hsp90a: p= 0,372, HspBPl: p= 0,340) a
cerebroplacentarniho poméru (Hsp27: p= 0,249; Hsp70: p= 0,506; Hsp90a: p=
0,355; HspBP1: p= 0,957) na genovou expresi hsp v matetské plné periferni Zilni
krvi. Pouze Hsp60 vykazoval statisticky signifikantni zvySeni exprese u pacientek
s PE a/nebo FGR, které mély patologické prutoky v arteria cerebri media (Hsp60:
p= 0,023) a patologicky cerebroplacentarni pomér (Hsp60: p= 0,005), ve srovnani
s fyziologickymi graviditami (graf 14).

Graf 12: Upregulace Hsp60 a Hsp70 a downregulace Hsp90a v mateiské plné periferni
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Graf 13: Upregulace Hsp60 a Hsp70 a downregulace Hsp90a v mateiské plné periferni

Zilni krvi u pacientek s preeklampsii, které rodily pired 34. tydnem a po 34. tydnu
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Graf 14: ZvySeni genové exprese Hsp60 v matei'ské pIné periferni Zilni krvi u pacientek

s PE a nebo FGR, které mély patologické pritoky v arteria cerebri media a patologicky

cerebroplacentarni pomér
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7.3 Genova exprese proteini tepelného Soku v
materské krevni plazmé wu pacientek s téhotenskymi

komplikacemi

HspBP1 v matetské krevni plazmé nebyl detekovatelny a Hsp60 amplifikoval pouze
u nekterych vzorkll plazem, proto bylo rozhodnuto o vylouceni téchto dvou hsp

systémt ze studie a analyzy probihaly pouze na systémech Hsp27, Hsp70 a Hsp90a..

Pacientky byly opét rozdéleny do jednotlivych skupin — fyziologicka gravidita,
preeklampsie s nebo bez fetalni riistové restrikce, fetalni rastova restrikce a gestacni

hypertenze.

Signifikantni zvySeni genové exprese v krevni plazmé bylo pozorovdno pouze u
Hsp70 (p< 0,001) u Zen s t¢hotenskymi komplikacemi (PE+/-FGR, FGR, GH) ve
srovnani s zenami s normalnim priabéhem tc¢hotenstvi. Naslednd Kruskal-Wallis
analyza prokazala zvysSeni genové exprese Hsp70 u pacientek s preeklampsii s nebo
bez FGR (Hsp70: p= 0,002) a u zen s gestacni hypertenzi (Hsp70: p= 0,003) ve
srovnani s fyziologickou graviditou, vysledky jsou zaneseny v grafu 15. Fetalni
rustova restrikce nevykazovala zmény v expresi Hsp70 (p= 0,996). U systémit Hsp27
a Hsp90a nedoSlo k vyznamné zméné genové exprese ani u skupiny Zen
s preeklampsii (Hsp27: p= 1,0; Hsp90a: p= 0,271), ani u FGR (Hsp27: p= 1,0;
Hsp90a: p= 1,0) ani u pacientek s gestacni hypertenzi (Hsp27: p= 1,0; Hsp90a: p=
1,0).
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Graf 15: ZvySena genova exprese Hsp70 v krevni plazmé u Zen s preeklampsii s nebo

bez FGR a u Zen s gesta¢ni hypertenzi
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7.3.1 Asociace mezi genovou expresi hsp v mateiské krevni plazmé a
zavaznosti preeklampsie s ohledem na klinické priznaky, termin

porodu a Dopplerovskou ultrasonografii

Zeny s preeklampsii s nebo bez FGR byly opét rozdéleny do skupin podle zavaznosti
klinickych pfiznaki na mirnou a zavaznou preeklampsii. Dalsi déleni probéhlo na
zéklad¢ gestacniho stafi v dobé porodu — ukonceni téhotenstvi pied 34. tydnem a po
34. tydnu téhotenstvi. Nasledné byl zjiStovan vliv superponované preeklampsie na
chronickou hypertenzi na hsp expresi v plazmé€ matky a nakonec byla posuzovana
asociace mezi genovou expresi hsp v plazm& matky a prenatdlnimi parametry

Dopplerovské ultrasonografie.

Signifikantni zvySeni genové exprese Hsp70 oproti fyziologickym kontroldam bylo
pozorovano jak u mirné preeklampsie (Hsp70: p= 0,004), tak u zavazné
preeklampsie (Hsp70: p= 0,005), viz graf 16. Zbyl¢ dva hsp systémy nevykazovaly
zadné zmény genové exprese ani u mirné (Hsp27: p= 0,246; Hsp90a: p=0,114) ani u
zavazné (Hsp27: p= 1,0; Hsp90a: p= 0,335) preeklampsie ve srovnani s normalnim

prabéhem gravidity.

U t&hotenstvi s preeklampsii s nebo bez FGR doslo také k signifikantnimu zvySeni

genové exprese u Hsp70 jak u Zen, které rodily pied 34. tydnem (Hsp70: p= 0,015),
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tak u zen, které¢ rodily po 34. tydnu téhotenstvi (Hsp70: p= 0,009) v porovnani
s fyziologickou graviditou (graf 17). U systémi Hsp27 a Hsp90a nedoSlo ke
statisticky vyznamné zméné genové exprese ani u Zen, které rodily pied 34. tydnem
(Hsp27: p= 1,0; Hsp90a: p= 0,118) ani u Zen, které rodily po 34. tydnu gestace
(Hsp27: p=0,183; Hsp90a: p=0,348) ve srovnani s fyziologickymi graviditami.

Ani v matetské krevni plazmé se neobjevil rozdil v genové expresi hsp mezi
pacientkami s preeklampsii superponovanou na chronickou hypertenzi a zenami
s nahlym vyskytem preeklampsie bez piedchozi hypertenze (Hsp27: p= 0,842;
Hsp70: p=0,761; Hsp90a.:: p= 0,937).

Poslednimi sledovanymi parametry byly index pulsatility v arteria umbilicalis, index
pulsatility v arteria cerebri media a cerebroplacentarni pomér u Zen s preeklampsii a
nebo fetdlni rustovou restrikci. Nebyl prokazan zadny efekt indexu pulsatility v
arteria umbilicalis (Hsp27: p= 0,126; Hsp70: p= 0,872; Hsp90a: p= 0,199), indexu
pulsatility v arteria cerebri media (Hsp27: p= 0,465; Hsp70: p= 0,392; Hsp90a: p=
0,465) ani cerebroplacentarniho poméru (Hsp27: p= 0,145; Hsp70: p= 0,379;

Hsp90a: p= 0,065) na genovou expresi hsp v krevni plazmé matek.

Tabulka 7 shrnuje dysregulaci genové exprese nami sledovanych proteinil tepelného
Soku v jednotlivych typech biologického materialu u konkrétnich té€hotenskych

komplikaci.

Graf 16: ZvySena genova exprese Hsp70 v matefské krevni plazmé u pacientek

s mirnou a zavaznou preeklampsii
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Graf 17: ZvySena genova exprese Hsp70 v matefské krevni plazmé u pacientek

s preeklampsii s nebo bez FGR, které rodily pied 34. tydnem a po 34. tydnu gestace
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Tabulka 7: Souhrnné zhodnoceni vysledki

Placenta
Hsp27 1 PE+/-FGR, 1 mima PE, 1 PE po 34. tt, 1 PPROM, 1 PTB
Hsp60 1 PPROM, 1 PTB
Hsp70 | PPROM
Hsp90a 1 mirné PE, 1 PE po 34. tt
HspBP1 1 mirn4 PE, 1 PE po 34. tt, | PPROM

Materska plna periferni Zilni krev

Hsp27 -

Hsp60 1 PE+/-FGR, 1 FGR, 1 mirna PE, 1 zavazna PE (trend), 1 PE pied 34. tt,
1 PE po 34. tt, 1 patologicky PI v arteria cerebri media, 1 patologicky
CPR

Hsp70 1 PE+/-FGR, 1 FGR, 1 GH, 1 mirna PE, 1 zavazna PE, 1 PE pted 34. tt,
1 PE po 34. tt

Hsp90a | PE+/-FGR, | FGR (trend), | GH, | mirna PE, | zavazna PE, | PE pfed
34.tt, | PE po 34. tt

HspBP1 -
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Materska krevni plazma

Hsp27 -

Hsp60 -

Hsp70 1 PE+/-FGR, 1 GH, 1 mirna PE, 1 zavazna PE, 1 PE pted 34. tt, 1 PE po
34.tt

Hsp90a -

HspBP1 -
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8. Diskuze

U lidi se proteiny tepelného Soku vyskytuji jak v buiikach (napf. cytosol, jadro,
centrozom, mitochondrie, endoplazmatické retikulum), membranové vazané, tak i v
extracelularnim prostoru (napf. krevni fecist€¢) a jejich exprese se zvysuje pii
vystaveni bun€k stresu, napt. vysoké teploté, t€zkym kovim, extrémnimu pH,
infekci, zanétu, kyslikovym radikalim nebo nedostatku zivin a kysliku. A praveé
béhem téhotenstvi, asociovaném s placentarni insuficienci nebo pied¢asnym
porodem, dochdzi k ischemii, oxida¢nimu a hemodynamickému stresu a systémové
zanétlivé odpovédi matky. Proto predpokladame zvySeni genové exprese proteinli
tepelného Soku u téchto gravidit. Cilem studie bylo prozkoumat expresni profil
vybranych proteinti tepelného Soku (Hsp27, Hsp60, Hsp70, Hsp90a a HspBP1)
v placentarni tkani, plné periferni zilni krvi matky a krevni plazmé u Zen
s preeklampsii, fetdlni rlGstovou restrikci, gestacni hypertenzi, spontannim

pfedcasnym porodem a predéasnym odtokem plodové vody.

Nase studie prokazala, Ze ani gesta¢ni hypertenze, ani fetalni ristova restrikce nemaji
vliv na genovou expresi proteinti tepelného Soku v centralnim kotyledonu placentarni
tkané. ZvySend exprese byla zaznamenana pouze u Hsp27 u zen s preeklampsii
snebo bez fetdlni ristové restrikce ve srovnani s Zenami s normalnim pribéhem
téhotenstvi. Naslednd analyza ukdzala, Ze t¢Zké komplikace souvisejici
s t¢hotenstvim, jako je zdvaznd forma preeklampsie, ktera vyzaduje okamzité
ukonceni téhotenstvi cisafskym fezem, také neovlivnily hladiny mRNA proteinil
tepelného Soku v placenté. Rozdilné hladiny mRNA exprese lze pozorovat
v centralnim kotyledonu placenty pouze v pfipadé mirné preeklampsie, ktera
umoziuje dalsi pokracovani t¢hotenstvi, za ptredpokladu, ze je pacientka pravidelné
sledovana a tfadné lécena. Vysledky této studie ukazuji zvySeni hladin mRNA
v placentarni tkani u Hsp27, Hsp90a a HspBP1 u Zen s mirnou preeklampsii a
s preeklampsii vyskytujici se po 34. tydnu gestace, coz znamena, Ze placenta reaguje
az na dlouhodobé;ji trvajici patologické stavy (nedostatecny piisun matetské krve
spojeny se snizenym piisunem zivin a kysliku do plodu) zménou genové exprese
téchto proteinti [Hromadnikova et al, 2015]. V soucasné¢ dobé existuje nekolik

dalSich studii, které se zabyvaji expresi proteint tepelného Soku v placentarni tkani.
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Studie z roku 1998 na normotenznich gravidnich Zenéch ukazuje rozdilnou lokalizaci
hsp v placenté v pribehu téhotenstvi [Shah et al, 1998]. V placentarni tkani byly
Hsp60, Hsp70 a Hsp90 lokalizovany v cytotrofoblastu, syncytiotrofoblastu,
intermediarnim trofoblastu, Hofbauerovych a endotelialnich bunkach. V bunkach se
Hsp60 a Hsp90 nachazely primarné v jadie a Hsp70 byl nalezen jak v jadfe, tak
v cytoplazmé. Hsp27 byl v placenté nalezen pouze v intermedidrnim trofoblastu a
syncytiotrofoblastu, a to jen v prvnich dvou trimestrech [Shah et al, 1998]. Obdobné
vysledky jako vnasi studii ziskal Shin et al. vroce 2011 na placentach zen
s preeklampsii v porovnani se zdravymi kontrolami [Shin et al, 2011]. Pomoci
imunohistochemické analyzy bylo prokazano, ze Hsp27 byl lokalizovan ptfevazné
v buiikdch trofoblastu a western blot analyza prokazala zvySenou expresi Hsp27
v placentach Zen s preeklampsii v porovnani se zdravymi kontrolami [Shin et al,
2011]. Nicmén¢ se nejednalo o genovou expresi Hsp27 a studie nehodnotila
zavaznost preeklampsie. Abdulsid et al. ve své studii srovnaval hladiny Hsp27
mRNA mezi preeklamptickymi a kontrolnimi skupinami v riiznych oblastech
placenty s ohledem na vzdalenost od Uponu pupecniku, avSak nenalezl zmény
v expresi Hsp27 mezi kontrolni a patologickou skupinou [Abdulsid & Lyall, 2013].
Do analyzy ovSem zahrnul pouze 6 pacientek v kazdé skuping, pticemz tak nizky

pocet vzorki nestaci k dosazeni statistické vyznamnosti.

V rozporu snasi studii jsou vysledky Liu a jeho tymu [Liu et al, 2008]. Liu
pozoroval zvySenou genovou 1 proteinovou expresi Hsp70 v placenté (neni
specifikovana oblast placenty, ktera byla sledovdna) a v purifikovanych
mikrovaskularnich endotelidlnich butikach u 28 pacientek s placentarni insuficienci
(preeklampsie a ITUGR). V této studii nebyl bran zietel na zdvaznost onemocnéni
s ohledem na klinické pfiznaky a gestacni stafi v dobé porodu [Liu et al, 2008].
Nekteré dalsi vyzkumy také potvrdily zvySenou expresi Hsp70 v placenté béhem
preeklampsie. ~ Napfiklad  Barut  pozoroval zvySenou hladinu  Hsp70
v syncytiotrofoblastech, cytotrofoblastech a extravildoznich trofoblastovych bunikéach
u preeklamptickych placent a placent s [UGR ve srovnani s normalnim téhotenstvim

[Barut et al, 2010].

Co se tyce predCasnych porodi, tak v dnesni dobé nejsou k dispozici zadné studie

popisujici vztah mezi genovou expresi hsp v placenté a patogenezi piedc¢asného
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porodu. NaSe analyza odhalila zvySenou genovou expresi Hsp27 a Hsp60 v placenté
jak u pacientek se spontannim ptedCasnym porodem, tak u Zen s predCasnym
odtokem plodové vody ve srovnani s zenami, které porodily v terminu. Zda se tedy,
ze reakce na stres v zon¢ centralniho kotyledonu placenty u spontanniho pred¢asného
porodu a predCasného odtoku plodové vody ma rozdilny prabéh v porovnani s
porody v terminu. Analyza ddle ukdzala sniZzeni genové exprese Hsp70 a HspBP1
v placentarni tkani u Zen s pfedéasnym odtokem plodové vody ve srovnani
s normalnim priabéhem téhotenstvi, coz naznacuje, ze pribéh porodu u te€hotenstvi
s PPROM se 1i§i mnohem vice od porodu v terminu nez spontanni pred¢asny porod.
U HspBP1 byl navic pozorovan rozdil v genové expresi mezi skupinami PPROM a
PTB. Vzhledem k tomu, ze Hsp70 ma anti-apoptotickou funkci (inhibuje apoptozu)
[Stankiewicz et al, 2005; Yang et al, 2012; Guo et al, 2005], snizené hladiny Hsp70
mRNA v placenté u pacientek s PPROM mohou vést k upregulaci proteintl, které se
ucastni biologickych drah vedoucich k pfed¢asnému starnuti plodovych obalt, kde
hraje vyznamnou roli senescence, apoptdza a proteolyza. Snizené hladiny HspBP1
mRNA v placenté mohou souviset se snizenou syntézou Hsp70 mRNA, z divodu
vytvoteni funkéniho komplexu Hsp70/HspBP1. HspBP1 se vaze na Hsp70, inhibuje
jeho chaperonovou aktivitu a podporuje disociaci nukleotidi z N-terminalni
ATPéazové domény Hsp70 [Raynes & Guerriero, 1998]. Molarni pomér HspBP1
k Hsp70 v buiikdch je dulezitym determinantem interakce mezi témito dvéma
proteiny, jakoz i funkce vysledného komplexu. Nase studie nezjistila Zadny rozdil
v poméru hladin mRNA HspBP1/Hsp70 v centralnim kotyledonu placenty mezi
zenami s PPROM, PTB a normélnim pribéhem gravidity. Déle byla pozorovana
slaba pozitivni korelace mezi gestatnim vékem v dobé porodu a genovou expresi
Hsp70 v placenté¢ ve skupin€ pacientek s PPROM. Vyss§i hladiny Hsp70 mRNA
v placentach v pozdnéjSim gestatnim véku mohou souviset se zpozdénim ruptury
plodovych obalt tak, ze Hsp70 inhibuje apoptozu plodovych oballi [Dvorakova et al,
2017].

Obdobné¢ zvyseni genové exprese Hsp27 v placentarni tkani jako u Zen s PPROM a
PTB bylo prokazdno také u pacientek s mirnou preeklampsii a preeklampsii
s onsetem a dobou porodu po 34. tydnu te¢hotenstvi [Hromadnikova et al, 2015].

Upregulace cytoprotektivniho a anti-apoptotického Hsp27 u pacientek s PPROM,
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PTB a preeklampsii miize nastat jako fyziologickd odpovéd’ na pfitomnost
bakteridlni infekce nebo nedostate¢nou funkci placenty. Na druhou stranu Hsp90a a
HspBP1 byly upregulovany vyhradné ve spojeni s mirnou preeklampsii a
preeklampsii s onsetem a dobou porodu po 34. tydnu te€hotenstvi. Dale byl prokazan
narst genové exprese Hsp27 ve skupinich PPROM i1 PTB se zvySujicim se
gestatnim vékem, coz miiZze naznacovat funkéni zapojeni Hsp27 do stresové reakce
ptitomné v placentarni tkéani, ktera nakonec vyusti v pfed¢asny porod. Ackoliv byla
genova exprese Hsp70 u PPROM downregulovana a hladina Hsp90a mRNA se
nemeénila, nejvyssi hladiny Hsp70 a Hsp90a mRNA byly detekovany u téhotenstvi
s PPROM s nartstajicim gesta¢nim vékem. Ani u jedné skupiny pred¢asnych poroda
nebyla pozorovana zadna zména exprese hsp v placentarni tkdni v souvislosti
s poctem leukocytl v krvi matky. Obdobné vysledky byly zaznamenany také
v souvislosti s hladinami CRP v séru u Zen s PPROM. PiestoZze pocet leukocytli
v krvi matky a hladiny CRP nejsou specifické pro nitrodélozni infekci a mohou byt
ovlivnény i jinymi faktory, ve skupiné pacientek s PTB byla zjisténa silnd pozitivni

korelace mezi genovou expresi Hsp60 a Hsp70 a hladinami CRP v matefském séru.

V matetské cirkulaci se odrazi patologické stavy matky i plodu, a to velice zahy po
vyskytu téhotenské komplikace. Gestacni hypertenze, preeklampsie 1 fetalni ristova
restrikce vZdy vyvolaly upregulaci Hsp70 a downregulaci Hsp90a v plné periferni
Zilni krvi matky. Zavaznost preeklampsie ani gestacni stafi v dobé porodu vSak
nemély vliv na miru genové exprese Hsp70 a Hsp90a v plné periferni Zilni krvi
matky. U obou hsp doslo ke zméndm v genové expresi jak u mirné tak u zavazné
formy preeklampsie. V porovnani s fyziologickymi graviditami se aberantni exprese
Hsp70 a Hsp90a rovnéZ vyskytovala jak u zen s preeklampsii, u kterych muselo byt
téhotenstvi ukonceno pred 34. tydnem, tak u Zen s preeklampsii, které rodily aZ po
34. tydnu gestace [Hromadnikova et al, 2015]. Nase vysledky podporuji vysledky
dalSich studii, pfestoze tyto studie byly provedeny pouze na proteinové urovni, a
nikoliv na Urovni genové exprese, a rovnéz popsaly zvySené hladiny Hsp70 v séru a
nebo plazmé u pacientek s tranzientni hypertenzi a preeklampsii v priibéhu gravidity
[Molvarec et al, 2006; Fukushima et al, 2005]. Jirecek et al. pozorovali zvySené
sérové hladiny Hsp70 u Zen s ¢asnym onsetem zavazné preeklampsie ve srovnani

s pacientkami s pozdnim néastupem zavazné preeklampsie [Jirecek et al, 2002]. Nase
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studie nezaznamenala zadny rozdil mezi skupinami pacientek s PE s ohledem na
zavaznost a nebo dobu onsetu onemocnéni, nicméné nasSe statistickd analyza byla

provedena separatné v jednotlivych skupinach pacientek [Hromadnikova et al, 2015].

Nase studie dale ukézala zvySeni genové exprese Hsp60 v plné periferni zilni krvi u
zen s preeklampsii a nebo fetalni ristovou restrikci oproti fyziologické gravidité.
Gestacni hypertenze v tomto piipad¢ nevykazovala zadné zmény exprese Hsp60.
Hladiny mRNA Hsp60 v mateiské krvi byly zvySeny u mirné 1 u zavazné
preeklampsie, a to bez ohledu na gestacni stafi v dobé porodu. Nicmén¢, nejvyssi
hladiny mRNA Hsp60 byly pozorovény u téhotenstvi se zndmkami centralizace
fetalntho ob¢hu, coz je silné asociovano se Spatnou prognoézou v dusledku
pfitomnosti fetdlni hypoxie. Centralizace fetdlnitho ob&hu piedstavuje ochrannou
reakci plodu proti hypoxii, kterd se projevuje redistribuci ob¢hu plodu do mozku,

jater a srdce na ukor periférie.

Cirkulujici nukleové kyseliny, vyskytujici se v krevni plazmé nebo séru, se v dnesni
dobé¢ stale Castéji vyuzivaji jako biomarkery pro sledovani t€hotenskych komplikaci.
Zdrojem fetalnich nukleovych kyselin jsou apoptotickd teliska placentarniho
trofoblastu, ktera se uvoliiuji do matetské cirkulace pfi remodelaci placenty v
dasledku apoptézy a béhem normaélniho pribéhu tehotenstvi dochazi k narlistani
hladin volné fetdlni DNA s gestatnim vékem [Alberry et al, 2009]. Vzhledem
k tomu, Ze pifi placentarni insuficienci dochédzi k nadmémému uvoliovani
apoptotickych télisek trofoblastu, tak dochazi 1 ke zvySenému vyskytu fetdlnich
nukleovych kyselin v cirkulaci matky [Sifakis et al, 2009]. Ptredpokladame, ze
matefska cirkulace muize odraZet jak patologicky stav matky, tak placenty
prostfednictvim genové exprese hsp. Vzhledem k tomu, zZe HspBP1 v matetské
krevni plazmé nebyl detekovatelny a Hsp60 amplifikoval pouze jen u nékterych
vzorkll matefskych krevnich plazem, rozhodli jsme se vyloucit tyto dva hsp systémy
ze studie a analyzy probihaly pouze na systémech Hsp27, Hsp70 a Hsp90a. Systémy
Hsp27 a Hsp90a nevykazovaly zadnou zménu genové exprese v krevni plazmé zen
s tehotenskymi komplikacemi ve srovnani s fyziologickou graviditou. Cirkulujici
Hsp70 byl jediny plazmaticky marker, ktery odrazel matefskou a placentarni
stresovou reakci na téhotenské komplikace na Grovni genové exprese. Zvysené

hladiny mRNA Hsp70 v krevni plazmé byly pozorovany u pacientek s preeklampsii
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snebo bez fetdlni ristové restrikce a u zen s gestatni hypertenzi ve srovnani
s Zzenami s normalnim pribéhem téhotenstvi. Vzhledem k tomu, ze zvySend genova
exprese Hsp70 v plazmé byla detekovana jak ve skupiné mirné, tak ve skupiné
zavazné preeklampsie a zaroven u pacientek, které rodily ptred 34. tydnem 1 po 34.
tydnu téhotenstvi ve srovnani s fyziologickym pritbéhem gravidity, nebyla zjisténa
zadna souvislost mezi expresi Hsp70 v mateiské cirkulaci a zadvaznosti onemocnéni
[Hromadnikova et al, 2016]. ZvysSenou expresi Hsp70 u zen s preeklampsii nebo
gestani hypertenzi popsali 1 dal$i autofi, ovSem opét se jednalo o proteomické a
nikoliv genomické studie [Jirecek et al, 2002; Molvarec et al, 2006; Molvarec et al,
2007; Molvarec et al, 2009; Peragoli et al, 2013]. ZvysSené hladiny mRNA Hsp70
v mateiské cirkulaci mohou odrazet systémovy zanét, oxidacni stres, hepatocelularni
poskozeni a placentarni ischemii u Zen s vyskytem preeklampsie [Molvarec et al,

2009].
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9. Zavér

Ve své disertatni praci jsem sledovala vztah mezi genovou expresi proteini
tepelného Soku a vybranymi téhotenskymi komplikacemi (preeklampsie, fetalni
rustova restrikce, gestacni hypertenze, spontanni predcasny porod, predCasny odtok
plodové vody). K dispozici jsem méla vzorky placentarni tkang, plné periferni Zilni
krve a krevni plazmy matek v dobé vyskytu t€hotenskych komplikaci. Posuzovala
jsem vliv zavaznosti onemocnéni na genovou expresi jednotlivych hsp a hodnotila
jsem odpovéd’ matky a placenty na stresové podminky spojené s téhotenskymi
komplikacemi. Placentarni tkan reagovala zvySenou expresi Hsp27, Hsp90a a
HspBP1 v pfipadé¢ mirné preeklampsie, kterd nevyzadovala okamzité ukonceni
téhotenstvi, pokud byla fadn¢ diagnostikovdna a léCena. ZvySeni hladin mRNA
Hsp27 v placenté bylo také zjisténo u obou skupin piedcasnych porodi (PTB a
PPROM). Naopak hladiny mRNA Hsp70 a HspBPl jsou unikatné¢ snizené
v placentarni tkéni u pfed€asného odtoku plodové vody. V matetské cirkulaci (plna
periferni Zilni krev) bylo zaznamendno zvySeni genové exprese Hsp70 u
preeklampsie a nebo FGR, a gesta¢ni hypertenze. Nicméné v krevni plazmé matky
byly hladiny mRNA Hsp70 zvyseny pouze u matek s preeklampsii s nebo bez FGR,
a gestacni hypertenzi, ale nikoliv u téhotenstvi s diagnézou FGR. Hladiny mRNA
Hsp70 byly v matetské cirkulaci (jak v plné periferni Zilni krvi, tak v krevni plazmg)
zvySeny bez ohledu na zivaznost onemocnéni sohledem na klinickou

symptomatologii a gestacni staii v dobé ukonceni gravidity.

V plné periferni Zilni krvi doslo navic ke zménam genové exprese Hsp90a (u PE,
FGR 1 GH) a Hsp60 (u PE a FGR), ovSem v krevni plazmé matek Zadné zméeny
genove exprese téchto hsp zaznamendny nebyly. Genova exprese v plné periferni
zilni krvi a krevni plazmé matek nebyla bohuzel studovéna u ptfedcasnych poroda

z diivodu absence biologického materialu.

Vzhledem k tomu, Ze se upregulace Hsp70 u pacientek s preeklampsii a gestacni
hypertenzi projevila jak v plné periferni Zilni krvi, tak v krevni plazmé matek, coz
také potvrzuji proteomické studie ostatnich autorti, lze usuzovat, Ze Hsp70 dobie

reflektuje systémovou odpovéd’ matky na vzniklé t€hotenské komplikace. V nasi
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studii sice nebyly zaznamenany zmény genové exprese Hsp70 v placenté¢ u Zen
s preeklampsii a gesta¢ni hypertenzi, ale v n¢kterych jinych studiich zvySena exprese
Hsp70 pozorovana byla. Proto predpokladam, ze Hsp70 v mateiské cirkulaci pochazi
také naptiklad z apoptotickych télisek placentarniho trofoblastu, ktera se uvoliuji do

matefské cirkulace pti remodelaci placenty.

Studie byla financovana vyzkumnymi programy Univerzity Karlovy PRVOUK P32 a
PROGRES Q34.
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10. Souhrn

Ve své disertacni praci jsem sledovala genovou expresi proteint tepelného Soku u
vybranych téhotenskych komplikaci: preeklampsie, fetalni riistova restrikce, gestacni
hypertenze, spontanni piedCasny porod, predcasny odtok plodové vody. Pomoci
kvantitativni RT-PCR v redlném case jsem detekovala 5 hsp systémti — Hsp27,

Hsp60, Hsp70, Hsp90a a HspBP1.

Z vysledkil je patrné, Ze placentarni tkan nereaguje zménou genové exprese nami
sledovanych hsp na gesta¢ni hypertenzi, fetalni riistovou restrikci a zavaznou formu
preeklampsie. Upregulace Hsp27, Hsp90a a HspBP1 byla pozorovana v placentarni
tkani u mirné preeklampsie, kterd nevyzadovala okamzité ukonceni téhotenstvi,
pokud byla tadné lécena. V pripad¢ predCasnych porodi doslo ke zvyseni genové
exprese v placenté u Hsp27 a Hsp60, a to jak u zen s PPROM, tak u Zzen s PTB. Dale
doslo ke snizeni genové exprese Hsp70 a HspBP1 v placentarni tkdni u pacientek
s PPROM ve srovnani s normélnim prabéhem téhotenstvi. U HspBP1 byl navic

pozorovan signifikantni rozdil v genové expresi mezi skupinami PPROM a PTB.

V plné periferni zilni krvi matek byla pozorovana upregulace Hsp70 a downregulace
Hsp90a u pacientek s PE, FGR a GH bez ohledu na zadvaznost onemocnéni a gestacni
stati v dob¢ ukonceni gravidity. Hsp60 byl rovnéz upregulovan, ale pouze u Zen s PE
a nebo FGR ve srovnani s normalnim pribéhem gravidity. V ptipadé Hsp60 byl
zaznamenan vliv zdvaznosti onemocnéni na genovou expresi v plné periferni Zilni
krvi matek. ZvySené hladiny mRNA Hsp60 byly detekovany u Zen s preeklampsii a
nebo FGR s patologickymi pratoky v arteria cerebri media a piitomnosti

centralizace ob&hu plodu.

Jedinym plazmatickym markerem, u kterého doslo k dysregulaci genové exprese
v mateiské cirkulaci byl Hsp70. ZvySené hladiny mRNA Hsp70 v krevni plazmé
byly detekovany u pacientek s PE a GH jako systémova odpovéd matky na vyskyt

téhotenské komplikace.
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10. Summary

In my dissertation thesis, I studied the gene expression of heat shock proteins in the
following pregnancy-related complications: preeclampsia, fetal growth restriction,
gestational hypertension, spontaneous preterm birth and preterm prelabor rupture of
membranes. Using real-time RT-PCR, I detected five hsp systems - Hsp27, Hsp60,
Hsp70, Hsp90a, and HspBP1.

The results show that placental tissue does not respond to gestational hypertension,
fetal growth restriction, or severe preeclampsia with any change in expression of the
studied hsps. Upregulation of Hsp27, Hsp90a, and HspBP1 was observed in
placental tissues affected with mild preeclampsia, which did not require immediate
termination of pregnancy; as long as the condition was properly treated. In patients
with preterm labor, the placental gene expression of Hsp27 and Hsp60 was
increased, both in women with PPROM and PTB. Furthermore, gene expression of
Hsp70 and HspBP1 was downregulated in placental tissues in PPROM patients when
compared to women with normal pregnancies. In addition, the expression of HspBP1

differed significantly between the groups of women with PTB and PPROM.

Upregulation of Hsp70 and downregulation of Hsp90a was observed in maternal
whole peripheral venous blood of patients with PE, FGR, and GH, regardless of the
disease severity or the gestational age of termination of pregnancy. Hsp60 was also
upregulated, but only in women suffering from PE and/or FGR, compared to women
with normal pregnancies. In the case of Hsp60, an effect of the disease severity on
gene expression in maternal whole peripheral venous blood was noted. Increased
levels of Hsp60 mRNA were detected in women with preeclampsia and/or FGR, with
pathological flow rates in the middle cerebral artery and the presence of

centralization of fetal circulation.

The sole plasmatic marker, whose gene expression in maternal circulation was
dysregulated, was Hsp70. Increased Hsp70 mRNA levels in blood plasma were
detected in both PE and GH patients as a systemic response of the mother to the

occurrence of pregnancy-related complications.
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1 | INTRODUCTION

Problem: Investigating the stress response in the central cotyledon zone of placental
tissue in pregnancies with PPROM, PTB, and at term in labor.

Method of study: Gene expression of Hsp27, Hspé0, Hsp70, Hsp90, and HspBP1 was
compared between these particular groups. Correlation between variables including
Hsp gene expression in placental tissue and the gestational age at delivery, WBC
count at admission, and serum levels of CRP at admission in patients with PPROM and
PTB was determined.

Results: Both PPROM and PTB pregnancies were assaciated with altered Hsp gene
expression profile. While PPROM and PTB always induced upregulation of Hsp27 and
Hspé0, downregulation of Hsp70 and HspBP1 was present entirely in patients with
PPROM. HspBP1 expression profile was also able to differentiate between PPROM
and PTB pregnancies. The highest mRNA levels of Hsp60 and Hsp70 were detected in
PTB pregnancies with elevated CRP levels at admission. Some of the examined Hsp
displayed increased expression with advancing gestational age in both groups (PPROM:
Hsp27, Hsp70, and Hsp90; and PTB: Hsp27).

Conclusion: Upregulation of Hsp27 is a common phenomenon shared between preg-
nancies affected with PTB and PPROM. On the other hand, downregulation of Hsp70
and HspBP1 represents a unique feature of PPROM.

KEYWORDS
expression profile, heat shock proteins, placental tissue, preterm delivery, real-time PCR

as follows: (i) delivery for maternal or fetal indications, in which labor is
either induced or the infant is delivered by prelabor Cesarean section;

Preterm birth is the leading cause of neonatal mortality and the most
common reason of antenatal hospitalization. Of all early neonatal
deaths (deaths within the first 7 days of life) that are not related to
congenital malformations, 28% are due to preterm birth.>? The prev-
alence of preterm delivery varies from 6% to 15% of all deliveries,
depending on the geographical and demographic features of the pop-
ulation studied, because in developing countries, there is the rate of
premature births higher than in developed countries.®

Preterm deliveries are those that occur at less than 37 weeks of

gestational age. The obstetric precursors leading to preterm birth are

(ii) spontaneous preterm labor with intact membranes (PTB); and (jii)
preterm prelabor rupture of the membranes (PPROM), irrespective of
whether delivery is vaginal or by Cesarean section.*®

The causes of preterm birth are numerous, and some of them are
preventable. The important thing is early detection of risk factors and
intensive care for high-risk pregnancies. Currently used worldwide a
broad spectrum of tocolytics, a considerable portion of them, how-
ever, has serious side effects.

Spontaneous preterm birth (PTB) is defined as the onset of regular

contractions before 37 weeks of gestation.”
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PPROM is defined as spontaneous rupture of the membranes at
less than 37 weeks' gestation at least 1 hour before the onset of con-
tractions.” It is classified by gestational age: mid-trimester PPROM
(before 24 weeks), early PPROM (24-34 weeks), and near-term
PPROM (34-37 weeks). PPROM is responsible for approximately 3%
of all birth and one-third of all preterm deliveries.® The cause of mem-
brane rupture in most cases is unknown, but asymptomatic intrauter-
ine infection is a frequent precursor. Others risk factors are cigarette
smoking during pregnancy, polyhydramnios, multiple gestation, previ-
ous preterm birth, vaginal bleeding, or low sociceconomic conditions.
PPROM is often complicated by microbial invasion of the amniotic
cavity (MIAC) and intraamniotic inflammation (JAl), resulting in the
development of histological choricamnionitis.”® MIAC is predomi-
nantly caused by Ureaplasma species and has been observed approxi-
mately in 30% pregnancies with PPROM.”1® The presence of MIAC is
the most important factor impacting the local cervical inflammatory
response, which is determined by IL-6 and IL-8 levels in the cervi-
cal fluid."! Diagnosis of MIAC is performed using a transabdominal
amniocentesis. On the other hand, histological chorioamnionitis (HCA)
can only be diagnosed after delivery by histopathological evaluation of
the placenta and fetal membranes.

Heat shock proteins (Hsp) are highly conserved malecules that
are present in almost all subcellular structures (eg, nucleus, mito-
chondria, endoplasmic reticulum, and cytoplasm) of all cell types from
prokaryotes to eukaryotes,u Constitutive forms of these proteins are
expressed by the cells under physiological conditions and their expres-
sion increases many times if the cell is exposed to sudden changes in
temperature or other forms of stress, such as concentration imbalance,
pH change, and exposure to infection, toxins, heavy metals, oxidative
radicals, prostaglandins, and steroids.!*1% Under non-physiological
conditions, there is also induced expression of the inducible form of
the heat shock proteins.

Human Hsp are categorized under distinct families based on their
functions in the cells, their homologies in the primary structures, and
their approximate molecular weight, measured in kDa. These families
are the following: a family of small heat shock proteins, Hsp40, Hspé0,
Hsp70, Hsp90, and Hsp110."

Hsp have a dual role, depending on the intracellular or extracel-
lular localization. Intracellular Hsp have a protective function and
enable the cell to survive the deadly conditions.>® Extracellular
Hsp or Hsp localized on the cell membrane mediated immunological
functions and play a key role in the stimulation of the immune sys-
tem. 2 In humans, the presence of Hsp in serum is associated with
the occurrence of stress factors, such as inflammation, bacterial, or
viral infection.?125°%7

To our knowledge, no studies describing gene expression of
cognate and inducible isoforms of heat shock proteins in placenta
affected with preterm prelabor rupture of membranes (PPROM) and
spontaneous preterm labor with intact membranes (PTB) have been
carried out. Our study describes for the first time mRNA levels of
Hsp27, Hspé0, Hsp70, Hsp%0, and HspBP1 in placental tissues, in
the central cotyledon zone, where the umbilical cord inserts into the
chorionic plate, in pregnancies with preterm delivery resulting from

spontaneous preterm birth with intact fetal membranes (PTB) and
premature rupture of fetal membranes (PPROM). We selected the
best-studied constitutively expressed and highly inducible members
from individual Hsp families. The best-studied member of small heat
shock protein family is Hsp27, encoded by HSPB1 gene, constitutively
expressed at basal levels in all cells and tissues, with intracellular loca-
tion in cytoplasm and nucleus, acting as a protein chaperone and an
antioxidant playing a role in the inhibition of apoptosis and actin cyto-
skeletal remodeling.?®%!

Human Hspé0, the product of the HSPD1 gene, is a constitutive
mitochondrial chaperonin that is responsible for the transportation
and refolding of approximately 15%-30% of all cellular proteins from
cytoplasm into the mitochondrial matrix.%?

The human Hsp70 family has 13 members with similar struc-
tural and functional properties with a unique pattern of expression
or subcellular localization. Eukaryotes have constitutive (Hsc70) and
stress-inducible (iHsp70) isoforms produced by cells in response
to hyperthermia, oxidative stress, and changes in pH. The major
stress-inducible cytosolic and nuclear Hsp70 proteins (Hsp70-1 and
Hsp70-2), encoded by closely related HSPA1A and HSPA1B genes,
stabilize existing proteins against aggregation and mediate folding of
newly synthesized proteins as well as the import of proteins into the
organelles, 28-90:43

The members of Hsp%0 family are the most abundant proteins in
cells (producing 1%-2% of total cellular proteins) which can be found
in different cell compartments such as cytosol, endoplasmic reticulum,
and the mitochondria. They play an essential role in many cellular pro-
cesses including cell cycle control, cell survival, hormone, and other
signaling pathways. The most studied members of this group are two
cytoplasmic isoforms of the protein, the inducible Hsp90a (HSP20AA1
gene) and the constitutive Hsp90p (HSPSOAB1 gene). 283034

Hsp70 cochaperon (Hsp70 binding protein 1, HspBP1), encoded
by HSPBP1 gene, is an intracellular protein abundant in tissues that
binds to the ATPase domain of Hsp70 and inhibits its ability to refold
denaturated proteins.*®

Maternal hypertension and preeclampsia have been a well-
documented cause of deep placentation failure.?**” Mareover, De
Wolf et al. found that fetal growth restriction and severe lesions of
placental bed spiral arteries can occur even in the absence of sus-
tained hypertension.*® As Kim et al. % showed that preterm prema-
ture rupture of the membranes or labor without rupture of the fetal
membranes was also associated with defective deep placentation,
although to a lesser degree, and with the absence of severe vascu-
lar lesions, we decided to study Hsp expression profile directly in
placental tissues in PPROM and PTB pregnancies. Moreover, sev-
eral investigators ‘9% demonstrated that decidual vasculopathy
and alterations in umbilical artery flow velocity waveforms occurred
more frequently than chorioamnionitis in patients in preterm labor.
The umbilical cord typically contains two arteries and a single vein.
Moreover, the umbilical cord typically inserts into the placenta near
its center. For these reasons, we selected for the study the central
cotyledon zone, the area where the umbilical cord inserts into the
chorionic plate.
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TABLE 1 Maternal and neonatal characteristics of normal and complicated pregnancies

Term in labor (n=50) PTB (n=30) PPROM (n=80) P-value® P-value®
Age (y) 33.00 (30.00-35.75) 30.00 (28.00-35.00) 31.50 (28.00-36.00) 212 339
Gestational age at delivery 39.71 (38.50-40.57) 33.14 (29.71-35.14) 34.00 (31.00-36.00) <.001 325
(wks)
Mode of delivery
Vaginal 41 (82%) 22 (73.3%) 52 (65%) 101 109
Cesarean section 9 (18%) 8(26.7%) 28 (35%)
Fetal birth weight (g) 3435 (3252.5-3687.5) 2110 (1620-2570) 2205 (1528-2693) <.001 401
Fetal sex
Male 28 (56%) 20 (66.7%) 49 (61.3%) 650 631
Female 22 (44%) 10 (33.3%) 31(38.7%)
BMI 25.00 (23.00-28.00) 25.2 (21.80-29.00) 25.00 (22.40-28.00) 926 809
Primiparity
Yes - 11 (36.7%) 37 (46.3%) NS 367
No - 19 (63.3%) 43(53.7%)
Administration of corticosteroids
Yes - 19 (63.3%) 57 (71.3%) NS A24
No - 11 (36.7%) 23(28.7%)
Administration of antibiotics
Yes - 25(83.3%) 74 (92.5%) NS 154
No = 5(16.7%) 6 (7.5%)
Tocolytic therapy
Yes = 12 (40%) 19 (23.8%) NS 092
No - 18 (60%) 61 (76.2%)
CRP levels (mg/L) = 5.9(3.9-23.0) 6.7 (3.6-13.0) NS 552
WBC count (x10°/L) = 11.4 (10.1-15.0) 12.7 (10.6-16.3) NS .383
Apgar score <7; 5 min - 2 (6.7%) 4 (5%) NS 732
Apgar score <7; 10 min = 1(3.3%) 2(2.5%) NS 811
Umbilical blood pH - 7.32(7.30-7.36) 7.32(7.29-7.36) NS 404

BMI, body mass index; CRP, C-reactive protein; PPROM, preterm prelabor rupture of membranes; PTB, spontaneous preterm birth; WBC, white blood cells.
Data are presented as median (25-75 percentile) for continuous variables and as number (percent) for categorical variables.

Statistically significant results are marked in bold.

#P-value: the comparison among three groups. Continuous variables were compared using the Kruskal-Wallis test (exact two-tailed P-value). Categorical

variables were compared using Fisher's exact test (exact two-tailed P-value).

BP-value: the comparison among women with spontaneous preterm birth and preterm prelabor rupture of membranes. Continuous variables were compared
using the Kruskal-Wallis test. Categorical variables were compared using a chi-square test.

2 | MATERIALS AND METHODS

2.1 | Patients

The study was designed in a retrospective manner. Clinical sam-
ples were collected between 2014 and 2016 at the Institute for
the Care of the Mother and Child (Prague, CZ). All samples were
stored at -80°C until further processing. Samples processing and
analyses were performed at the Department of Molecular Biology
and Cell Pathology, Third Faculty of Medicine, Charles University,
Czech Republic. All patients who participated in this study pro-
vided written informed consent. The study was approved by

the Ethics Committee of the Third Faculty of Medicine, Charles
University.

The studied cohort consisted of Caucasian women with singleton
pregnancies involving 80 pregnancies with preterm prelabor rupture
of membranes (PPROM) delivering within 31+0-36+0 (median 34+0)
weeks of gestation, 30 patients with spontaneous preterm labor
(PTB) delivering within 29+5-35+1 (median 33+1) weeks of gesta-
tion, and 50 women at term in labor. The clinical characteristics of the
patients are presented in Table 1. Gestational age was assessed using
ultrasonography.

Women at term in labor were defined as those without medical,

obhstetrical, or surgical complications who subsequently delivered
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TABLE 2 Primers and probes used for one step real-time RT-PCR analyses

Gene Gene info-NCBI Primer sequences Probe sequences
p-actin ACTB, GenelD 60 5'-CCTGGCACCCAGCACAAT-3' 5'-(VIC) ATCAAGATCAATGCTCCTCCTGAGCGC
5'-GCCGATCCACACGGAGTACT-3" (TAMRA)-3'

Amplicon length 70 bp

Hsp27 HSPB1, GenelD 5'-TCCCTGGATGTCAACCACTTC-3' 5'-(FAM) CCCCGGACGAGCTGACGGTC (TAMRA)-3"
3315 5'-TCTCCACCACGCCATCCT-3' Amplicon length 67 bp

Hspé0 HSPD1, GenelD 5'-GATGTTGATGGAGAAGCTCTAAGTACA-3'  5'-(FAM) TCGTCTTGAATAGGCTAAAG (MGB)-3'
3329 5'-TGCCACAACCTGAAGACCAA-3' Amplicon length 69 bp

Hsp70 HSPA1A, GenelD 5'-ACCAAGCAGACGCAGATCTTC-3' 5'-(FAM) CCTACTCCGACAACCAACCCGGG (TAMRA)-3'
3303 5'- GCCCTCGTACACCTGGATCA-3' Amplicon length 87 bp

Hsp90a HSP90AAL, GenelD 5'-TGCGGTCACTTAGCCAAGATG-3' 5'-(FAM) CCCAGACCCAAGACCAACCGATGG (TAMRA)-3'
3320 5'-GAAAGGCGAACGTCTCAACCT-3' Amplicon length 85 bp

HspBP1 HSPBP1, GenelD 5'-TGGCCGACCTGTGTGAGA-3" 5'-(FAM) CATGGACAATGCCG (MGBJ)-3'

23640 5'-GCAGGTGCATGCCAGACA-3'

Amplicon length 66 bp

Forward and reverse primers together with probe sequences are listed for each gene.

full term (after 37 completed weeks of gestation), singleton, healthy
infants weighing >2500 g.

PTB was defined as the occurrence of regular uterine contractions
at a minimum frequency of two contractions per 10 minutes, along
with cervical changes, leading to delivery before the 37th week of ges-
tation was completed.

PPROM was defined as amniotic fluid leakage preceding the onset
of labor by at least 1 hour. PPROM was diagnosed visually using a ster-
ile speculum examination to confirm the pooling of amniotic fluid in
the vagina and an alkaline pH of cervicovaginal discharge. When nec-
essary, it was confirmed by a positive test for the presence of insulin-
like growth factor-binding protein-1 (ACTIM PROM test; Medix
Biochemica, Kauniainen, Finland) in the vaginal fluid.

The exclusion criteria included women with gestational hyper-
tension, preeclampsia, diabetes mellitus, significant vaginal bleed-
ing, fetuses with the presence of congenital or chromosomal fetal
abnormalities, signs of fetal growth restriction (an estimated weight
below the 10th percentile for appropriate gestational age), and fetal
hypoxia.

Women with PPROM and PTB at less than 34 weeks of ges-
tation without signs of clinical infection (maternal pyrexia, uter-
ine tenderness, offensive waginal discharge, fetal or maternal
tachycardia, and intrauterine infection) were treated with corti-
costeroids to accelerate lung maturation (one or maximally two
doses of betamethasone administered intramuscularly 24 hours
apart). Tocolysis was used only in those patients before 34 weeks
of gestation with no sign of fetal infection, fetal distress, mater-
nal infection, and negative perineal and perianal culture for GBS to
allow the first course of antenatal corticosteroids to be completed
and/or to transfer the patient to a tertiary care center. Prophylactic
antibiotics were given to the majority of patients with preterm
delivery to prevent signs of prepartum, intrapartum, and postpar-
tum infection.

In case of PPROM, induction of labor was initiated or an elective
Cesarean section was performed within 24-72 hour after the rupture
of the membranes, depending on the gestational age of the pregnancy,

the fetal status, the maternal serum levels of C-reactive protein, and
cervicovaginal streptococcus jj-colonization.

A diagnosis of histological choricamnionitis (HCA) was determined
based on the presence of neutrophil infiltration in the chorion-decidua
(grades 3-4) and/or chorionic plate (grades 3-4), and/or umbilical cord
(grades 1-4) and/or amnion (grades 1-4) according to the criteria by
Salafia et al.** Of the 80 patients with PPROM, 43 were diagnosed
with histological chorioamnionitis (HCA).

2.2 | Processing of samples and total RNA isolation

Total RNA was extracted from 30 mg of placental tissue preserved in
RNAlater (Ambion, Austin, USA) using QlAamp RNA Blood Mini Kit
(Qiagen, Hilden, Germany) according to manufacturer’s instructions. To
minimize DNA contamination, the eluted RNA was treated with 5 pL
of deoxyribonuclease | (DNase |, Fermentas International, Ontario,
Canada) for 30 minutes at 37°C. All samples had an OD 260/280 nm
ratio >1.9, indicating high quality and purity.

2.3 | Analysis of Hsp mRNA levels using one-step
real-time RT-PCR

Analysis of samples was performed using a 7500 real-time PCR
system (Applied Biosystems, Branchburg, New Jersey, USA) as pre-
viously described.* Human Hsp (Hsp27, Hspé0, Hsp70, Hsp90,
and HspBP1) and f-actin primers and probes were designed using
Primer Express version 2.0 (Applied Biosystems, Foster City, CA,
USA). Primer and probe sequences are shown in Table 2. Total
RNA samples extracted from placental tissues were diluted to the
final concentration of 2 ng/pL for Hsp27, Hsp70, and Hsp90. To
enhance detectability of Hsp60 and HspBP1 in placental tissues,
RNA samples were diluted to 200 ng/pL. Reaction mixture (25 pL
in total) consisted of 1x TagMan One-step RT-PCR Master Mix,
TagMan and/or MGB probes, forward and reverse primers, and
5uL of extracted total RMA. Primer and probe concentrations
are shown in Table 3. All samples were analyzed in duplicate. The
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TABLE 3 Primer and probe

concentrations of individual real-time Hiwel
RT-PCR assays hsp 900/300
fp-actin 300/200

Hspé0 Hsp70 Hsp90 HspBP1
900/200 300/200 300/200 700/200
300/200 300/200 300/200 200/100

Primer and probe concentrations (nmol L™Y) are listed as the equal forward and reverse primer
concentrations/probe concentration.

thermal profile used for one-step real-time RT-PCR (the Hsp gene
and endogenous control p-actin were amplified in the same tube)
included reverse transcription at 48°C for 30 minutes, denaturation
at 95°C for 10 minutes, followed by 50 cycles of PCR with dena-
turation at 95°C for 15 seconds, and annealing/extension at 60°C
for 1 minutes. Analysis of relative changes in gene expression of
Hsp was performed using the comparative Ct method.*® The differ-
ence (ACt) between the Ct values of the Hsp and the endogenous
control was calculated for each sample. RNA isolated from a ran-
domly selected placenta derived from gestation of normal course
was chosen as the reference for each comparison. The compara-
tive AACt calculation involved finding the difference between each
sample’s ACt and the reference's ACt. Finally, AACt values were
transformed to absolute values using the formula 2724, The mRNA
levels of an endogenous control (f-actin) were comparable between

the studied groups.

2.4 | Statistical analysis

Normality of the data was assessed using Shapiro-Wilk test,
which indicated that our data did not follow a normal distribu-
tion. Therefore, Hsp mRNA levels were compared between groups
by nonparametric test (the Kruskal-Wallis test for the comparison
among multiple groups). The significance level was established at a
P-value of P<.05. Data analysis was performed, and box plots were
generated using computer program Statistica 9.0 (Statsoft, Tulsa,
QOK, USA). Each box encompasses the median (dark horizontal line)
of normalized gene expression values for Hsp of interest in cohorts;
the upper and lower limits of the boxes represent the 75th and 25th
percentiles, respectively. The upper and lower whiskers represent
the maximum and minimum values that are no more than 1.5 times
the span of the interquartile range (range of the values between the
25th and the 75th percentiles). Outliers are indicated by circles and
extremes by asterisks.

Correlation between variables including relative Hsp guantifica-
tion in placental tissues and the gestational age at delivery, maternal
WBC count at admission (x107 L), maternal serum levels of C-reactive
protein (CRP) at admission (mg/L) in patients with PPROM and PTB
was calculated using Spearman's rank correlation coefficient {rho). If
the correlation coefficient value is -1 or 1, there is a perfect negative
or positive correlation. If it ranges within <-1; 0.5> or <0.5; 1>, there
is a strong negative or positive correlation. If it varies from -0.5 to 0
and from O to 0.5, there is a weak negative or positive correlation. The

significance level was established at a P-value of P<.05.

3 | RESULTS

Initially, Hsp mRNA levels were compared between the groups of
women at term in labor, spontaneous preterm birth with intact mem-
branes (PTB), and preterm prelabor rupture of membranes (PPROM).
In addition, Hsp gene expression was analyzed in the group of PPROM
patients in relation to the presence of histological chorioamnionitis
(HCA). The comparison between the following groups was made: HCA
positive vs HCA negative patients.

Consecutively, an effect of the delivery mode, the time to delivery,
and gestational age on Hsp gene expression in placental tissue was
evaluated in the group of PPROM and PTB pregnancies.

Moreover, the association between Hsp gene expression in pla-
cental tissue and maternal WBC count at admission and maternal
serum CRP levels at admission in patients with PPROM and PTB was
determined.

3.1 | Upregulation of Hsp27 and Hspé0 in
PPROM and PTB pregnancies and downregulation
of Hsp70 and HspBP1 in PPROM pregnancies

Overall, the expression of Hsp27, Hspé0, Hsp70, and HspBP1 in
placental tissue samples differed significantly between the control
group (term in labor pregnancies) and pregnancies affected with
PPROM or PTB. While increased expression of Hsp27 and Hspé0
was observed in women with PPROM (Hsp27: P=.002, Hspé0:
P=.005) and PTB (Hsp27: P=.003, Hsp60: P=.004), the downregula-
tion of Hsp70 (P=.021) and HspBP1 (P=.034) was found in PPROM
pregnancies. No difference was identified between the groups of
PPROM and term in labor pregnancies for Hsp90 (P=.415). The
expression of Hsp70 (P=1.0), Hsp90 (P=1.0) and HspBP1 (P=1.0) did
not differ between the control group and pregnancies affected with
PTB (Figure 1).

3.2 | Differentiation between gestational age-
matched pregnancies with PTB and PPROM based on
placental expression profile of HspBP1

The expression of HspBP1 (P=.009) differed significantly between
the PTB group and pregnancies affected with PPROM. Lower
expression rate was detected in patients with PPROM. No difference
was identified between the groups of PPROM and PTB patients for
Hsp27 (P=1.0), Hsp&0 (P=1.0), Hsp70 (P=.266), and Hsp%0 (P=.986)
(Figure 1).
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FIGURE 1 Hsp gene expression in the central cotyledon zone of placental tissues in the groups of women at term in labor, spontaneous
preterm labor with intact membranes (PTB) and preterm prelabor rupture of membranes (PPROM). Increased expression of Hsp27 and Hspé0
was observed in women with PPROM and PTB, and the downregulation of Hsp70 and HspBP1 (P=.034) was found in PPROM pregnancies. The
expression of HspBP1 differed significantly between the PTB group and pregnancies affected with PPROM

Hsp27
P=.038

10

o0

Relative quantification
(Ct comparative method)
(=]

5 _ S
sC Vaginal
n=28 n=52

FIGURE 2 The effect of the delivery mode on Hsp27 gene
expression in placental tissues within the group of PPROM
pregnancies. Significantly higher Hsp27 mRNA levels were observed
in patients with a vaginal delivery than in patients with Cesarean
section delivery

3.3 | Hsp expression profile in PPROM pregnancies
with and without the presence of HCA

Detailed statistical analyses within the group of PPROM pregnancies
revealed no difference in Hsp expression profile in placental tissues
between HCA-positive (n=43) and HCA-negative (n=37) patients
(Hsp27: P=.804; Hsp60: P=.427; Hsp70: P=.504; Hsp%0: P=.679; and
HspBP1: P=.775).

3.4 | The effect of the delivery mode and the time
to delivery on Hsp gene expression in placental
tissues within the groups of PPROM, PTB, and TL
pregnancies

The comparison of Hsp gene expression in placental tissues
did not show any difference between patients with respect to
the delivery mode (vaginal vs Cesarean section) within groups of PTB
(Hsp27, P=1.0; Hspé0, P=.227; Hsp70, P=.812; Hsp%0, P=.516;
HspBP1, P=.201), PPROM (Hsp&0, P=.498; Hsp70, P=.219; Hsp%0,
P=.604; HspBP1, P=.791) and TL {Hsp27, P=.382; Hsp60, P=.417;
Hsp70, P=.613; Hsp?0, P=.510; HspBP1, P=.305). Nevertheless, in
PPROM pregnancies, significantly higher Hsp27 mRNA levels were
observed in patients with a vaginal delivery (P=.038) (Figure 2).
Furthermare, we investigated the effect of the time to delivery
on Hsp expression profile in placental tissues in PPROM pregnancies.

The decision on whether to deliver was based on gestational age and
fetal status. Labor was induced immediately, regardless of gestational
age, in patients with intrauterine infection, placental abruption, or evi-
dence of fetal compromise.” A weak negative correlation between
the time to delivery and Hsp gene expression in placental tissues
within the group of PPROM patients was observed (Hsp27: p=-0.278,
P=.015; Hspé0: p=-0.387, P=.001; Hsp70: p=-0.319, P=.005; Hsp?0:
p=-0.269, P=.018; HspBP1: p=-0.153, P=.183), which means that the
expression of most of all Hsp decreased with advancing time to deliv-
ery (Figure 3).

3.5 | The effect of the gestational age on Hsp gene
expression in placental tissues within the groups of
PPROM and PTB pregnancies

A weak positive correlation between the gestational age at delivery
and Hsp gene expression in placental tissues within the group of
PPROM patients was observed (Hsp27: p=0.297, P=.010; Hsp70:
p=0.336 P=.003; and Hsp®0: p=0.322, P=.005) (Figure 4A). In addi-
tion, a strong positive correlation between the gestational age at
delivery and Hsp27 gene expression in placental tissues within the
group of PTB patients was found (p=0.668, P=.002), (Figure 4B).
That means that pregnancies with PPROM and PTB demon-
strated increased expression of these particular Hsp with advanc-
ing gestational age at delivery. On the other hand, no association
between Hsp gene expression in placental tissues and the gesta-
tional age at delivery was observed for Hspé0 (p=0.216, P=.060)
and HspBP1 (p=0.006, P=.959) in patients affected with PPROM
(Figure 4A). The expression of other examined Hsp in placen-
tal tissues of PTB pregnancies was not influenced by the gesta-
tional age at delivery (Hsp60: p=-0.035, P=.871; Hsp70: p=0.393
P=.065; Hsp90: p=0.340, P=.110; and HspBP1: p=0.261, P=.221)
(Figure 4B).

3.6 | The association between Hsp gene
expression in placental tissues and maternal
serum CRP levels within the groups of PPROM
and PTB pregnancies with respect to antenatal
corticosteroids therapy

Nao association between maternal serum CRP levels at admission and
Hsp gene expression in placental tissues was found in the group of
PPROM pregnancies (Hsp27: p=-0.157, P=.189; Hspé0: p=-0.144,
P=.228; Hsp70: p=-0.124, P=.300; Hsp%0: p=-0.203, P=.090; and
HspBP1: p=0.053, P=.658). The administration of antenatal corticos-
teroids had no effect on association between Hsp gene expression
in placental tissues and maternal serum CRP levels at admission in
PPROM pregnancies. Women with PPROM after 34 week of gestation
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FIGURE 3 The effect of the time to delivery on Hsp gene expression in placental tissues within the group of PPROM pregnancies. A weak
negative correlation between the time to delivery and Hsp gene expression in placental tissues was observed for Hsp27, Hsp60, Hsp70, and

Hsp?0

without the need of prophylactic prenatal corticosteroids (Hsp27:
p=0.140, P=.437; Hsp&0: p=0.145, P=.419; Hsp70: p=0.243, P=.175;
Hsp%0: p=-0.031, P=.864; and HspBP1: p=0.242, P=.175) showed
similar results as women with PPROM indicated for antenatal corticos-
teroid therapy (Hsp27: p=-0.257, P=.119; Hsp60: p=-0.216, P=.194;

Hsp70: p=-0.278, P=.092; Hsp90: p=-0.296, P=.072; and HspBP1:
p=-0.077, P=.646).

Similarly, no effect of maternal serum CRP levels at admission
on Hsp mRNA levels in placental tissues was observed for Hsp27
(p=0.191, P=.459), Hsp?0 (p=0.153, P=.553), and HspBP1 (p=0.372,
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P=.149) in PTB pregnancies. Nevertheless, in the group of PTB preg- at admission was observed (Hsp60: p=0.505, P=.049; and Hsp70:
nancies, a strong positive correlation between Hspé0 and Hsp70 p=0.567, P=.028) (Figure 5). The subgroup analysis with respect
mRNA levels in placental tissues and maternal serum CRP levels to administration of antenatal corticosteroids revealed that PTB
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FIGURE 4 (A) The effect of the gestational age on Hsp gene expression in placental tissues within the group of PPROM
pregnancies. A weak positive correlation between the gestational age at delivery and Hsp gene expression in placental tissues was
observed for Hsp27, Hsp70, and Hsp20. (B) The effect of the gestational age on Hsp gene expression in placental tissues within the
group of PTB pregnancies. Strong positive correlation between the gestational age at delivery and Hsp27 gene expression in placental
tissues was found



DVORAKOVA ET AL

LRV T -V S——

@ Hsp27 - PTB
12
p=.668; P=.002 o
5"
2
L.
=
b
B = "
o. o
o
£ S o
77 S
D - " . - K - - " _— D..\ - - -
24 26 28 0 32 4 36 33
Gestational age at delivery (wk)
Hsp70 - PTB
8
" p=.393; P=.065
§° "
2 i
0 s
g,
u
5
(-9 :
e
'—
z 1
o
T » » a 2 EN % E-
Gestational age at delivery (wk)
HspBP1 - PTB
43
- p=.261; P=.221 .

W
=

ma
n

RT-gqPCR expression

=

=
o
o
oo

=)
=

2 25 28 0 2 34 36 8
Gestational age at delivery (wk)

FIGURE 4 (Continued)

pregnancies, that were not given antenatal corticosteroids, also
showed a strong positive correlation between Hspé0 and Hsp70
mRNA levels in placental tissues and maternal serum CRP levels at

admission (Hsp&0: p=0.905, P=.002; and Hsp70: p=0.738, P=.037)
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(Figure 5). Nevertheless, this effect was not observed within the
group of PTB pregnancies indicated to prophylactic prenatal corti-
costeroids therapy (Hsp60: p=-0.214, P=.610; and Hsp70: p=0.405,
P=.320).
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FIGURE 5 The association between Hsp60 and Hsp70 gene expression in placental tissues and maternal serum CRP levels within the group
of PTB pregnancies with respect to antenatal corticosteroid therapy. Strong positive correlation between Hsp60 and Hsp70 mRNA levels in
placental tissues and maternal serum CRP levels at admission was observed in the group of PTB pregnancies regardless to administration of
antenatal corticosteroids, PTB pregnancies, that were not given antenatal corticosteroids, also showed a strong positive correlation between
Hsp&0 and Hsp70 mRNA levels in placental tissues and maternal serum CRP levels at admission

3.7 | The association between Hsp gene
expression in placental tissues and maternal white
blood cell (WBC) count at admission within the
groups of PPROM and PTB pregnancies with respect
to antenatal corticosteroids therapy

No association between maternal white blood cell (WBC) count at
admission and Hsp gene expression levels in placental tissues was
found in the overall group of PPROM pregnancies (Hsp27: p=0.017,
P=.881; Hsp60: p=-0.191, P=.101; Hsp70: p=-0.060, P=.604;
Hsp90: p=-0.073, P=.527; and HspBP1: p=-0.067, P=.565) and PTB
pregnancies (Hsp27: p=-0.193, P=.426; Hspb0: p=0.236, P=.330;
Hsp70: p=0.107, P=.658; Hsp%0: p=-0.178, P=.464; and HspBP1:
p=-0.286, P=.238). In addition, administration of prophylactic prena-
tal corticosteroids therapy did not have any impact on the associa-
tion between Hsp gene expression in placental tissue and maternal

WBC count at admission within the groups of PPROM and PTB preg-
nancies (Tahle 4).

4 | DISCUSSION

Nowadays, no studies describing the relationship between Hsp gene
expression in placenta and the pathogenesis of preterm birth resulting
from spontaneous preterm birth with intact fetal membranes (PTB)
and premature rupture of fetal membranes (PPROM]) are available.
The aim of this study was to investigate expression profile of heat
shock proteins (Hsp27, Hsp60, Hsp70, Hsp90, and HspBP1) in pla-
cental tissues derived from PTB, PPROM, and term pregnancies in
labor. The analyses revealed the upregulation of Hsp27 and Hspé0
in both PPROM and PTB pregnancies. Therefore, it seems that con-
cerning stress response in the central cotyledon zone of placental
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TABLE 4 Association between Hsp

PTB without PTB with PPROM without PPROM with E EBFSSE AR BlACSRES] tislias and
corticosteroids corticosteroids corticosteroids corticosteroids § P : P
(n=11) (n=19) (n=23) n=57) maternal white blood cell count at
admission within the groups of PPROM
p P P P p P p P and PTB pregnancies with respect to
administration of prophylactic prenatal
Hsp27 -0.467 174 0.286 A93 0.230 172 -0.055 748 F 8
corticosteroids therapy
Hspé0 0.042 907 0.405 320 -0.121 A77 -0.096 .570
Hsp70 -0.067 .855 0.524 .183 0.192 255 -0.033 846
Hsp90 -0.491 150 0.238 570 0.122 471 -0.056 744
HspBP1 -0.515 128 0.095 .823 -0.177 294 0.056 744

tissue premature rupture of fetal membranes (PPROM) and sponta-
neous preterm birth with intact fetal membranes (PTB) have a dis-
similar course as term in labor pregnancies. Additionally, the analyses
indicated that mRNA levels of Hsp70 and HspBP1 were significantly
decreased in placental tissue samples in PPROM pregnancies, which
indicates that the course of labor in PPROM pregnancies differ much
more from term in labor pregnancies than the course of labor in PTB
pregnancies. Moreover, HspBP1 down-regulated profile differenti-
ated between gestational age-matched PTB and PPROM pregnancies.
As Hsp70 has anti-apoptotic function (it directly inhibits apoptosis),
the decreased mRNA levels of Hsp70 in placental tissues of patients
with PPROM may lead to upregulation of relevant proteins involved
in the direction of key biological pathways such as premature aging
of the fetal membranes where senescence, apoptosis, and proteoly-
sis play an important role.** 5 The cause of PPROM is multifacto-
rial and next to intraamniotic infection, reduction in membrane col-
lagen content, stretched membranes, vasculopathy in placentation,
and decidual hemorrhage are considered to be possible mechanisms
underlying PPROM.®" 2 adequately, lower HspBP1 mRNA levels
may be synthetized in placental tissues of patients with PPROM as
a result of a decreased Hsp70 mRNA synthesis in order to create a
functional Hsp70/HspBP1 complex, in which HspBP1 binds to the
ATPase domain of Hsp70 to inhibit its ability to refold denaturated
proteins.*® The molar ratio of HspBP1 to Hsp70 in cells is an impor-
tant determinant of the interaction between these two proteins and of
the function of the resulting complex and usually is 1:1. Furthermore,
our study revealed that there is no difference in the ratio of HspBP1
mRNA level to Hsp70 mRNA level in the central cotyledon zone of
placental tissue between term in labor, PPROM, and PTB pregnan-
cies. Nevertheless, a weak positive correlation between the gesta-
tional age at delivery and Hsp70 gene expression in placental tissues
within the group of PPROM patients was observed (Hsp70: p=0.336
P=.003). We suppose that higher Hsp70 mRNA levels that are present
in placental tissues in PPROM pregnancies in later gestational age may
delay the rupture of fetal membranes, as Hsp70 directly inhibits apop-
tosis of fetal membranes.

Interestingly, our recent study demonstrated that mild preeclamp-
sia and pregnancies complicated with preeclampsia w or w/o fetal
growth restriction delivering after 34 week of gestation regardless
of the degree of clinical sign showed upregulation of Hsp27 in the
central cotyledon zone of placental tissue similarly as PPROM and

PTB pregnancies.”® Nevertheless, while significantly higher Hsp20
and HspBP1 mRNA levels were found in these particular pregnancy-
related complications, the expression of Hsp90 did not differ between
term in labor pregnancies and pregnancies affected with PPROM
or PTB and HspBP1 downregulation was observed in the group of
PPROM ;:'regnancie:;.s‘3 Therefore, it seems that multifactorial etiology
of preterm delivery has dissimilar impact on Hsp gene expression in
the central cotyledon zone of placental tissue.

No association between Hsp gene expression in placental tissues
and maternal WBC count at admission in groups of PPROM and PTB
pregnancies was observed. Likewise, no effect of maternal serum
C-reactive protein (CRP) at admission on Hsp gene expression levels
of any of the Hsp in the group of PPROM patients was demonstrated.
Although maternal WBC count and CRP levels are not specific to
intrauterine infections and may be influenced by other factors,* in
the group of patients with PTB a strong positive correlation between
Hsp60 and Hsp70 mRNA levels and maternal serum CRP levels was
identified.

In addition, in both PPROM and PTB groups, Hsp27 displayed
increased expression with advancing gestational age, which suggests
a functional involvement of Hsp27 in stress response occurring in pla-
cental tissue that finally results in preterm delivery. Although overall
Hsp70 gene expression is downregulated and Hsp?0 gene expres-
sion is not altered in PPROM pregnancies, the highest mRNA levels
of Hsp70 and Hsp%0 can be detected in PPROM pregnancies with
advanced gestational age.

In conclusion, this study demonstrated for the first time that
both PPROM and PTB pregnancies were associated with altered Hsp
gene expression profile in the central cotyledon zone of placental
tissue. The expression profile of Hsp was the most distinct between
PPROM group and women at term in labor, where Hsp27 and Hsp60
were upregulated and Hsp70 and HspBP1 were downregulated.
Upregulation of Hsp27 and Hspé0 also differentiated between PTB
and term in labor groups. The data from current study revealed that
upregulation of Hsp27 is a common phenomenon shared between
PTB and PPROM, and downregulation of Hsp70 and HspBP1 rep-
resents a unique feature of preterm prelabor rupture of the mem-
branes (PPROM). Moreover, upregulation of Hsp27 also appeared in
case of mild preeclampsia and preeclampsia occurring after 34 weeks
of gestsﬂicm‘53 Upregulation of cytoprotective and anti-apoptotic
Hsp27 in PTB, PPROM, and preeclampsia may occur as a physiological
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response on the presence of bacterial infection or the presence of pla-

cental vascular alterations consisting of lack of adaptive changes in the
decidual portion of the spiral arterioles and the presence of uneven
accelerated maturation of villi, multiple syncytial knots, and placen-
tal infarcts.”® On the other hand, our previous study pointed to the

fact Hsp90 and HspBP1 were exclusively upregulated in association

with mild preeclampsia and preeclampsia occurring after 34 weeks of

gestation.”
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Abstract The study describes the stress response in the
central cotyledon zone of placental tissue and in maternal
whole peripheral blood to pregnancy related complications
including gestational hypertension (n = 31), preeclampsia
w or w/o fetal growth restriction (n = 95), and fetal growth
restriction (n = 39) using real-time RT-PCR and genes
encoding Hsp27, Hsp60, Hsp70, Hsp90 and HspBP1 pro-
teins. The placental tissue does not respond to pregnancy
induced hypertension, fetal growth restriction and short-
term severe preeclampsia that requires immediate termi-
nation of gestation. Upregulation of Hsp27, Hsp90 and
HspBPl appears just in case of long-term deteriorated
conditions (usually in mild preeclampsia, that enable fur-
ther continuation of gestation, when properly treated). On
the other hand, maternal circulation is able to reflect both
maternal and fetal pathologic conditions. While pregnancy
related complications always induce upregulation of Hsp70
and downregulation of Hsp90 in maternal whole peripheral
blood, the increase of Hsp60 mRNA levels occurs entirely
in patients with preeclampsia and/or fetal growth restric-
tion. Hsp60, Hsp70 and Hsp90 are dysregulated in maternal
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circulation irrespective of the severity of the disease (in
both mild and severe preeclampsia) and the requirements
for the delivery (before and after 34th week of gestation).
Nevertheless, the highest Hsp60 mRNA levels may be
observed in pregnancies with signs of the centralization of
the fetal circulation associated with fetal hypoxia.

Keywords Heat shock proteins - Placenta -
Preeclampsia - Gestational hypertension - Fetal growth
restriction - Stress response

Introduction

Heat shock proteins (hsps) are ubiquitously distributed,
phylogenetically conserved molecules, present in the cells
of all living organisms. Under physiological conditions, the
stress proteins are expressed in low concentrations as the
constitutive proteins, regulating cellular homeostasis,
maintaining the integrity and function of other cellular
proteins. The synthesis of constitutive forms of hsps is
significantly up regulated by a variety of stressful factors,
including heat shock, concentration imbalance, pH change,
and exposure to infection, toxins, heavy metals, oxidative
radicals, prostaglandins and steroids [1]. The de novo
synthesis of heat shock proteins appears as well, when cells
are exposed to stressful stimuli. Human hsps are catego-
rized under distinct families based on their functions in the
cells, their homologies in the primary structures, and their
approximate molecular weight, measured in kDa. These
families are following: a family of small heat shock pro-
teins, Hsp40, Hsp60, Hsp70. Hsp90 and Hsp110.

Hsp27 belongs to the small molecular weight heat shock
protein family. Hsp27 is present at basal levels in all cells
and tissues, acts as a protein chaperone and an antioxidant
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and plays a role in the inhibition of apoptosis and actin
cytoskeletal remodeling [2]. During oxidative stress, Hsp27
functions as an antioxidant, lowering the levels of reactive
oxygen species (ROS) by raising levels of intracellular
glutathione and lowering the levels of intracellular iron [3].

Human Hsp60, the product of the HSPDI gene, is a
mitochondrial chaperonin that is responsible for the trans-
portation and refolding of approximately 15-30 % of all
cellular proteins from the cytoplasm into the mitochondrial
matrix [4]. In addition to its role as a heat shock protein,
Hsp60 plays an important role in the transmission and rep-
lication of mitochondrial DNA. The upregulation of Hsp60
production allows for the maintenance of other cellular
processes occurring in the cell, especially during stressful
times. However, Hsp60 possibly plays a role in a “danger
signal cascade” immune response [5]. The fact that Hsp60 is
released by peripheral blood mononuclear cells after expo-
sure to lipopolysaccharides (LPS) or Hsp60’s bacterial
homolog (GroEL), has the ability to activate certain types of
cells (monocytes, macrophages and dendritic cells) and
induce secretion of a wide range of cytokines, supports the
idea that Hsp60 is part of a danger signal cascade, which is
involved in activating an immune response [5]. There is also
an evidence that it plays a role in autoimmune diseases [6].

Eukaryotic organisms express several slightly different
Hsp70 proteins. All share the common domain structure,
but each has a unique pattern of expression or subcellular
localization. Eukaryotes have constitutive (Hsc70) and
stress-inducible (iHsp70) isoforms. High levels of induc-
ible isoforms are produced by cells in response to hyper-
thermia, oxidative stress, and changes in pH.

Hsc70 (Hsp73/HSPAB) is a constitutively expressed
chaperone protein. Hsp70 (encoded by three very closely
related paralogs: HSPATA, HSPAI1B, and HSPAIL) is a
stress-induced protein. Molecular chaperones of the Hsp70
family have diverse functions in cells. They assist the
folding of newly synthesized and stress-denatured proteins,
as well as the import of proteins into organelles, and the
dissociation of aggregated proteins [7]. The well-conserved
Hsp70 chaperones are ATP dependent: binding and
hydrolysis of ATP regulates their interactions with unfol-
ded polypeptide substrates, and ATPase cycling is neces-
sary for their function [8]. Hsp70 proteins can act to protect
cells from thermal or oxidative stress. These stresses nor-
mally act to damage proteins, causing partial unfolding and
possible aggregation. By temporarily binding to hydro-
phobic residues exposed by stress, Hsp70 prevents these
partially denatured proteins from aggregating, and allows
them to refold. Hsp70 seems to be able to participate in
disposal of damaged or defective proteins. Interaction with
CHIP (Carboxyl-terminus of Hsp70 Interacting Protein),
an E3 ubiquitin ligase, allows Hsp70 to pass proteins to the
cell’s ubiquitination and proteolysis pathways [9].

@ Springer

Finally, in addition to improving overall protein integ-
rity, Hsp 70 directly inhibits apoptosis. A novel Hsp70 co-
chaperone called Hsp70 binding protein 1 (HspBPI), an
intracellular protein abundant in tissues, was found to bind
to the ATPase domain of Hsp70 and inhibit its ability to
refold denatured proteins [10]. The molar ratio of HspBP1
to Hsp70 in cells might be expected to be an important
determinant of the interaction between these two proteins
as well as of the function of the resulting complex.

In mammalian cells, there are two or more genes
encoding inducible cytosolic Hsp90 homologues, with the
human Hsp90a showing 85 % sequence identity to consti-
tutively expressed Hsp90pB. Hsp90 is a highly abundant and
ubiquitous molecular chaperone which plays an essential
role in many cellular processes including cell cycle control,
cell survival, hormone and other signaling pathways [11]. It
is important for the cell’s response to stress and is a key
player in maintaining cellular homeostasis. Hsp90 interacts
with ‘client proteins’, including protein kinases, transcrip-
tion factors and others, and either facilitates their stabiliza-
tion and activation or directs them for proteasomal
degradation [12]. Under stressful conditions, Hsp90 stabi-
lizes its client proteins and provides protection to the cell
against cellular stressors. As with many of the other classes
of molecular chaperone, Hsp90 has a critical ATPase
activity, and ATP binding and hydrolysis modulates the
conformational dynamics of the protein.

Preeclampsia and fetal growth restriction (FGR) are
major cause of maternal and perinatal morbidity and
mortality in between 2 and 10 % of pregnant women [13].
Preeclampsia is characterized by gestational hypertension
combined with proteinuria after 20 weeks of gestation.
FGR is defined as fetal growth less than the 10th percentile
for appropriate gestational age. The causes of preeclampsia
and FGR remain unknown. Nevertheless, it is believed that
preeclampsia results mainly from defective placentation
and insufficient maternal spiral artery remodeling that elicit
inadequate uteroplacental blood perfusion, ischemia, and
finally generalized systemic  inflammatory
response [14, 15]. Redman et al. [15] suggested that the
maternal syndrome of preeclampsia manifested as a gen-
eralized maternal intravascular inflammatory reaction
involving endothelial cell dysfunction, intravascular leu-
kocytes as well as the clotting and complement systems.
Later, preeclamptic patients have been demonstrated to
have significantly higher levels of C-reactive protein (CRP)
and particular complement components including terminal
Complement Complex SC5b9 [16]. Subsequently, elevated
amounts of pro-inflammatory cytokines, chemokines and
adhesion molecules in the maternal circulation have been
shown to play a central role in the excessive systemic
inflammatory response and in the generalized endothelial
dysfunction characteristics of preeclampsia [17].

maternal
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Recent studies have focused on the identification of heat
shock proteins associated with preeclampsia using standard
and/or more sophisticated proteomic analyses such as
Western blotting, immunohistochemistry, two-dimensional
electrophoresis and matrix-assisted laser desorption ioniza-
tion time of flight mass spectrometry (MALDI-TOF-MS).
Among differentially expressed proteins, most investigators
identified Hsp27 to be up regulated in placental tissues
derived from patients with preeclampsia [18, 19]. Never-
theless, no changes were found at the Hsp27 mRNA level
between the control and preeclampsia groups [20].

Former studies evaluating the relationship between
preeclampsia. intrauterine growth restriction (IUGR) or
premature labour and expression of total Hsp60 and Hsp90
revealed that a stress response in placental and decidual
tissues, as determined by immunochistochemical and
immunofluorescence analyses, was not associated with
pregnancy outcome [21, 22].

Initial studies demonstrated constant expression of
either total Hsp70, or cognate and inducible isoforms of
Hsp70 irrespective of the course of gestation throughout
the third trimester of pregnancy [21-23]. Nevertheless,
most investigators later reported significantly higher levels
of total Hsp70, constitutive and induced forms of Hsp70 in
preeclampsia and intrauterine growth restriction, along
with oxidative stress in placental tissues [24-26]. Liu et al.
[27] brought an evidence of Hsp70 upregulation in both
mRNA and protein levels in placental vascular diseases
such as preeclampsia and IUGR by a complex proteomics
and genomics approach using microarrays, real-time PCR
and Western blotting.

Several researchers also pointed to the fact that the
expression of hsps might vary in different placental zones.
For example, Abdulsid et al. [28] observed increased
Hsp70 levels entirely in the inner region of preeclamptic
placental tissues compared to the control group. Wataba
et al. [29] notified that expression of all hsps (Hsp27,
Hsp60, Hsp70 and Hsp90) was higher in the thrombus, but
lower in the infarctation than in control samples. The
results of Padmini et al. [26] study indicated overexpres-
sion of Hsp70 and Hsp90 in endothelial cells isolated from
preeclamptic placenta.

Additionally, elevated circulating Hsp70 concentrations
reflecting systemic inflammation, oxidative stress and
hepatocellular injury were associated with an increased risk
of several pregnancy related complications including
transient hypertension of pregnancy, preeclampsia, HELLP
syndrome and preterm delivery [30-38].

Since most investigators studied hsp expression at pro-
tein level in placental tissues, we focused on the exami-
nation of hsp mRNA levels, especially in the central
cotyledon zone, where the umbilical cord inserts into
the chorionic plate. To our knowledge, few studies are

available in case of Hsp27 and Hsp70, and no study
describing Hsp60, Hsp90 and HspBP1 mRNA levels in
placenta affected with preeclampsia and/or fetal growth
restriction has been carried out. Our study describes also
for the first time hsp mRNA levels in placental tissues
derived from pregnancies with gestational hypertension.

Moreover, we extended the present study for examina-
tion of up to now unexplored maternal systemic inflam-
matory response in patients with pregnancy related
complications via determination of hsp mRNA levels in
whole maternal peripheral blood. The current work ori-
ented towards novel insights into pathogenesis of preg-
nancy related disorders and improvement of diagnostical
modalities.

Materials and methods
Patients

The study was designed in a retrospective manner. The
studied cohort consisted of Caucasian women involving 95
pregnancies with clinically established preeclampsia (PE)
w or w/o fetal growth restriction (FGR), 39 pregnancies
complicated by fetal growth restriction (10 SGA and 29
TUGR), 31 patients with gestational hypertension (GH) and
42 normal pregnancies. Of the 95 patients with pre-
eclampsia, 40 women had symptoms of mild preeclampsia
and 55 women were diagnosed with severe preeclampsia.
Thirty-eight preeclamptic patients required the delivery
before 34 week of gestation and 57 patients delivered after
34 week of gestation. Preeclampsia occurred both in pre-
viously normotensive patients (70 cases), and in a form
superimposed on the previous hypertension (25 cases).
Seven growth-retarded foetuses were delivered before
34 week of gestation and 32 those after 34 week of ges-
tation. Oligohydramnios or anhydramnios were present in
14 growth-restricted foetuses. The examination of the flow
of blood vessels (Doppler ultrasonography) showed an
abnormal pulsatility index (PI) in the umbilical artery (14
preeclampsia and 14 FGR) and/or in the middle cerebral
artery (9 preeclampsia and 6 FGR). Cerebro-placental ratio
(CPR), expressed as a ratio between middle cerebral artery
and umbilical artery pulsatility index was below the fifth
percentile in 18 cases (9 preeclampsia and 9 FGR). Absent
or reversed end-diastolic velocity waveforms in the
umbilical artery occurred in 9 cases (7 preeclampsia and 2
FGR).

Women with normal pregnancies were defined as those
without medical, obstetrical, or surgical complications at
the time of the study and who subsequently delivered full
term, singleton, healthy infants weighing >2.500 g after 37
completed weeks of gestation. Preeclampsia was defined as
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Table 1 Clinical characteristics of normal and complicated pregnancies

Healthy pregnant
women (n = 42)

Preeclamptic patients
(n = 95)

FGR patients
(n=39)

GH patients
(n=30)

Age (years) 31 (28-33)

Blood pressure (mmHg)

Systolic 120 (112-128)
Diastolic 76 (70-80)
Proteinuria (g/24 h) None
Gestational age at blood 36 (35-37)
sampling (weeks)
Gestational age at delivery (weeks) 39 (38-40)

Mode of delivery

35 (83.3 %)
7(16.7 %)

3,345 (3,232-3.548)

Vaginal
Cesarian section

Fetal birth weight (grams)

32 (29-35)

155 (149-160)
100 (90-103)
1.46 (0.53-3.5)
35 (31-38)

36 (31-38)

15 (15.8 %)
80 (84.2 %)
2,425 (1,590-2,925)

29 (27-34)

120 (120-125)
80 (75-80)
None

36 (30-37)

37 (35-38)

9 (23.1 %)
30 (76.9 %)
2,350 (1,875-2.568)

30 (28-31)

150 (144-160)
95 (92-100)
None

37 (36-39)

39 (38-40)

24 (77.4 %)
7 (22.6 %)
3,110 (3,020-3,210)

Data are presented as median (25-75 percentile) for continuous variables and as number (percent) for categorical variables

blood pressure >140/90 mmHg in two determinations 4 h
9 apart that was associated with proteinuria >300 mg/24 h
after 20 weeks of gestation. Severe preeclampsia was
diagnosed by the presence of one or more of the following
findings: (1) a systolic blood pressure >160 mmHg or a
diastolic blood pressure =110 mmHg, (2) proteinuria
greater than 5 g of protein in a 24-h sample, (3) very low
urine output (less than 500 ml in 24 h), (4) signs of
respiratory problems (pulmonary oedema or cyanosis), (5)
impairment of liver function, (6) signs of central nervous
system problems (severe headache, visual disturbances),
(7) pain in the epigastric area or right upper quadrant, (8)
thrombocytopenia, and (9) the presence of severe fetal
growth restriction. Fetal growth restriction was diagnosed
when the estimated fetal weight (EFW), calculated using
the Hadlock formula (Astraia Software GmbH), was below
the tenth percentile for the evaluated gestational age,
adjustments were made for the appropriate population
standards of the Czech Republic. Small for gestational age
(SGA) was used to indicate fetuses below a reference range
for size and weight for a given gestational age. In addition
to fetal weight below the threshold of the [0th percentile
IUGR fetuses had at least one of the following pathological
finding: an abnormal pulsatility index in the umbilical
artery, absent or reversed end-diastolic velocity waveforms
in the umbilical artery, an abnormal pulsatility index in the
middle cerebral artery, a sign of a blood flow centralisation,
and a deficiency of amniotic fluid (anhydramnios and
oligohydramnios).

The clinical characteristics of normal and complicated
pregnancies are presented in Table 1. All patients who
participated in this study provided written informed consent.
The study was approved by the Ethics Committee of the
Third Faculty of Medicine, Charles University in Prague.

@ Springer

Processing of samples and total RNA isolation

Samples of placenta and maternal peripheral blood (EDTA
tubes) were collected at the Institute for the Care of the
Mother and Child and Clinic of Obstetrics and Gynecol-
ogy, University Hospital Motol (Prague, CZ) and stored at
—80 °C until further processing.

Total RNA was extracted from 30 mg of placental tissue
preserved in RNAlater (Ambion, Austin, USA) and from
200 pl of whole maternal peripheral blood using QlAamp
RNA Blood Mini Kit (Qiagen, Hilden, Germany) accord-
ing to manufacturer’s instructions. To minimize DNA
contamination, we treated the eluted RNA with 5 ul. of
Deoxyribonuclease 1 (DNase I, Fermentas International,
Ontario, Canada) for 30 min at 37 °C. All samples had an
OD 260/280 nm ratio >1.9, indicating high quality and

purity.

Analysis of hsp mRNA levels using real-time
quantitative reverse-transcriptase polymerase chain
reaction (real-time RT-PCR)

All PCR reactions were performed using an ABI PRISM
7500 Sequence Detection System (Applied Biosystem,
Foster City, CA, USA) as previously described. Human hsp
and P-actin primers and probes were designed using Primer
Express version 2.0 (Applied Biosystems, Foster City, CA,
USA). Primer and probe sequences of hsp genes are shown
in Table 2. To perform one-step duplex real-time quanti-
tative RT-PCR assay, the hsp gene and endogenous control
B-actin were amplified in the same tube in a reaction vol-
ume of 25 pl consisting of 1 x TagMan One-step RT-PCR
Master Mix, TagMan and/or MGB probes, forward and
reverse primers. 10 ng of extracted total RNA from
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Table 2 Primers and probes used for real-time RT-PCR analysis

Gene Gene info-NCBI Primer sequences Probe sequences
B-actin  ACTB, GenelD 60 5'-CCTGGCACCCAGCACAAT-Y 5'-(VIC) ATCAAGATCAATGCTCCTCCTGAGCGC
(TAMRA)-3
5-GCCGATCCACACGGAGTACT-3'  Amplicon length 70 bp
Hsp27  HSPBL. GenelD 3315 5-TCCCTGGATGTCAACCACTTC-  5'-(FAM) CCCCGGACGAGCTGACGGTC (TAMRA)-3'
3
5-TCTCCACCACGCCATCCT-3¥ Amplicon length 67 bp
Hsp60  HSPDI, GenelD 3329  5-GATGTTGATGGAGAAGCTCT 5'-(FAM) TCGTCTTGAATAGGCTAAAG (MGB)-3
AAGTACA-3'
5-TGCCACAACCTGAAGACCAA-3  Amplicon length 69 bp
Hsp70  HSPAITA, GenelD 3303 5-ACCAAGCAGACGCAGATCTTC- 5'-(FAM) CCTACTCCGACAACCAACCCGGG (TAMRA)-3'
3
5'- GCCCTCGTACACCTGGATCA-3"  Amplicon length 87 bp
Hsp90x  HSP90AAL, GenelD 5-TGCGGTCACTTAGCCAAGATG-  5'-(FAM) CCCAGACCCAAGACCAACCGATGG
3320 3 (TAMRA)-3
5'-GAAAGGCGAACGTCTCAACCT-  Amplicon length 85 bp
31
Hsp P1  HSPBPI, GenelD 5-TGGCCGACCTGTGTGAGA-3Y 5'-(FAM) CATGGACAATGCCG (MGB)-3'

23640

5'-GCAGGTGCATGCCAGACA-3'

Amplicon length 66 bp

Forward and reverse primers together with probe sequences are listed for each gene

Table 3 Primer and probe concentrations of individual hsp real-time
RT-PCR assays

Hsp27 Hsp6l Hsp70 HspY0 HspBP1
hsp 900/300  900/200 3007200 300/200  700/200
B-actin  300/200  300/200  300/200  300/200  200/100

Primer and probe concentrations (nmol/l) are listed as the equal for-
ward and reverse primer concentrations/probe concentration

placental tissue and maternal whole peripheral blood was
used for the detection of Hsp27, Hsp70 and Hsp90. Suc-
cessful amplification of Hsp60 and HspBPl required
increased amount of total RNA (50 ng/well in case of
maternal peripheral blood and 500 ng RNA/well in case of
placental tissue). Primer and probe concentrations of
individual hsp are shown in Table 3. Each sample was
analyzed in duplicate. The thermal profile used for one-step
real-time RT-PCR included reverse transcription at 48 °C
for 30 min, denaturation at 95 °C for 10 min, followed by
50 cycles of PCR with denaturation at 95 °C for 15 s and
annealing/extension at 60 °C for | min. For the analysis of
relative changes in hsp mRNA levels the comparative Ct
method was used to interpret the data. The difference (ACt)
between the Ct values of the hsp and the endogenous
control was calculated for each sample. RNA isolated from
a randomly selected placenta derived from gestation of
normal course was chosen as the reference for each com-
parison. The comparative AACt calculation involved find-
ing the difference between each sample’s ACt and the
reference’s ACt. Finally, AACt values were transformed to

absolute values using the formula 272", The mRNA
levels of an endogenous control (-actin) were comparable
between the studied groups.

Statistical analysis

Normality of the data was assessed using Shapiro-Wilk
test, which indicated that our data did not follow a normal
distribution. Therefore, hsp mRNA levels were compared
between groups by non-parametric tests (the Mann—-Whit-
ney U test for the comparison between two groups and the
Kruskal-Wallis test for the comparison among multiple
groups) using Statistica software (version 9.0; StatSoft,
Inc., USA). The significance level was established at a
p value of <0.05.

Results

Hsp mRNA levels in placental tissue in patients
with pregnancy related complications

Overall, significantly increased mRNA levels were
observed only for Hsp27 (p = 0.021) in women with
pregnancy related complications (gestational hypertension,
preeclampsia and/or fetal growth restriction) compared to
pregnancies with normal course of gestation. Consecu-
tively, Kruskal-Wallis analysis revealed Hsp27 overex-
pression in the group of patients with preeclampsia w or
w/o FGR (p = 0.012), but not in the group of patients with
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Fig. 1 Hsp27 overexpression in the central cotyledon zone of
placental tissue in preeclampsia w or w/fo fetal growth restriction

gestational hypertension (p = 0.57) or fetal growth
restriction (p = 0.22) (Fig. 1).

The expression of Hsp60, Hsp70, Hsp90 and HspBPI
did not differ between the control group and pregnancies
affected with gestational hypertension (p = 0.85, p = 1.0,
p = 1.0, p = 1.0), preeclampsia w or w/o FGR (p = 0.43,
p =10, p=0.15 p=0.53) and fetal growth restriction
(p=10,p=10,p=10,p=027).

The association study of hsp mRNA levels in placental
tissue and the severity of the disease with respect to clinical
signs, requirements for the delivery and Doppler
ultrasonography monitoring

Hsp mRNA levels were analyzed in relation to the severity of
the disease with respect to the degree of clinical signs (mild
and severe preeclampsia) and requirements for the delivery
(before and after 34 week of gestation). When compared to
normal pregnancies significant upregulation of particular hsps
was observed in patients with mild preeclampsia (Hsp27,
p < 0.001; Hsp90, p = 0.008; HspBP1, p = 0.012) (Fig. 2a—
¢) and in pregnancies complicated with preeclampsia w or w/o
FGR delivering after 34 week of gestation regardless of the
degree of clinical signs (Hsp27, p = 0.001; HspY0, p = 0.05;
HspBP1, p = 0.05) (Fig. 3a-c).

On the other hand, no difference in hsp mRNA levels
between the groups of patients with severe preeclampsia
and controls was found (Hsp27, p = 0.249; Hsp60,
p = 0.267; Hsp70, p = 1.0; Hsp90, p = 0.706; HspBPI,
p = 1.0). Similarly, hsp mRNA levels did not differ
between preeclamptic pregnancies with requirements for
the delivery before 34 week of gestation and controls
(Hsp27, p = 0.428; Hsp60, p = 0.854; Hsp70, p = 1.0;
Hsp90, p = 0.405; HspBP1, p = 1.0).

@ Springer

Further, hsp mRNA levels were found significantly
higher in placenta samples of patients with mild pre-
eclampsia delivering after 34 week of gestation when
compared with patients suffering from severe preeclampsia
requiring the delivery before 34 week of gestation (Hsp27,
p = 0.046; HspBP1, p = 0.024) (Fig. 4a, b).

Additionally, the association between hsp mRNA levels
and the occurrence of previous hypertension in the group of
patients with preeclampsia was determined. The statistical
analyses revealed no difference between the group of
preeclampsia superposed on chronic hypertension and/or
gestational hypertension and the group of patients with
unexpected onset of preeclampsia (Hsp27, p = 0.259;
Hsp60, p = 0.439; Hsp70, p = 0.889; Hsp90, p = 0.396;
HspBP1, p = 0.561).

The association between hsp mRNA levels in placental
tissue and Doppler ultrasonography parameters was ana-
lyzed in the cohort of pregnancies complicated with pre-
eclampsia and/or fetal growth restriction. The difference
within the group of complicated pregnancies with normal
and abnormal values of flow rates was assessed. The sta-
tistical analysis showed no effect of the pulsatility index in
the umbilical artery (Hsp27, p = 0.418; Hsp60, p = 0.862;
Hsp70, p = 0.264; Hsp90, p = 0.695; HspBP1, p = 0.184),
the pulsatility index in the middle cerebral artery (Hsp27,
p = 0.685; Hsp60, p = 0.784; Hsp70, p = 0.813; Hsp90,
p = 0.977; HspBPl, p = 0.462) and the cerebroplacental
ratio (Hsp27, p = 0.964; Hsp60, p = 0.468; Hsp70,
p = 0.404; Hsp90. p = 0.907: HspBP1, p = 0.317) on hsp

mRNA levels in placental tissue.

Hsp mRNA levels in maternal whole peripheral blood
in patients with pregnancy related complications

Overall, overexpression of Hsp60 (p = 0.006) and Hsp70
(p < 0.001), and downregulation of Hsp90 (p < 0.001) was
observed in whole peripheral blood of women with pregnancy
related complications compared to normal pregnancies.

Consecutive detailed group analysis showed substantially
increased Hsp70 mRNA levels in patients with gestational
hypertension (p < 0.001), established preeclampsia w or
w/o FGR (p <0.001) and fetal growth restriction
(p < 0.001) (Fig. 5a).

While whole peripheral blood mRNA levels of Hsp60
did not differ between the control group and the group of
patients with gestational hypertension (p = 0.339),
increased levels were also detected in groups of patients
with established preeclampsia w or w/o FGR (p = 0.019)
and fetal growth restriction (p = 0.007) (Fig. 5b).

On the other hand, significant downregulation of Hsp90
was found in groups of patients with preeclampsia w or w/o
FGR (p < 0.001) and gestational hypertension (p = 0.002).
In case of fetal growth restriction the decrease of Hsp90
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Fig. 2 Hsp27, Hsp90 and HspBP1 upregulation in the central cotyledon zone of placental tissue in patients with mild preeclampsia

mRNA levels nearly reached a statistical significance
(p = 0.068) (Fig. 5¢).

Parallel, no significant difference in Hsp27 and HspBP1
mRNA levels was observed between groups of pre-
eclampsia w or w/o FGR (p = 1.0, p = 1.0), gestational
hypertension (p = 1.0, p = 0.342), fetal growth restriction
(p = 1.0, p = 1.0) and controls.

The association study of hsp mRNA levels in maternal
whole peripheral blood and the severity of the disease
with respect to clinical signs, requirements for the delivery
and Doppler ultrasonography monitoring

No effect of the severity of the disease on hsp mRNA
levels in maternal whole peripheral blood was observed.
Aberrant hsp mRNA levels were detected in patients with
mild preeclampsia (Hsp60, p = 0.027; Hsp70, p < 0.001;
Hsp90, p = 0.016), as well in patients with severe symp-
toms of the disease (Hsp60, p = 0.063; Hsp70, p < 0.001;
Hsp90, p < 0.001) (Fig. 6a—c).

Similarly, pregnancies complicated with preeclampsia
and/or fetal growth restriction delivering before and after
34 weeks of gestation showed upregulation of Hsp60
(p = 0.039, p = 0.003), and Hp70 (p < 0.001, p < 0.001),
and downregulation of Hsp90 (p < 0.001, p = 0.005) in
maternal whole peripheral blood (Fig. 7a—c).

Similarly as in placental tissue, maternal circulation
showed no difference in hsp mRNA levels between the
groups of patients with preeclampsia superposed on previous
hypertension and patients with unexpected onset of pre-
eclampsia (Hsp27, p = 0.866; Hsp60, p = 0.688; Hsp70,
p = 0.076; Hsp90, p = 0.759; HspBP1, p = 0.602).

Interestingly, maternal circulation showed the most
increased Hsp60 mRNA levels in patients with preeclampsia
and/or fetal growth restriction that had abnormal values of
flow rates in the middle cerebral artery (p = 0.023) and the
cerebroplacental ratio (p = 0.005) (Fig. 8a, b). Again, no
effect of the pulsatility index in the umbilical artery (Hsp27,
p = 0.778; Hsp6l, p = 0.209; Hsp70, p = 0.169; Hsp90,
p = 0.898; HspBP1, p = (0.885), the pulsatility index in the
middle cerebral artery (Hsp27, p = 0.408; Hsp70, p = 0.506;
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Fig. 5 Hsp mRNA levels in maternal whole peripheral blood in patients with pregnancy related complications

Hsp90, p = 0.372; HspBP1, p = 0.340) and the cerebro-
placental ratio (Hsp27, p = 0.249; Hsp70, p = 0.506; Hsp90,
p = 0.355; HspBPIl, p = 0.957) on hsp mRNA levels in
maternal whole peripheral blood was observed.

Discussion

It seems that either, maternal hypertension nor fetal growth
failure have any impact on hsp mRNA levels in the central
cotyledon zone of placental tissue. Serious pregnancy
related complications such as severe preeclampsia that
requires immediate termination of gestation via Caesar-
ean section did not also affect hsp mRNA levels in pla-
centa in close proximity to the cord insertion point.
Aberrant Hsp mRNA levels may be observed in central
cotyledon just in case of mild preeclampsia, that enable
further continuation of gestation, when regularly monitored
and properly treated. Our study showed that placental tis-
sue responded to long-term deteriorated conditions (insuf-
ficient supply of maternal blood associated with a lowered

delivery of oxygen and nutrients to the fetus) by upregu-
lation of Hsp27, Hsp90 and HspBP1 (Table 4). The results
of the present study cannot be unfortunately compared with
those ones presented by Liu et al., since different regions of
the placenta and the severity of the disease may substan-
tially influence hsp expression at both protein and mRNA
levels. Liu et al. [27] observed Hsp70 overexpression in
placental tissue (the area, which was a subject of interest, is
not specified) and in purified microvascular endothelial
cells in the overall group of 28 patients with placental
insufficiency related disorders (preeclampsia with or
without [UGR, and TUGR). The experimental data gained
by Liu et al. were not also analyzed to evaluate the asso-
ciation with the severity of the disease with respect to
clinical signs and requirements for the delivery.

The discrepancy in Hsp27 expression results between
our work and Abdulsid et al. [20] study might be explained
by a low number of patients involved in Abdulsid et al.
study. Although, Abdulsid et al. [20] compared Hsp27
mRNA levels between control and preeclampsia groups in
different regions of placenta with respect to the cord

@ Springer



634

Mol Biol Rep (2015) 42:625-637

a Hsp60
0,15 I p=0.063 |
014 p=0.027 *
0 o
'EE 0,40 o o
é E po7 *
=K
gR 0,08
o & o05) T
5 E o
® S 004
@
=G o0
0,02
0,01
¢ =
0 L
MNarmal pregnancy mild PE severe PE
Hsp90
c
07 : p<0.001 .
" p=0016 :
=z 06 ¥
5 % 04 =
3 E 5
22
S5 03 °
58
gt
58 0 .
- -
J T
MNormal pregnancy mild PE sevare FE

=3

relative quantification
(Ct comparative method)

Fig. 6 Hsp60 and Hsp70 upregulation and Hsp90 downregulation in

preeclampsia

insertion point distance, each group involved only 6
patients altogether. Such a low number of patients is
mnsufficient to achieve a statistical significance.
Nevertheless, it is obvious that maternal circulation
reacts in many cases to pathologic events in short order.
Maternal circulation was able to reflect both maternal and
fetal pathologic conditions. Maternal hypertension (gesta-
tional hypertension), preeclampsia and fetal growth
restriction have always induced upregulation of Hsp70 and
downregulation of Hsp90 in maternal whole peripheral
blood. Hsp70 and Hsp90 dysregulation appeared in
maternal circulation irrespective of the severity of the
disease. It was present during the onset of mild or severe
preeclampsia, as well as in pregnancies delivering before
and after critical period for fetal development (the 34th
week of gestation). The present genomics study performed
on maternal whole peripheral blood supports the findings of
previous proteomics studies that reported significantly
increased levels of inducible Hsp70 in patients with tran-
sient hypertension of pregnancy and preeclampsia. How-
ever, these studies investigated just Hsp70 at protein level,
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and not at Hsp70 mRNA level, in serum or plasma
maternal samples.

On the other hand, Hsp60 mRNA levels in maternal
whole peripheral blood differentiated between particular
complications. While maternal hypertension did not have
any influence on Hsp60) mRNA levels, the occurrence of
preeclampsia and/or fetal growth restriction showed the
increase of Hsp6(0 mRNA levels in maternal circulation.
Hsp60 mRNA levels were increased in maternal circulation
during the onset of mild preeclampsia, severe preeclamp-
sia, and fetal growth restriction irrespective of the time of
clinical symptoms manifestation (before and after 34th
week of gestation). Nevertheless, the highest maternal
stress response (the highest levels of Hsp60 mRNA) was
observed in pregnancies with signs of the centralization of
the fetal circulation, which is highly associated with the
presence of fetal hypoxia [39, 40]. Centralization of the
fetal circulation represents a protective reaction of the fetus
against hypoxia that manifests itself in redistribution of the
circulation in the brain, liver and heart at the expense of the
flow reduction in the periphery [41, 42].
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Table 4 Hsp gene expression in the central cotyledon zone of pla-
cental tissue and in maternal whole peripheral blood in patients with
pregnancy related complications

Maternal whole
peripheral blood

Placental tissue, the area of
central cotyledon

Hsp27 T mild PEP -

T PEP after 34th week of
gestation

Hsp60 - 1 mild PEP, 1 severe
PEP, T FGR

1 PEP after 34th week of
gestation,

T PEP before 34th week
of gestation

1 abnormal PI a. cerebri
media,

T abnormal CPR

T mild PEP, T severe
PEP, T FGR,

T hypertension

1 PEP after 34th week of
gestation,

T PEP before 34th week
of gestation

| mild PEP, | severe
PEP, | FGR

| hypertension

| PEP after 34th week of
gestation,

| PEP before 34th week
of gestation

T mild PEP e

T PEP after 34th week of
gestation

Hsp70 -

Hsp90 1 mild PEP

T PEP after 34th week of
gestation

HspBP1

Conclusions

The placental tissue does not respond to pregnancy induced
hypertension, fetal growth restriction and short-term severe
preeclampsia that requires immediate termination of ges-
tation. Upregulation of Hsp27, Hsp90 and HspBP1 appears
just in case of long-term deteriorated conditions (usually in
mild preeclampsia, that enable further continuation of
gestation, when properly treated).

On the other hand, maternal circulation is able to reflect
both maternal and fetal pathologic conditions. While
pregnancy related complications always induce upregula-
tion of Hsp70 and downregulation of Hsp90 in maternal
whole peripheral blood, the increase of Hsp60 mRNA
levels occurs entirely in patients with preeclampsia and/or
fetal growth restriction. Hsp60, Hsp70 and Hsp90 are
dysregulated in maternal circulation irrespective of the
severity of the disease (in both

mild and severe

@ Springer

preeclampsia) and the requirements for the delivery (before
and after 34th week of gestation). Nevertheless, the highest
Hsp60 mRNA levels may be observed in pregnancies with
signs of the centralization of the fetal circulation associated
with fetal hypoxia.

These data strongly support the need for a more detailed
exploration of hsp60, hsp70 and hsp90 mRNA levels in
maternal circulation with the view toward routine assessment
into everyday practice, and recognition as potential non-
invasive biomarkers for pregnancy related complications.
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Background & objectives: Heat shock proteins (Hsp) are ubiquitously distributed phylogenetically
conserved molecules that regulate cellular homeostasis and maintain the integrity and function of
cellular proteins. Increased levels of Hsp in maternal circulation have been shown to be associated with
increased risk of pregnancy related complications. The objective of this study was to explore extracellular
Hsp mRNA levels in maternal circulation and quantified Hsp27, Hsp60, Hsp70, Hsp90 and Hsp70
binding protein 1 (HspBPI) mRNAs in maternal plasma samples using real-time reverse-transcriptase
polymerase chain reaction.

Methods: Pregnancies with gestational hypertension (GH) (n = 33), pre-eclampsia (PE) with or without
foetal growth restriction (FGR) (n = 78) and FGR (n = 25) were involved in the study. Hsp gene
expression was analysed in relation to the severity of the disease with respect to the degree of clinical
signs, requirements for the delivery and Doppler ultrasound parameters.

Results: Upregulation of Hsp70 was observed in patients with mild and severe PE (P = 0.004 and
P = 0.005, respectively) and in pregnancies complicated with PE delivering before and after 34 wk of
gestation regardless of the degree of clinical signs (£ =0.015 and P = 0.009, respectively). No difference in
the expression of other Hsp genes among the studied groups was observed. No association between Hsp
gene expression and Doppler ultrasonography parameters was found.

Interpretation & conclusions: These data support that maternal circulation can reflect both maternal and
foetal pathologic conditions. Hsp70 represents the sole plasmatic marker, and increased Hsp7( mRNA
levels reflect maternal and placental stress response to pregnancy-related complications such as GH and
PE, irrespective of the severity of the disease.

Key words Foetal growth restriction - gestational hypertension - heat shock protein - maternal circulation - pre-eclampsia

Pre-eclampsia (PE) and foetal growth restriction morbidity and mortality in 2-10 per cent of pregnant
(FGR) is the major cause of maternal and perinatal women'?. PE is characterized by gestational
229
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hypertension (GH) combined with proteinuria after
20 wk of gestation®. FGR is defined as foetal growth
less than the 10" percentile for appropriate gestational
age. The causes of PE and FGR remain unknown.
It is believed that PE results mainly from defective
placentation and insufficient maternal spiral artery
remodelling that elicit inadequate uteroplacental
blood perfusion, ischaemia and finally generalized
maternal systemic inflammatory response®®. Elevated
amounts of pro-inflammatory cytokines, chemokines
and adhesion molecules in the maternal circulation
have been shown to play a central role in the
excessive systemic inflammatory response and in the
generalized endothelial dysfunction characteristics
of PE". Moreover, pre-eclamptic patients have been
demonstrated to have significantly higher levels
of C-reactive protein and particular complement
components including terminal complement complex
SC5b9%,

Heat shock proteins (Hsps) are ubiquitously
distributed phylogenetically conserved molecules
present in the cells of all living organisms. Under
physiological conditions, the stress proteins are
expressed in low concentrations as the constitutive
proteins, regulating cellular homeostasis and
maintaining the integrity and function of other cellular
proteins™. Human Hsps are categorized under
distinct families based on their functions in the cells,
their homologies in the primary structures and their
approximate molecular weight, measured in kDa.
These families are as follows: a family of small Hsps,
Hsp40, Hsp60, Hsp70, Hsp90 and Hsp110".

Elevated circulating Hsp70  concentrations
reflecting systemic inflammation, oxidative stress
and hepatocellular injury were found to be associated
with an increased risk of several pregnancy-related
complications including transient hypertension of
pregnancy, PE, haemolysis, elevated liver enzymes,
low platelet syndrome and pre-term delivery'>'".
Elevation of circulating Hsp70 levels was also
observed in pregnant asthmatic women compared to
healthy pregnant women'.

Since most investigators studied Hsp expression
at protein level in placental tissues'*?* and maternal
circulation (serum or plasma samples)'*", we focused
on the examination of Hsp expression at mRNA level.
Among differentially expressed proteins, previous
studies identified Hsp27 and Hsp70 to be upregulated
in placental tissues derived from patients with PE!®2,

Several researchers pointed to the fact that the expression
of various Hsps might vary in different placental zones.
Although the protein levels of total Hsp60 and Hsp90
did not differ in placental and decidual tissues between
normal and complicated pregnancies™?*, the expression
of Hsp27, Hsp60, Hsp70 and Hsp90 was shown to be
higher in the thrombus and lower in the infarction than
in control samples®. A novel Hsp70 co-chaperone
called Hsp70 binding protein 1 (HspBP1) was included
in the study since this intracellular protein abundant in
tissues, was found to inhibit substantially antiapoptotic
function of Hsp70%.

There is a lack of information on Hsp27, Hsp6(),
Hsp70, Hsp90 and HspBPI gene expression in
patients affected with PE and/or FGR. We therefore,
undertook this study to evaluate Hsp mRNA levels as
also Hsp BPI level in plasma samples from pregnant
women with GH.

Material & Methods

This study was designed in a retrospective
consecutive manner within the period ranging from
January 2011 to January 2014. Samples of maternal
peripheral blood from complicated pregnancies were
collected at the Institute for the Care of the Mother
and Child (Prague, Czech Republic), mostly during
the hospital admission. Samples from pregnancies
with the normal course of gestation were collected
during regular check-up in the 36™ wk of gestation in
the Clinic of Obstetrics and Gynecology, University
Hospital Motol (Prague, Czech Republic). The study
included 78 pregnant women with clinically established
PE with or without FGR, 25 pregnancies complicated
by FGR, 33 with GH and 39 normal pregnancies. Of
the 78 patients with PE, 27 had symptoms of mild PE
and 51 women were diagnosed with severe PE. Thirty
pre-eclamptic women required the delivery before
34 wk of gestation and 48 women delivered after
34 wk of gestation. PE occurred both in previously
normotensive patients (56 cases) and in a form
superimposed on previous hypertension (22 cases).
Seven growth-retarded foetuses were delivered before
34 wk of gestation and 18 after 34 wk of gestation.
Oligohydramnios or anhydramnios was present in nine
growth-restricted foetuses. The examination of the flow
of blood vessels (Doppler ultrasonography) showed an
abnormal pulsatility index (PI) in the umbilical artery
(abnormal values above the 95" percentile detected
in 12 pre-eclamptic and 14 FGR cases) and/or in the
middle cerebral artery (abnormal values below the
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5" percentile detected in 9 pre-eclamptic and 5 FGR
cases). Cerebroplacental ratio (CPR), expressed as
a ratio between middle cerebral artery and umbilical
artery PI, was below the 5" percentile in 17 cases (8
pre-eclamptic and 9 FGR cases). Absent or reversed
end-diastolic velocity waveforms in the umbilical
artery occurred in four cases (2 pre-eclamptic and 2
FGR cases).

Women with normal pregnancies were defined
as those without medical, obstetrical or surgical
complications at the time of the study and who
subsequently delivered full-term, singleton, healthy
infants weighing >2500 g after 37 completed wk of
gestation. PE was defined as blood pressure >140/90
mmHg in two determinations four hours apart that was
associated with proteinuria >300 mg/24 h after 20 wk of
gestation®. Severe PE was diagnosed by the presence of
one or more of the following findings: (/) systolic blood
pressure >160 mmHg or diastolic blood pressure >110
mmHg, (i) proteinuria >3 g of protein in a 24 h sample,
(i) very low urine output (<500 ml in 24 h), (iv)
signs of respiratory problems (pulmonary oedema or
cyanosis), (v) impairment of liver function, (i) signs of
central nervous system problems (severe headache and
visual disturbances), (vif) pain in the epigastric area or
right upper quadrant, (viii) thrombocytopenia, and (ix)
presence of severe FGR®. FGR was diagnosed when the
estimated foetal weight, calculated using the Hadlock
formula (Astraia Software GmbH), was below the 10"
percentile for the evaluated gestational age, adjustments
were made for the appropriate population standards
of the Czech Republic. The clinical characteristics of
the normal and complicated pregnancies are shown
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in Table 1. All patients who participated in this study
provided written informed consent. The study was
approved by the Ethics Committee of the Third Faculty
of Medicine, Charles University in Prague.

Processing of samples and ftotal RNA isolation:
Peripheral blood (9 ml) was collected into
ethylenediaminetetraacetic acid tubes and centrifuged
twice at 1200 g for 10 min at room temperature. Plasma
samples were stored at —80°C until further processing.
Total RNA was extracted from one ml of maternal
plasma using RNeasy Mini Kit (Qiagen, Hilden,
Germany) according to manufacturer’s instructions.
To minimize DNA contamination, the eluted RNA was
treated with five pl of deoxyribonuclease 1 (DNase I,
Fermentas International, Ontario, Canada) for 30 min
at 37°C.

Analysis of relative Hsp gene expression using reai-
time RT (reverse transcriptase)-PCR: All PCR
reactions were performed using an ABI PRISM 7500
Sequence Detection System (Applied Biosystems,
USA) as previously described””. Human Hsp and
p-actin primers and probes were designed using Primer
Express version 2.0 (Applied Biosystems, USA). The
primer/probe sequences and concentrations used for
the amplification of the target and reference genes were
as follows (5'—=3"):

Hsp27, HSPBI: forward primer
5-TCCCTGGATGTCAACCACTTC-3" (900 nmol/l);
reverse primer 5-TCTCCACCACGCCATCCT-3"
(900 nmol/1); probe 5'-(FAM)
CCCCGGACGAGCTGACGGTC (TAMRA)-3" (300
nmol/l).

Table I. Clinical characteristics of women with normal and complicated pregnancies

Foetal birth weight (g) 3380 (3142-3645)

restriction; GH, gestational hypertension

Characteristics Healthy pregnant Pre-eclamptic Pregnant women Pregnant women
women (n=39) patients (n=78) with FGR (n=25) with GH (n=33)
Age (yr) 33 (30-35) 34(29-37) 32 (28-36) 30(29-33)
Blood pressure (mmHg)
Systolic 120(112-128) 156 (150-163) 127 (115-139) 155 (150-165)
Diastolic 76 (70-80) 100 (90-103) 80 (75-86) 100 (93-100)
Proteinuria (g/24 h) None 1.23(0.55-3.4) None None
Gestational age at delivery (wk) 40 (39-40) 36 (31-38) 36 (34-38) 39(37-39)
Mode of delivery (%)
Vaginal 28(71.8) 13 (16.7) 9 (36) 19 (57.6)
Caesarean section 11(28.2) 65 (83.3) 16 (64) 14 (42.4)

2450 (1442-3220) 2160 (1925-2610) 3210 (2880-3620)

Data are presented as median (25-75 percentile) for continuous variables and as n (%) for categorical variables. FGR, foetal growth
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Hsp60, HSPDI: forward primer
5"-GATGTTGATGGAGAAGCTCTAAGTACA-3’
(900 nmol/1); reverse primer

5"-TGCCACAACCTGAAGACCAA-3" (900 nmol/l);
probe  5'-(FAM) TCGTCTTGAATAGGCTAAAG
(MGB)-3" (200 nmol/l).

Hsp70, HSPAIA: forward primer
5-ACCAAGCAGACGCAGATCTTC-3"(300nmol/1);
reverse primer 5'- GCCCTCGTACACCTGGATCA-3’
(300 nmol/l); probe 5-(FAM)
CCTACTCCGACAACCAACCCGGG (TAMRA)-37
(200 nmol/1).

Hsp90a, HSPY0AAI: forward primer
5-TGCGGTCACTTAGCCAAGATG-3" (300 nmol/l);
reverseprimer5 -GAAAGGCGAACGTCTCAACCT-3’
(300 nmol/1); probe 5-(FAM)
CCCAGACCCAAGACCAACCGATGG (TAMRA)-3’
(200 nmol/1).

HspBPI, HSPBPI: forward primer
5'-TGGCCGACCTGTGTGAGA-3" (700 nmol/l);
reverse primer 5 -GCAGGTGCATGCCAGACA-3’
(700 nmol/1); probe 5"-(FAM) CATGGACAATGCCG
(MGB)-3" (200 nmol/1).

B-actin, ACTB: forward primer
5"-CCTGGCACCCAGCACAAT-3’ (300
nmol/l  for Hsp27, Hsp60, Hsp70, Hsp90a
and 200 nmol/l for HspBPI), reverse primer
5"-GCCGATCCACACGGAGTACT-3" (300
nmol/l  for Hsp27, Hsp60, Hsp70, Hsp90a
and 200 nmol/l for HspBPIl); probe 5'-
(VIC) ATCAAGATCATTGCTCCTCCTGAGCGC

(TAMRA)-3" (200 nmol/l for Hsp27, Hsp60, Hsp70,
Hsp90o and 100 nmol/l for HspBP1I).

To perform one-step duplex quantitative RT-PCR
assay”’, the Hsp gene and endogenous control f-actin
were amplified in the same tube in a reaction volume
of 25 ul consisting of 1x TagqMan One-step RT-PCR
Master Mix, TagMan and/or MGB probes, forward
and reverse primers (Hsp and f-actin primers and
probe; Applied Biosystems, USA). Ten nanogram
of extracted total RNA from maternal plasma was
used for the detection of Hsp27, Hsp60, Hsp70,
Hsp90 and HspBPI. Each sample was analysed in
duplicate. The thermal profile for one-step real-time
RT-PCR included reverse transcription at 48°C for
30 min, denaturation at 95°C for 10 min, followed
by 50 cycles of PCR with denaturation at 95°C for
15 sec and annealing/extension at 60°C for one

minute. For the analysis of relative changes in gene
expression, the comparative C, method™ was used
to interpret the data. The difference (AC,) between
the C. values of the Hsp and the endogenous control
was calculated for each sample. RNA isolated from
a randomly selected placenta derived from gestation
of normal course was chosen as the reference for
each comparison. The comparative AAC, calculation
involved finding the difference between each sample’s
AC, and the reference’s AC.. Finally, AAC, values

were transformed to absolute values using the formula
2—AACT‘

Statistical analysis: Tests of normality of the population
distribution of random characteristics (patients’ age,
systolic and diastolic blood pressure, gestational age at
delivery and foetal birth weight) together with the tests
of normality of observed data (Hsp gene expression
in maternal plasma samples) were performed using
Shapiro—Wilk test. Half of the clinical characteristics in
groups of normal and complicated pregnancies did not
show a normal distribution. Further, all experimental
data did not follow a normal distribution (Table II).
Therefore, fsp mRNA levels were compared between
groups by non-parametric tests (Mann—Whitney U-test
for the comparison between two groups and Kruskal-
Wallis test for the comparison among multiple groups)
using Statistica software (version 9.0, StatSoft, Inc.,
Tulsa, OK, USA). Odds ratio (OR), the likelihood that
the outcome occurred in the exposure/intervention
group as compared to the control group, was calculated
using MedCalec MedCalc Software bvba, Microsoft
Partner, Silver Application Development, Ostend,
Belgium).

Results

Given that HspBPI was not detectable in
maternal plasma samples and Hsp60 showed positive
amplification in a limited number of maternal plasma
samples, it was decided to exclude them from further
analyses. Subsequently, it was determined whether
plasma concentrations of Hsp27, Hsp70 and Hsp90
mRNAs were related to pregnancy complications.

Hsp gene expression in maternal plasma samples
in patients with pregnancy-related complications:
Overall, significantly increased expression was
observed only for Hsp70 (P < 0.001) in women with
pregnancy-related complications (GH, PE and/or
FGR) compared to pregnancies with normal course
of gestation. Kruskal-Wallis analysis revealed Hsp70
overexpression in the group of patients with PE with
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Table II. Shapiro-Wilk test - assumptions of normal distribution
Tests for the normality of data
Patients group Clinical characteristics
Maternal age Systolic blood Diastolic blood Gestational age at Foetal birth
pressure pressure delivery weight
w fed w fed w e W B: w oo
Healthy pregnant ~ 0.90824 0.00383 098340 0.83309 095862 0.17108 0.92828 0.01765 0.98826 0.95474
women
Pre-eclamptic 096520 0.03145  0.97581 0.24053 097639 024826  0.91434 000008 095384 0.01158
patients
Patients with FGR. 0.94958 0.24537 0.87791  0.00626 0.94379 0.18097 0.81635 0.00043 0.90262 0.02864
Patients with GH 0.93330  0.04265 097521 0.75956 0.94766 0.20433 0.93330  0.04349 0.96289 0.57621
Patients group Hsp gene expression in maternal plasma
Hsp27 Hsp70 Hsp90
w £ W & w /e
Healthy pregnant women 0.30623 <0.001 0.55332 <0.001 0.78146 <0.001
Pre-eclamptic patients 0.54569 <0.001 0.46940 <0.001 0.63143 <0.001
Patients with FGR 0.55156 <0.001 0.78182 <0.001 0.79048 <0.001
Patients with GH 047074 <0.001 0.35162 <0.001 0.69470 <0.001
FGR, foetal growth restriction; GH, gestational hypertension
or without FGR (P = 0.002) and GH (P = 0.003),
but not in the group of patients with FGR. Plasma 2.8 | P=0.003 ;
levels of Hsp70 mRNA between the groups of patients P=0.002 ¥
with PE with or without FGR and GH did not differ = 20 ' |
(Fig. 1). The odds of having Hsp70 mRNA levels §:§ *
above cut-off (median plus standard deviation of SE N
normal pregnancies) was similar between the groups of § % :
patients with PE with or without FGR [P < 0.001; OR: g g # "
8.31; 95% confidence interval (CI): 2.69-25.62] and Z3 04 5
GH (P < 0.001; OR: 8.23; 95% CI: 2.38-28.44). The ) N 8
expression of Hsp27 and Hsp90 did not differ between 0.2 °
the control group and pregnancies affected with GH, * é i‘
PE with or without FGR and FGR. 0o} ==
FGR GH

Association of Hsp gene expression in maternal plasma
samples and severity of disease with respect to clinical
signs, requirements for the delivery and Doppler
ultrasonography monitoring: Hsp gene expression was
analysed in relation to the severity of the disease with
respect to the degree of clinical signs (mild and severe
PE) and requirements for the delivery (before and
after 34 wk of gestation). When compared to normal
pregnancies, significant upregulation of Hsp70 was
observed in patients with mild and severe PE (P =0.004
and P = 0.005, respectively, Fig. 2) and in pregnancies
complicated with PE with or without FGR delivering
before and after 34 wk of gestation regardless of the
degree of clinical signs (P = 0.015 and P = 0.009,

Normal pregnancy PE +-FGR

Fig. 1. Heat shock protein 70 (Hsp70) overexpression in maternal
plasma samples derived from patients with gestational hypertension
(GH) and pre-eclampsia (PE) with or without foetal growth
restriction (FGR).

respectively, Fig. 3). However, Hsp70 mRNA levels did
not differ between the patients with mild and severe PE
(Fig. 2) and between those who delivered before and
after 34 wk of gestation (Fig. 3). The highest estimated
odd ratios of having Hsp70 mRNA levels above cut-off
(median plus standard deviation of normal pregnancies)
were detected in patients with severe PE (P<0.001; OR:
9.84; 95% CI: 3.05-31.77) and those who delivered



234

o
)

=M,
o> o

S

Relative quantification
(Cr comparative method)
=1
=

£,
[

0.0

INDIAN J MED RES, AUGUST 2016

22
; P=0005 | I P=0.015 ’
‘ ' P=10.009
P=0.004 . 20 p———
= - = *
. §2 .
‘ BE 4 .
o
* = o
h 3 04 * o
° Eo
8 = *
¥ 02 "
* #*
* T
e | 0.0
Normal pregnancy PE/FGR after PE/FGR before
MNormal pregnancy Mild PE Severe PE 34wk 34N wk

Fig. 2. Increased circulating heat shock protein 70 (Hsp7() mRNA
levels in patients with mild and severe pre-eclampsia (PE).

before 34 wk of gestation (P < 0.001; OR: 11.44; 95%
CI: 3.24-40.4) when compared with the group of patients
with mild PE (P = 0.003; OR: 7.0; 95% CI: 1.94-25.25)
and those who delivered after 34 wk of gestation
(P<0.001; OR: 8.05; 95% CI: 2.47-26.18).

No difference in Hsp gene expression between
the groups of patients with mild or severe PE and
controls was found. Similarly, Hsp mRNA levels did
not differ between pre-eclamptic pregnancies with
requirements for the delivery before and after 34 wk
of gestation and controls. In addition, the association
between Hsp gene expression and the occurrence of
previous hypertension in the group of patients with PE
was determined. The analyses revealed no difference
between the group of PE superposed on chronic
hypertension and/or GH and the group of patients with
unexpected onset of PE.

The association between Hsp gene expression
in maternal plasma and Doppler ultrasonography
parameters was analysed in the pregnancies complicated
with PE and/or FGR. The difference within the group
of complicated pregnancies with normal and abnormal
values of flow rates was assessed. The analysis showed
no effect of the PI in the umbilical artery, the PI in the
middle cerebral artery and the CPR on Hsp mRNA
levels in maternal circulation. Summary of data
resulting from statistical analyses is shown in Table IIT.

Discussion

Circulating nucleic acids such as DNA, mRNA
and microRNAs present in maternal plasma or serum
samples are increasingly being used as biomarkers
for monitoring of pregnancy-related complications.

Fig. 3. Increased circulating heat shock protein 70 (Hsp70) mRNA
levels in pregnancies complicated with pre-eclampsia (PE) with or
without foetal growth restriction (FGR) delivering before and after
34 wk of gestation.

Extracellular nucleic acids present in maternal
circulation are predominantly haematopoietic in
origin®. Placental insufficiency-related pregnancy
complications have been shown to be associated
with an excessive placental trophoblast apoptosis and
shedding of placenta debris*®. The Redman hypothesis
proposes that release of a continuous stream of
placental debris into the maternal circulation provokes
a systemic inflammatory response in all women,
which is exaggerated, if the burden of the debris is
abnormally high (when the placenta is oxidatively
stressed secondary to spiral artery disease) or if the
woman responds excessively to the process*®. PE
usually appears when the inflammatory responses
begin to decompensate. The problem with the
placenta is generally considered to be an inadequate
uteroplacental circulation leading to placental
hypoxia, oxidative stress and, in the most severe
cases, infarction. Two abnormalities, affecting the
spiral arteries, are known to predispose to PE: the
arteries may be either too small because of deficient
placentation, or obstructed because of acute atherosis
or both**.

We hypothesize that maternal circulation can
reflect both maternal and placental pathologic
conditions through the mediation of diverse Hsp gene
expression profiles. Since Hsp60 and HspBPI mRNA
are not detectable in maternal plasma samples and
Hsp27 and Hsp90 mRNA show comparable levels
regardless of the course of gestation, Hsp70 represents
the sole plasmatic marker. Increased Hsp70 mRNA
levels reflect maternal and placental stress response to
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pregnancy-related complications such as GH and PE.
Our data supported the finding of other investigators
who reported significantly higher protein levels
of total Hsp70, constitutive and induced forms of
Hsp70 in PE along with oxidative stress in placental
tissues® ., Qur finding was in compliance with
the results of other studies demonstrating elevated
circulating Hsp70 concentrations in pregnancy-
related complications including transient hypertension
of pregnancy and PE"™'. Hsp70 represents an
antioxidative stress marker. The overexpression of
Hsp70 and the heat shock transcription factor (Hsfl)
seen in the pre-eclamptic endothelial cells suggests
its possible protective role as stress-specific natural
adaptive response against the generated stress®. As
proposed by Molvarec et al', we hypothesise that
haemodynamic stress, oxidative stress (placental or
systemic), placental ischaemia, ischaemia of other
organs as well as maternal systemic inflammatory

response may contribute to the overexpression of
Hsp70, resulting in elevated circulating Hsp70 levels.
The possible cause of Hsp7() mRNA overexpression
in the maternal circulation of women with PE may
be a compilation of several events: the activation of
circulating maternal leucocytes, mainly monocytes, as
a response to placental hypoxia and excessive amount
of placental debris in maternal circulation. Both
activated maternal leucocytes and placental debris
released into maternal circulation may be a source of
high circulating Hsp70 mRNA levels.

Former studies evaluating the relationship
between PE or intrauterine growth restriction and
expression of total Hsp60 and Hsp90 revealed
that a stress response in placental and decidual
tissues, as determined by immunohistochemical and
immunofluorescence analyses, was not associated
with pregnancy outcome™**. Most likely, there will
be very low levels of Hsp60 mRNA inside placental

Table ITI. Summary results on association of Fsp gene expression and Doppler ultrasonography parameters
Group comparison Hsp27 Hsp70) Hsp90
H (3,n=173)=3.280897 H (3,n=174)=16.93786 H (3,n=173)=4.386463
P=0.350 P<0.001 P=0.223
Controls/PE + FGR (P) 1.0 0.002 0.271
Controls/FGR (P) 1.0 0.996 1.0
Controls/GH (P) 1.0 0.003 1.0
PE/GH (P) 1.0 1.0 1.0
H(2,n=1106)=3.04827 H(2,n=116)=13.68146 H(2,n=116)=4.770630
P=0.218 P=0.001 P=0.092
Controls/mild PE (P) 0.246 0.004 0.114
Controls/severe PE (P) 1.0 0.005 0.335
mild PE/severe PE (P) 0.686 1.0 1.0
H(2,n=141)=5.827881 H(2,n=141)=10.75257 H(2,n=141)=4.237187
P=0.054 P=0.005 P=0.120
Controls/PE + FGR delivery before 34 wk (P) 1.0 0.015 0.118
Controls/PE + FGR delivery after 34 wk (P) 0.183 0.009 0.348
PE + FGR delivery before versus after 34 wk (P) 0.241 1.0 1.0
Superposed PE/unsuperposed PE (P) 0.842 0.761 0.937
PI in the umbilical artery (P)
Normal versus abnormal values of the flow rate 0.126 0.872 0.199
PI in the middle cerebral artery (P)
Normal versus abnormal values of the flow rate 0.465 0.392 0.465
Cerebroplacental ratio (P)
Normal versus abnormal values of the flow rate 0.145 0.379 0.063
Hsp mRNA levels were compared between groups by non-parametric tests (Mann—Whitney U-test for the comparison between two
groups and Kruskal-Wallis test for the comparison among multiple groups). PE, pre-eclamptic pregnancies; GH, pregnancies with
gestational hypertension; FGR, foetal growth restriction; Hsp, heat shock protein; P1, pulsatility index




236 INDIAN J MED RES, AUGUST 2016

debris released into maternal circulation throughout
gestation. Our unpublished data also revealed very low
levels of Hsp60 mRNA in maternal whole peripheral
blood samples derived from women with normal and
complicated pregnancies. That could be the reason for
rarely detectable circulating Hsp60 mRNA in maternal
plasma samples.

We presumed that very low (hardly detectable)
HspBPI mRNA circulating levels were closely related
to the high Hsp70 mRNA extracellular levels. Hsp70
directly inhibits apoptosis. HspBP1 binds to the ATPase
domain of Hsp70 and inhibits its ability to refold
denatured proteins®. Molar ratio of HspBP1 to Hsp70
in cells is an important determinant of the function of the
resulting complex. The excess of HspBP1 enhances the
proapoptotic effect in all cells and vice versa, the lack
of HspBP1 enables Hsp70 to carry out cytoprotective
properties through its antiapoptotic function.

In conclusion, our findings support that women
with pregnancy-related complications may benefit
from the exploration of extracellular Hsp70 mRNA
levels in maternal circulation.
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