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Souhrn

Intraamnidlni infekce hraje vyznamnou roli v etiologii pred¢asného porodu a mize vést

k vaZnému ohroZeni zdravi plodu. Diagnosticky pfistup predstavuje pfimy mikrobiologicky
prukaz infekéniho agens ¢i nepfimy prikaz pomoci stanoveni rozlicnych biomarkerd, jejichz
koncentrace se béhem intraamnialni infekce zvysuje. Vzhledem k povaze infekce probiha
stanoveni téchto parametri z plodové vody, coz ¢ini tuto diagnostiku naro¢nou pro lékare i
rodi¢ku a rutinné nedostupnou. Disertacni prace komentuje publikované vysledky védeckého
tymu, jehoz cilem bylo vytipovani vhodnych markert infekce, stanoveni jejich koncentrace

v plodové vodé a u pozitivnich nalez(i otestovat jejich diagnosticky potencial v cervikalni
tekuting, tedy v biologickém materialu, jez mUzZe byt odebran neinvazivnim zplsobem.
Vzorky plodové vody a cervikalni tekutiny pochdzely od Zen s jednocetnym téhotenstvim,
které bylo ukonceno predcasnym porodem, a které bylo u ¢asti kohorty komplikovano
intraamnidlnim zanétem a infekci. Bylo zjisténo, Ze z testovanych molekul je u intraamnialni
infekce statisticky vyssi koncentrace kalretikulinu, katepsinu G, CD11b, FcgammaBP a MIP1a
v plodové vodé. V cervikdlni tekutiné byla prokdzana vyznamné vyssi hladina FcgammaBP u

pacientek s intraamnialni infekci pfi sou¢asném predcasném odtoku plodové vody. Jedna se

vevys



Summary

Intraamniotic infection plays an important role in the etiology of preterm birth and can lead
to a serious threat to fetal health. The diagnostic approach is based on direct microbiological
detection of an infectious agent or indirect detection by determining various biomarkers,
which concentration increases during intraamniotic infection. Due to the nature of the
infection, these parameters are determined from amniotic fluid, which makes this diagnosis
difficult for both the doctor and the mother and routinely unavailable. The dissertation
comments the published results of a scientific team whose aim was to identify suitable
markers of infection, determine their concentration in amniotic fluid and test their
diagnostic potential in cervical fluid, ie biological material that can be collected non-
invasively. Amniotic and cervical fluid samples were taken from women with singleton
pregnancies with preterm labor and that were complicated by intraamniotic inflammation
and infection in part of the cohort. It was found that among the tested molecules there is a
statistically higher concentration of calreticulin, cathepsin G, CD11b, FcgammaBP and MIP1a
in amniotic fluid during intraamniotic infection. Significantly higher levels of FcgammaBP
were found in the cervical fluid samples from patients with intraamniotic infection with
preterm leakage of amniotic fluid. It is thus the most diagnostically useful newly

demonstrated marker of intraamniotic infection.



Uvod do problematiky

Charakteristika predc¢asného porodu

vaevys

rozvinutého svéta. Je spojen s vysokou mirou rizika zdravotnich komplikaci pro matku i dité,
a jeho v€asné rozpoznani je duleZité pro nastaveni adekvatni péce o rodicku [1]. Pfedcasny
porod je definovan jako porod pfed dokoncenym 37. tydnem téhotenstvi [1][2]. Dle
gestacniho stafi je rozliSovan extrémné predcasny porod (pfed ukoncenym 28. tydnem
gestace), velmi predcasny porod (mezi 28. a 31. tydnem gestace) a mirné predcéasny porod
(mezi 32. a 36. tydnem gestace), pricemz plati, Ze riziko zdravotnich komplikaci plodu klesa
se stoupajicim gestacnim starim [3]. Hranice viability se pohybuje mezi 22. az 24. tydnem
gestace, pti poskytovani aktivni péce se vychazi z pravdépodobnosti preziti a preziti bez
zavaznych zdravotnich komplikaci [4]. Odhaduje se, Ze pfed¢asnym porodem je ukonceno 5
— 18 % vSech téhotenstvi [5], svétova zdravotnickd organizace udava hodnotu 10,5 % vsech
jednocetnych téhotenstvi celosvétové [6]. Rocné dojde ve svété ke zhruba 15 milionlim
predcasnych porodu a pres milion déti v dlsledku pred¢asného porodu zemre, coz

z predcasného porodu Cini nejcastéjsi diivod umrti novorozencl a druhy nej¢asté;jsi divod
umrti déti do péti let [7]-[9]. PfedCasny porod muze rovnéz vést ke zvySenému riziku
zdravotnich komplikaci u dospélych, ktefi se narodili predéasné [6], coZ je pravdépodobné

z Casti zplisobeno narusenim epigenetického fizeni genové exprese plodu pfi pred¢asném
porodu [10]. V USA byl v poslednich letech zaznamendn mirny pokles prevalence
predcasného porodu (11,4 %), kterému vsak predchdzel dlouhodoby a konstantni rist po tfi
desetileti od roku 1980 s maximem v roce 2006, kdy se predc¢asné narodilo 12,8 % déti [11].
Predcasny porod muze byt aktivné vyvoldn z divod(i ohroZeni zdravi matky ¢i plodu
(iatrogenni predcasny porod) ¢i probiha spontanné. Spontanni predc¢asny porod je
komplikace ¢astéjsi, predstavuje zhruba dvé tretiny predc¢asnych porod( [5]. Dle stavu
plodovych oballl pti pred¢asném porodu je rozeznavan predcasny porod s pred¢asnym
odtokem plodové vody (preterm premature rupture of membranes; PPROM) ¢i se
zachovalym vakem blan (preterm labor; PTL) [1]. PPROM predstavuje pfiblizné jednu ¢tvrtinu

aZ jednu tretinu predcasnych porodd [1][12], v USA bylo v poslednich letech zaznamenano



asi 175 000 porodl komplikovanych PPROM rocné [13]. Na predcasny porod a jeho fenotyp

maji vliv i socioekonomické podminky, stravovaci navyky, etnikum ¢i region [14].

Intraamnialni zanét

Etiologie pfed¢asného porodu je velmi slozita, a predc¢asny porod by tak mél byt vniman
spiSe jako syndrom tvoreny rliznymi patologickymi udalostmi s riznymi pfi¢inami, neZ jako
jeden presné definovatelny patofyziologicky déj [5]. Do téchto pticin patfi jak priciny
neinfekéni, tak i intraamnialni infekce s jednoznacné prokdzanou patologickou souvislosti s
pred¢asnym porodem [15]. Spole¢nym jmenovatelem téchto jevd je intraamnialni zanét
(intraamnial inflammation; IAl), ktery je aktivovan jak vnitfnimi (sterilnimi), tak vnéjsimi
(nesterilnimi) noxami. Vzhledem k faktu, Ze podani antibiotik neni dostatecné uc¢innym
prostiedkem v prevenci predéasného porodu u Zen s mikrobidlnim nalezem, se lze domnivat,
Ze je to zejména zdnétliva odpovéd, kterd vede k pred¢asnému porodu a nikoliv pfitomnost
bakterii sama o sobé [16][17]. Zanét ve svém obecném pojeti by viak nemél byt vniman jako
jev patologicky a nezadouci. Naopak, koordinované a citlivé regulované zdnétlivé zmény jsou
klicové pro uspésné téhotenstvi. Védomé zanétlivé procesy jsou zdsadni pro vSechny faze
téhotenstvi, od implantace blastocysty do déloZni sliznice a placentaci az po samotny porod,
kdy snizeny imunitni dohled a fizené zanétlivé zmény stimuluji aktivaci bunék myometria,
zkracovani délozniho hrdla a rozruseni plodovych oball. Zanétlivé procesy se rovnéz
nezbytné Ucastni ovulacni a menstruacni faze menstruac¢niho cyklu [17][18]. Imunita téhotné
Zeny je pritom lokdalné vyrazné regulovana a vedena k tolerogennimu nastaveni, jez zajistuje
fada mechanismu a bunék se specifickymi vlastnostmi v mikroprostfedi na rozhrani matky a
plodu [19]. Teprve mistné a ¢asové nekoordinované zanétlivé procesy, které narusi tuto
citlivou rovnovahu, mohou vést k PPROM ¢i PTL s negativnimi dlsledky pro plod. IAl
doprovazi zvySend koncentrace mediator(i zanétu v plodové vodé [20][21], v pripadé
intraamnidlni infekce je prokdzana i pfitomnost bakterii [22]. Kromé intraamnidlni infekce
mohou zanétlivé zmény spustit i signdly vnitiniho poskozeni, které infekéni pri¢inu nemaji.
Jednad se o tzv. zanét sterilni. Pfi nekrdze ¢i zanétlivé stimulaci bunék placenty ¢i plodovych
obalu se z téchto bunék uvolniuji signaly vnitfniho poskozeni, tzv. alarminy nebo také DAMP
(damage-associated molecular patterns). Jedna se nejc¢astéji o volnou extracelularni DNA,

ATP, IL-1a, high-mobility group box protein 1 (HMGB1), kyselinu mocovou ¢i proteiny



teplotniho Soku (heat shock proteins; HSP). Tyto signdly nebezpedi jsou rozeznavany
bunikami trofoblastu, burfikami plodovych oball a leukocyty na feto-maternalnim rozhrani,
jez stimuluji k tvorbé cytokini a chemokin skrze aktivaci pfislusnych PRR receptort
(pathogen recognition receptors), zejména rodiny TLR (Toll-like receptors) [23]. To ma za
nasledek migraci dalSich leukocytl do mista poSkozeni a amplifikaci zanétu [17]. Schwenkel a
kol. predstavili praci, ve které intraamnialné aplikovali alarmin HSP70 brezim mysim. Ackoliv
podani HSP70 nemélo vliv na ¢asnost porodu, vyrazné zvysilo riziko podvahy mladat a riziko
jejich Ghynu [24]. PFicin, které vedou ke sterilnimu zdnétu je cela fada, jedna se napt. o
oxidacni stres, podvyZivu, kouteni, chronicky psychicky stres ¢i silné trauma, vaskularni,
déloZni a cervikdlni poruchy, Spatna implantace trofoblastu, pfedcasné starnuti plodovych
oball nebo hypoxie [5][17]. Wheler a Oyen davaji i do souvislosti vyssi riziko pfed¢asného
porodu a zmény atmosferického tlaku pfi hurikdnech [25]. Pti zanétu povahy infekéni

TLR rozpozndvaji typické bakterialni, fungdlni i virové molekuldrni struktury (pathogen-
associated molecular patterns; PAMP). TLR jsou receptory solubilni, ukotvené na bunécné
membrané a také se nachazi v nitrobunécénych kompartmentech bunék vrozené imunity, ale
i bunék amnidlniho epitelu ¢i mezenchymu, ktery se tak vyznamné podili na protiinfekéni
obrané plodu [23][26]. Stimulace téchto receptori, at uz cestou sterilniho ¢i infekéniho
prozanétlivého signalu, aktivuje nitrobunécné drahy spojené s aktivaci transkripcnich
faktord, které vedou k prepisu genl pro prozanétlivé cytokiny. Zanétlivy proces tak s sebou
nese zvyseni hladiny zanétlivych mediator(, jako jsou IL-1B, IL-6, IL-8, G-CSF ¢i TNFa, coz ma
za nasledek infiltraci a aktivaci neutrofilnich granulocyti a monocytl spojenou se zvySenou
tvorbu prostaglandin( a matrix-degradujicich enzyma. Tyto latky pak stimuluji délozni
kontrakce a rozrusuji mezibunéénou hmotu plodovych oball, coz vede zakonité k jejich
predcasné rupture a porodu [27][28]. Vyznamnym privodnim jevem doprovazejicim kazdy
zanét je zvySena produkce reaktivnich kyslikovych intermediat(i (ROS), jez vede k oxidacnimu
stresu. | porod v fadném terminu je charakterizovan redoxni dysbalanci a akumulaci ROS

v plodové vodé a placenté [29]. Patologické i fyziologické signdly zvysujici oxidaéni stres
vedou k aktivaci kindzy p38MAPK (mitogen-activated protein kinase) v burikach plodovych
oball, coZ podpotfi jejich starnuti a prozanétlivé nastaveni [30]. Starnouci burnky plodovych
oball vykazuji tzv. se starnutim asociovany sekretorni fenotyp, ktery se projevuje uvolnénim
cytokinli, chemokind, rlstovych faktor(, enzym a signalt poskozeni DAMP [31]. Tyto

uvolnéné latky se vazou na TLR bunék v okoli, vyvoldvaji aktivaci prozanétlivého



transkrip¢niho faktoru NFkB (nuclear factor kappa B) a sestaveni inflamasomu a jsou tak dale
stimulovany k jejich prozanétlivému nastaveni, ¢imz se vytvari zpétnovazebna smycka
rozSitujici zanét [23][31]. V pfipadé radného terminu porodu jsou témito signaly zndmky
zralosti organu plodu, které se uvolnuji do plodové vody. Jedna se o signdly, které informuji o
zralosti plic, ledvin ¢i mozku plodu [32]. Tyto signaly jsou v plodové vodé detekovatelné
béhem celého téhotenstvi, jejich zvySend koncentrace, ktera informuje o vhodné dobé

k porodu, vSak prekona tolerogenni nastaveni imunity a stimuluje prozanétlivé nastaveni
amnialniho epitelu a aktivaci hladké svaloviny myometria [32][33]. DalSim signalem pro
fyziologicky zanét je zvySené mechanické napéti plodovych obal(, které se zvysuje s velikosti
plodu. Rozpinani plodovych obal(, jejichZ Zivotnost dosahuje svého limitu, vede k uvolnéni
prozanétlivych cytokinl spojenych s porodem, jako je IL-8 [34] i k aktivaci p38MAPK, byt

v mensi mife [32]. Zmény v enzymech, které se podili na udrZeni elasticity oball a jejich
mechanickych vlastnostech, mohou vést k pfedc¢asné ruptufe oball k a porodu pred radnym
terminem [35]. DalSimi fyziologickymi signaly mohou byt sniZzené hladiny antioxidant( a
zvySené metabolické naroky plodu, k aktivaci p38MAPK vede také zvySena hladina
fragment( telomerové DNA, ktera hlasi, Ze buriky plodovych obal(i vy€erpaly svou mitotickou
kapacitu [36]. Injekce fragment( telomer vedla u brezich zvifecich modell k aktivaci
p38MAPK, urychleni starnuti a k predéasnému porodu [37]. | tento prlvodni jev zrani
plodovych oball je tak soucdsti orchestru mistné a ¢asové koordinovaného signaliza¢niho
procesu, ktery udava vhodnou dobu k porodu. Patologické sterilni i nesterilni signdly
stimulujici produkci ROS a oxidaéni stres byly popsany vyse. Molekularni drahy vedouci

k aktivaci p38MAPK nemusi byt pro rGizné stimuly identické, avsak jeji predcasna aktivace
mUzZe mit za nasledek predcasny porod z dlvod( predcasného navozeni signdlu starnuti.
Behnia a kol. prokazali, Ze prozanétlivy stimul sterilni vyvolava vyssi uroven oxidacniho stresu
spojeného s aktivaci p38MAPK a starnutim bunék plodovych oball, nez podnét infekéni,
ktery aktivuje zanét preferencné skrze odlisSnou signalizacni drahu a transkripc¢ni faktor
[38][39]. Ti sami autofi vSak zaroven uvadéji, ze i kdyz bakterialni lipopolysacharid (LPS)
zvySoval hladinu ROS méné nez sterilni prozanétlivé podnéty (cigaretovy koufr, polutanty), i
tento infekcni stimul aktivoval starnuti bunék plodovych oballi [39]-[41]. Zaroven vSak
nepozorovali vyznamny rozdil v hladindch marker( zanétu v plodové vodé, pupecnikové ¢i
materské krvi u zanétu vyvolaném infekénimi podnéty i oxidaénim stresem, coZ naznacuje,

Ze zanét je klicovym patologickym procesem bez ohledu na drahu svého spusténi [42].
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V readlném komplexnim biologickém systému vsak bude situace velmi pravdépodobné
mnohem komplikovanéjsi. Buriky plodovych obal( vykazuji schopnost proliferace, migrace a
schopnost transformace do riznych typl bunék, podobné jako buriky kmenové [43]. Diky
témto vlastnostem je mozné udrzet plodové obaly pevné a pruziné po celé téhotenstvi.

K pevnosti a pruznosti plodovych oball pfispiva vyznamny podil mezibunécné hmoty, kterou
tvofi pfedevsim proteoglykany, glykoproteiny, biglykany, kolagen, hyaluronan a dekorin
[44][45]. Remodelace a neustdla sebeobnova plodovych oball viak vede i k zakonitému
odluéovani a zaniku bunék, coz vede ke vzniku mikrofraktur v plodovych obalech. Tyto
mikrofraktury, spojené s jistou mirou zanétu a oxidacniho stresu, jsou vsak pro remodelaci
tkdné nezbytné [46]. Se zranim oball se schnopnost sebeobnovy bunék zpomaluje a v dobé
porodu je pocet i velikost mikrofraktur nejvétsi [46]. Rovnéz plodové obaly pfi PPROM
vykazuji vétsi mnozstvi mikrofraktur, nez plodové obaly pfi porodech bez jejich pfedéasné
ruptury [43]. Hojeni téchto mikrofraktur doprovazi preména epitelovych bunék na bunky
mezenchymadlni a jejich nasledna preména zpét, pficemz by mezi epitelovymi a
mezenchymalnimi burikami mél byt zachovan idealni pomér. Proces hojeni mikrofraktur
tlumi oxidacni stres, ktery udrzuje burky plodovych oballl v mezenchymadlnim nastaveni [43].
Tranzici epitelovych bunék na buriky mezenchymalni podporuje transformuijici rGstovy faktor
beta (transforming growth factor beta; TGFB), jehozZ koncentrace v plodové vodé stoupa

s blizicim se porodem a jehoZ koncentraci zvysuje i oxidacni stres, pficemz pfi zablokovani
TGFB byla zjisténa i redukovana aktivita prozanétlivé kindzy p38MAPK [47][48]. Jelikoz jsou
mezenchymalni bunky citlivé na zanét a pfitomnost ROS, mezenchymalni nastaveni
pretrvava pri fyziologickém porodu, kdy usnadnuje rozruseni plodovych oballi [48][49].
Mezenchymalni pfeména je asociovana s aktivaci maxtrix-degradujicich enzyma a
rozrusenim kolagenu, coZ vede k degradaci bazalni membrany plodovych oball a k porodu
[48]. Regulace poctu mezenchymalnich bunék a jejich tranzice do bunék epitelovych vede
naopak ke zvysené produkci kolagenu a zvyseni integrity plodovych obal(, pfiméemz bylo
prokdzano, Ze tuto preménu stimuluje hormon progesteron, ktery vykazuje obecné
mezenchymalni bunék reguluje citlivd rovnovaha mezi TGFB a progesteronem. Tento proces
zajistuje neustalou obnovu a remodelaci plodovych oballi, mezenchymalini buriky plni svou
mechanickou, sekretorni endokrinologickou a imunomodulaéni Glohu. Zvysend mira

oxidacniho stresu pfi bliZzicim se porodu udrzuje buriky v mezenchymalnim nastaveni a
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usnadnuje rupturu plodovych oballi a porod. Vysoka hladina oxidac¢niho stresu pred radnym
terminem tak muZze pfispét k pfed¢asnému porodu tim, Ze zvySuje koncentraci TGFp a
zaroven snizuje hladinu progesteronu. Tato regulacni dysbalance vede k pfed¢asnému
udrzovani bunék plodovych oball v mezenchymalnim nastaveni, coz zpusobi jejich zvysenou
citlivost k zanétu a sniZzenou schopnost regenerace mikrofraktur [32]. Menon nicméné uvadi,
Ze zvysené markery mezenchymalni premény byly pozorovany zejména u predcéasnych
porod( s intaktnimi plodovymi obaly. U PPROM byly naopak zjistény vy3$si zndmky
zanétlivych marker(, které jsou spojeny s procesem bunécéného starnuti a degradace
plodovych oballl [32]. Zd4 se tedy, Ze i kdyz rizikové faktory pro PTL a PPROM nejsou odlisné,
budou se tyto patofyziologické déje odliSovat v biologickych mechanismech, jaké aktivuji
zanét v bunkach plodovych oballi. Obdobné pfibyva dikazl o odliSném priabéhu sterilniho a
infekéniho zanétu. Behnia informuje o rozdilnych aktivacnich cestach u zanétu sterilniho a u
zanétu infek¢ni povahy, kdy kazda z cest aktivovala zanétlivé pochody cestou jiného
transkripéniho faktoru a byla spojena s odliSnou mirou oxida¢niho stresu [50], Motomura
pozoruje vyznamné rozdily ve transkriptomu bunék plodovych oball béhem sterilniho

zanétu a infekce, a také pozoruje rozdil v intenzité zanétlivé odpovédi v zavislosti na jeho

vrve

Z uvedenych informaci souhrnné vyplyva, Ze fyziologické zanétlivé zmény jsou aktivovany a
udrzovany fadou rozdilnych mechanismd na mnoha Urovnich, které jsou presné regulovany
v €ase a prostoru. K pfedéasnému porodu pak vede jejich dysregulace a predéasna aktivace,
at uz zpusobena sterilnim ¢i infekénim podnétem. Pfibyvaji vsak data o rozdilnych cestach
aktivace zanétlivych zmén a nestejné mife zapojeni konkrétnich zanétlivych mechanismu u
jednotlivych kategorii pred¢asného porodu. Pfi zkoumani pred¢asného porodu a tvoreni
védeckych zavér( tedy bude nutné citlivé vnimat jeho okolnosti a ptat se na jeho podstatu,
nebot se jedna o sloZitou a velmi komplexni nozologickou jednotku. Jednou porusené
plodové obaly jiz neni mozné prirozené zacelit, byt Richter a kol informovali o Uspésném
poutziti ,,zaplaty” z krevnich desti¢ek a zmrazené plasmy na poskozené plodové obaly
[52][53]. Pokud uvaZzujeme nad IAl jako nad procesem, pri kterém vede uvolnéni signald
nebezpeci DAMP a PAMP k jejich vazbé na PRR receptory rodiny TLR s naslednou aktivaci
prozanétlivych transkripcnich faktor(i a produkci cytokind v burikach plodovych obald,
mulzZeme z této predstavy i odvodit potencidlni strategie ,|écby” pfed¢asného porodu. Tyto

nastroje, které snizuji intenzitu zanétu, zatim nejsou rutinné zavedené do klinické praxe a

12



jejich testovani bylo provedeno in vitro Ci na zvifecich modelech. Pfesto se jedna o nadéjné
postupy, které odrazi celkovou orientaci moderni mediciny na vyuziti nastroj(i biologické
|écby a imunomodulace. Tyto postupy predstavuje napt. pouziti monoklonalnich protilatek
proti TLR [54] nebo aplikace solubilni formy receptoru RAGE (receptor for advanced
glycation endproducts) [55]. Dale je mozZné vyuZit rozliénych molekul sniZujicich koncentraci
prozanétlivych cytokinl nebo potlacujicich aktivitu TLR [56]-[59]. MoZné je zasdhnout pfimo
genovou expresi pomoci molekul interferujicich s prozanétlivymi transkripénimi faktory
[60][61], terapeuticky zdsah mUze cilit i na receptor P2X7 pro ATP [23] nebo na Mincle,
receptor lipidQ, coZ opét vede k potlaceni zanétu [62]. Interferon regulacni faktory
(interferon regulatory factors; IRF) jsou molekuly, jez jsou fosforylovany pfi aktivaci TLR, a
které nasledné stimuluji prepis gent pro interferony I. tfidy a prozanétlivé cytokiny [63].
Jejich blokadou bylo docileno snizeni intenzity zanétu u bunék myometria a zdaji se tak byt
dobrym cilem pro potlaceni prozanétlivé signalizace skrze TLR [58]. Byla tak jiz predstavena
celd fada moznych terapeutickych cili a moZnosti jejich ovlivnéni. Vzhledem k velmi
komplikované, vzajemné provazané a citlivé signalizacni siti PRR receptoru a jejich ligand
vSak bude obtiZné najit univerzalni pfistup k tlumeni IAl. Zbyva také jesté mnoho
potencialnich tercl a signalizacnich cest odhalit, predevsim je ovSsem nutné zkoumat

nezadouci efekty téchto postupt a pripadna rizika pro télo matky i plodu.

Intraamnialni infekce

Intraamnidlni infekce je definovana jako pritomnost mikrob ¢i jejich nukleovych kyselin

v plodové vodé (MIAC) pfi sou¢asném zanétu, jez definuje hladina IL-6 v plodové vodé [64].
Intraamnidlni infekce se vykytuje u cca 25 —40 % predcasnych porodl [28], konkrétné
doprovazi cca 6 — 35 % predcasnych porod(i s PTL [65][66] a 32 — 50 % predcasnych porodl
s PPROM [67][68], a je asociovana i s dalSimi negativnimi jevy v téhotenstvi, jako je vagindlni
krvaceni [69], zkraceni déloZniho Cipku [70], cervikalni nedostatecnost [71][72] a
chorioamnionitida [73]. Intraamnialni infekce mlzZe byt zplsobena vystupem bakterii

z dolnich ¢asti genitalniho traktu skrze délozni hrdlo, krevnim rozsevem ze vzdalenych
infekcnich loZisek pres placentu, retrogradné z oblasti peritonea ¢i mize byt zanesena

béhem invazivniho lékarského vykonu, pficemz prvni zminény pfipad je nejbéznéjsi
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[1][25][74][75]. Romero popisuje model, kde v tomto pripadé intraamnialni infekce zac¢ina
vzestupem bakterii do délozniho hrdla, cemuZz mUZe pfedchazet pfitomnost patogennich
bakterii ve vaginé nebo zmnoZeni pfirozené bakteridlni fléry (bakteriadlni vagindza) [15].
Bakterie se nasledné rozsiti do decidualniho prostoru, odkud mohou infikovat cévy na
choriové plotné (choriovaskulitida) ¢i plodové obaly (histologickd chorioamnionitida; HCA),
ze kterych se mohou uvolnit do plodové tekutiny, coz vede k intraamnidlni infekci. Ruptura
plodovych oball pro pfechod bakterii z plodovych oball do amnialni dutiny neni podminkou,
jelikoz bakterie jsou schopny prekonat i intaktni obaly [76]. Aspirace infikované plodové vody
plodem nasledné zplsobuje infekci plodu, kterd mize mit za nasledek zanét stfedniho ucha,
konjuktivitidu ¢i zanét pupecniho pahylu, ptipadé sepsi [15]. V zavislosti na stafi plodu se
bakterie mohou dostat do téla i skrze spojivku, ucho Ci respiracni trakt, bakterie se mohou
do téla plodu dostat i skrze materno-fetdlni cirkulaci [15][75]. Infekce plodu je bezpochyby
fetdlni zanétlivé odpovédi (FIRS), tedy systémovou imunitni odpovéd plodu na patologicky
stimul, ktery je zpUsoben aktivaci TLR plodu, rozezndvajicich signaly vnéjsiho (PAMP) Ci
vnitfniho poskozeni (DAMP). Tento syndrom doprovazi zvySenda koncentrace IL-6

v pupecnikové krvi, histopatologicky FIRS provazi funisitida a chorionicka vaskulitida, tedy
zanét pupecniku a cév chorionu, ktery je zplsoben neutrofily, jez jsou do mista zanétu
chemotakticky pfitahovany zanétlivymi mediatory [77]-[79]. Vznik FIRS je spojen se
zvySenym rizikem zdravotnich komplikaci plodu, jako jsou vyvojové poruchy nervového
systému, bronchopulmonarni dysplazie, nekrotizujici enterokolitida ¢i novorozenecka sepse
[77][80]—[83]. Byt intraamnialni infekce vede k HCA, nejsou tyto terminy synonymem. HCA
totiz vznika i bez pritomnosti mikroorganismu v plodové vodé, tedy pti zanétu sterilnim [84].
Dle studie Romera a kol.pouze 12,5 % pacientek s PTL a intraamnidlni infekci vykazovalo
syndrom klinické chorioamnionitidy [85]. V kontrastu k terminu intraamnialni infekce stoji
intrauterinni infekce extraamnialni, tedy infekce plodovych oball a decidui bez priniku do
prostoru amnialni dutiny. Jedna se vSak z hlediska diagnostiky o téZzce uchopitelnou
jednotku, nebot odbér a kultivace mikrobl z decidualni a chorioamnialni tkané je technicky
narocny a riskantné;jsi na kontaminaci nez kultivace vzorkd plodové vody. Navic se bude
pravdépodobné jednat o predstupen intraamnialni infekce vzhledem k obdobnému slozeni
bakterialnich agens u vzorkd z plodové vody a plodovych oball vidy u identické pacientky

s infekci [15]. Plodova voda by méla byt za normalnich okolnosti sterilni, proto jakykoliv
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mikrobialni nalez Ize povaZovat za bakteridlni invazi, a to i bez patrnych klinickych symptom
[75]. Nejcastéji detekovanymi bakteriemi, které zplsobuji intraamnialni infekci jsou bakterie
rodu Mycoplasma, Ureaplasma, Fusobacterium, Gardnerella [67][86]—[90] a Chlamydia, byt
v pripadé posledni jmenované bakterie se védecké nazory na jeji vliv na predc¢asny porod a
zdravotni komplikace plodu lisi [91]—-[94]. Nové je diskutovana i role bakterii rodu Sneathia v
patogenezi HCA, PTL a PPROM [95]. Bakterialni intraamnialni infekce jsou vSak ¢asto
polymikrobidlniho plvodu [96]. BéZné bakterie vaginalni sliznice, jako je napt. Streptococcus
agalactiae zpusobuji intraamnialni infekci vzacné [97], naopak, absence vaginalnich
laktobacil( a bifidobakterii je spojena se zvySenym rizikem predcasného porodu [98][99].
Riziko novorozenecké sepse vyrazné zvySuje vagindlni dysbidza [100], k rozvoji intraamnialni
infekce rovnéz pfispiva zhorsena funkce délozniho hrdla [101] a svou roli také hraje gestaéni
vék. Bylo prokdzdno, Ze riziko intraamnialni infekce je vyssi s klesajicim gestac¢nim starim
[102], a Ze se zranim plodu se snizuje intenzita zanétlivé odpovédi [103]. U dfive narozenych
déti byla rovnéz prokazana vétsi bakteridlni naloz a vétsi diverzita bakterialnich druhd [104].
Intraamnidlni infekci vSak mohou kromé bakterii zpisobovat i kvasinky rodu Candida [105]—
[107], infekénim agens mohou byt i viry, byt se jednd o méné Casté pripady. Otazka incidence
virovych intraamnialnich infekci vSéak mGze byt podhodnocena, jelikoz se z podstaty véci
jedna o obtiznéji identifikovatelné agens. Nejcastéji se v pripadé intraamnidlnich infekci
jednd o adenoviry, cytomegaloviry, Epstein-Barrové virus a enteroviry [108][109]. Vyssi riziko
predcasného porodu bylo zaznamendno u Zen s aktivni virovou hepatitidou typu B [110].
Principem virové infekce je invaze viru do bunék trofoblastu, coz vede k apoptdze
napadenych bunék, aktivizaci decidualnich lymfocytl a ke vzniku zanétu, coz m(ize vést

k predcasnému porodu [111]. Podobné jako u bakterialnich infekci je vSak patrné klicovy
pravé az rozvoj zanétu, nebot prosta detekce virovych nukleovych kyselin z plodové vody
nemusi nutné s pred¢asnym porodem souviset. Baschat a kol. ve své studii informuji o bézné
izolaci virovych nukleovych kyselin u nerizikovych téhotenstvi s normalnim sonografickym
nalezem [109]. Vyznam virové kolonizace a infekce amnialni dutiny je téma aktualni a malo
probdadané, jez by si zaslouzilo vétsi védeckou pozornost i vzhledem k probéhnuvsi pandemii
viru SARS-CoV-2. Garcia-Flores v této souvislosti uvadi, Ze infekce covid-19 u téhotnych Zen
vyvolala systémovou imunitni odpovéd matky, imunitni odpovéd byla prokdzana i na feto-

maternalnim rozhrani. Pfitomnost viru SARS-CoV-2 vSak nebyla detekovana v placenté ani
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nebyla zaznamendana bunécna imunitni reakce plodu ¢i pfitomnost specifického IgM

v pupecnikové krvi, kde viak byla prokazana zvysena hladina cytokint [112].

Intraamnidlni infekce probiha vétSinou chronicky a asymptomaticky, bez horecky, bolesti i
leukocytdzy v periferni krvi pacientky [74]. Vzorek plodové vody se tak logicky jevi jako
nejvhodnéjsi material pro diagnostiku intraamnialni infekce. Odbér plodové vody pro
mikrobiologickou analyzu je mozny transabdominalni amniocentézou. K pfed¢asnému
porodu mlze vést rovnéz extrauterinni infekce matky, pficemz riziko predéasného porodu u
nékterych typl infekci nesnizuje ani kvalitni antibioticka lIé¢ba téhotnych zZen [15]. Tento
zavér dokladaji vysledky studii zamérenych na riziko pfed¢asného porodu téhotnych Zen se
zapalem plic, pyelonefritidou, malarii, tyfem ¢i periodontitidou [15][113]. Prvni studie o
souvislosti pozitivniho mikrobiologického ndlezu v plodové vodé s predc¢asnym porodem u
Zzen s PTL byla podédna v druhé poloviné sedmdesatych let [114]. Na za¢atku devadesatych let
pak byl pfedstaven levny a citlivy prikaz intraamnialni infekce — hladina glukézy v plodové
vodé, ktera je u pacientek s intraamnidlni infekci nizsi nez u pacientek bez infekce [115][116].
Nasledné pribyvaly dikazy o zvySeném poctu leukocytl v plodové vodé pfi intraamnialni
infekci [117], zvySeni koncentraci slozky komplementu C3 [118] a o diagnostickém vyznamu
dodnes zasadni molekuly IL-6 [119]. Mnohé dalsi studie pfinesly informace o zvyseni Ci
snizeni koncentraci fady molekul souvisejicich s bunéénym poskozenim ¢i imunitni odpovédi
na zanétlivy stimul [20][120]-[122]. Od klasickych, z dnesniho pohledu nedokonalych,
kultivaénich technik se pfechazi na postupy molekularné-biologické [15][22], diagnostika

se presouva z laboratofi do mista péce o pacientku [123][124]. Zcela novatorskym pfistupem
je sledovani probihajici pyroptézy pomoci stanoveni koncentrace molekuly gasderminu D a
molekul, jeZ se Ucastni sestaveni inflamasomu v plodové vodé a v burnikach plodovych obalt
[125]. Slibnym pfistupem je i stanoveni miRNA z plodové vody. Kiyoshima a kol. predstavili
molekuly miR-4535 a miR-1915-5p, jejichZ hladina v plodové vodé vyznamné korelovala

s ndlezem zanétu a tézké HCA [126]. Svét miRNA je v tomto ohledu malo probadany a
vykazuje slibny potencidl mnoha origindlnich védeckych vystupd. | pfes fadu velmi dobrych
vysledkl se vsak nejedna o markery rutinné stanovitelné, nebot neni prakticky mozné (ani
vhodné) vsem téhotnym Zenam provadét amniocentézu. Stanoveni rozlicnych biomarker(

z vaginalni ¢i cervikdlni tekutiny, nebo dokonce z periferni krve nicméné dlouhodobé
neptindsi kyZzenou spolehlivost. Nadéjnym pristupem muze byt stanoveni hladiny IL-6

z pupecnikové krve Ci cervikalni tekutiny [78][127] a déle fibronektinu z cervikalni ¢i vaginalni
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tekutiny [128][129], kam se pravdépodobné dostava po svém uvolnéni z choriodecidudlni
basalni membrany pfi infekci. O zvySeném riziku intraamnialni infekce a pred¢asného porodu
u asymptomatickych pacientek rovnéz informuji zvysené hladiny G-CSF [130], ferritinu [131]
a CRP [132] v periferni krvi matky. Jednim z dalSich moZnych pfistupt je sledovani délky
délozniho hrdla, jehoz zkraceni koreluje s markery infekce a rizikem HCA [133][134]. O riziku
predcasného porodu rovnéz informuje kombinace sledovani délky délozniho hrdla spolu

s poctem T-regulacnich lymfocyt( [135], coZ je vSak rovnéz technologicky nedostupné pro
rutinni péci. Galaz pozoroval souvislost mezi vyrazné zkrdcenym cervixem (<15 mm) a
zvy$enou ndlozZi prozanétlivych cytokin(, avSak bez zietelného zvyseni poctu leukocytl

v plodové vodé [136]. Z diagnostického pohledu se tak stale jevi nejlepsi molekulou IL-6,
jehoz koncentrace dnes dobfe definuje pritomnost intraamnialniho zanétu, je stanovitelny
z plodové vody, pupecnikové krve i cervikalni tekutiny, a to i v rezZimu point of care testing
(POCT). Nevyhodou IL-6 je jeho nespecificnost, jelikoz zvysené hladiny IL-6 informuji o
probihajicim zanétu, a nikoliv o jeho pticinach. Hladiny IL-6 u pacientek bez zanétu nejsou
nulové, nebot IL-6 je v jisté mife konstitutivné exprimovan béhem celého téhotenstvi a jeho
koncentrace obecné vzrista pfi porodu v fadném terminu i pfi porodu predcasném. Je
secernovan nejenom burikami imunitniho systému, ale i burikami plodovych oball [137].
Omere a kol. nicméné prokazali, Ze i kdyZ normalni i zvySené hladiny IL-6 aktivuji kindzy
reagujici na signaly stresu, na bunécny cyklus, produkci prozdnétlivych cytokind, apoptdzu,
starnuti ¢i mezenchymové-epitelovy prechod u bunék plodovych oball samotny IL-6 nema
vliv [138]. Byt je tedy IL-6 povaZovan za spolehlivy marker IAl, jeho samotné plsobeni mlze

byt vice homeostatické nez posSkozujici [138].
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Cile prace

Porodnik, ktery poskytuje péci pacientce, u které hrozi PPROM a predcasny porod, je
vystaven dilematu, kdy musi na jedné strané zvazit benefit prodlouzeni téhotenstvi, coz ma
za nasledek snizeni zdravotnich komplikaci spojenych s pfedéasnym porodem. Na strané
druhé je zde pfi v€asném neukonceni téhotenstvi nezanedbatelné riziko rozsireni
intraamnidlni infekce se vSemi negativnimi dlsledky pro dité i matku. Toto riziko doklada
fakt, Ze intraamnidlni infekce byla diagnostikovana u 40 % pacientek s PPROM, pokud byly
odbéry provedeny pred porodem. Vzorky plodové vody, které byly odebrany Zzendm s
PPROM v case porodu, byly pozitivni v 75 % pripadl [139]. Intraamnialni infekce zvySuje
riziko pfed¢asného porodu, pficemz nedoprovazi pouze predcasné porody s PPROM ale i

s PTL [68]. VC€asné a rychlé rozpoznani intraamnidlni infekce je tedy vyznamné pro posouzeni
miry rizika predcasného porodu a pro zvazeni dalSiho medicinského postupu. Kultivaéni
techniky, jez byly zlatym standardem mikrobiologické diagnostiky, jsou ¢asové naro¢né a
mohou poskytovat falesné negativni vysledky vzhledem k obtiznému prikazu bakterialnich
rod(, které zpUsobuji intraamnidlni infekce nejcastéji. Pozornost se v prlibéhu poslednich let
presunula k molekularné-biologickym technikdm prikazu bakterii, pfipadné ke kombinaci
obou pfistupl. | pfes vyssi rychlost a citlivost téchto metod existuje snaha o nalezeni
vhodného molekularniho markeru, ktery by poskytoval spolehlivou informaci o probihajici
infekci idealné v reZzimu , bed-side” testu. Takovy parametr by mél byt pfirozené stanovitelny
z plodové vody. Jelikoz je vSak amniocentéza invazivni zdkrok spojeny s riziky a jistou mirou
nedlvéry u verejnosti, bylo by idealni nalézt molekulu, jeZ by vykazovala dobrou informacni
hodnotu pfi stanoveni z cervikalni tekutiny, ¢i periferni krve. Vzhledem k izolovanému
prabéhu infekce v amnialni dutiné, je vSak stanoveni vhodné molekuly z periferni krve
prakticky vylouceno. Na vyznam hladin marker( zanétu a infekce z cervikalni tekutiny
nepanuje jednotny nazor, dostupné vysledky rliznych autorli nejsou jednoznacné. Cilem
vyzkumného zdméru, jehozZ vybrané vysledky disertacni prace komentuje, bylo testovat
hladiny vybranych molekul, u nichz se predpokladal mozny diagnosticky potencial pro
stanoveni intraamnialni infekce. Koncentrace vybranych molekul byly stanoveny v plodové
vodé pacientek s PPROM ¢&i PTL, pficemz u €asti Zen bylo téhotenstvi komplikovano IAl i
intraamnidlni infekci. U vysledk( molekul s diagnostickym potencidlem bylo provedeno jejich

stanoveni i z cervikdlni tekutiny. Vybér testovanych molekul se zakladal na vysledcich
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probéhnuvsich proteomickych studiich [120][121][140], literarnich resersich a zkusenostech
védeckého tymu. Vedlejsim efektem prace pak mélo byt lepsi porozuméni sterilnim i
nesterilnim okolnostem biologie IAl. Sila ziskanych zavéru tkvi v presné definované kohorté
Zen s jasné popsanym patofyziologickym ndlezem, v soucasném stanoveni IL-6 a v pfesné
identifikaci plvodcl infekce na molekuldrni Grovni. Pacientky tak bylo moZzné rozdélit na
podskupiny s ohledem na pritomnost ¢i absenci MIAC a pfitomnost ¢i absenci IAl. Slabym
mistem provedenych méreni zUstava fakt, Ze nezname presné zdroje detekovanych molekul
a z vysledk( tak neni mozné prokazatelné vyvodit, zda a v jaké mife se na produkci danych
molekul podili leukocyty ¢i buriky plodovych oball nebo placenty. DalSim limitem
publikovanych vysledkd je skutecnost, Ze takto ziskané vysledky poskytly informace o
koncentracich danych molekul pouze ve chvili porodu, a Ze tudiz nezname dynamiku zmén
jejich koncentrace béhem gestace. Z povahy vysSetreni je viak nemozné tento limitujici faktor

odstranit.
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Metodicky pfristup

Védecky tym

Disertacni prace shrnuje dilci vysledky dlouhodobého vyzkumného zdméru, kterym je
hledani novych biomarkerd IAl a intraamnialni infekce u Zen s pred¢asnym porodem.
Smyslem vyzkumu je i snaha o vétsi porozuméni biologickym okolnostem IAl a zakonitostem
imunitni odpovédi na sterilni a nesterilni prozanétlivé stimuly a jejich vztahu k pfedéasnému
porodu. Vyzkumny tym vedou prof. MUDr. Marian Kacerovsky, Ph.D. a doc. MUDr. Ivana
Kacerovska Musilova, Ph.D. z Porodnické a gynekologické kliniky Fakultni nemocnice Hradec
Kralové, ktefi v ¢ase rozvinuli bohatou mezioborovou spoluprdci s fadou Iékar( a
bioanalytik( napti¢ celym spektrem medicinskych a biologickych obora. Z |ékard Porodnické
a gynekologické kliniky se na vyzkumu podileli zejména MUDr. Martin Stépan, Ph.D., MUDr.
Jaroslav Stranik, MUDr. Tomas Bestvina a dal$i. Za Ustav klinické imunologie a alergologie
vyzkumnou c¢innost planoval a koordinoval prof. RNDr. Ctirad Andrys, Ph.D., déle se, kromé
autora prace, na dil¢ich ¢innostech podilely i Mgr. Martina Kola¢kova, Ph.D. a RNDr. Marcela
Draho3ova. Veskeré molekuldarné-biologické diagnostické procedury a stanoveni IL-6
zajisfovaly pracovnice Ustavu klinické biochemie a diagnostiky a Ustavu klinické
mikrobiologie, zejména Mgr. Radka Bolehovska, Ph.D. a PharmDr. Lenka Pliskova. Svym
expertnim nazorem pfispéla i fada zahranic¢nich expertd, pfedevsim prof. Bo Jacobsson z

University of Gothenburg ve Svédsku.

Soubor pacientek zafazenych do studie

Do studie byly zafazeny pacientky prijaté na Porodnickou a gynekologickou kliniku Fakultni
nemocnice Hradec Kralové v gestacnim stari mezi 24.40. aZ 36.+6. tydnem téhotenstvi.
Skupinu tvofrily Zeny starsi 18 let s jednocetnym téhotenstvim komplikovanym PTL ¢i PPROM,
které souhlasily s G¢asti ve studii. Zeny, jejichZ t&hotenstvi bylo komplikovano réstovou
retardaci plodu, pfitomnosti vrozenych vad plodu ¢i s abnormalnim genetickym nalezem,

téhotenskym i s téhotenstvim nesouvisejicim diabetem, gestacni hypertenzi, preeklampsii,
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hypoxii plodu nebo s vyznamnym vaginalnim krvacenim, byly ze studie vylouceny. Studie
byly schvaleny etickou komisi Fakultni nemocnice Hradec Kralové, vsechny ucastnice studie
podepsaly informovany souhlas, kterému v plném rozsahu porozumély. Kompletni

demografické udaje ke kazdé studii jsou uvedeny v pfislusnych ptilohach.

Gestaéni stafi bylo stanoveno pomoci primotrimestralni biometrie plodu. Zendm s PPROM
pred 34. tydnem téhotenstvi byla podana antibiotika a kortikosteroidy pro indukci plicni
zralosti. Po 34. tydnu téhotenstvi nebyla, kromé antibiotik, poddvana dalsi [écba k oddaleni
porodu. Zeny s prokdzanou intraamnialni infekci po 28. tydnu té&hotenstvi dostavaly pouze
antibiotika a kortikoidy pro indukci plicni zralosti. Za 24 hodin po dokonéené indukci plicni
zralosti byl porod bud vyvolan ¢i bylo téhotenstvi ukonéeno cisafskym fezem dle
porodnického nélezu. U ostatnich Zen bylo postupovano konzervativné. Zenam s PTL byly
podany kortikosteroidy a tokolytika na 48 hodin. Pacientkdm s prokdzanou intraamnialni
infekci byla intravenézné podavdana antibiotika po dobu sedmi dnu, pokud nedoslo k porodu
drive. U obou skupin pacientek byl jako antibiotikum prvni volby zvolen klaritromycin,

terapie byla nasledné upravena dle konkrétniho mikrobiologického nalezu.

PTL byl diagnostikovan jako pfitomnost pravidelnych déloznich kontrakci (nejméné dvé
kontrakce kazdych deset minut) pfi délce déloZzniho ¢ipku kratsi nez 15 mm (méfeno pomoci
transvaginalniho ultrazvuku) nebo pfi délce déloZniho ¢ipku 15 —30 mm pfi pozitivnim

vysledku PartoSure testu (Parsagen Diagnostics, Boston, MA, USA) [141].

PPROM byl diagnostikovan pfi vySetreni v zrcadlech, pfimym prikazem pfitomnosti plodové
vody v zadni poSevni klenbé. V pripadé potreby byl vysledek vySetfeni potvrzen testem
pritomnosti vazebnych proteind inzulinu podobnych rlstovych faktord (Insulin-like growth
factor-binding proteins; IGFBP) ve vagindlni tekutiné (ACTIM PROM test, MedixBiochemica,

Kauniainen, Finsko).

Odbér plodové vody a cervikalni tekutiny

Vzorky plodové vody a cervikalni tekutiny byly u pacientek odebrany pfi pfijeti na porodnim
sale pred zahajenim antibiotické, tokolytické a kortikosteroidni terapie. Vzorky cervikalni

tekutiny byly odebrany dakronovym tamponem, ktery byl umistén do cervikalniho kanalu na
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dvacet sekund pro dostatecné nasyceni. Tampon byl nasledné prenesen do plastové
zkumavky s 1,5 ml fosfatového pufru, ktera byla s tamponem umisténa na 20 minut na
tfepacku. Poté byl tampon odstranén, zkumavka se vzorkem byla umisténa do centrifugy a
15 minut stacena pfi pokojové teploté na 300xg. Ziskany supernatant byl nasledné rozdélen
na alikvoty a skladovan pti -80°C. Pro ziskani vzork( plodové vody byla provedena
transabdominalni amniocentéza pod ultrazvukovou kontrolou, pficemz byly ziskany pfiblizné
2-3 ml plodové vody. Ze 100 pl téchto vzorku byla nasledné stanovena koncentrace IL-6
pomoci POCT testu. Zbytek odebraného vzorku byl ndsledné rozdélen na dva podily. Prvni
podil byl odeslan do mikrobiologické laboratore k PCR detekci DNA mikrobialnich druht
Ureaplasma species, Mycoplasma hominis a Chlamydia trachomatis, k sekvenovani genu pro
16S rRNA a aerobni a anaerobni kultivaci. Druhy podil byl centrifugovan (15 min./2000g),

supernatant byl alikvotovan a zamraZzen na -80°C pro imunologickou analyzu.

Stanoveni koncentrace sledovanych parametrd v plodové vodé a cervikalni tekutiné

Koncentrace sledovanych latek v plodové vodé a v cervikdlni tekutiné byla stanovena
sendvi¢ovym ELISA testem (enzyme-linked immuno sorbent assay) pomoci ELISA soupravy
na stanoveni dané molekuly podle instrukci vyrobce. Vyslednd hodnota absorbance byla
mérena pfi vinové délce 450 nm za pouZziti readeru Multiskan RC ELISA (Thermo Fisher
Scientific, MA, USA). Kompletni informace k jednotlivym diagnostickym soupravam jsou

uvedeny v pfislusnych prilohach.

Stanoveni koncentrace IL-6 v plodové vodé a cervikalni tekutiné

Stanoveni koncentrace IL-6 v plodové vodé a v cervikdlni tekutiné bylo provedeno pomoci
imunochromatografického testu Milenia® QuickLine IL-6 za pouziti Milenia®POCScan
Readeru (Milenia Biotec, GmbH, Giessen, Némecko). Detekéni rozpéti metody se nachdzelo
mezi 50 — 10 000 pg/ml, variabilita v sérii (intra-assay variability) byla 12,1 %, variabilita mezi
sériemi (inter-assay variability) Cinila 15,5 % [124]. Pro tGcely novéjsich studii byl pouZit

imunologicky analyzator Cobas e602 (Roche Diagnostics, Basilej, Svycarsko). Detekéni rozpéti
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metody se nachazelo mezi 1,5 — 50 000 pg/ml. Variabilita v sérii i mezi sériemi se nachazela

pod 10 % [142].

Mikrobiologicka analyza

Detekce bakterii Ureaplasma species, Mycoplasma hominis a Chlamydia trachomatis byla
provedena pomoci polymerdazové fetézové reakce (PCR) ve formé Real-Time PCR. Pro
potfeby metody byla z plodové vody izolovana DNA pomoci QlJAamp DNA Mini Kitu (QIAGEN,
Hilden, Némecko) podle instrukci vyrobce (pouzit protokol pro izolaci bakterialni DNA z
biologickych tekutin). K detekci DNA Ureaplasma species, Mycoplasma hominis a Chlamydia
trachomatis byla pouZzita komeréni souprava AmpliSense® Chlamydia
trachomatis/Ureaplasma/Mycoplasma hominis-MULTIPROME-FRT (Federal State Institution
of Science, Central Research Institute of Epidemiology, Moskva, Ruskd Federace). PCR bylo
provedeno na pfistroji Rotor-Gene 6000 (QIAGEN) s pouzitim standardniho laboratorniho
materialu. Jako kontrola metody byla provedena PCR amplifikace genu pro B-aktin pro
zjiSténi, zda nejsou pfi provadéni metody ve vzorku pfitomny inhibitory polymerdzové
reakce. Mnozstvi DNA (kopie/ml) bylo stanoveno absolutni kvantifikaci pomoci kalibracni
krivky, k jejiz pfipravé slouZila plazmidova DNA o znamé kvantité (pCR4, Invitrogen, Carlsbad,
CA) [103][120]. Bakterialni DNA ostatnich bakteridlnich druh( byla identifikovdna pomoci

amplifikace genu pro ribozomalni 16S rRNA PCR metodou za pouZiti primeru:

5°-CCAGACTCCTACGGGAGGCAG-3" (oblast V3) a 5'-ACATTTCACAACACGAGCTGACGA-3’
(oblast V6) [143][144]. Kazda reakce obsahovala 3 ul vysetfované DNA, 500 nM primer( a 25
ul Q5 High Fidelity DNA polymerazy (NEB, Ipswich, MA, USA). Reakce byla provedena na
pristroji 2720 Thermal Cycler (Applied Biosystems, Foster City, CA, USA) a vysledné produkty
byly detekovany na agardézovém gelu po provedeni gelové elektroforézy. Pozitivni nalezy,
tedy amplifikaéni produkty o velikost 950 bp, byly nasledné vyjmuty, ocistény a byla
provedena sekvenacni PCR formou oboustranné sekvenace vzdy s jednim primerem, tedy v
prvni reakci forward primerem, v druhé pak reverse primerem. K sekvenacni reakci byl
pouzit komeréni kit obsahujici DNA polymerazu a znacené dideoxynukleotidy — BigDye
Terminator kit, version 3.1 (Thermo Fisher Scientific, Waltham, MA, USA). Vysledny produkt

byl opétovné procistén a byla provedena sekvenacni analyza na sekvenatoru ABI 3130
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(Applied Biosystems, Foster City, CA, USA). U ziskanych sekvenci ve formatu FASTA byly
porovnany shody se sekvencemi v databazi referenénich kmend pomoci programu BLAST”,
event. SepsiTest™ BLAST. U novéjsich studii byly provadény i aerobni a anaerobni kultivace
vzork( plodové vody. Vzorky byly kultivovany na Columbia krevnim agaru, Gardnerella
vaginalis selektivnim mediu, MacConkey agaru, Neisseria selektivnim mediu, Sabouraudové
agaru a Schaedlerové anaerobnim agaru. Pady byly kultivovany po dobu Sesti dnd a denné
kontrolovany. Mikrobialni ndlezy pak byly specifikovany pomoci MALDI technologie (matrici
asistovand laserova desorpce/ionizace) za pouZziti MALDI Biotyper software (Bruker
Daltonics, Brémy, Némecko). Detailni popis mikrobialnich nalezl je podan v ¢lancich

uvedenych jako pfilohy prace.

Diagnostikovani MIAC, urceni probihajiciho IAl a intraamnialni infekce

MIAC byla u pacientek diagnostikovdna na zakladé pozitivniho vysledku PCR analyzy DNA
Ureaplasma species, Mycoplasma hominis a / nebo Chlamydia trachomatis a / nebo
pozitivniho vysledku amplifikace genu pro 16S rRNA. Jako IAl byl u pacientek definovan stav,
kdy byla v plodové vodé namérena koncentrace IL-6 vy3si nez 745 pg/ml v pfipadé méreni na
pfistroji pouziti Milenia®POCScan Reader [123][145]. Pti pouziti pristroje Cobas e602 byl 1Al
stanoven pfi koncentraci IL-6 v plodové vodé vyssi nez 3000 pg/ml [142]. Za intraamnidlni
infekci byla povazovana situace, kdy byla prokdzana sou¢asné MIAC a IAl. IAl bez prokazané

MIAC definoval sterilni 1Al.

Statistické zpracovani dat

Demografické charakteristiky souboru pacientek byly porovnany pomoci neparametrickych
Mann-Whitneyho U testu a Kruskal-Wallis testu pro spojité proménné. Kategorialni
proménné byly analyzovany pomoci chi-kvadratu ¢i Fisherova exaktniho testu. Normalita
rozloZeni dat byla testovdna za pomoci D’Agostino-Pearsonova testu, Shapiro-Wilkova testu
a Anderson-Darlingova testu. Vysledky koncentraci testovanych latek v plodové vodé

nenabyvaji normalniho rozloZeni, proto byly analyzovany pomoci neparametrickych Man-
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Whitneyho U testu a Kruskal-Wallis testu. Ke statistické Upravé gestacniho stati pfi odebirani
vzork( byl pouZit Spearmaniv korelacni koeficient. Cut-off hodnoty, sensitivita, specificita a
plocha pod kfivkou AUC (area under the ROC curve) vybranych parametrd byly uréeny
pomoci ROC (Receiver Operating Characteristic) analyzy. Testovani probihalo na 95% hladiné
vyznamnosti. VSechny p-hodnoty byly ziskany z dvouvybérovych test(, ke statistické analyze
byl pouzit program GaphPad Prism 6 (GraphPad Software, San Diego, CA, USA) nebo
program SPSS 19.0 (SPSS Inc., Chicago, IL, USA).
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Vysledky

Nasledujici ¢ast prace obsahuje komentare k ¢lanklm, které predstavily vybrané vysledky
vyzkumné ¢innosti, na niz se spolupodilel autor disertacni prace. Vysledky byly publikovany
v Casopise The Journal of Maternal-Fetal & Neonatal Medicine (Taylor & Francis Group),
vysledky stanoveni FcgammaBP byly publikovany v ¢asopise Scientific Reports (Springer

Nature). Originalni védecka sdéleni jsou uvedena jako pfilohy prace.
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Komentare k publikacim

Komentar k praci ¢. I.

Musilova |, Andrys C, Drahosova M, Soucek O, Kutova R, Pliskova L, Spacek R, Laudanski P,
Jacobsson B, Kacerovsky M

Amniotic fluid calreticulin in pregnancies complicated by the preterm prelabor rupture of
membranes

J Matern Fetal Neonatal Med. 2016 Dec;29(24):3921-3929

Kalretikulin je pleiotropni protein s mnoha funkcemi. Podili se na udrzeni spravné
intracelularni hladiny vapniku, plni chaperonovou funkci v endoplasmatickém retikulu (ER),
zasadnim zpUsobem se podili na vystavovani antigennich peptidd na bunécné membrané
pfes MHC | a zprostfedkovdva mnoho rozmanitych funkci v imunitni signalizaci, jak

v solubilni formé&, tak vdazany na membranu [146]. Mezi jeho funkce extracelularni patfi
imunomodulaéni schopnosti a U¢ast na apoptdéze. Kalretikulin byl pfi svém objevu popsan
jako protein lokalizovany na membrané endoplasmatického / sarkoplasmatického retikula
[147], coZ pfimo souvisi s vykonem jeho intracelularnich funkci. Kalretikulin mize byt vSak
lokalizovan i na cytoplasmatické membrané [148] ¢&i secernovan do krevniho obéhu [149].
Pravdépodobné se kalretikulin nachazi i volné v cytoplasmé ¢i v jadre. Vzhledem ke své
schopnosti regulovat expresi genl( citlivych na pritomnost steroidd je totiz nutné, aby byl
schopen vazat se na DNA vazebné domény téchto receptorli [150], jeZ se Ucastni
signalizaénich kaskad. Pfi apoptéze vysoké koncentrace kalretikulinu v bunce zvysuji
intraluminalni zasobu vapniku v ER, coz vede k jeho snadnéjsSimu uvolnéni do cytoplasmy a k
aktivaci kalcineurinu, ktery kontroluje aktivitu vyznamnych transkrip¢nich faktor(
ovliviujicich prabéh apoptdzy a rovnéz primo aktivuje nékteré z kaspaz a proapoptotickych
proteinl a transkripcnich faktor( [151]. Abnormalné zvysena produkce kalretikulinu tak
zvysuje citlivost bunky k apoptdze [151]. Kalretikulin ddle slouZi napf. jako receptor slozky
komplementu Clq (C1g-R) [152], kdy po vazbé této slozky komplementu prenasi do burky
aktivaéni signdl vedouci k individudIni imunitni reakci v zavislosti na typu buriky, na které je

exprimovan. Jako receptor tohoto faktoru je kalretikulin rovnéz dilezity pti rozvijeni
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specifické imunitni odpovédi. C1q je totiz produkovan jako autokrinni faktor béhem
kostimulaéni vazby povrchovych molekul CD40/CD40L, tedy pfi poskytovani zasadniho
kostimulaéniho signdlu dendritickymi burikami T lymfocytim [153]. Kalretikulin je dale
schopny stimulovat urcité subpopulace B lymfocytl k produkci protilatek [154] a stimulovat
produkci TNFa a IL-6 v makrofazich pres aktivaci transkripéniho faktoru NFkB a MAPK [155].
Kalretikulin uvolnény do prostfedi slouZi jako tzv. alarmin neboli DAMP, tedy molekula, ktera
iniciuje a udrZuje neinfekcni zanétlivou odpovéd [156]. Toto se déje predevsim za podminek
stresu ER, kdy dochdzi k uniku vdpenatych iontli a akumulaci nespravné sloZzenych protein(
[157]. Kromé toho kalretikulin sdm stimuluje fagocytézu béhem procesu tzv. imunogenni
smrti u nadorovych bunék, kdy je za stresovych podminek ve vy3si koncentraci vystaven na
bunécnou membrdanu [146]. Tam je za normalni situace asociovdn s molekulou CD47, ktera
fagocytodze brani, jako tzv. ,,don’t eat me signal“. Kalretikulin se od ni béhem imunogenni
bunécéné smrti disociuje, ¢imzZ narusi jeji funkénost a sam plsobi jako ,eat me” signal, tedy
signal fagocytdzu podporujici. Navic u bunék v apoptotickém procesu kalretikulin podporuje
tvorbu receptoru pro TRAIL (tumor necrosis factor —related inducing ligand), coz je cytokin,

ktery po vazbé na své receptory podporuje procesy bunécné smrti [146].

Koncentrace kalretikulinu v plodové vodé (bez ohledu na pfitomny PPROM ¢i jeho absenci)
nebyla dosud studovana. Provedené méreni zjistilo, Ze (i) Zeny s MIAC vykazuji vyssi
koncentrace kalretikulinu v plodové vodé nez Zzeny bez MIAC (p = 0,001), (ii) u Zen s IAl byla
zjisténa vyssi koncentrace této molekuly nez u Zen bez zdnétu (p < 0,0001), (iii) koncentrace
kalretikulinu v plodové vodé u Zen s intraamnialni infekci byla vy3$si nez u Zen bez MIAC a IAl
(p <0,0001). Dale bylo zjisténo, (iv) Ze koncentrace kalretikulinu v plodové vodé pozitivné
koreluje s koncentraci IL-6 (rho =0,32; p <0,0001) a (v) s mikrobialni nalozi Ureaplasma
species (rho = 0,35; p < 0,03). Pfi analyze hodnot u pacientek rozdélenych podle pfitomnosti
¢i absence MIAC a IAl bylo zjiSténo, (vi) Ze pacientky s intraamnialni infekci vykazuji vyssi
koncentraci kalretikulinu v plodové vodé nez pacientky se sterilnim zanétem, s kolonizaci a
pacientky bez MIAC a intraamnidlnim zanétem soucasné. Hladina kalretikulinu 81,4 ng/ml

v plodové vodé se jevi jako idealni pro stanoveni intraamnidlni infekce (AUC = 0,88; p <

0.0001).

Vzhledem ke komplexnosti proteinu a jeho funkéni diverzité neni jednoduché presné

definovat ulohu kalretikulinu v patogenezi IAl u PPROM. Ve vysledcich byla zvysend
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koncentrace této molekuly zjisténa jak v pripadé MIAC, tak probihajiciho IAl. Vzhledem

k vySe uvedenym rozmanitym funkcim této molekuly predpokladame jeho zvySenou
koncentraci béhem patologickych situaci, mezi néz rozhodné IAl ¢i intraamnidlni infekce
patti. Nejvyssi koncentrace zkoumaného proteinu byla zjiSténa u pacientek s intraamnidlni
infekci, jez byla dvakrat vyssi neZz u pacientek se sterilnim IAl ¢i prostou kolonizaci. Uvolnéni
kalretikulinu do extracelularniho prostoru se déje za podminek bunécného stresu, resp.
stresu ER, kdy je v reakci na nepfiznivé podminky béhem zdnétu, spolu s dalSimi rezidentnimi
proteiny ER, jako je napt. kalnexin a dalSimi proteiny teplotniho Soku, vystaven na bunécné
membrané, ¢i secernovan mimo bunku [158]. ZvySend exprese s ndslednou extracelularni
lokalizaci kalretikulinu byla prokazana v pribéhu virové infekce [159][160]. ZvySeny prepis
genu pro kalretikulin byl rovnéz pozorovan na zvitecich modelech po inokulaci gram-
negativnimi bakteriemi [161]. Intenzivnéjsi exprese a extracelularni lokalizace kalretikulinu
potom pravdépodobné slouZi k nastartovani opravnych mechanism (protektivni uc¢inek
kalretikulinu proti oxida¢nimu stresu, regulace koncentrace a lokalizace iontd vdpniku a
chaperonové funkce), dale k podpore zanétlivych procesl pres aktivaci transkripéniho
faktoru NFkB, kdy ztrata funkcénosti kalretikulinu vede ke snizeni prozanétlivé signalizace pres
tento transkripéni faktor [162]. Kalretikulin stimuluje produkci IL-6 a TNFa [155] a stimuluje
aktivaci T-lymfocyt(i [158]. Povrchové lokalizovany rovnéz podporuje fagocytozu [146].

V Uvahu pfipadd i mozna zvySena produkce MHC | na povrchu bunék. Pti analyze vysledk
byla zjiSténa korelace mezi hladinami kalretikulinu a mnozstvim mikrobialni naloze bakterii
rodu Ureaplasma (rho = 0,35; p = 0,03). Fakt, Ze koncentrace kalretikulinu v plodové vodé
pozitivné koreluje s mnozstvim mikrobialni masy a IL-6 pak podporuje pfedstavu, Ze intenzita
zanétlivé odpovédi reflektuje mnozstvi mikrobidlni ndloze. Obdobné pozorovani prokazal
tym prof. Kacerovského ve studii, jez byla zamérena na sledovani souvislosti mezi mirou
bakteridlni ndloZe a intenzitou zanétu pfi infekci genitalnimi mykoplazmaty [103]. Stavy
samotné mikrobialni kolonizace bez pfitomného zanétu ¢i zanét definovany jako sterilni
(tedy bez ucasti bakterii) statisticky vyssi expresi kalretikulinu nevykazovaly. AZ intraamnidlni
infekce se tedy jevi jako stav, kdy dochazi ke zvySeni produkce tohoto proteinu (resp. zvyseni
jeho extracelularni koncentrace). Pfesny zdroj kalretikulinu neni znam. M(Ze se jednat o
kalretikulin uvolnény z leukocyt(i podilejicich se na imunitni odpovédi, rovnéz vsak jako zdroj
této molekuly mohou slouzit odloucené buriky placenty ¢i plodovych oball. Byla prokazana

exprese kalretikulinu na povrchu neutrofilnich granulocytt [163], zvySena hladina
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kalretikulinu tak m{Ze pfimo souviset se zvySenou migraci bunék vrozené imunity do mist
zanétu. Vysledky rovnéz poukazaly na ucast kalretikulinu béhem intraamnialni infekce u
pacientek s PPROM. Kalretikulin se tak jevi jako vhodny parametr pro stanoveni pfitomnosti
intraamnidlni infekce z plodové vody. Vysledky analyzy hladiny kalretikulinu u pacientek s IAl

a MIAC v cervikalni tekutiné vSak nepfinesly Zadné statisticky vyznamné rozdily [164].
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Komentar k praci €. II.

Musilova |, Andrys C, Drahosova M, Soucek O, Pliskova L, Stepan M, Bestvina T, Maly J,
Jacobsson B, Kacerovsky M

Amniotic fluid cathepsin-G in pregnancies complicated by the preterm prelabor rupture of
membranes

J Matern Fetal Neonatal Med. 2017 Sep;30(17):2097-2104.

Katepsin G je endoprotedza patfici mezi serinové katepsinové protedzy [165], strukturné
podobna granzymUm [166]. Funkce proteinu je enzymatickd, podobné jako chymotrypsin a
trypsin je enzym schopen pracovat v Sirokém rozmezi pH. Enzym je, spolu s neutrofilni
elastazou a proteazou 3 (PR3), hlavni serinovou protedzou azurofilnich granuli neutrofilnich
granulocytll [167]. Jako soucdst obrannych mechanismu neutrofil( se podili na odstrafiovani
zbytk( dezintegrovanych bakterii, na proteolytickych Upravach cytokin( i na odstrafiovani
molekul z povrchu bunécné membrany buriky. Na rozdil od neutrofilni elastazy, ktera je
schopna proteolytického Stépeni bunécného povrchu pouze u gram-pozitivnich bakterii
[168], je katepsin G, diky svému aktivnimu mistu bohatému na arginin, schopny narusSovat
bakterialni povrch nezdvisle na struktufe bakteridlni bunécné stény [169]. Enzym se dale
podili na organizaci neutrofilovych extraceluldrnich pasti [166] a jeho enzymaticka aktivita je
rovnéz dllezitd pro chemotaxi a enzymatickou Upravou ligand chemokinovych receptort
[165]. Nas vyzkumny tym zjistil statisticky vyznamné vyssi koncentrace katepsinu G v plodové
vodé u Zen s IAl (p < 0,0001) a u Zen s MIAC (p < 0,0001) oproti Zenam bez téchto komplikaci.
Pacientky s intraamnialni infekci rovnéz vykazovaly vy3$si hodnoty zkoumaného proteinu (p <
0,0001). Statisticky vyznamné nalezy se nezménily ani po Upravé hodnot s ohledem na
gestacni stari. Celkova analyza podskupin sledované kohorty pacientek pak ukazala rozdil
mezi skupinou se zanétem (at uz sterilnim ¢i nesterilnim) a bez zanétu, byt s bakterialni
kolonizaci (p < 0,0001). Mezi hodnotami katepsinu G u Zen se sterilnim IAl a intraamnidlni
infekci nebyl zjistén statisticky vyznamny rozdil. Byla zjiSténa slaba korelace mezi hladinou
katepsinu G a IL-6. Jako nejvhodnéjsi hladina katepsinu G informujici o probihajicim zanétu
v plodové vodé byla stanovena hodnota 105 ng/ml (AUC = 0,82; p < 0.0001) pfi sensitivité 50
% a specificité 92 %. Jedna se vsak o hodnotu vypovidajici o probihajicim zanétu jako

takovém, nikoliv o probihajici intraamnialni infekci.
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Nejvyznamnéjsim zdrojem katepsinu G jsou neutrofilni granulocyty, proto vysvétleni tohoto
jevu patrné tkvi v migraci granulocytl do mista probihajiciho zanétu a jejich aktivni ucasti na
ném. Koncentrace katepsinu G se statisticky nelisily pfi porovnani hodnot u Zen bez zdnétu s
bakteridlni kolonizaci a bez infekce. D3 se tedy predpokladat, Ze zvySeni hladiny katepsinu G
v pfitomnosti mikroorganismu v plodové vodé se déje jako ndsledek zanétu, nikoliv jako jeho
pricina. Vystaveni neutrofilnich granulocytd prozanétlivym cytokinlim totiz vede k rychlé
mobilizaci cytoplasmatickych granul a k uvolnéni jejich obsahu do prostredi [168][170].
Zvysena koncentrace katepsinu G se proto jevi jako potenciadlni marker pro sledovani
pritomnosti ¢i absence intraamnialni infekce v plodové vodé. Predstavu tohoto modelu
umocnuje fakt, Ze nebyl zjistén vyznamny rozdil mezi hodnotami u Zen se sterilnim IAl a
intraamnidlni infekci. Zda se tedy, Ze vliv IAl na akumulaci neutrofilt a produkci katepsinu G

bude obecny a nebude omezen na mikroorganismy coby spoustéce zanétlivé odpovédi.
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Komentar k praci c. Ill.

Andrys C, Musilova |, Drahosova M, Soucek O, Pliskova L, Jacobsson B, Zhong N, Kacerovsky
M

Cervical fluid calreticulin and cathepsin-G in pregnancies complicated by preterm prelabor
rupture of membranes

J Matern Fetal Neonatal Med. 2018 Feb;31(4):481-488.

Po provedeném stanoveni hladin kalretikulinu a katepsinu G ve vzorcich plodové vody u
pacientek s PPROM, které pfineslo ptiznivé vysledky, byla stanovena hladina téchto molekul
ve vzorcich cervikdlni tekutiny u Zen s PPROM. Tento pfistup mél za cil zjistit, zda stanoveni
molekuldrnich markerq, jejichz dynamika v plodové vodé vykazuje prediktivni potencial ve
vztahu k IAl a intraamnialni infekci, bude poskytovat obdobné rozdily i v cervikalni tekuting,
jejiz odbér je méné invazivni a narocny. Jak u kalretikulinu, tak u katepsinu G vsak nebyl
zjistén statisticky vyznamny rozdil mezi vzorky od pacientek s MIAC ¢i s IAl. Rovnéz nebyla
prokdzana souvislost mezi koncentraci sledovanych molekul a hladinou IL-6 v plodové vodé.
Pro stanoveni intraamnidlni infekce z cervikalni tekutiny se tak sledované molekuly nejevi
jako vhodné. Plodova voda a cervikalni tekutina jsou anatomicky i fyziologicky oddélené
kompartmenty, jejichZ sloZeni je odlisné. Situace v plodové vodé, ktera reflektuje
intraamnidlni zanétlivou odpovéd nemusi byt identicka v cervikalni tekuting, jejiz slozeni
odrdzZi predevsim zanét lokalni. K obdobnému zjisténi dosel tym prof. Kacerovského u
molekul TLR2 [171][172] a MIP1a. Obdobné nebyla pfi Upravé ke gestacnimu stari prokdzana
zvySend koncentrace IL-8 ve vaginalni tekutiné u pacientek s MIAC a HCA na rozdil od IL-6,
ktery tak z(istavd nejspolehlivéjsim markerem IAl v plodové vodé, cervikdlni tekutiné i

v pupecnikové krvi [78][173][174], coZ prokazala i prace Stranika [127] a Musilové [175].
Situace s IL-8 vSak neni jednoznacna. Holst a kol. ve své studii uvadéji, ze prediktivni hodnotu
ve vztahu k IAl a intraamnidlni infekci, dle jejich méfeni, ma v cervikalni tekutiné IL-8
srovnatelnou s IL-6 [176]. Z literatury vyplyvad, Ze vysledky stanoveni vybranych parametr(

z cervikalni a amnialni tekutiny ve vztahu k |Al a infekci vS§ak mohou byt ve vzdjemném
rozporu. Pfi PPROM totiZz muizZe plodova voda kontaminovat cervikalni tekutinu, jejiz slozeni
pak mUze do jisté miry zrcadlit udalosti v amnidlnim prostoru. Lee a kol. uvadéji, ze zjistili

vyznamné statistické rozdily v koncentracich IL-6, IL-8, MCP-1, MIP1a a MIP1pB u pacientek
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s a bez mikrobialni invaze jak v amnialni, tak v cervikovaginalni tekutiné [177]. Hladiny
studovanych cytokinui v plodové a cervikovaginalni tekutiné dale vykazovaly vysokou miru
vzajemné korelace. Koncentrace studovanych latek v pupecnikové krvi nevykazovaly
statistikou vyznamnost. Stejny védecky tym v novéjsi studii uddva vyznam shodné skupiny
cytokint (s vyjimkou MIP1a) pro stanoveni IAl u Zen s PTL, byt samotné stanoveni téchto
molekul z cervikovaginalni tekutiny nepovaZuji za dostatecné pro detekci IAlI [178].

Z celkového pohledu se tak jevi jako zasadni rozliSovat mezi vysledky stanoveni téchto

parametr( ve vzorcich cervikalni tekutiny od pacientek s PPROM a PTL.
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Komentar k praci ¢. IV.

Musilova I, Andrys C, Drahosova M, Soucek O, Pliskova L, Stepan M, Bestvina T, Maly J,
Jacobsson B, Kacerovsky M

Amniotic fluid clusterin in pregnancies complicated by the preterm prelabor rupture of
membranes

J Matern Fetal Neonatal Med. 2017 Nov;30(21):2529-2537.

Klastrin, apolipoprotein J, sulfatovany glykoprotein 2, TRPM-2 (Testosterone-Repressed
Prostate Message 2) nebo rovnéz SP-40, je heterodimerni glykoprotein [179], pojmenovany
podle své schopnosti shlukovat bunky. Je tvotfen prakticky ve viech tkanich lidského téla a
patfi do rodiny chaperon, proto, stejné jako u kalretikulinu, je jeho hlavnim Ukolem spravna
konformacni Uprava nové syntetizovanych protein( [180]. Kromé funkce chaperonu vsak
hraje roli i v mnoha patofyziologickych procesech jako je apoptdza, oxidacni stres,
odstrafiovani bunééného odpadu, transportu lipid, pfi zanétlivé odpovédi, bunécném ristu
a diferenciaci, obnové bunééné membrany nebo pfi regulaci aktivace komplementu
[179][181]. Vysoka exprese této molekuly je povazovana za nespecifickou bunéénou
odpovéd na stres ¢i poskozeni [179]. PUsobeni klastrinu vyrazné ovliviiuje jeho forma. Bylo
prokdzano, Ze alternativnim sestfihem mRNA vznika bud’ do okoli secernovany klastrin
(sCLU) nebo intracelularné lokalizovany klastrin, nachazejici se v cytoplasmé (cCLU) nebo

v jadre buriky (nCLU) [182]. Intracelularné lokalizovany klastrin vystupuje jako aktivator
proapoptotickych procesli pres uvolnéni cytochromu c [181] a reakci s proapoptotickym
proteinem Ku70, zatimco secernovany klastrin se podili na opravnych procesech bunécné
membrany, zabranuje agregaci a precipitaci protein(, pIni svou funkci chaperonu a buriku
naopak chrani [183]. O vysledném efektu na bunku pak rozhoduje pomér cCLU:sCLU [184].
Za jakych podminek vSak dochazi k akumulaci proteinu v cytoplasmé, neni zcela jasné,
naopak je prokazano, Ze secernovana forma proteinu je exprimovana béhem podminek
bunécného stresu [179], coz kromé benefitu pro zdravé bunky pfindsi i problémy pfi [é¢bé
nadord, jelikoZ molekula klastrinu muze interferovat s chemoterapeutiky. Zaroven je tak
moznym terapeutickym cilem pfi pfipadném ovladnuti regulace poméru sekretované a

cytoplasmatické formy molekuly [184].
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Analyza hodnot klastrinu pfinesla zjisténi, Ze koncentrace molekuly v plodové vodeé je
statisticky nizsi u pacientek s MIAC oproti Zenam bez MIAC (p < 0,0001). Stejné tak vzorky od
Zen s |Al vykazovaly nizsi hladinu klastrinu neZ vzorky od Zen bez této komplikace (p = 0,001),
snizené hodnoty byly rovnéz zaznamenany u Zen s intraamnialni infekci (p = 0,008). Ze
vzajemné analyzy jednotlivych podskupin pacientek podle pfitomnosti MIAC a probihajiciho
IAl vyplynul statisticky vyznamny rozdil mezi pacientkami s intraamnialni infekci oproti
rodickam bez téchto komplikaci, kdy pacientky s prokdzanou infekci vykazovaly nizsi
koncentraci proteinu v plodové vodé (p < 0,0001). Dale bylo prokazano, Zze koncentrace
klastrinu se snizuje se zvysujicim se gestacnim vékem pfi odbéru vzork( (rho =-0,38; p <
0,0001). Pravdépodobné vysvétleni ziskanych udajd by mohlo spocivat ve vlastnosti klastrinu
regulovat aktivaci komplementu vazbou slozek C5b a C6, coZ znemoznuje formaci lytického
komplexu [185]. SniZzeni hladiny koncentrace klastrinu tedy maze byt ndsledkem jeho vazby
na komplement ve snaze regulovat jeho aktivaci, ke které pfi zanétu ptirozené dochazi.
Vysledky, které by mohly takovou hypotézu potvrzovat, byly ziskany pfi studii zamérené na
koncentraci slozky C3 a komplementového faktoru | v plodové vodé u pacientek s PPROM.
Zatimco koncentrace slozky C3 byla zvySena za probihajiciho 1Al (p = 0,0004) ovsem nikoliv
béhem pouhé kolonizace, koncentrace regulacniho faktoru | byla pfi zanétu snizena

(p =0,03). Pfi kolonizaci bez zndmek zanétu nebyly zjistény statistické rozdily [data
publikovdna autorem prace na 5" European Congress of Immunology, Amsterdam, 2018].
Obdobné vysledky byly tymem prof. Kacerovského ziskany také z analyzy koncentrace
molekuly vitronektinu [120], kdy byly jeho nizsi koncentrace nalezeny v plodové vodé u
pacientek s MIAC a HCA. Vitronektin pfitom rovnéz vykazuje komplement-inhibic¢ni aktivitu
blokadou vazby slozek C5b-C7 na bunéénou membranu a zabranénim polymerizace slozky C9
[187]. Zda se tedy, Ze aktivace komplementu muzZe vést k vyéerpani jeho inhibitord, ¢i ke
snizeni schopnosti jejich detekce in vitro. Za snizenim koncentrace klastrinu mlze byt rovnéz
schopnost nékterych bakterii vazat jej na svdj povrch ve snaze vyhnout se imunitni odpovédi
[188][189], neni viak popsano, Ze by se tento jev uplathoval v pfitomnosti bakterii rodu
Ureaplasma ¢i Mycoplasma. | pres pfinosna zjiSténi se tak, dle nasich vysledka, klastrin

nejevi jako vhodny marker pro sledovani pfitomnosti intraamnialni infekce.
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Komentaf k praci €. V.

Soucek O, Kacerovsky M, Musilova I, Pliskova L, Bolehovska R, Andrys C

Amniotic fluid CD11b levels in pregnancies complicated by preterm prelabor rupture of
membranes

J Matern Fetal Neonatal Med. 2020 May 19:1-9

Protein CD11b, také znamy jako integrin alfa M (ITGAM), spolu s molekulou CD18 vytvari
heterodimerni komplex alfa-M beta-2 (amB2), také nazyvany jako komplementovy receptor 3
(CR3) nebo makrofag-1 antigen (Mac-1). Molekula CD11b je exprimovana na monocytech,
makrofazich, granulocytech a NK burikach a hraje roli pfi zanétu, zejména pfi adhezi a
migraci leukocytd. Samotny CD11b pak zprostfedkovava vazbu integrin(i na ¢etné substraty
jako je fibrinogen, faktor X, ICAM-1 [190]. Tento protein také zprostfedkovava fagocytézu
diky své schopnosti vazat inaktivovanou slozku komplementu C3b [191]. Stimulace lymfocyt
pomoci antiCD3 a IL-2 vSak také indukuje expresi CD11b na T lymfocytech [192]. Deficit
CD11b je spojen se zhorSenou adhezi k vaskuldarnimu endotelu, ale je také spojen s
akumulaci neutrofil( v extravaskularnim prostoru a se zhorSenou apoptdzou granulocyt(.
Expresi CD11b lze proto povaZovat za homeostaticky mechanismus zanétu [193]. Snizena
exprese CD11b je také spojena s horsim pribéhem nebo zvysenou mortalitou u infekénich
onemocnéni [194]-[197]. VétSina molekul CD11b neutrofil( neni exprimovdna na
membrané, ale je uloZena ve specifickych granulich [198] a jejich membranova exprese a
uvolfovani je zvySena béhem zdnétlivych stavl [199]—-[202]. Cilem préce bylo zjistit, zda se
méni koncentrace solubilniho CD11b u Zen s PPROM v zavislosti na pfitomnosti IAl, MIAC i
intraamnidlni infekce, jelikoZ o vztahu mezi koncentraci CD11b v plodové vodé a PPROM
dosud nebyly Zddné poznatky. Provedené méreni pfineslo nasledujici zjisténi: (i) Zeny s MIAC
maji vy$si koncentrace CD11b v plodové vodé nez Zzeny bez MIAC (p = 0,001); (ii) Zeny s 1Al
nemaji vyssi koncentrace CD11b v plodové vodé ve srovnani se Zenami bez Al po zohlednéni
gestacniho véku pri odbéru vzorkl (p = 0,37); (iii) existuje slaba korelace mezi koncentraci
CD11b v plodové vodé a hladinou IL-6 (rho = 0,26; p = 0,02), (iv) Zeny s intraamnialni infekci
maji vyssi hodnoty CD11b v plodové vodé nez Zeny bez téchto komplikaci (p = 0,001) i po

zohlednéni gestacniho stari (p = 0,04).
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Nejvyssi koncentrace CD11b byla zjisténa u Zen s intraamnialni infekci, zvySena koncentrace
molekuly byla rovnéz zjisténa u prostého MIAC, tedy stavu, kdy je prokazdna pouze
kolonizace bez zndmek zanétu. Naopak statisticky vyznamny rozdil v hladinach CD11b nebyl
nalezen u rodicek se zanétem bez ohledu na jeho pficinu po zohlednéni gestacniho véku pfri
odbéru vzork(. To by mohlo znamenat, Ze zvySeni exprese CD11b na rozhrani matky a plodu
je indukovano spise pritomnosti bakterii nez samotnym zanétlivym stavem, coz je v souladu
s pozorovanim, Ze zvySena exprese CD11b je indukovana bakterialnimi PAMPy, jako je
bakterialni LPS [203] a déle pritomnosti prozanétlivych cytokin(, jako napf. TNFa [204] nebo
volnou myeloperoxidazou [205]. Toto zjisténi je rovnéz ve shodé se skuteénosti, Ze CD11b je
povazovan za ucinny marker pro diagnostiku novorozenecké sepse s ¢asnym ndstupem
[206]-[208], Genel a kol. také informovali o zvySené expresi CD11b na neutrofilech a
monocytech pfti infekcich novorozencl [209]. Pokud povaZzujeme za hlavni zdroj molekuly
CD11b v plodové vodé neutrofily a monocyty, mizeme uvazovat o jejich vlivu na zvyseni
koncentrace CD11b v plodové vodé pfi zanétu vyvolaném pritomnosti bakterii, ktery bude
doprovazen akumulaci téchto bunék v misté zanétu. Zapojeni a vyznam neutrofill a
makrofagu je vSak nesporny jak u infekce, tak u zanétu sterilniho [210]-[212]. Byt se

v pfipadé sterilniho zanétu neuplatriuje stimulace imunocytl a bunék plodovych obal( skrze
PAMPy, i zanét sterilni doprovazi zvysena koncentrace prozanétlivych cytokinli v plodové
vodeé, ktera expresi CD11b zvySuje. Bylo také pozorovano, Ze hladiny katepsinu G byly
zvySeny pfi intraamnialni infekci i pfi intraamnidlnim zdnétu jako takovém [213], pficemZ za
hlavni zdroj katepsinu G povazujeme rovnéz neutrofilni granulocyty. Na otdzku pro¢ neni
koncentrace CD11b zvySena i u pacientek se zanétem bez jednoznaéné prokazané infekéni
pri¢iny by mohla odpovidat prace Behnii a kol., ktera predstavuje molekularni rozdily mezi
IAl vyvolanym sterilni a nesterilni noxou [50]. vysledky odhalily aktivaci riznych
molekularnich drah vedoucich k iniciaci zanétu v zavislosti na typu inicia¢niho podnétu.
Ackoliv tim neni zpochybnéna samotna povaha zanétu, je nutné vzit v dvahu rizné fenotypy
IAl, které urcuji typ poSkozeni bunék. Behnia povazuje za rozhodujici faktor, ktery urcuje
fenotyp IAl, droven oxidacniho stresu, ktera povede k poskozeni DNA a ktera bude u
vhitfniho (sterilniho) poskozeni vyssi, pficemz spoustécim faktorem sterilniho IAl maze byt
napr. obezita nebo naopak podvyZiva, uzivani drog ¢i alkoholu nebo rizikové chovani, jak bylo
uvedeno v Uvodu prace. Takovy typ zanétu bude doprovazet uvolnéni vzori DAMP sterilniho

zanétu do extraceluldrniho prostredi, jako jsou HMGB1, mitochondrialni DNA, ATP, HSP ¢i
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kyselina mocova [214]. Naopak pritomnost bakterialnich PAMP v souvislosti s mensi mirou
oxidacniho stresu a signald vnitfniho poskozeni bunék vede ke stimulaci klasické zanétlivé
drahy aktivaci transkripéniho faktoru NFkB. Z hlediska snahy o diagnostickou predikci
intraamnidlni infekce a predéasného porodu je proto nutné zkoumat rizné fenotypy zanétu
a vénovat pozornost jejich iniciatoriim. ZvySena exprese CD11b u pacientek s MIAC a
intraamnidlni infekci v kontextu vyse uvedeného muzZe naznacovat, Ze v pripadé této
konkrétni molekuly je to zejména nastup zanétu v pritomnosti mikroorganisma, ktery
ovliviiuje jeho expresi. V kohorté pacientek vybrané pro dané méreni vSak nebylo dostatecné
pocetné mnozstvi vzorkd plodové vody od pacientek se sterilnim IAl, aby mohla byt tato
hypotéza ovérena. Ddle se nabizi otazka, jak se molekula CD11b, standardné vazana na
bunécnou membrdanu, stane rozpustnou. Kazdy neutrofil se presouva do mista zanétu fadou
krok(, které zahrnuji konstantni vazbu a odlouceni od riznych substratd v extracelularnim
prostoru [215]. Jak prokazal Zen a kol., oddéleni a uvolfiovani CD11b z jeho ligand( je pfitom
zprostfedkovano serinovymi protedzami, véetné katepsinu G [216], pficemz zvySena
koncentrace katepsinu G byla také zjisténa u Zen s IAl a MIAC [213]. Je tak pravdépodobné,
Ze tyto procesy jsou spojeny, aby byl zajistén hladky pohyb neutrofil(i do mista zanétu. Jak je
vSak uvedeno vyse, na rozdil od katepsinu G nebylo u CD11b pozorovano zvyseni
koncentrace pfi zanétu pti zohlednéni gestacniho stafi. U katepsinu G nebyla dale
pozorovana jeho statisticky vyznamné vyssi koncentrace u pacientek s 1Al &i infekci

v cervikalni tekutiné, podobné jako u kalretikulinu [164]. U CD11b tyto Udaje zatim chybi.
Limitem provedené studie je fakt, Ze nezndme miru exprese CD11b v burikdch plodovych

obal(, resp. zda viibec ke zvySeni koncentrace CD11b v plodové vodé tyto bunky pfispivaji.
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Komentar k praci ¢. VI.

Spacek R, Musilova I, Andrys C, Soucek O, Burckova H, Pavlicek J, Pliskova L, Bolehovska R,
Kacerovsky M

Extracellular granzyme A in amniotic fluid is elevated in the presence of sterile intra-
amniotic inflammation in preterm prelabor rupture of membranes

J Matern Fetal Neonatal Med. 2020 Sep 10:1-10.

Granzymy (Gr) jsou serinové proteazy produkované cytotoxickymi T lymfocyty a NK burikami
a slouzi jako dulezity nastroj pti obrané proti nitrobunécnym parazitim a nadorové
transformovanym burikam. Exprese granzym vSak byla prokazana i u dalSich typl leukocytt
jako jsou neutrofilni granulocyty [217], makrofagy [218], dendritické buriky [219] i
mastocyty [220]. V soucasnosti zname pét odlisSnych typ( granzym(: GrA, GrB, GrH, GrK a
GrM [221], pficemz v cytotoxickych burikdch jsou nejvice zastoupeny granzymy typu A a B.
Granzymy jsou proteolytické enzymy, které Stépi a aktivuji tak efektorové molekuly

v cilovych bunkach, coz vede rliznymi cestami k jejich apoptdze [222]. Cytotoxicka reakce
zacina fuzi cytoplasmatickych vezikul obsahujicich granzymy a perforiny s bunécnou
membranou cytotoxické buriky, coz vede k uvolnéni téchto latek do extracelularniho
prostoru [223]. Perforin nasledné vytvori v bunécné membrané cilové bunky zatim ne zcela

objasnénym mechanismem péry, jimiz prochazi granzymy do cytoplasmy [186].

Studie méla za cil zhodnotit koncentraci granzymu A u Zen s PPROM ve vztahu k IAl, MIAC a
intraamnidlni infekci. Vzhledem k imunologické povaze této latky zde nebyl pfedpoklad
vysokych hodnot u zdnétu, ktery je zplsobovan predevsim bakteriemi, nicméné zvySené
hodnoty granzymu A byly zaznamenany i u bakteridlnich infekci [224]—-[227] a septickych
stavll [228][229] a tato molekula by tedy mohla byt ukazatelem zanétu. Rovnéz neexistovala
studie, kterd by hodnotila koncentraci granzymu A v plodové vodé ve vztahu k vyse
uvedenym komplikacim. Ddvodem k proméreni koncentrace této molekuly u pacientek

s PPROM je také mozné podcenéni vyznamu virové etiologie u intraamnidlnich infekci. Tyto
infekce jsou vzacnéjsi nez bakterialni, mohou ovsem rovnéz vést k pfedéasnému porodu

[111]. Nejéastéji se jedna o infekce vyvolané adenoviry, enteroviry a cytomegaloviry [230].
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Diagnosticky jsou vsak tyto pripady obtizné zachytitelné, jelikoZ mikrobiologicka analyza je

zamérena na detekci bakteridlnich a fungalnich agens.

Zhodnoceni mnozstvi granzymu A v plodové vodé ukazalo velmi nizké hodnoty, hodnotitelné
mnoZzstvi molekuly bylo zaznamenano u 87 % vzorkU. Byla zjiSténa nizsi koncentrace
granzymu A u pacientek s MIAC (p = 0,03) i po Upraveé vzhledem ke gestacnimu stafi (p =
0,02). Rozdil mezi pacientkami s IAl a bez IAl bez ohledu na pivod zanétu nebyl pozorovan (p
=0,39). Analyza podskupin pacientek s ohledem na IAl a / nebo MIAC pfinesla zjisténi, Ze
statisticky vyssi hodnoty byly zjistény u pacientek se sterilnim IAl (p = 0,02). Mezi hladinou IL-

6 a granzymu A nebyla zjisténa souvislost (p = 0,58).

Za hlavni zdroj granzymu A povaZzujeme imunokompetentni buriky, které produkuji tuto
molekulu pfi své aktivaci. Do extracelularniho prostoru se granzym A mize dostat uvolnénim
béhem imunologické synapse, ale rovnéz jeho aktivni secernaci imunocyty bez ohledu na
cytotoxickou reakci. Tento jev, tedy uvolnéni granzymU A a B nezavisle na cytotoxické reakci,
je napf. dobre popsan pfi intravendznim podani bakteridlniho LPS zdravym lidem i pfi
inkubaci pIné krve s LPS ¢i bakteriemi [224]. Pfitomnost extracelularniho granzymu A byla
popsana v krvi a dalSich télnich tekutindch [231]—-[234]. V ptipadé nasich vysledkl byla
prokazana pritomnost této molekuly v plodové vodé. Zda jsou zde hlavnim zdrojem
granzymu A leukocyty je ale diskutabilni, jelikoZ nebyla zjiSténa vyssi koncentrace zkoumané
molekuly u intraamnidlni infekce, kterd je doprovazena zvysenou pfitomnosti leukocytt
[235]. V pripadé prosté kolonizace amnidlni dutiny, kterou rovnéz doprovazi zvysené
zastoupeni leukocytt [236], byla zjiSténa naopak nizsi hladina granzymu A u pacientek

s pozitivnim ndlezem. Zdrojem extracelularniho granzymu A v plodové vodé by tak mohly byt
i buriky plodovych oball a placenty. Tuto hypotézu potvrzuji i studie, které prokazaly
pritomnost granzym-exprimujicich bunék v placenté a plodovych obalech [237]-[239].
Vysledky studie ddle poukazaly na fakt, ze nejvyssi koncentrace zkoumané molekuly byly
detekovany v plodové vodé pacientek se sterilnim IAl. Vysvétleni tohoto jevu by mohlo byt
obdobné jako u molekuly CD11b, tedy Ze pficinna noxa ovliviiuje fenotyp zanétu, a tedy i
obranné mechanismy, které se pfi jeho rozvoji uplatiuji. Je vSak tfeba uvést, Ze méreni bylo
provedeno na malém poctu vzorkl (n = 8), coZz mUzZe mit vliv na reprezentativnost vysledka.
Celkové vzato se granzym A nejevi jako molekula vyznamné zucastnéna v patofyziologii

intraamnidlni infekce a soucasné ani jako vhodny marker k jeji predikci.
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Komentar k praci €. VII.

Stranik J, Kacerovsky M, Soucek O, Kolackova M, Musilova |, Pliskova L, Bolehovska R, Bostik
P, Matulova J, Jacobsson B, Andrys C

IgGFc-binding protein in pregnancies complicated by spontaneous preterm delivery: a
retrospective cohort study

Sci Rep. 2021 Mar 17;11(1):6107

FcgammaBP (IgGFcBP) byl objeven pred vice nez 30 lety jako specifické misto pro vazbu Fc
¢asti imunoglobulinu G v epitelu tenkého a tlustého stfeva [240]. Toto specifické misto bylo
odlisné od drive rozpoznavanych receptorl pro Fc oblast IgG [240] a bylo pozdéji oznaceno
jako FcgammaBP a identifikovano jako protein primarné lokalizovany ve sliznicich epitelu
tenkého a tlustého stfeva a vylucovany do stfevniho lumen [241]. Na zakladé soucasnych
znalosti je FcgammaBP povazovan za protein poskytujici imunologickou ochranu stfevni tkani
a usnadnujici interakci mezi sttevnim hlenem a potencidlné skodlivym podnétem
(mikroorganismy, vzory nebezpeci a poSkozeni PAMP a DAMP) [240]-[242]. Jeho pfesna
biologickda funkce viak musi byt jesté pIné objasnéna. Produkce FcgammaBP byla popsana v
burikdch stfevniho epitelu, placenté a tkani stitné zlazy [242][243]. Jeho exprese vSak nebyla
prokdzana ve svalech, mozku, sluchovém Ustroji, ledvinach, jatrech, plicich a kostech [242].
FcgammaBP byl nalezen v nizkych koncentracich v lidském séru zdravych jedinct [244], jeho
sérové koncentrace vSak byly zvySeny v pfitomnosti autoimunitnich onemocnéni, jako je
Crohnova choroba, ulcerdzni kolitida, revmatoidni artritida, systémovy lupus erythematodes
a progresivni systémova sklerdza [244]. FcgammaBP byl dale prokdzan v plodové vodé, modi,
slindch a mozkomisnim moku [245][246]. Liu a kol. detekovali FcgammaBP jako slozku
plodové vody ve druhém trimestru nekomplikovanych téhotenstvi [246]. Kromé toho bylo
prokdzano, Zze FcgammaBP patfi mezi nejhojnéjsi proteiny plodové vody [246]. Tym prof.
Kacerovského drive popsal prfitomnost FcgammaBP v plodové vodé u téhotenstvi
komplikovanych PPROM a PTL [120][122], a dale zjistil, Ze koncentrace FcgammaBP v
plodové vodé u Zzen s MIAC a HCA je vysSSi nez u Zen bez téchto komplikaci [120].
Koncentrace FcgammaBP v plodové vodé u Zzen s HCA samotnou nebo pouze s MIAC vsak

nebyla stanovena.
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Nase studie byla zamérena na stanoveni tohoto proteinu jak z plodové vody, tak z cervikalni
tekutiny u Zen s PTLi u Zen s PPROM. U Zen s PPROM bylo zjisténo, Ze jak infek¢ni, tak
neinfekéni zanétlivy stimul byl schopen spustit produkci FcgammaBP do plodové vody,
protoze pfitomnost IAl, bez ohledu na pfitomnost mikroorganism( v plodové vodé, byla
spojena se zvySenim koncentrace FcgammaBP (p < 0,0001). Toto zjisténi je v souladu s vyse
uvedenym pozorovanim, protoze u podskupin Zen s intraamnidlni infekci a sterilnim 1Al je
vysoké riziko rozvoje HCA [247][248]. Obdobny trend byl zaznamenan u Zen s PTL, kde byly
nejvyssi hodnoty proteinu detekovany v plodové vodé u pacientek s intraamnialni infekci,
hladiny molekuly u pacientek se sterilnim zanétem byly nizsi, ale stdle statisticky vyznamné
vyssi nez u pacientek bez zanétu. Pfi stanoveni FcgammaBP v cervikalni tekutiné byla
koncentrace FcgammaBP u Zen s PPROM zvySena pravé v podskupiné Zen s intraamnialni
infekci (p < 0,0001), ale nikoliv u Zen se sterilnim IAl. Asociace mezi koncentracemi
FcgammaBP ve sparovanych vzorcich plodové vody a cervikalni tekutiny byla prokazéna
pozitivni korelaci (rho = 0,34; p < 0,0001). Pozitivni korelace byla rovnéz nalezena mezi
koncentraci IL-6 a FcgammaBP v plodové vodé (rho = 0,55; p < 0,0001), naopak negativni
korelace byla zjiSténa mezi obsahem FcgammaBP v plodové vodé a gestacnim vékem pfi
odbéru vzorkl (rho = -0,4; p < 0,0001). U kohorty pacientek s PTL byla zjisténa vyssi hladina
FcgammaBP v cervikalni tekutiné u Zen s intraamnialni infekci i se sterilnim zanétem oproti
Zenam bez zdnétu, avsak statisticky se nejednalo o vyznamny rozdil. V plodové vodé byly
stanoveny cut-off hodnoty pro detekci intraamnialni infekce: 60 ng/ml u Zen s PPROM (AUC
=0,94; p <0.0001) a 120 ng/ml u Zen s PTL (AUC = 0,86; p< 0.0001). V cervikalni tekutiné se
jako vhodna hraniéni hodnota u Zen s PPROM jevi hladina 300 ng/ml (AUC = 0,93; p <
0.0001).

Prekvapivym pozorovanim byla skutecnost, Ze koncentrace FcgammaBP byly vyssi ve
vzorcich cervikdlni tekutiny nez ve vzorcich plodové vody. Vzhledem k technice odbéru
vzork( cervikalni tekutiny (fedéni v 1,5 ml pufru) a pétkrat vyssimu fedéni vzorkl cervikalni
tekutiny nez fedéni vzorkd plodové vody pred stanovenim FcgammaBP, je vysoce
pravdépodobné, Ze epitelové buriky endocervikalniho kanalu produkuji FcgammaBP. Toto
zjisténi podporuje roli délozniho Cipku v imunologické ochrané proti vzestupu
mikroorganism z vaginy / délozniho ¢ipku smérem k horni ¢asti genitalniho traktu [249]—

[252].
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Po provedenych mérenich byl FcgammaBP z plodové vody a cervikalni tekutiny identifikovan
jako potencidlni marker intraamnialni infekce v téhotenstvich s PPROM, coz je vyhoda oproti
vySe zminénym molekuldm katepsinu G a kalretikulinu, které se jevi jako vhodné markery
pouze pfi stanoveni v plodové vodé [69][70][115]. Zejména stanoveni FcgammaBP z
cervikalni tekutiny tak m@Ze byt klinicky relevantnim markerem kv(li neinvazivni povaze
odbéru vzork(. Jedna se o vSak pouze o kohortu pacientek s PPROM a nikoliv s PTL. Toto
zjisténi velice pravdépodobné odrazi fakt, Ze sloZzeni cervikalni tekutiny bude zakonité jiné u
pacientek s PPROM nezZ u pacientek s PTL, jelikoZ bude obsahovat i pfimés plodové vody
uniknuvsi z predcasné rozrusenych plodovych obal(. Cervikalni tekutina pak do jisté miry

mUzZe odrazet molekularni nalez v plodové vodé.

PrestozZe byla popsana exprese FcgammaBP v placenté [242], z(stava otdzka, ktera cast
placenty je zdrojem FcgammaBP a zda plodové obaly produkuji FcgammaBP. Existuje fada
dlkazd, Ze strevni epitel produkuje FcgammaBP, ale nejsou k dispozici Zadnd data, zda ma
tuto schopnost i amnidlni epitel. Vzhledem k tomu, Ze amnialni epitel je dleZitou bariérou
proti vzestupu mikroorganismi do amnidlni dutiny [255]—[257], Ize identifikovat nékteré
podobnosti mezi stfevnim a amnialnim epitelem, a sice, Ze: (i) slouZi jako mechanicka bariéra
[255]-[259]; (ii) ma specificky prostorové exprimované TLR [260][261]; (iii) exprese TLR se
méni v pfitomnosti zanétu [54][162][163]. MUZeme proto predpokladat, Ze amnialni epitel

by se mohl podilet na tvorbé FcgammaBP.

44



Komentaf k praci €. VIII.

Soucek O, Kacerovsky M, Stranik J, Musilova |, Pliskova L, Bolehovska R, Matulova J, Andrys C

Macrophage inflammatory protein-1a in amniotic and cervical fluids inspontaneous
preterm labor with intact membranes with respect to intra-amnioticinflammation

J Matern Fetal Neonatal Med. 2021 May 9;1-9

Protein MIP1a (také zndmy jako CCL3) je ¢lenem CC rodiny chemokin( a je produkovan
lymfocyty, monocyty a makrofagy, Zirnymi burikami, bazofily, epitelidlnimi a mezotelidlnimi
burikami a fibroblasty poté, co jsou tyto bunky vystaveny prozanétlivym molekuldam, jako je
IL-1B, TNFa nebo bakterialni LPS [263][264]. Chemokin CCL3 se vaze na chemokinové
receptory na mononukledrnich burikach i na neutrofilnich a eosinofilnich granulocytech a
pUsobi jako jejich chemoatraktant a aktivator prostfednictvim kaskadové signalizace na
jejimz konci je aktivace protein kinazy C. Hraje proto duleZitou roli pti zprostifedkovani a
udrZeni zanétu [264]-[266]. Provedena studie méla za cil stanovit hladiny MIP1a u pacientek
s PTL v zavislosti na sterilnim 1Al ¢i intraamnialni infekci v plodové vodé a v cervikalni
tekutiné. O MIP1a jako o proteinu, jehoz koncentrace se zvySuje v souvislosti se sterilnim IAl
a intraamnialni infekci informovali ve své jiz zminéné praci Lee [177], dale Romero a kol.
[267] a Bhatti a kol. [20]. Dudley udava zvysené koncentrace této molekuly u pacientek

s intraamnialni infekci [268]. Tyto prace hodnoti prediktivni potencial solubilniho MIP1a

v plodové vodé, v extracelularnich vesikulech plodové vody a v cervikovaginalni tekutiné.
Jako markery s dobrym potencidlem pro predikci IAl a intraamnidlni infekce vychazi i dalsi
testované molekuly rodiny CC chemokinG: MIP1B, MIP3a a MCP-1. Nas tym mél za cil ovéfrit
prediktivni potencial této molekuly a stanovit jeho hladiny u vybrané kohorty pacientek i ve
vzorcich cervikdlni tekutiny. V plodové vodé byl v pfipadé stanoveni MIP1a pfi vzajemném
porovnani zjistén vyznamny rozdil mezi vzorky pacientek s intraamnialni infekci a bez infekce
(p <0,0001). Pacientky se sterilnim zanétem vykazovaly vy$si hodnoty MIP1a v plodové vodé
nez pacientky bez zanétu (p < 0,0001), po Upraveé dat vzhledem ke gestacnimu stari viak
rozdil nebyl statisticky vyznamny (p = 0,26). Porovnani hodnot mezi vzorky s intraamnialni
infekci a sterilnim zanétem ukazalo statisticky vyssi hladiny MIP1a u pacientek s infekci (p <
0,0001). Jako optimalni hladina MIP1a pro predikci intraamnialni infekce z plodové vody jevi

hodnota 1300 pg/ml (AUC = 0,88; p < 0.0001) pfi sensitivité 75 % a specificité 95 %. Zde se
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nabizi srovnani s hladinou MIP1a v plodové vodé, kterou doporucuje Romero, a sice 500
pg/ml [267], a Lee, ktery stanovuje jako cut-off hodnotu pouze 12,7 pg/ml (AUC = 0,88)
[177]. Obé prace nicméné hodnoti hladinu MIP1a v kontextu s MIAC, a prestoze bakteridlni
kolonizace je z velké ¢asti doprovazena zanétem, neni to jeji podminkou. Pfednost
komentované prace tedy muze byt v pfesné identifikaci pacientek s prokazanou
intraamnidlni infekci, coz by mohlo vysvétlit i nejvyssi cut-off hodnotu ze srovnavanych praci,
které mezi nalezy u pacientek s prostym MIAC a infekci nerozlisuji. V cervikalni tekutiné byly
detekovany zvysené hladiny MIP1a u pacientek s intraamnialni infekci a sterilnim zdnétem,
po Upravé dat vzhledem ke gestanimu stari vSak rozdily nebyly statisticky vyznamné. Nase
zaveéry tak nejsou zcela konzistentni se zavéry Leeho, ktery detekoval statisticky vyznamné
vyssi hladiny MIP1a v plodové, ale i v cervikovaginalni tekutiné u pacientek s MIAC a udava
vysokou miru korelace hladiny MIP1a s hladinou IL-6 [177]. V pfipadé jeho prace vSak byly
hodnoty stanoveny ze vzorkd od pacientek s PPROM a nikoliv s PTL, coZ mohlo mit vyznamny
vliv na rozdilnost vysledkd, zejména s ohledem na sloZeni cervikalni tekutiny. Podobny rozdil
pozoroval tym prof. Kacerovského u hladin molekuly FcgammaBP, kdy byla pfi probihajici
intraamnidlni infekci prokdzana zvySena hladina v cervikalni tekutiné u Zen s PPROM a nikoliv

s PTL.
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Potvrzeni intraamnialni infekce predstavuje pro kliniky diagnostickou vyzvu. Nutnost vyloucit
pfitomnost mikroorganism v plodové vodé Cini diagnostiku intraamnialni infekce ¢asové
naroc¢nou a ndkladnou, obzvlasté pokud se pouzivaji techniky identifikace nekultivovatelnych
nebo obtiZné kultivovatelnych mikroorganism(l. Z pohledu lékafe existuje naléhava potreba
spolehlivého markeru intraamnialni infekce s dobrou citlivosti a specificitou. Cilem disertacni
prace bylo shrnout a okomentovat vybrané publikované vystupy védeckého kolektivu, jehoz
prace byla zamérena na stanoveni diagnostického vyznamu vybranych molekul u
intraamnidlni infekce. Védecky kolektiv byl sloZen z pracovnikd Porodnické a gynekologické
kliniky, Ustavu klinické imunologie a alergologie, Ustavu klinické mikrobiologie a Ustavu
klinické biochemie a diagnostiky Fakultni nemocnice Hradec Kralové. Smyslem vyzkumného
zameéru bylo vytipovat molekuly, jejichz dynamika by se mohla ménit s ohledem na
probihajici intraamnidlni infekci. Testované molekuly byly vybrany na zakladé vysledka dfive
provedenych proteomickych studii a literarnich resersi. Koncentrace vybranych
molekuldrnich parametr( byly stanoveny ve vzorcich plodovych vod Zen s PPROM ¢&i PTL
pfijatych do péce na Porodnické a gynekologické klinice Fakultni nemocnice Hradec Kréalové,
pricemz u ¢asti Zen bylo téhotenstvi komplikovano IAl ¢i intraamnidlni infekci. U molekul,
které vykazovaly slibny diagnosticky potencidl, bylo provedeno i jejich stanoveni ze vzork(
cervikdlni tekutiny. U vSech pacientek prijatych do studie bylo provedeno stanoveni IL-6 a
mikrobiologické vysetreni, aby bylo mozné pacientky presné stratifikovat do podskupin s
ohledem na pfitomnost ¢i absenci mikrobidlni kolonizace a intraamnidlniho zanétu. Vysledky,
které prace komentuje se tykaji méreni koncentrace molekul kalretikulinu, katepsinu G,
klastrinu, CD11b, granzymu A, FcgammaBP a MIP1a. Stanoveni nékterych dalSich vybranych
molekul nepfineslo publikovatelné vysledky, nebo vysledky jejich méreni nebyly v dobé
pripravy disertacni prace pfipraveny k publikovani. Jedna se o molekuly GDF-15, CD64,
vybrané slozky komplementu nebo molekuly Gcastnici se purinergni signalizace: adenosin,
CD39, CD73 a receptor P2X;R. Hladiny kalretikulinu, katepsinu G, klastrinu, CD11b, granzymu
A byly stanoveny u pacientek s PPROM, koncentrace MIP1a byla stanovena u Zen s PTL.
Hladiny FcgammaBP byly stanoveny jak u Zen s PPROM, tak u Zen s PTL. Statisticky vyznamné
zvyseni koncentrace pfi probihajici intraamnidlni infekci bylo pozorovano u kalretikulinu,

katepsinu G, CD11b, FcgammaBP a MIP1a. U klastrinu bylo zjisténo statisticky vyznamné
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snizeni koncentrace této molekuly pfi intraamnialni infekci. Hladiny granzymu A se

s ohledem na pfitomnost i absenci intraamnidlni infekce statisticky vyznamné nelisily od
vysledk( u pacientek bez infekce. U molekul s vyznamnym ndlezem v plodové vodé bylo
provedeno jejich stanoveni i v cervikdlni tekutiné. Jednalo se o kalretikulin, katepsin G,
FcgammaBP a MIP1a. U kalretikulinu, katepsinu G a MIP1a vSak v cervikdlni tekutiné nebyl
zjistén vyznamny rozdil v koncentraci s ohledem na probihajici infekci. U FcgammaBP byla
zjisténa statisticky vyznamné vyssi koncentrace i v cervikalni tekutiné, avsak pouze u Zen

s PPROM a nikoliv u Zen s PTL. Na zakladé vysledkd byly u vybranych molekul stanoveny cut-
off hodnoty pro detekci intraamnialni infekce. V plodové vodé se jedna o hodnoty 81,4
ng/ml pro kalretikulin a 1300 pg/ml pro MIP1a. V pripadé FcgammaBP se jedna o hodnotu
60 ng/ml v plodové vodé u pacientek s PPROM a 120 ng/ml plodové vodé u Zen s PTL.

V cervikalni tekutiné Zen s intraamnidlni infekci a PPROM byla stanovena cut-off hodnota
300 ng/ml. Ze ziskanych vysledk( vyplyva, Ze zejména FcgammaBP by mohl byt kvalitnim
novym biomarkerem intraamnidlni infekce s dobrou specificitou a vérohodnostnim
pomérem. Vzhledem k jeho predikénimu potencialu z cervikalni tekutiny u Zen s PPROM by
mohl byt vyuZzit pro sledovani dynamiky infekce u Zen v obdobi mezi rupturou plodovych

oball a porodem.

Vyzkumné prace byly finanéné zajistény grantovymi projekty ,,PRVOUK P37/10“ a ,,PROGRES
Q40/10“ Lékarské fakulty v Hradci Kralové — Karlovy univerzity v Praze a Fakultni nemocnici
Hradec Kralové, projektem Vznik CORE FACILITIES pro zlepsSeni kvality vyzkumu spojeného s
vyukou na LF UK v HK vedeného pod registra¢nim Cislem
CZ.02.1.01/0.0/0.0/16_017/0002515 a projektem PERSONMED - rozvoj personalizované
mediciny u vékem podminénych onemocnéni, registracni Cislo:

Cz.02.1.01/0.0/0.0/17_048/0007441.
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Abstract

Keywords

Objective: This study aimed to determine the amniotic fluid calreticulin concentrations in
women with the preterm prelabor rupture of membranes (PPROM) based on the microbial
invasion of the amniotic cavity (MIAC), intraamniotic inflammation (IAl} and microbial-
associated 1Al

Methods: One hundred sixty-eight women with singleton pregnancies were included in this
study. Amniotic fluid samples were obtained by transabdominal amniocentesis and were
assayed for calreticulin concentrations by ELISA. Al was defined as an amniotic fluid interleukin-
6 concentration = 745 pg/ml. Microbial-associated IAl was defined as the presence of bath MIAC
and IAl

Result: Women with MIAC (with MIAC: median 54.4 ng/ml, versus without MIAC: median
32.6 ng/ml; p<0.0001), IAl (with IAl: median 66.8 ng/ml, versus without IAl: median 33.0 ng/ml;
p<0.0001) and microbial-associated IAl (with microbial-associated IAl: median 82.5 ng/ml,
versus without microbial-associated IAl: median 33.7 ng/ml; p<0.0001) had higher concentra-
tions of calreticulin than women without these complications. An amniotic fluid calreticulin
concentration of 81.4 ng/ml was found to be the best cutoff point for identifying women with
microbial-associated IAl

Conclusions: The presence of microbial-associated |Al is associated with increased amniotic fluid
calreticulin concentrations. Calreticulin seems to be a promising marker for the early

Bacteria, chaperon, inflammation, preterm
delivery
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identification of PPROM complicated by microbial-associated IAl.

Introduction

The preterm prelabor rupture of membranes (PPROM),
defined as the rupture of fetal membranes with amniotic
fluid leakage before the onset of regular uterine activity prior
at a gestational age of 37 weeks, continues to remain a
challenge in current perinatology [1]. PPROM is responsible
for approximately one-third of all preterm deliveries, and the
prognosis of newborns from PPROM pregnancies is worse
than that of newborns from pregnancies complicated by
preterm labor with intact membranes [1,2].
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Recent studies have suggested that the etiology of PPROM
is non-infectious based on the accelerated aging of the fetal
membrane [3-5]. However, PPROM is often complicated by
infectious and inflammatory conditions, such as microbial
invasion in the amniotic cavity (MIAC) and intraamniotic
infection (TAI), either microbial-associated (IAT with MIAC)
or sterile TAT (IAI without MIAC) [6,7]. However, our recent
study did not identify any association between the presence of
these inflammatory conditions and worsened neonatal out-
come. Thus, infection/inflammation likely affects specific
aspects of long-term outcome [7].

The early and prompt identification of infectious compli-
cations of PPROM remains a clinical problem because the
evaluation of MIAC (either by cultivation or by different non-
cultivate techniques) is time consuming and expensive [7,8].
Although many studies have suggested single or multiple
potential markers, a robust and clinical applicable marker has
not yet been identified [7,9-12].
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Unbiased proteomic studies provide a completely new,
complex view of the amniotic fluid composition in PPROM
[13-19]. Amniotic fluid has been shown to also contain
proteins traditionally considered to only be intracellular
[14,17,19]. One of these specific proteins found in the
amniotic fluid is calreticulin [14,19], which is a highly
conserved protein that is traditionally considered to be an
obligate a calcium-binding, endoplasmic reticulum-resident,
60-kDa chaperone [20-28]. Calreticulin has been found on
the surface of most mammalian cells, including neutrophils as
well [23-28]. Calreticulin is a multifunctional and multi-
compartmental protein playing a vital role in many cellular
functions (e.g. adhesion, blood function, development,
endoplasmatic reticulum functions, gene expression and
others) [29]. In addition, calreticulin at the cell surface and
calreticulin released from the cell to extracellular environ-
ment has been shown to be associated with a number of
function in physiological and pathological processes [29].
Proposed functions for calreticulin range from the regulation
of Ca*"signaling to the modulation cell adhesion via
interaction with fibronectin and/or integrins affecting extra-
cellular matrix [29-31].

Our previous proteomic study found higher amniotic fluid
calreticulin concentrations in PPROM pregnancies compli-
cated by infectious histological chorioamnionitis [14].
Nevertheless, this finding has not yet been validated in an
independent cohort by a complementary antibody-based
approach. Moreover, little information is available about
amniotic fluid calreticulin in the context of IAI or microbial-
associated IAL

Therefore, the aim of this study was to determine the
amniotic fluid concentrations of calreticulin in pregnancies
complicated by PPROM based on the presence of MIAC, IAI
and microbial-associated 1Al The final goal was to evaluate
the potential of amniotic fluid calreticulin to predict the
presence of microbial-associated TAI

Materials and methods

A prospective cohort study of pregnant women between
gestational age 24 + 0 and 36 + 6 weeks who were admitted to
the Department of Obstetrics and Gynecology of the
University Hospital Hradec Kralove in the Czech Republic
was conducted between January 2014 and September 2015.
Women with a maternal age >18 years having singleton
pregnancies complicated by PPROM were invited to partici-
pate in the study. Women with signs of fetal growth
restrictions, the presence of either congenital or chromosomal
fetal abnormalities, gestational or pre-gestational diabetes,
gestational hypertension, preeclampsia, signs of fetal hypoxia
or significant vaginal bleeding were excluded from the study.

Gestational ages were established by first-trimester fetal
biometry. Women with PPROM at <34 weeks of gestation
were treated with tocolytics for 48 h, antibiotics and cortico-
steroids to accelerate lung maturation, whereas no treatment
except antibiotics was initiated to delay delivery after
34 weeks. Women with proven microbial-associated TAI
beyond 28 gestational weeks were actively managed.
Actively managed women did not receive tocolytics and
were ftreated only with corticosteroids and antibiotics.

J Matern Fetal Neonatal Med, Early Online: 1-9

Furthermore, labor was induced or an elective cesarean
section was performed after finalizing corticosteroid treat-
ment within 72 h of the rupture of membranes. The remaining
women were conservatively managed.

PPROM was diagnosed by examination with a sterile
speculum to verify the pooling of amniotic fluid in the vagina,
and when necessary, it was confirmed by the presence of
insulin-like growth factor binding proteins (ACTIM PROM
test; MedixBiochemica, Kauniainen, Finland) in the vaginal
fluid.

Ultrasound-guided transabdominal amniocentesis was per-
formed at admission but before the administration of
antibiotics, corticosteroids and tocolytics, and ~2-3ml of
amniotic fluid was aspirated. A total of 100pl of non-
centrifuged amniotic fluid was used for the bedside assess-
ment of interleukin-6 concentrations. The remaining amniotic
fluid was immediately divided into two polypropylene tubes.
The first tube, containing uncentrifuged samples, was imme-
diately transported to the microbiology laboratory for poly-
merase chain reaction (PCR) testing for Ureaplasma species,
Mycoplasma hominis, and Chlamydia trachomatis as well as
for evaluating the 16S rRNA content. The second tube was
centrifuged for 15 min at 2000 ¢ to remove cells and debris,
divided into aliquots and stored at —70°C until analysis.

This study was approved by the Institutional Review Board
committee (March 19 2008; No 200804 SO1P), and informed
consent was obtained from all participants.

Amniotic fluid calreticulin concentrations

The concentrations of calreticulin in the amniotic fluid were
determined in duplicate by a sandwich enzyme-linked
immunosorbent assay technique (ELISA) using an ELISA
kit for Calreticulin (Wuhan USCN Business Co., Ltd, Wuhan,
China) according to the manufacturer’s instructions, The limit
of detection of the calreticulin kit was 0.264 ng/ml. Samples
of amniotic fluid were diluted 1:2, and the absorbance values
were read at 450nm using a Multiskan RC ELISA reader
(Thermo Fisher Scientific, Waltham, MA).

Amniotic fluid interleukin-6 concentrations

The interleukin-6 concentrations were assessed with a lateral
flow immunoassay Milenia® QuickLine IL-6 using the
Milenia®POCScan  Reader (Millenia Biotec, GmbH,
Giessen, Germany). The measurement range was 50—
10000 pg/ml. The intra-assay and inter-assay variations
were 12.1% and 15.5%, respectively.

Detection of ureaplasma species, mycoplasma hominis
and chlamydia trachomatis

DNA was isolated from the amniotic fluid with a QIAamp
DNA Mini Kit (QIAGEN, Hilden, Germany) according to the
manufacturer’s instructions (using the protocol for the isola-
tion of bacterial DNA from biological fluids). Real-time PCR
was performed on a Rotor-Gene 6000 instrument (QIAGEN)
with the commercial kit AmpliSens® C. trachomatis/
Ureaplasma/M. hominis-FRT (Federal State Institution of
Science, Central Research Institute of Epidemiology.
Moscow, Russia) to detect the DNA from Ureaplasma
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species, Mycoplasma hominis and Chlamydia trachomatis in a
common PCR tube. As a control, we included a PCR run for
beta-actin, a housekeeping gene, to examine the presence of
inhibitors of the polymerase chain reaction. The amount of
Ureaplasma species DNA in copies/ml was determined by an
absolute quantification technique employing an external
calibration curve. Plasmid DNA (pCR4, Invitrogen,
Carlsbad, CA) was used to prepare the calibration curve
[14,32].

Detection of other bacteria in the amniotic fluid

Bacterial DNA was identified by PCR targeting the 16S rRNA
gene with the following primers: 5'-CCAGACTCCTACGGG
AGGCAG-3' (V3 region), 5'-ACATTTCACAACACGAGCT
GACGA-3' (V6 region) [33,34]. Each individual reaction
contained 3 pl of target DNA, 500 nM of forward and reverse
primers and Q5 High Fidelity DNA polymerase (NEB,
Hitchin, UK) in a total volume of 25ul. The amplification
was performed in a 2720 Thermal Cycler (Applied
Biosystems, Foster City, CA). The products were visualized
on an agarose gel. Positive reactions yielded products of
950 bp, which were subsequently analyzed by sequencing the
16S PCR products were cleaned and used in sequencing PCR
reactions utilizing the above primers and the BigDye
Terminator kit, version 3.1 (Applied Biosystems, Foster
City, CA). The bacteria were then typed using the sequences
obtained in BLAST® and SepsiTest™ BLAST.

Definition of 1Al

Intraamniotic inflammation (IAI) in PPROM pregnancies was
defined as amniotic fluid bedside interleukin-6 concentrations
=745 pg/ml [9,35].

Diagnosis of MIAC

The MIAC was determined based on a positive PCR analysis
for Ureaplasma species, Mycoplasma hominis and/or for
Chlamydia trachomatis and/or by positivity for the 168 rRNA
gene.

Statistical analyses

The demographic characteristics were compared using the
non-parametric Mann—Whitney U test and Kruskal-Wallis
test for continuous variables and are presented as median
values (range). Categorical variables were compared using
the chi-squared test and are presented as numbers (%).
The normality of the data was tested using the D’Agostino—
Pearson omnibus normality test and the Shapiro-Wilk test.
Because the amniotic fluid concentrations of calreticulin
were not normally distributed, non-parametric tests (Mann—
Whitney U-test and Kruskal-Wallis) were used for analyzes.
A Spearman partial correlation was performed to adjust for
gestational age at sampling. Receiver-operator characteristic
curves were constructed to determine the predictive value of
calreticulin for the presence of microbial-associated TAL
Differences were considered significant at p<0.05. All
p values were obtained from two-sided tests, and all statistical
analyzes were performed using GraphPad Prism 6 for Mac OS
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X (GraphPad Software, San Diego, CA) or the SPSS 19.0
statistical package for Mac OS X (SPSS Inc., Chicago, IL).

Results

A total of 168 women with PPROM were included in the
study during the study period. MIAC and IATI were identified
in 31% (52/168) and 20% (34/168) of women, respectively.
The participant demographics and clinical data are shown in
Table 1. In women with MIAC, Ureaplasma species were the
most common microorganism and detected in 69% of women
(36/52). Polymicrobial findings were identified in 29%
(12/52) of women with MIAC. All microbial findings are
listed in Table 2. All women self-reported as Caucasians.

Amniotic fluid calreticulin concentrations according to
the presence of MIAC

The concentration of calreticulin in the amniotic fluid was
higher in women with MIAC than in women without MIAC
upon crude analysis (with MIAC: median 54.4 ng/ml, range
10.9-955.8, versus without MIAC: median 32.6 ng/ml, range
2.3-180.1; p<0.0001; Figure 1A), and as well as after
adjustment for gestational age at sampling (p =0.001). Next,
we tested the relationship between the microbial load of
Ureaplasma species, and the amniotic fluid concentrations of
calreticulin. A correlation between the microbial load of
Ureaplasma species in the amniotic fluid and calreticulin
concentration was found (rho =0.35; p=0.03).

Amniotic fluid calreticulin concentrations according to
the presence of |Al

The calreticulin concentrations in the amniotic fluid were
higher in women with [AI than in women without [Al in crude
analysis (with IAl: median 66.8 ng/ml, range 2.3-955.8 versus
without IAL: median 33.0 ng/ml, range 7.4-180.1; p<0.0001;
Figure 1B), and after adjustment for gestational age
{(p=<0.0001). A positive correlation between amniotic fluid
calreticulin and interleukin-6 concentrations was found
(rho =0.32; p<0.0001).

Amniotic fluid calreticulin concentrations according to
the presence of microbial-associated IAl

The presence of microbial-associated Al was associated with
higher amniotic fluid calreticulin concentrations in the crude
analysis (with microbial-associated IAl: median 82.5ng/ml,
range 22.9-955.8 versus without microbial-associated 1AL
median 33.7 ng/ml, range 2.3-180.1; p<0.0001; Figure 1C)
and in the analysis adjusted for gestational age at sampling
(p<0.0001). When the women were split into four subgroups
based on the presence or absence of MIAC and/or IAI, we
observed differences in the amniotic fluid calreticulin
concentrations in the crude analysis (p<0.0001; Figure 2)
as well as after adjustment for gestational age at sampling
{p<0.0001). The women with microbial-associated IAI
(median 82.5ng/ml, range 22.9-955.8) exhibited a higher
median amniotic fluid calreticulin concentration than women
with sterile TAI (median 40.8ng/ml, range 2.3-68.1;
p=0.0007; Figure 2), colonization (MIAC alone: median
43.5ng/ml, range 10.9-199.8; p<0.0001; Figure 2) and
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Table 2. Microorganism identified in the amniotic fluid of women with preterm prelabor rupture of membranes.

The presence of microbial-associated [AI (1=26)

The presence of colonization (n=26)

Ureaplasma species

Ureaplasma species

Ureaplasma species

Ureaplasma species

Ureaplasma species

Ureaplasma species

Ureaplasma species

Ureaplasma species

Ureaplasma species

Chlamydia trachomatis

Haemophilus influenza

Fusobacterium nucleatum

Streprococcus agalactiae

Streptococcus species

Leptotrichia amnionii

Ureaplasma species+Veillonella species
Ureaplasma species+Sneathia sanguinegens
Ureaplasma species+Chlamydia trachomatis
Ureaplasma species+Chlamydia trachomatis
Ureaplasma species+Leptotrichia amnionii
Ureaplasma species+Mycoplasma hominis
Ureaplasma species+Mycoplasma hominis
Ureaplasma species+Mycoplasma hominis
Ureaplasma species+Lactobacillus species
Streptococcus agalactiae+Streptococcus anginosus
Peptococcus species + Propionibacterium species

Ureaplasma species
Ureaplasma species
Ureaplasma species
Ureaplasma species
Ureaplasma species
Ureaplasma species
Ureaplasma species
Ureaplasma species
Ureaplasma species
Ureaplasma species
Ureaplasma species
Ureaplasma species
Ureaplasma species
Ureaplasma species
Ureaplasma species
Ureaplasma species
Ureaplasma species
Myeoplasma hominis
Mycoplasma hominis
Myeoplasma hominis
Mycoplasma hominis
Mycoplasma hominis
.S'rrepm(:o(.‘('us PHE.‘HHT{JHE{I{"
Enterococcus faecalis
Bifidobacterium species
Ureaplasma species+Chlamydia trachomatis

LAl intraamniotic inflammation.

women without both MIAC and IAI (median 31.1ng/ml,
range 7.4-180.1; Figure 2). The amniotic fluid calreticulin
concentrations did not differ among women with sterile TAI,
colonization and without both MIAC and IAI (Figure 2).

The predictive value of calreticulin for the presence of
microbial-associated IAl

An amniotic fluid calreticulin concentration of 81.4 ng/ml
was found to be the best cutoff point in the identification of
PPROM women with the presence of microbial-associated
TAL The sensitivity of this cutoff point was 68% [95%
confidence interval (CI) 37-77%], its specificity was 95%
(95% CI 88-97%), its positive predictive value was 63% (95%
CI 41-81%), its negative predictive value was 92% (95% ClI
87-96%), its likelihood ratio was 9.1, and the area under
receiver-operating characteristic curves was 88% (p<0.0001;
Figure 3).

Discussion

Calreticulin, a calcium-binding chaperone, plays a multifunc-
tional role in the immune response. However, its exact role in
the pathophysiology of PPROM, a specific phenotype of
spontaneous preterm delivery, has not yet been explained. The
principal findings of this study are as follows: (i) women with
MIAC have higher amniotic fluid calreticulin concentrations
than women without MIAC; (ii) the amniotic fluid calreticulin
concentrations positively correlated with the microbial load of
Ureaplasma species; (i) women with IAI have higher
amniotic fluid calreticulin concentrations than women with-
out this complications; (iv) the amniotic fluid calreticulin
concentration positively correlates with the interleukin-6
concenfration; (v) women with microbial-associated IAI

have higher amniotic fluid calreticulin concentrations than
women with sterile IAI, colonization and women without both
MIAC and IAI and (vi) the amniotic fluid calreticulin
concentration of 81.4ng/ml was found to be the optimal
cutoff point for the identifying PPROM pregnancies compli-
cated by the presence of microbial-associated 1AL

Calreticulin is well known for its role as an endoplasmic
reticulum chaperone [20-28]. However, recent studies have
clearly demonstrated that calreticulin can be expressed on the
cell surface, where it is relevant for phagocytic uptake and the
immunogenicity of cells [25,29,36]. In other words, calreti-
culin serves as an ‘‘eat me’’ signal on the surface the cells
undergoing apoptosis. In addition, calreticulin has been
proposed to localize on the neutrophil surface [23].
Therefore, the calreticulin concentrations in the body fluids
and tissues may increase in response to pathological condi-
tions that are typically associated with the presence or diffuse
infiltration of neutrophils.

In this study, we found that women with MIAC had
higher median amniotic fluid calreticulin concentrations
than women without MIAC. However, MIAC represents a
very heterogeneous group of patients due to the diversity of
microorganisms, their microbial loads and the intensity of
intraamniotic inflammatory response to different bacteria
[7.37]. The differences in the amniotic fluid calreticulin
concentrations between two main subtypes of MIAC
|microbial-associated IAI (MIAC with 1Al) and coloniza-
tion (MIAC without IAl)] demonstrated that women with
microbial-associated IAl had a 2-fold higher median
calreticulin concentrations than women with colonization.
Thus, the presence of bacteria in the amniotic fluid that
elicit an inflammatory response, but not the presence of
bacteria per se, increases the calreticulin concentrations in
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Figure 2. Amniotic fluid calreticulin concentrations in the subgroups of PPROM based on the presence of microbial-associated 1Al sterile 1Al
colonization and the absence of both MIAC and IAl. Horizontal bars represent medians. Abbreviations: PPROM, preterm prelabor rupture of
membranes; MIAC, microbial invasion of the amniotic cavity; 1Al, intraamniotic inflammation.

the amniotic fluid. In addition, we found a correlation
between the microbial burden of Ureaplasma species in the
amniotic fluid and the calreticulin concentrations, This
finding corroborates our previous results showing that the
intensity of the intraamniotic inflammatory response to
Ureaplasma species is dose-dependent [7,32.38,39].

The exact definition of IAl remains debated, and a slight
controversy persists between “‘bed-side’™” and *‘bench-side™
views on this issue. Although clinicians prefer a single marker
with an easy to follow cutoff point, scientists and researchers
prefer a more complex and precise definition based on
multiple markers. In this study, we used the amniotic fluid

IL-6 level as a marker of IAL. We found that women with
IAI exhibited higher median amniotic fluid calreticulin
concentrations. However, based on the recent publications,
IATI consists of two subtypes — microbial-associated TAI and
sterile 1Al [6,7,40-42]. An analysis of the difference between
these two subtypes of 1Al indicated that the elevation of
calreticulin in the amniotic fluid is primarily associated with
microbial-associated 1Al (the median calreticulin level in
women with microbial-associated Al was 2-fold higher than
in women with sterile TAI). This finding corroborates our
previous finding regarding MIAC. PPROM complicated by
the presence of bacteria in the amniotic fluid with [AI is a



Downloaded by [Ondrej Soucek] at 02:07 09 March 2016

8 I Musilova etal.

Figure 3. Receiver operating characteristic
curve for the presence of microbial-asso-

ciated TAI (area under curve for calreticulin
cutoff point>81.4 pg/ml: 88%; p<0.0001). 1009
Abbreviations: TAl intraamniotic inflamma- E
tion; AUC, area under curve.
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specific subtype of PPROM with the highest amniotic fluid
calreticulin concentrations.

Calreticulin has been shown to induce the production of
IL-6 and tumor necrosis factor-o from macrophages due to an
induction active mRNA transcription via mitogen-activated
protein kinases and nuclear factor kappa-light-chain-enhancer
of activated B cells in macrophages [27]. However, we are not
able to conclusively identify macrophages as the source of
amniotic fluid calreticulin, we only found a correlation
between the calreticulin and the IL-6 concentrations.

Our study provides new information regarding the amni-
otic fluid concentrations of calreticulin in PPROM pregnan-
cies. The amniotic fluid calreticulin concentration cutoff
identified in this study can serve as an accurate predictor of
microbial-associated 1Al in PPROM women, which may have
important clinical implications. However, this promising
finding needs to be validated on an independent cohort of
women with PPROM.

An important strength of this study is that MIAC was
identified based on non-cultivation techniques, consists of
non-specific PCR (165 rRNA) and specific PCR (Ureaplasma
species, Mycoplasma hominis and Chlamydia rrachomatis).
Furthermore, only women with one well-defined specific
phenotype of preterm delivery (PPROM) were included in
this study. This study was also subject to some limitations.
The exact source of the amniotic fluid calreticulin remains
unclear because identifying this source was beyond the scope
of this study. We can only speculate on the origin of amniotic
fluid calreticulin, i.e. amniotic fluid neutrophils or macro-
phages. In addition, diffuse infiltration of the placenta and

20 30 40 50 60 70 80 920 160

100 - Specificity (%)

fetal membranes by these cells can be a possible source as
well. The conservative management of women without
microbial-associated 1Al prevents this study from evaluating
an association between the amniotic fluid calreticulin con-
centration and the presence of histological chorioamnionitis
in PPROM because of a long latency between an amniotic
fluid sampling and delivery. Finally, the analyses of
Ureaplasma species did not include any information on
species or serovars, which may significantly affect the
intraamniotic inflammatory response.

In conclusion, the presence of microbial-associated IAI
was related to the highest amniotic fluid calreticulin concen-
trations. Calreticulin seems to be a promising marker for the
early identification of PPROM complicated by microbial-
associated TAL
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Abstract Keywords
Objective: The aim of this study was to evaluate the amniotic fluid cathepsin-G concentrations in  Cathepsin-G, preterm delivery, PPROM,
women with preterm prelabor rupture of membranes (PPROM) based on the presence of the inflammation, serine protease, neutrophil

microbial invasion of the amniotic cavity (MIAC) and/or intra-amniotic inflammation (IAl).
Methods: A total of 154 women with singleton pregnancies complicated by PPROM were
included in this study. Amniotic fluid samples were obtained by transabdominal amniocentesis. :
Amniotic fluid cathepsin-G concentrations were assessed by ELISA. MIAC was determined using REC'_ENEd 30 July 2016

a non-cultivation approach. |Al was defined as an amniotic fluid bedside interleukin-6 Revised 4 September 2016
concentration > 745 pg/mL. Acce_pted 13 ?eptember 2016
Results: Women with MIAC had higher amniotic fluid cathepsin-G concentrations than women  Fublished online 7 October 2016
without MIAC (with MIAC: median 82.7 ng/mL, versus without MIAC: median 64.7 ng/mL;

p = 0.0003). Women with IAl had higher amniotic fluid cathepsin-G concentrations than women

without this complication (with |Al: median 103.0ng/mL, versus without lAl: median

66.2 ng/mL; p<0.0001). Women with microbial-associated (with both MIAC and IAl) 1Al and

sterile (1Al without MIAC) 1Al had higher amniotic fluid cathepsin-G concentrations than women

with colonization (MIAC without 1Al) and women without both MIAC and Al (p<0.0001).

Conclusions: The presence of either microbial-associated or sterile IAl was associated with

increased amniotic fluid cathepsin-G concentrations in pregnancies complicated by PPROM.

Amniotic fluid cathepsin-G appears to be a potential marker of IAl

History

Introduction intra-amniotic inflammation [IAI] in 34-41% and 21-29%.
respectively) and inflammatory complications (LAl and sterile
IAI in 25-58% and 5-29%. respectively). [3.5-9]. The
presence of MIAC sets off a host-innate immune defense
leading to a cascade of inflammatory processes resulting in
IAT [8-10]. Nevertheless, endogenous molecules called
alarmins, released from necrotic cells, can trigger an intra-
amniotic inflammatory response leading to the development
of sterile IAL. These conditions are followed by the recruit-
ment of neutrophils and other immune cells from the uterine
wall and maternal circulation to the placenta and fetal
membranes, as well as the release of fetal neutrophils in
amniotic fluid [11,12].

Neutrophils play an essential tole in innate immune
defense against invading pathogens and serve as the primary

mediators of inflammatory response [13]. Neutrophils
Address for correspondence: Marian Kacerovsky, Biomedical Research have the ability to phacocytose and kill microorsanisms
Center, University Hospital Hradec Kralove, Czech Republic, Sokolska Y phagocy gams

581, 500 05 Hradec Kralove, Czech Republic. Tel: +420 777657991, 113,141, Moreover, they have the unique capacity to directly
Fax: +420 495832676. E-mail: kacermar@fnhk.cz and specifically shape the immune response [13,15].

Preterm prelabor rupture of membranes (PPROM), defined as
a leakage of amniotic fluid before the onset of regular labor
activity prior to gestational age 37 weeks, complicates about
3% of all pregnancies [I]. PPROM is responsible for
approximately one third of all preterm deliveries and about
one-half of spontaneous preterm deliveries [1]. PPROM is
associated with serious neonatal morbidity and mortality,
which is even worse in lower gestational ages than in
spontaneous preterm birth with intact membranes [2-4].
Despite the fact that the pathophysiology of a vast
majority of PPROM seems to be noninfectious, PPROM is
often associated with infection-related (microbial invasion
of the amniotic cavity [MIAC] and microbial-associated
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Neutrophils contain granule-storing proteins that can kill
microorganisms and digest tissues [13,16,17]. The neutral
serine protease family, which includes neutrophil elastase,
cathepsin-G, and proteinase 3, belongs among the proteins
stored in the neutrophil granules [17-21]. However, these
serine proteases mainly serve as intracellular antimicrobial
agents; they are also released from the cells and extracellu-
larly play the role [17,19-21].

One of these serine proteases, neutrophil elastase, has
previously been evaluated in the amniotic fluid of women
with PPROM with respect to the presence of MIAC and
histological chorioamnionitis [22-24]. Amniotic fluid neu-
trophil elastase concentrations have been shown to be
elevated when these complications were present [22-24].
There is a lack of information about cathepsin-G, another
member of the serine protease family, in amniotic fluid from
women with PPROM.

Therefore, the aim of this study was to determine the
amniotic fluid cathepsin-G concentrations in pregnancies
complicated by PPROM based on the presence of MIAC and/
or IAlL. The final goal was to evaluate the potential of
amniotic fluid cathepsin-G to predict the presence of [AL

Materials and methods

A retrospective cohort study of pregnant women between
gestational age 24 4+ 0 and 36 + 6 weeks who were admitted to
the University Hospital Hradec Kralove's Department of
Obstetrics and Gynecology in the Czech Republic was
conducted between December 2013 and May 2015. Women
with singleton pregnancies complicated by the presence of
PPROM who had a maternal age > 18 years were invited to
participate in the study. Women with pregnancy and other
medical complications such as fetal growth restrictions, the
presence of either congenital or chromosomal fetal abnorm-
alities, gestational or pre-gestational diabetes, gestational
hypertension, preeclampsia, signs of fetal hypoxia, or signifi-
cant vaginal bleeding were excluded from the study.

Gestational ages were established by first-trimester fetal
biometry. Women with PPROM at less than 34 weeks of
gestation were treated with tocolytics for 48 h, antibiotics, and
corticosteroids to accelerate lung maturation. Women with a
proven microbial-associated 1Al (ammiotic fluid interleukin
[IL] 6 =745 pg/mL and the presence of MIAC) beyond 28
gestational weeks were actively managed. Actively managed
women had finished a tocolytic therapy when microbial-
associated IAl was proven and were treated only with
corticosteroids and antibiotics. Furthermore, labor was
induced or an elective cesarean section was performed after
finalizing corticosteroid treatment within 72h of the mem-
branes rupturing. The remaining women with PPROM at less
than 34 weeks were conservatively managed, and labor was
induced or an elective cesarean section was performed after
gestational age 34 + 0 weeks. Women with PPROM after 34
weeks were treated only with antibiotics, and labor was
induced or the elective cesarean section was performed after
24 h of the membrane rupturing.

PPROM was diagnosed by examining the women with a
sterile speculum to verify the pooling of amniotic fluid in the
vagina. If clinical doubts of PPROM, leakage of amniotic

J Matern Fetal Neonatal Med, Early Online: 1-8

fluid was confirmed by the presence of insulin-like growth
factor binding proteins (Actim PROM test; Medix
Biochemica, Kauniainen, Finland) in the vaginal fluid.

Ultrasound-guided transabdominal amniocentesis was per-
formed at admission but before the administration of
antibiotics, corticosteroids, and tocolytics, and approximately
2-3mL of amniotic fluid was aspirated. A total of 100 pL of
non-centrifuged amniotic fluid was used for the bedside
assessment of [L-6 concentrations. The remaining amniotic
fluid was immediately divided into two polypropylene tubes.
The first tube, containing uncentrifuged samples, was
immediately transported to the microbiology laboratory for
polymerase chain reaction (PCR) testing for Ureaplasma
species, Mycoplasma hominis and Chlamydia trachomatis as
well as evaluation for the 16S rRNA content. The second tube
was centrifuged for 15 min at 2000g to remove cells and
debris, divided into aliquots and stored at —70°C until
analysis.

Women were split in the subgroups based on the presence
and absence of MIAC, as well as based on the presence and
absence of IAL Moreover, women were split into these four
subgroups: microbial-associated TAI (the presence of both
MIAC and Al sterile IAI (IAI without MIAC); colonization
(MIAC without IAI); and without both MIAC and IAL

This study was approved by the Institutional Review Board
committee (July, 2014; No. 201407 S14P), and informed
consent was obtained from all participants. Amniotic fluid
samples from 102 women were used in our previous study of
different protein [25].

Amniotic fluid cathepsin-G concentrations

The amniotic fluid cathepsin-G concentrations were deter-
mined in duplicate by a sandwich enzyme-linked immuno-
sorbent assay (ELISA) technique using a cathepsin-G (CtSG)
ELISA kit (Cloud-Clone Corp., Houston, TX) according to
the manufacturer’s instructions. The limit of detection of the
cathepsin-G kit was 0.065 ng/mL. Amniotic fluid samples
were diluted 1:20, and the absorbance values were read at
450 nm using a Multiskan RC ELISA reader (Thermo Fisher
Scientific, Waltham, MA).

Amniotic fluid IL-6 concentrations

The [L-6 concentrations were assessed with a lateral flow
immunoassay Milenia QuickLine IL-6 using the Milenia
POCScan Reader (Milenia Biotec, GmbH, Giessen,
Germany). The measurement range was 50-10000 pg/mL.
The intra-assay and inter-assay variations were 12.1% and
15.5%, respectively [26].

Detection of Ureaplasma species, Mycoplasma
hominis, and Chlamydia trachomatis

DNA was isolated from the amniotic fluid with a QlAamp
DNA Mini Kit (QIAGEN, Hilden, Germany) according to the
manufacturer’s instructions (using the protocol for isolating
bacterial DNA from biological fluids). Real-time PCR was
performed on a Rotor-Gene 6000 instrument (QIAGEN) with
the commercial kit AmpliSens® C. trachomatis/Ureaplasma/
M. hominis-FRT (Federal State Institution of Science, Central
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Research Institute of Epidemiology, Moscow, Russia) to
detect the DNA from Ureaplasma species, Mycoplasma
hominis and Chlamydia trachomatis in a common PCR
tube. As a control, we included a PCR run for beta-actin, a
housekeeping gene, to examine the presence of inhibitors of
PCR.

Detection of other bacteria in the amniotic fluid

Bacterial DNA was identified by PCR targeting the 16S rRNA
gene with the following primers: 5'-CCAGACTCCTACGGG
AGGCAG-3' (V3 region), 5-ACATTTCACAACACGA
GCTGACGA-3" (V6 region) [27.28]. Each individual reac-
tion contained 3 plL of target DNA, 500nM of forward and
reverse primers, and Q5 High-Fidelity DNA polymerase
(NEB, Ipswich, MA) in a total volume of 25uL. The
amplification was performed in a 2720 Thermal Cycler
(Applied Biosystems, Foster City, CA). The products were
visualized on an agarose gel. Positive reactions yielded
products of 950bp, which were subsequently analyzed
by sequencing. The 168 PCR products were cleaned and
used in sequencing PCR reactions utilizing the above
primers and the BigDye Terminator kit, v3.1 (Thermo
Fisher Scientific, Waltham, MA). The bacteria were then
typed using the sequences obtained in BLAST® and
SepsiTest'™ BLAST.

Definition of IAIl

IAT in PPROM pregnancies was defined as amniotic fluid
bedside 1L-6 concentrations > 745 pg/mL [29,30].

Diagnosis of MIAC

The MIAC was determined based on a positive PCR analysis
for  Ureaplasma species, Mycoplasma hominis and/or
Chlamydia trachomatis and/or by positivity for the 16S
rRNA gene.

Statistical analyses

The demographic and clinical characteristics were compared
using a nonparametric Jonckheere—Terpstra test for continu-
ous variables and are presented as median values (range).
Categorical variables were compared using a Cochran—
Armitage test for trend and are presented as numbers (%).
The normality of the data was tested using the D’Agostino—
Pearson omnibus normality test and the Shapiro-Wilk test.
Because the amniotic fluid cathepsin-G concentrations
were not normally distributed, nonparametric tests (Mann—
Whitney U-test and Jonckheere-Terpsira test) were used
for analyses and presented as median values (interquartile
range [IQR]). A Spearman partial correlation was performed
to adjust for gestational age at sampling. A receiver—operator
characteristic curve was constructed to determine the pre-
dictive value of cathepsin-G for the presence of I[AL
Differences were considered significant at p<0.05.
All p were obtained from two-sided tests, and all statis-
tical analyses were performed using GraphPad Prism 6 for
Mac OS X (GraphPad Software, San Diego, CA) or the
SPSS 19.0 statistical package for Mac OS X (SPSS Inc.,
Chicago, IL).
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Results

A total of 161 women with PPROM at gestational ages
between 2440 and 36+6 weeks were recruited. Seven
women were excluded from the study due to fetal growth
restriction (n=3), pregestational diabetes mellitus (n=2),
and preeclampsia (n=2). The remaining 154 women were
included in the study. MIAC and IAI were identified in 31%
(47/154) and 19% (30/154) of the women, respectively. The
women demographics and clinical data are shown in Table 1.
Ureaplasma species was the most common microorganism
and was detected in 68% (32/47) of women with MIAC.
Polymicrobial findings were identified in 21% (10/47) of
women with MIAC. All microbial findings are listed in
Table 2. Gestational ages at admission at less than 28 +0
weeks were found in 3% (4/154) of women, gestational ages
between 28 +0 and 31+ 6 weeks in 28% (43/154) of women,
gestational ages between 32+ 0 and 33 + 6 in 22% (34/154) of
women, and gestational ages between 3440 and 36+6 in
47% (73/154) of women. All women self-reported as
Caucasians.

Amniotic fluid cathepsin-G concentrations according
to the presence of MIAC

The amniotic fluid cathepsin-G concentration was higher in
women with MIAC than in women without MIAC upon crude
analysis (with MIAC: median 82.7ng/mL, IQR 67.1-105.6,
versus without MIAC: median 64.7 ng/mL, IQR 53.2-88.4;
p=0.0003; Figure 1), and after adjustment for gestational age
at sampling (p<0.0001). Women with microbial-associated
IAl had higher amniotic fluid cathepsin-G concentrations
than women with colonization in crude analysis (microbial-
associated 1AL median 103.0ng/mL, IQR 87.4-393.0 versus
colonization: median 71.6ng/mL, IQR  60.5-79.9;
p<0.0001), as well as after adjustment for gestational age
at sampling (p<0.0001).

Amniotic fluid cathepsin-G concentrations according
to the presence of IAl

The amniotic fluid cathepsin-G concentrations were higher in
women with Al than in women without IAl in crude analysis
(with IAL: median 103.0ng/mL, IQR 85.5-178.7 versus
without [ALl:  median 66.2ng/mL, IQR 53.4-82.2:
p<0.0001; Figure 2), and as well as after adjustment for
gestational age (p<0.0001). No difference in amniotic fluid
cathepsin-G concentrations was found between women with
microbial-associated and sterile TAI (microbial-associated
TAL: median 103.0ng/mL, IQR 87.4-393.0 versus sterile:
median 105.4 ng/mL, TQR 64.0-134.4; p=0.47). A weak
positive correlation between amniotic fluid cathepsin-G and
IL-6 concentrations was found (rho = 0.36; p<0.0001).

An amniotic fluid cathepsin-G concentration of
105 ng/mL was found to be the best cutoff point in the
identification of women with PPROM with the presence of
IAL. The sensitivity of this cutoff point was 50% (95%
confidence interval [CI] 31%-69%), its specificity was 92%
(95% CI 86%-96%). its positive predictive value was
63% (95% CI 40%-81%), its negative predictive value was
88% (95% CI 82%—93%), its likelihood ratio was 6.3, and
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Maternal and neonatal characteristics of the subgroups of PPROM pregnancies.

Table 1.

1. Musilova et al.

Microbial-associated

nira-amniotic

inflammation (n=R)

intra-amn
inflammation (n = 22)

p values

Negative (n =99)

Colonization (n=25)

Characteristic

0.17

0.16

0.45
<0.0001

31.0 (18.5-42.0) 31.0 (21.0-40.0)

28.0 (21.4-35.0)

30,5 (17.2-39.4y

Maternal age [years, median (range)]

Primiparous [number (%)]

45 (45%)
227 (16.9-37.3)

10 (40%)
22.3 (16.3-34.0)

6 (75%)
24.1 (19.4-38.6)

8 (36%)
24.6 (17.2-33.5)

&

Prepregnancy body mass index [kg/m~, median (range)|

Smoking [number (%)

6 (6%)

T (30%)

1 (13%)

11 (50%)
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Continuous variables were compared using a nonparametric Jonckheere-Terpstra test. Categorical variables were compared using Cochran—Armitage test for trend. Statistically significant results are marked in

PPROM: Preterm prelabor rupture of membranes; CRP; C-reactive protein; WBC: White blood cells; IL:
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bold. Continuous variables are presented as median (range) and categorical as number (%).
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the area under the receiver-operating characteristic curve
was 82% (p<0.0001; Figure 2).

Amniotic fluid cathepsin-G concentrations according
to the presence of MIAC and/or IAl

When the women were split into four subgroups based on the
presence or absence of MIAC and/or IAL the difference in the
amniotic fluid cathepsin-G concentrations was found in the
crude analysis (p<0.0001; Figure 3) as well as after
adjustment for gestational age at sampling (p <0.0001). The
women with microbial-associated and sterile 1Al exhibited
higher median amniotic fluid cathepsin-G concentrations than
women with colonization and women without both MIAC and
TAI (median 64.5 ng/mL, IQR 52.7-84.8).

Discussion

Cathepsin-G, a serine protease stored in the primary granules
of neutrophils, is thought to be important in maintaining the
fragile balance between tissue destruction and protection
during an inflammatory response [21]. However, its role in
the IAI response has yet to be explained. The principal
findings of this study are as follows: 1) women with MIAC
have higher amniotic fluid cathepsin-G concentrations than
women without MIAC: ii) women with IAI have higher
amniotic fluid cathepsin-G concentrations than women with-
out this complication; iii) the amniotic fluid cathepsin-G
concentration weakly positively correlates with the IL-6
concentration in amniotic fluid; iv) amniotic fluid cathepsin-
G concentration of 105ng/mL is the optimal cutoff point for
identifying PPROM pregnancies complicated by the presence
of 1Al and v) the presence of microbial-associated and sterile
IAl is associated with higher amniotic fluid cathepsin-G
concentrations than colonization and the absence of both
MIAC and TAL

Cathepsin-G plays a complex role in the defense against
the spreading of microorganisms [17,20,21]. It participates, in
combination with myeloperoxidase and reactive oxygen
species, in direct intracellular killing of phagocytosed micro-
organisms [17,20,21]. In addition, cathepsin-G is an essential
part of neutrophil extracellular traps, which serves as an
extracellular physical barrier that kills microorganisms
extracellularly [17,20,21]. In this study, we found that
amniotic fluid cathepsin-G concentrations were higher when
MIAC was present. This finding was consistent with the study
by Helming et al. that showed an elevation of neutrophil
elastase (serine protease) in amniotic fluid from PPROM
complicated by MIAC [22].

As previously shown, MIAC is a heterogeneous group
covering two subgroups of women: women with microbial-
associated TAI and women with colonization [7.9,31]. In this
study, women with microbial-associated IAl had higher
amniotic fluid cathepsin-G concentrations than women with
colonization. In addition, no difference in the amniotic fluid
cathepsin-G concentrations was found when women with
colonization and women without both MIAC and Al were
compared (p=0.42; data not shown). This indicated that
amniotic fluid cathepsin-G concentrations were elevated
when the presence of microorganisms in the amniotic fluid
led to the development of IAI response.
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Table 2. Microorganism identified in the ammniotic fluid of women with
preterm prelabor rupture of membranes.

The presence of microbial-associated
intra-amniotic inflammation (n=22)

The presence of
colonization (n=25)

Ureaplasma species
Ureaplasma species
Ureaplasma species
Ureaplasma species
Ureaplasma species
Ureaplasma species
Ureaplasma species
Ureaplasma species
Ureaplasma species
Streptococcus species
Fusobacterium nucleatum
Chlamydia trachomatis
Haemophilus influenza
Streptococcus agalactiae
Streptococcus anginosus
Ureaplasma species; Mycoplasma hominis
Ureaplasma species; Mycoplasma hominis — Mycoplasma hominis
Ureaplasma species; Lactobacillus species  Mycoplasma hominis
Ureaplasma species; Chlamydia trachomatis  Mycoplasma hominis
Ureaplasma species; Sneathia sanguinegens  Mycoplasma hominis
Ureaplasma species; Veillonela species Streptococcus pnewmonie
Peptococeus species; Propionibacterium Bifidobacterium species
species; Bacteroides species;
Mycoplasma hominis

Ureaplasma species
Ureaplasima species
Ureaplasima species
Ureaplasma species
Ureaplasima species
Ureaplasima species
Ureaplasma species
Ureaplasma species
Ureaplasma species
Ureaplasma species
Ureaplasma species
Ureaplasma species
Ureaplasma species
Ureaplasma species
Ureaplasma species
Mycaplasma hominis

Chlamydia trachomatis;
Enterococcus faecium
Ureaplasma species;
Chlamydia trachomatis
Ureaplasma species;
Chlamydia trachomatis

Figure 1. Amniotic fluid cathepsin-G con-
centrations with respect to the presence or
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Cathepsin-G seems to be an important regulator of the
local inflammatory response in addition to its antimicrobial
properties [17,19,32]. The exposure of neutrophils to cyto-
kines and chemokines resulted in the rapid mobilization of
granules containing cathepsin-G and other proteins to their
surface and their release from the neutrophils [17,19,33]. That
means that the presence of local inflammation stimulates the
release of cathepsin-G from the neutrophils. Our findings are
in line with the abovementioned since in this study women
with [AI had higher amniotic fluid cathepsin-G concentra-
tions than women without IAl. Moreover, we found a weak
positive correlation between amniotic fluid cathepsin-G and
IL-6 concentrations.

The mechanisms leading to the induction of ITAI are
triggered through the system of pattern recognition receptors
[34]. The presence of either microorganisms or endogenous
molecules called alarmins (e.g. high mobility group box I
protein) in amniotic fluid may engage these receptors and
stimulate the development of IAI response [7.35]. In this
study, we found the highest amniotic fluid cathepsin-G
concentrations in women with IAl independently whether
bacteria had been present in the amniotic fluid or not. The
mechanism beyond the elevation of amniotic fluid cathepsin-
G concentrations in women with sterile inflammation remains
to be elucidated. It was previously shown that women with
bacterial invasion in the fetal membranes had higher amniotic
fluid IL-6 and IL-8 concentrations [36]. We can only
speculate whether the presence of bacterial invasion in the
fetal membranes or inflammation in the choriodecidual space

Amniotic fluid cathepsin-G concentrations
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Figure 2. Amniotic fluid cathepsin-G concentrations with respect to the presence or absence of IAlL Receiver operating characteristic curve for the
presence of IAl (area under curve for cathepsin-G cutoff point= 105 ng/mL: 82%: p<0.0001). Abbreviation: IAL intra-amniotic inflammation.
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in PPROM can lead to the development of sterile inflamma-
tion in the amniotic fluid associated with higher amniotic
fluid cathepsin-G concentrations.

Our study provides new information regarding the amni-
otic fluid cathepsin-G concentrations in PPROM pregnancies.

Our recent study has shown that fetal inflammatory response,
which is determined by umbilical cord blood IL-6 concen-
trations, was the highest in pregnancies complicated by TAl
independently on the presence or absence of MIAC [37].
From this point of view, the amniotic fluid cathepsin-G
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concentration cutoff identified in this study for the prediction
of TAI in women with PPROM may have important clinical
implications. However, this interesting finding needs to be
validated on an independent cohort of women with PPROM.

A strength of this study is the fact that MIAC was
identified based on the combination of two non-cultivation
approaches: (1) specific PCR for Ureaplasma species,
Mycoplasma hominis and Chlamydia trachomatis and (2)
nonspecific PCR (16S rRNA). Second, only women with a
well-defined specific phenotype of spontaneous preterm
delivery (PPROM) were included in this study. This study
was also subject to some limitations. In this study, we
specifically evaluated only one out of three neutral serine
proteases stored in the primary granules of neutrophils. A
complex evaluation of all of them may have provided a deeper
insight in the pathophysiology of IAI in PPROM. Next, the
exact source of cathepsin-G in amniotic fluid remains unclear,
yet it was beyond the scope of this study. We can only
speculate on the origin of cathepsin-G in the amniotic fluid,
but it is likely to be released from neutrophils in both amniotic
fluid and the placenta and fetal membranes. Third, the
conservative management of the majority of women included
in this study prevented this study from evaluating the
association between the amniotic fluid cathepsin-G concen-
tration and the presence of histological choricamnionitis in
PPROM because of a long latency between amniotic fluid
sampling and delivery. Fourth, the fact that the white blood
cell count in amniotic fluid was not evaluated prevented us
from analyzing whether there was an association between the
cathepsin-G concentrations and white blood cell count in
amniotic fluid. Last. the amniotic fluid cultivations were not
performed, therefore viability of the microorganisms could
not be taken into consideration.

In conclusion, the presence of 1AL independently whether
it was microbial-associated or sterile, was associated with the
highest amniotic fluid cathepsin-G concentrations. Cathepsin-
G seems to be a potential marker for the early identification of
PPROM complicated by TAL
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ABSTRACT

Objective: The study aimed to determine the cervical calreticulin and cathepsin-G concentra-
tions in pregnancies complicated by preterm prelabor rupture of membranes (PPROM) with
respect to the presence of microbial invasion of the amniotic cavity (MIAC) and intra-amniotic
inflammation (IAl).

Methods: Eighty women with singleton pregnancies complicated by PPROM were included in
this study. Cervical and amniotic fluids were obtained at the time of admission, and concentra-
tions of calreticulin and cathepsin-G in cervical fluid were determined using ELISA. The MIAC
was defined as a positive PCR analysis for Ureaplasma species, Mycoplasma hominis, and/or
Chlamydia trachomatis and/or by positivity for the 165 rRNA gene. IAl was defined as amniotic
fluid bedside IL-6 concentrations >745 pg/mL

Result: Neither women with MIAC nor with IAl had different cervical fluid concentrations of cal-
reticulin (with MIAC: median 18.9 pg/mL vs. without MIAC: median 14.7 pg/mL, p =0.28; with 1AL
median 14.3 pg/mL vs. without IAl: median 15.6 pg/mL, p=0.57;) or of cathepsin-G (with MIAC:
median 30.7 pg/mL vs. without MIAC: median 24.7 pg/mL, p=0.28; with IAl: median 27.3 pg/mL
vs. without IAl: median 25.1 pg/mL, p=0.80) than women without those complications. No asso-
ciations between amniotic fluid IL-6 concentrations, gestational age at sampling, and cervical
fluid calreticulin and cathepsin-G concentrations were found.

Conclusions: Cervical fluid calreticulin and cathepsin-G concentrations did not reflect the pres-
ence of MIAC or |Al in women with PPROM.
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Introduction
d . appear to affect the short-term neonatal outcome,

Preterm prelabor rupture of membranes (PPROM),
characterized by the rupture of fetal membranes with
leakage of the amniotic fluid before spontaneous
onset of regular uterine contraction at less than gesta-
tional age 37 weeks, is still considered to be a major
challenge of current perinatology owing to its unpre-
dictability and non-preventability [1,2]. PPROM repre-
sents a condition that is commonly accompanied by
the specific intra-amniotic complications, such as
microbial invasion of the amniotic cavity (MIAC) and/
or intra-amniotic inflammation (IAl) [3,4]. Despite the
fact that the presence of these complications does not

knowledge about the presence or absence of these
complications might be useful for obstetricians and
neonatologists for the personalized management of
PPROM [4,5].

So far, the evaluation of amniotic fluid obtained by
transabdominal amniocentesis has been considered to
be a traditional approach for the evaluation of MIAC
and |Al [3,6-8]. However, the invasive nature of amnio-
centesis along with its difficulty in situations with a
low residual amount of amniotic fluid makes clinicians
reluctant to perform this procedure in women with
PPROM [9,10]. Therefore, there is an urgent need for

CONTACT Marian Kaceravsky @ kacermar@fnhk.cz @ Biomedical Research Center, University Hospital Hradec Kralove, Czech Republic, Sokolska 581,

500 05 Hradec Kralove, Czech Republic
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some noninvasive markers in cervical or vaginal fluid
that can be used as a surrogate for amniotic fluid
markers.

Recently, amniotic fluid calreticulin, a multifunc-
tional and multicompartmental protein involved in
many cellular functions, and cathepsin-G, a member of
the neutral serine protease family, have been shown
to have a diagnostic value for 1Al and MIAC in PPROM
[11,12]. Since the results of some valuable amniotic
fluid inflammatory mediators for prediction of MIAC
and IAl were successfully translated to their noninva-
sive forms (markers from cervical or vaginal fluid), we
hypothesized that cervical fluid calreticulin and/or
cathepsin-G may be useful in the prediction of the
PPROM subgroups complicated by the presence of
MIAC and IAI [13-19].

The main aim of this study was to evaluate the cer-
vical fluid calreticulin and cathepsin-G concentrations
with respect to the presence and absence of MIAC
and [Al in pregnancies complicated by PPROM.

Materials and methods

Between May 2015 and June 2016, a prospective
cohort study was conducted. Women with pregnancies
complicated by PPROM between gestational age
24+0 and 36+6 weeks, who were admitted to the
Department of Obstetrics and Gynecology, University
Hospital Hradec Kralove, Czech Republic were
recruited. Only women aged 18years and above and
having a singleton pregnancy were eligible for the
study. Women with any medical complications (i.e.,
hypertension, preeclampsia, diabetes mellitus, and thy-
roid disease), fetal growth restriction, gross vaginal
bleeding, signs of fetal hypoxia, and structural malfor-
mations or chromosomal abnormalities of the fetus
were excluded from the study. Gestational age was
established for all pregnancies based on the first tri-
mester ultrasound evaluation.

PPROM was defined as the leakage of the amniotic
fluid before the onset of labor. This condition was
diagnosed visually using a sterile speculum examin-
ation to confirm the pooling of amniotic fluid in the
vagina. In case of clinical doubt, PPROM was con-
firmed by the presence of insulin-like growth factor-
binding protein (ACTIM PROM test; Medix Biochemica,
Kauniainen, Finland) in the vaginal fluid.

Women with PPROM at less than 34 weeks of gesta-
tion were treated with tocolytics for 48 h, antibiotics,
and corticosteroids to accelerate lung maturation.
Women with a proven microbial-associated IAl (amni-
otic fluid IL-6 > 745 pg/mL and the presence of MIAC)
beyond 28 gestational weeks were actively managed.

Actively managed women had finished a tocolytic
therapy when microbial-associated Al was proven and
were treated only with corticosteroids and antibiotics.
Furthermore, labor was induced or an elective cesar-
ean section was performed after finalizing corticoster-
oid treatment within 72h of the membranes
rupturing. The remaining women with PPROM at less
than 34 weeks were conservatively managed, and
labor was induced or an elective cesarean section was
performed after gestational age 34 + 0 weeks. Women
with PPROM beyond 34 weeks were treated only with
antibiotics, and labor was induced or the elective
cesarean section was performed after 24h of the
membrane rupturing.

This study was approved by the Institutional Review
Board committee (July 2014; No 201407 S14P), and
informed consent was obtained from all participants.
Amniotic fluid samples and vaginal fluid data from this
cohort of women have been used in our previously
published papers [12,20].

Cervical and amniotic fluid sampling

Amniotic fluid and the cervical fluid samples were col-
lected at the same time in all women on admission
(cervical fluid as first, amniotic fluid second) before the
administration of corticosteroids, antibiotics, or toco-
lytics. Cervical fluid was obtained using Dacron polyes-
ter swab, which was placed into the cervical canal for
20s to achieve saturation. On collection, a Dacron
polyester swab was inserted into polypropylene tubes
containing 1.5mL of phosphate buffered saline. The
tube was shaken for 20min followed by centrifugation
for 15 min at 300 x g at room temperature. The super-
natant was aliquoted and stored at —70°C until fur-
ther analysis. Ultrasound-guided transabdominal
amniocentesis was performed, and ~5mL of amniotic
fluid was aspirated. Tubes with uncentrifuged amniotic
fluid were transported to the laboratory for DNA isola-
tion and PCR detection of Ureaplasma spp.,
Mycoplasma hominis, Chlamydia trachomatis, and 16S
rRNA gene sequencing.

Cervical fluid calreticulin and cathepsin-G
concentrations

The concentrations of calreticulin and cathepsin-G in
cervical fluid were determined in duplicate by a sand-
wich enzyme-linked immunosorbent assay (ELISA)
technique using an ELISA kit for calreticulin (Cloud-
Clone Corp., Houston, TX) and a cathepsin-G (CtSG)
ELISA kit (Cloud-Clone Corp., Houston, TX), respect-
ively, according to the manufacturer's instructions.



The detection range of the calreticulin and cathepsin-
G kits were 3.12-400ng/mL and 1.56-400ng/mL,
respectively. Samples of cervical fluid for calreticulin
and for cathepsin-G measurements were diluted 1:5
and 1:20, respectively. The absorbance values were
read at 450nm using a Multiskan RC ELISA reader
(Thermo Fisher Scientific, Waltham, MA).

Amniotic fluid IL-6 concentrations

The IL-6 concentrations were assessed with a lateral
flow immunoassay Milenia QuickLine IL-6 using the
Milenia POCScan Reader (Milenia Biotec, GmbH,
Giessen, Germany). The measurement range was
50-10000 pg/mL. The intra-assay and inter-assay varia-
tions were 12.1% and 15.5%, respectively [21].

Detection of Ureaplasma species, Mycoplasma
hominis, and Chlamydia trachomatis

DNA was isolated from the amniotic fluid with a
QlAamp DNA Mini Kit (QIAGEN, Hilden, Germany)
according to the manufacturer's instructions (using the
protocol for isolating bacterial DNA from biological flu-
ids). Real-time PCR was performed on a Rotor-Gene
6000 instrument (QIAGEN) with the commercial kit
AmpliSens” C. trachomatis/Ureaplasma/M. hominis-FRT
(Federal State Institution of Science, Central Research
Institute of Epidemiology, Moscow, Russia) to detect
the DNA from Ureaplasma species, Mycoplasma homi-
nis, and Chlamydia trachomatis in a common PCR
tube. As a control, we included a PCR run for beta-
actin, a housekeeping gene, to examine the presence
of inhibitors of PCR.

Detection of other bacteria in the amniotic fluid

Bacterial DNA was identified by PCR targeting the 165
rRNA gene with the following primers: 5'-CCAGAC
TCCTACGGGAGGCAG-3' (V3 region), 5-ACATTTCACAA
CACGAGCTGACGA-3' (V6 region) [22,23]. Each individ-
ual reaction contained 3 puL of target DNA, 500 nM of
forward and reverse primers, and Q5 High-Fidelity
DNA polymerase (NEB, Ipswich, MA) in a total volume
of 25puL. The amplification was performed in a 2720
Thermal Cycler (Applied Biosystems, Foster City, CA).
The products were visualized on an agarose gel.
Positive reactions yielded products of 950 bp, which
were subsequently analyzed by sequencing. The 165
PCR products were cleaned and used in sequencing
PCR reactions using the aforementioned primers and
the BigDye Terminator kit, v3.1 (Thermo Fisher
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Scientific). The bacteria were then typed using the
sequences obtained in BLAST” and SepsiTest™ BLAST.

Diagnosis of MIAC and definition of IAl

The MIAC was determined based on a positive PCR
analysis for Ureaplasma species, Mycoplasma hominis,
and/or Chlamydia trachomatis and/or by positivity for
the 165 rRNA gene. IAl in PPROM pregnancies was
defined as amniotic fluid bedside IL-6 concentrations
>745 pg/mL [6,24].

Statistical analyses

The demographic and clinical characteristics were
compared using a nonparametric Mann-Whitney U-
test for continuous variables and are presented as
median values (range). Categorical variables were com-
pared using a Fisher's exact test and are presented as
numbers (%). The normality of the data was tested
using the D'Agostino-Pearson omnibus normality test
and the Shapiro-Wilk test. Because the cervical fluid
clusterin and cathepsin-G concentrations were not nor-
mally distributed, the nonparametric Mann-Whitney
U-test was used for analyses and presented as
median values (interquartile range [IQR]). Spearman'’s
correlations were performed. Differences were consid-
ered significant at p<0.05. All p values were
obtained from two-sided tests, and all statistical analy-
ses were performed using GraphPad Prism 6 for Mac
0OS X (GraphPad Software, San Diego, CA) or the SPSS
19.0 statistical package for Mac OS X (SPSS Inc,
Chicago, IL).

Results

Demographic and clinical characteristics of the
study population

In total, 84 women with singleton pregnancy compli-
cated by PPROM were included in the study. Two
women were excluded due to signs of fetal growth
restriction, one woman for gestational diabetes melli-
tus, and one woman for preeclampsia. Therefore, the
remaining 80 women were included in the analyses.
The presence of MIAC and IAl was found in 28%
(22/80) and 18% (14/80), respectively. The demo-
graphic and clinical characteristics of women with
respect to the presence of MIAC and IAl are shown in
Table 1. The most common bacteria identified in the
amniotic fluid was Ureaplasma spp., which were identi-
fied in 59% (13/22) of the women with MIAC. In the
remaining nine women these bacterial findings were
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Peptoniphilus species

intermedius  2x,
1x, Gardnerella vaginalis 1x, Sneathia sanguinegens

Lactobacillus crispatus + Enterococcus faecalis +
1x, Staphylococcus warneri 1x, and non-identifiable

.

Streptococcus salivarius 1x, Chlamydia trachomatis 1x,

Streptococcus

found

bacteria by sequencing 1x. All the women were self-

reported as Caucasians.
Cervical calreticulin and cathepsin-G

concentrations according to the presence of MIAC

No differences in cervical fluid calreticulin nor in cer-

0.25, Figure

with MIAC: median 30.7 ng/mL, IQR

vical fluid cathepsin-G concentrations between women

with and without MIAC were found (calreticulin: with
MIAC: median 18.9ng/mL, IQR 9.4-32.0 vs. without

MIAC: median 14.7 ng/mL IQR 8.6-21.4, p

1(a); cathepsin-G

16.4-44.2 vs. without MIAC: median 24.7 ng/mL, IQR

0.28, Figure 1(b)).

15.0-36.6, p

Cervical calreticulin and cathepsin-G

concentrations according to the presence of IAl

In nor in cer-

| fluid cathepsin-G concentrations between women
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median 143 ng/mL, IQR 8.4-21.6 vs. without IAl

median 15.6 ng/mL, IQR 9.2-22.8, p

vica
cathepsin-G:

wi
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Figure 1. The cervical fluid calreticulin (a) and cathepsin-G (b) concentrations in PPROM pregnancies complicated by MIAC.
Women with MIAC did not have different medians of cervical fluid calreticulin and cathepsin-G concentrations than women with-
out MIAC. Abbreviations: MIAC: microbial invasion of the amniotic cavity.
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Figure 2. The cervical fluid calreticulin (a) and cathepsin-G (b) concentrations in PPROM pregnancies complicated by IAl. Women
with 1Al did not have different medians of cervical fluid calreticulin and cathepsin-G concentrations than women without IAIL
Abbreviations: Al: intra-amniotic inflammation.
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identification of MIAC and IAl in women with PPROM
[11,12]. Nevertheless, the question of whether cervical
fluid calreticulin and cathepsin-G would be of value
for identification of these PPROM complications has
not yet been characterized. In this study, we tried to
translate our promising amniotic fluid calreticulin and
cathepsin-G results from invasively obtained amniotic
fluid to noninvasively obtained cervical fluid samples.

The following are the key findings of the study: (a)
MIAC was not associated with higher cervical fluid cal-
reticulin and cathepsin-G concentrations; (b) IAl was
not related to higher cervical fluid calreticulin and
cathepsin-G concentrations; (c) neither amniotic fluid
IL-6 concentrations nor gestational age at sampling
correlated with cervical fluid calreticulin and cathe-
psin-G concentrations.

The presence of MIAC has traditionally been consid-
ered to be a major pathophysiologic condition trigger-
ing an intra-amniotic inflammatory response and
subsequently leading to the development of IAl in
PPROM [25-27]. A solid body of evidence has shown
that the presence of MIAC is reflected on the elevation
of inflammatory mediators in the cervical fluid
[17-19,28]. However, the results regarding an associ-
ation between MIAC and the specific cervical fluid
cytokines and chemokines may be conflicting
[15,17,18,29,30]. In this study, we did show that calreti-
culin and cathepsin-G would not be of value to iden-
tify MIAC, since no associations between their cervical
fluid concentrations and MIAC were found.

At the present time, amniotic fluid IL-6 is consid-
ered to be one in a group of gold standard markers of
IAl in women with PPROM, independent of the meth-
ods used for IL-6 evaluation [6,25]. In addition, IL-6 has
not been shown to be inferior to modern proteomic
markers of IAl [31]. Nevertheless, the process of search-
ing for “an ideal marker” of 1Al has not yet been con-
cluded. In our previous publications, we have shown
that amniotic fluid calreticulin and cathepsin-G appear
to be promising candidates to be the markers of IAl in
PPROM [11,12]. In this study, we failed to replicate
their amniotic fluid value for 1Al identification on non-
invasive cervical fluid samples since no difference in
their cervical fluid concentrations between women
with and without IAl were found. Accordingly, we did
not identify any associations between amniotic fluid
IL-6 and cervical fluid calreticulin and cathepsin-G
concentrations.

The cervical fluid calreticulin and cathepsin-G find-
ings, despite their negativity, appear to be clinically
relevant, since these results confirm the facts that the
compositions of cervical fluid and amniotic fluid are
different in  women with PPROM and that

concentrations of some inflammatory mediators in cer-
vical fluid are driven by different processes than MIAC
and IAl [32]. At this stage, we can only hypothesize
that these negatives findings might be explained by a
high production of calreticulin and cathepsin-G by
endocervical cells. Cervical calreticulin and cathepsin-G
seem to be responsible for a vast majority of total
amount of calreticulin and cathepsin-G contained in
cervical fluid. Therefore, a high cervical production of
these proteins may mask slight changes in their cer-
vical concentrations driven by MIAC and IAl. This
hypothesis is strongly supported by the fact that calre-
ticulin and cathepsin-G concentrations in the cervical
fluid samples were just 2.5-fold lower than in the amni-
otic fluid samples (as shown in our previous publica-
tions), despite the fact that the cervical fluid samples
represent diluted samples (cervical fluid was obtained
from a Dacron swab placed in the cervical canal for
20s to achieve a saturation by cervical fluid and subse-
quently diluted in 1.5 mL of buffer) [11,12]. Therefore, it
might be anticipated that calreticulin and cathepsin-G
concentrations in undiluted cervical fluid samples
should be higher than in amniotic fluid samples.

An important strength of this study is the character-
ization of MIAC completely based on the non-cultiva-
tion approaches (combination of both a nonspecific
PCR evaluation of the presence of 165 rRNA gene+a
specific PCR for Ureaplasma species, Mycoplasma homi-
nis, and Chlamydia trachomatis). A second strength of
this study is that amniotic fluid and cervical fluid sam-
ples were obtained simultaneously at the time of
admission. The main limitation of this study is that the
analyses were based on a relatively small sample size,
and a type |l error might affect our results and could
not be ruled out. The next limitation of this study is
the fact that we are not able to evaluate the propor-
tion of cervical fluid calreticulin and cathepsin-G that
comes from amniotic fluid and from the cervix. If
would be of interest to add an evaluation of calreticulin
and cathepsin concentrations in undiluted vaginal fluid
obtained from the posterior fornix by syringe, to iden-
tify the difference in these proteins’ concentrations.

To conclude, cervical fluid calreticulin and cathe-
psin-G do not have a potential to serve as the nonin-
vasive markers of intra-amniotic complications in
PPROM because their cervical fluid concentrations, in
contrast with amniotic fluid concentrations, do not
reflect the presence of MIAC and IAL
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Abstract

Objective: The aim of this study was to evaluate clusterin concentrations in amniotic fluid in
pregnancies complicated by preterm prelabor rupture of membranes (PPROM) with respect to
the presence of the microbial invasion of the amniotic cavity (MIAC), intra-amniotic
inflammation (lIAl) and microbial-associated IAl.

Methods: One hundred thirty-six women with singleton pregnancies complicated by PPROM
were included in this study. Amniotic fluid samples were obtained by transabdominal
amniocentesis. Amniotic fluid clusterin concentrations were assessed by enzyme-linked
immunosorbent assay. MIAC was determined by a non-cultivation approach. IAl was defined
as an amniotic fluid bedside interleukin-6 concentration >745 pg/mL. Microbial-associated IAl
was characterized as the presence of both MIAC and IAl.

Result: Women with MIAC, 1Al and microbial-associated IAl had lower amniotic fluid clusterin
concentrations than women without these complications (with MIAC: median 1314 ng/mL
versus without MIAC: median 1633 ng/mL, p=0.003; with IAl: median 1281 ng/mL versus
without IAl: median 1575 ng/mL, p=0.04; with microbial associated-IAl: median 1220 ng/mL
versus without microbial-associated IAl: median 1575 pg/mL; p=0.008). A week negative
correlation between amniotic fluid clusterin concentrations and gestational age at sampling
was revealed (rho= —0.30; p = 0.0005).

Conclusions: The presence of MIAC, IAl and microbial-associated Al was characterized by lower
amniotic fluid clusterin concentrations in pregnancies complicated by PPROM.
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Introduction

Preterm prelabor rupture of membranes (PPROM), defined as
a leakage of amniotic fluid before onset of regular activity
prior to gestational age 37 weeks, represents an important
public health issue, because PPROM complicates about 3% of
all pregnancies [1,2]. Although knowledge about the patho-
physiology of PPROM and its infection-related and inflam-
matory complications has improved during the last decade,
PPROM still forms a threat for obstetricians and their patients
in all countries of the world [2-7].

Since PPROM is often associated with infection-related
and inflammatory conditions, a plethora of invasive and
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Research Center, University Hospital Hradec Kralove, Sokolska 581, 500
05 Hradec Kralove, Czech Republic. Tel: +420 777657991, E-mail:
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non-invasive markers alone or in combination has been
suggested to predict or identify these complications [8-11].
From a purely clinical point of view, the presence of infection
or inflammation is generally confirmed by the elevation of
selected markers [e.g. white blood cells count, C-reactive
protein, interleukin (IL)-6] in different body fluids. Not
surprisingly, the identification of intra-amniotic complica-
tions is more or less expected based on the elevation of
amniotic fluid markers, with the exception of amniotic tluid
glucose [12-15]. Amniotic fluid glucose belongs in a smaller
group of markers having lower amniotic fluid concentrations
when intra-amniotic inflammation (IAI) is present [12].
Nevertheless, our comparative proteomic study in amniotic
fluid has revealed other proteins presenting lower amniotic
fluid concentrations when both microbial invasion of the
amniotic cavity (MIAC) and histological choricamnionitis
were proven in PPROM [16]. One of these downregulated
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proteins, having different functions, was
clusterin [16].

Clusterin is multifunctional protein named for its ability to
induce cellular clustering [17-20]. Clusterin has been reported
to have different functions — as a chaperone, an inductor of
aggregation of variety of cells, a sensor of oxidative stress, an
inhibitor of complement, a preventer of cytolysis and many
others [17,20,21]. Clusterin plays a role in the pathophysiology
of renal and neurodegenerative diseases, atherosclerosis,
myocardial infarction and some cancers [17,20-22].
Recently, an association between clusterin and preeclampsia
has been shown in both unbiased proteomic and hypothesis-
driven studies [23-27]. However, there is a paucity of
information regarding how the presence of infection-related
and inflammatory complications affect amniotic fluid clusterin
concentrations in women with PPROM.

Therefore, the aim of this study was to determine the
amniotic fluid concentrations of clusterin in pregnancies
complicated by PPROM based on the presence of MIAC, [AI
and microbial-associated AL

biological

Materials and methods

A retrospective cohort study of women with pregnancies
complicated by PPROM between gestational age 2440 and
3646 weeks admitted to the Department of Obstetrics and
Gynecology of the University Hospital Hradec Kralove in the
Czech Republic was conducted between November 2014 and
March 2016. Only women with singleton pregnancies and with
a maternal age > 18 years were recruited to the study. Women
with pregnancy complications such as preeclampsia, gesta-
tional hypertension, gestational or pre-gestational diabetes,
fetal growth restrictions, the presence of either chromosomal or
structural fetal abnormalities, signs of fetal hypoxia, or
significant vaginal bleeding were excluded from the study.

Gestational ages were established by first-trimester fetal
biometry. Women with PPROM at less than 34 weeks of
gestation were treated with tocolytics for 48 h, antibiotics and
corticosteroids to accelerate lung maturation, whereas no
treatment except antibiotics was initiated to delay delivery
after 34 weeks. Women with proven microbial-associated [AI
beyond 28 gestational weeks did not receive tocolytics and
were treated only with corticosteroids and antibiotics.
Furthermore, labor was induced or a cesarean section was
performed 24 h after finalizing corticosteroid treatment. The
remaining women were managed conservatively.

PPROM was diagnosed by examination with a sterile
speculum to verify the pooling of amniotic fluid in the vagina
and PPROM was confirmed by the presence of insulin-like
growth factor binding proteins (ACTIM PROM test;
MedixBiochemica, Kauniainen, Finland) in the vaginal fluid
when necessary.

Ultrasound-guided transabdominal amniocentesis to obtain
a sample of amniotic fluid (2-3mL) was performed at
admission but before the administration of antibiotics,
corticosteroids and/or tocolytics. The bedside assessment of
amniotic fluid IL-6 concentrations was performed from
100 uL. of non-processed amniotic fluid immediately after
sampling at the labor room. The remaining amniotic fluid was
immediately divided into two aliquots. The first aliquot was
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immediately transported to the laboratory for polymerase
chain reaction (PCR) testing for Ureaplasma species,
Mycoplasma hominis and Chlamydia trachomatis. as well as
for evaluating the 16S rRNA content. The second aliquot was
centrifuged for 15 min at 2000g to remove cells and debris,
divided into aliquots and stored at —70°C until analysis.
This study was approved by the Institutional Review Board
(July 2014; No. 201407 S14P) and informed consent was
obtained from all participants. Most of the amniotic fluid
samples also have been used in our previous studies [28,29].

Amniotic fluid clusterin concentrations

The amniotic fluid clusterin concentrations were determined
in duplicate by a sandwich enzyme-linked immunosorbent
assay technique (ELISA) using ELISA kit for Human
Clusterin (R&D Systems, Inc., Minneapolis, MN) according
to the manufacturer’s instructions. The limit of detection of
the clusterin was 0.189ng/mL. Intra-assay and inter-assay
variability for ELISA kit for Human Clusterin were 3.6% and
7.5%, respectively. Samples of amniotic fluid were diluted
1:25 and the absorbance values were read at 450 nm using a
Multiskan RC ELISA reader (Thermo Fisher Scientific,
Waltham, MA).

Amniotic fluid IL-6 concentrations

The IL-6 concentrations were assessed with a lateral flow
immunoassay Milenia® QuickLine TL-6 using the Milenia
POCScan Reader (Milenia Biotec, GmbH, Giessen,
Germany). The measurement range was 50-10000 pg/mL.
The intra-assay and inter-assay variations were 12.1% and
15.5%, respectively [30].

Identification of Ureaplasma species, M. hominis, and
C. trachomatis in amniotic fluid

DNA was isolated from the amniotic fluid with a QIAamp
DNA Mini Kit (QIAGEN, Hilden, Germany) according to the
manufacturer’s instructions (using the protocol for the isola-
tion of bacterial DNA from biological fluids). Real-time PCR
was performed on a Rotor-Gene 6000 instrument (QIAGEN)
with the commercial kit AmpliSens C. trachomatis/
UreaplasmalM. hominis-MULTIPROME-FRT (Federal State
Institution of Science, Central Research Institute of
Epidemiology, Moscow, Russia) to detect the DNA from
Ureaplasma species, M. hominis and C. trachomatis in a
common PCR tube. As a control, we included a PCR run for
beta-actin, a housekeeping gene, to examine the presence of
inhibitors of the PCR.

Identification of other bacteria in the amniotic fluid

Bacterial DNA was identified by PCR targeting the 16S rRNA
gene with the following primers: 5-CCAGACTCCTAC
GGGAGGCAG-3" (V3 region), 5-ACATTTCACAACACG
AGCTGACGA-3" (V6 region) [31,32]. Each individual
reaction contained 3 pLL of target DNA, 500 nM of forward
and reverse primers, and Q5 High Fidelity DNA polymerase
(NEB, Ipswich, MA) in a total volume of 25uL. The
amplification was performed in a 2720 Thermal Cycler
(Applied Biosystems, Foster City, CA). The products were
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Figure 1. Amniotic fluid clusterin concentra-
tions with respect to the presence or absence
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visualized on an agarose gel. Positive reactions yielded
products of 950bp, which were subsequently analyzed by
sequencing. The 16S PCR products were cleaned and used in
sequencing PCR reactions utilizing the above primers and the
BigDye Terminator kit, version 3.1 (Thermo Fisher Scientific,
Waltham, MA). The bacteria were then typed using the
sequences obtained in BLAST and SepsiTest BLAST.

Definition of IAl

IAl in PPROM pregnancies was determined as amniotic fluid
bedside 1L-6 concentrations =745 pg/mL [33.34].

Diagnosis of MIAC

MIAC was defined based on a positive PCR analysis for
Ureaplasma species, M. hominis and/or for C. trachomatis
and/or by positivity for the 165 rRNA gene.

Diagnosis of microbial-associated 1Al
Microbial-associated 1Al was defined as the presence of both
MIAC and AL

Statistical analyses

The demographic and clinical characteristics were compared
using a nonparametric Mann—Whitney U test for continuous
variables and are presented as median values (range).

Categorical variables were compared using Fisher’s exact
test and are presented as numbers (%). The normality of the
data was tested using the D’Agostino-Pearson omnibus
normality test and the Shapiro-Wilk test. Because the
amniotic fluid concentrations of clusterin were not normally
distributed, non-parametric test (Mann—Whitney U-test) was
used for analyses and presented as median values [interquar-
tile range (IQR)]. A Spearman partial correlation was
performed to adjust for gestational age at sampling.
A Spearman correlation was used to assess an association
between amniotic fluid clusterin concentrations and gesta-
tional age at sampling in women with PPROM. Differences
were considered significant at p<0.05. All p values were
obtained from two-sided tests and all statistical analyses were
performed using GraphPad Prism 6 for Mac OS X (GraphPad
Software, San Diego, CA) or the SPSS 19.0 statistical
package for Mac OS X (SPSS Inc., Chicago, IL).

Results

A total of 141 women with pregnancies complicated by
PPROM at gestational ages between 24 + 0 and 36 + 6 weeks
were recruited. Five women were excluded from the study
owing to pregestational diabetes mellitus (n=1), preeclamp-
sia (n=1), gestational hypertension (n=1) and fetal growth
restriction (n=2). Finally, 136 women were included in the
study. The presence of MIAC and TAI were found in 29%
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Figure 2. Amniotic fluid clusterin concentra-
tions with respect to the presence or absence
of TAI. Abbreviation: [AI, intra-amniotic
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women's demographics and clinical data are presented in
"able 1. The presence of genital mycoplasmas (Ureaplasma
species and/or M. hominis) was the most common cause of
MIAC (n=32). Polymicrobial finding was found in 18%
(7/39) of women with MIAC (Peptostreptococcus
species + Propionibacterium  species + Bacteroides  species
Ix; Ureaplasma species+M. hominis 2x; Ureaplasma
species + C. trachomatis 2x; Ureaplasma species + Sneathia
sanguinegens 1% and Ureaplasma species + Leptotrichia
amnionii 1x). All women were self-reported as Caucasians.

Amniotic fluid clusterin concentrations according to
the presence of MIAC

The concentration of clusterin in the amniotic fluid was lower
in women with MIAC than in women without MIAC in crude
analysis (with MIAC: median 1314 ng/mL, IQR 1013-1651
versus without MIAC: median 1633 ng/mL, IQR 1206-2115;
p=10.003; Figure 1) and in adjusted analysis for gestational
age at sampling (p<0.0001).

Amniotic fluid clusterin concentrations according to
the presence of IAl

Clusterin concentrations in the amniotic fluid were lower in
women with IAI than in women without IAI in crude analysis

without IAL: median 1575ng/mL, IQR 1204-2043;
p=0.04; Figure 2), as well as after the adjustment for
gestational age at sampling (p =0.001).

Amniotic fluid clusterin concentrations according to
the presence of microbial-associated IAl

The women with microbial-associated IAI had lower clusterin
concentrations in amniotic fluid than women without micro-
bial-associated TAI (with microbial-associated TAI: median
1220 ng/mL, IQR 898-1536 versus microbial-associated [Al:
median 1575 ng/mL, IQR 1200-2053; p = 0.008), as well as
after the adjustment for gestational age at sampling
(p<<0.0001) (Figure 3).

Amniotic fluid clusterin concentrations according to
gestational age at sampling

A weak negative correlation between amniotic fluid clusterin
concentrations and gestational age at sampling was identified
(rho=-0.30; p=0.0005; Figure 4), as well as after adjust-
ment for the presence of MIAC, IAT and microbial-associated
IATI (rho=-0.38; p<0.0001).

Discussion

Clusterin has been considered an enigmatic protein. Since
clusterin was discovered more than 30 years ago, as a protein
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Figure 3. Amniotic fluid clusterin concentra-
tions with respect to the presence of micro-
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causing clustering of erythrocytes, the exact clarification of
its biological roles has yet to be revealed [17,35]. However,
insight into ammniotic fluid clusterin may have the potential to
increase our understanding of infectious-related and inflam-
matory complications of PPROM. The principal findings of
this study are as follows: (i) clusterin is a constituent of
amniotic fluid from PPROM pregnancies; (ii) women with
MIAC have lower amniotic fluid clusterin concentrations than
women without MIAC; (i11)) women with IAl have lower
amniotic fluid clusterin concentrations than women without
IAIL; (iv) women with microbial-associated IAI have lower
amniotic fluid clusterin concentrations than women without
microbial-associated TAI

Clusterin is present in almost all human tissues, in most
organs, with the highest concentrations in the testis, epididy-
mis, liver, stomach and brain [21,22,36]. In addition, clusterin
is shown to be a major protein in physiologic body fluid
including plasma, urine, breast milk, semen and cerebrospinal
fluid [35.36]. In this study, we found relatively high
concentrations of clusterin (compared to previously evaluated
concentrations of different mediators in amniotic fluid) in all
samples from women with PPROM., Amniotic fluid clusterin
concentrations were about 100-fold lower than reported
plasma concentrations from healthy uncomplicated pregnan-
cies [25].

As expected, based on the result from our previous
proteomic study, women with MIAC had lower clusterin
concentrations in the amniotic fluid than women without
MIAC [16]. Reasons for the lower amniotic fluid clusterin
concentrations in women with MIAC are unclear but some
may be speculated because of clusterin’s role as a comple-
ment inhibitor. Complement system, a part of the innate
immune system, enhances the ability of antibodies and
phagocytic cells to clear microorganisms and damaged cells
from an organism. Complement is a complex system of
functionally related proteins that are sequentially activated in
a tightly orchestrated cascade. When complement activity is
not properly controlled, the complement cascade is further
amplified and, in consequence, toxic effectors are generated
[37.38]. Clusterin inhibits complement with an ultimate goal
of protecting cells or tissue from the terminal complement
complex damage [18,19,39]. The terminal complement com-
plex is a structure formed on the surface of bacterial cells or
targeted cells as a result of the activation of the complement
system. The terminal complement complex forms transmem-
brane channels and leads to cytolysis and cell death. Clusterin
inhibits the disruption of the cell membranes by binding to
complement proteins C5b and C6 to prevent formation of the
terminal complement complex [18,19,39.40]. In many ways,
clusterin’s complement inhibition activity resembles another
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Figure 4. Correlation between gestational age
at sampling and amniotic fluid clusterin
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protein named vitronectin [37.41]. Interestingly, in our
previous proteomic study, we found lower amniotic fluid
vitronectin concentrations in women with both MIAC and
histological choricamnionitis compared to women without
these complications [16]. In addition, as every microorganism
is recognized and attacked by immune system, successful
microorganisms have developed strategies how to survive in
immunocompetent human organisms and how to become
“‘immunologically invisible’’ [42,43]. One of these strategies
is that many pathogenic microorganisms bind the specific
proteins (e.g. clusterin, vitronectin) on their surfaces and
subsequently exploit these proteins for immune escape
[37.41]. Therefore, we hypothesize that lower amniotic fluid
clusterin concentrations in women with MIAC seem to be a
result of clusterin depletion due to its role in the inhibition of
the complement activity. Nevertheless, further studies
of the role of amniotic fluid clusterin in MIAC may shed
some light on the pathophysiology of these PPROM
complications.

Since the majority of women with TAI in this study had a
microbial-associated TAI (75% [18/24]), not surprisingly, the
presence of IAl and microbial-associated [AI was related to
lower amniotic fluid clusterin concentrations. This finding
suggests that the role of clusterin is more pronounced when
the presence of bacteria in the amniotic fluid leads to
development of intra-amniotic inflammatory response.

The amniotic fluid concentrations of many mediators may
differ across the course of pregnancy. So far, no data about the
dynamics of amniotic fluid clusterin throughout the normal

Gestational age at sampling (days)

uncomplicated pregnancy have been published. In this study,
we found that amniotic fluid concentrations of clusterin
decreased with an advanced gestational age at sampling in
women with PPROM. Nevertheless, we have to take into
consideration that PPROM represents a pregnancy pathology
and this result may not be translated into healthy pregnancies.

One of the strengths of our study is that we evaluated
amniotic fluid clusterin concentrations in a specific pheno-
type of spontaneous preterm delivery (PPROM). There are no
previous references in the literature describing the association
between amniotic clusterin concentrations with respect to
MIAC and 1Al in this subtype of preterm delivery. The next
strength of this study is a completely non-cultivation approach
to identifying MIAC combining both specific (genital myco-
plasma and C. trachomatis) and non-specific (16S rRNA)
PCRs. This study was also subject to some limitations. One of
the limitations of this study is that it was performed at a single
institution, which prevented the use of a larger sample size.
The second limitation is that the analyses were based on a
relatively small sample size and a type II error might affect
our results and could not be ruled out. The third limitation is
that we did not evaluate amniotic fluid clusterin concentra-
tions in women with spontaneous preterm delivery with intact
membranes or in women with uncomplicated, healthy
pregnancies. The fourth limitation was that an expectant
management in the majority of recruited women prevented us
from the evaluation of an association between clusterin
concentrations in the amniotic fluid and histological chor-
ioamnionitis because of a long latency between amniotic fluid
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sampling and delivery. Finally, the exact source of amniotic
fluid clusterin remains unclear, yet it was beyond the scope of
this study. We can only speculate on the origin of clusterin in
the amniotic fluid, but it is likely to have been released from
fetal membranes and the placenta.

In conclusion, the presence of MIAC, IAI and microbial-
associated IAl is associated with lower amniotic fluid
clusterin concentrations. Amniotic fluid clusterin concentra-
tions decreased with advanced gestational age in women with
PPROM independently on the presence of MIAC, IAl and
microbial-associated [Al
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ABSTRACT

Objective: CD11b is an integrin molecule located on the surface of leukocytes. CD11b is
involved in the processes of cell adhesion and migration. Expression of CD11b increases during
inflammation. Therefore, this study was aimed at the evaluation of concentrations of CD11b in
the amniotic fluid from pregnancies complicated by preterm prelabor rupture of the membranes
(PPROM), with respect to the presence of microbial invasion of the amniotic cavity (MIAC), intra-
amniotic inflammation (IAl), and microbial-associated IAl (the presence of both MIAC and IAl).
Methods: Eighty women with singleton pregnancies complicated by PPROM were included.
Amniotic fluid samples were obtained by transabdominal amniocentesis. Amniotic fluid CD11b
concentrations were determined by enzyme-linked immunosorbent assay. MIAC was determined
by a non-cultivation approach. IAl was defined by a bedside amniotic fluid interleukin-6 concen-
tration =745 pg/mL.

Result: Women with MIAC or microbial-associated IAl had higher CD11b concentrations in the
amniotic fluid than women without these complications (with MIAC: median 0.31ng/mL versus
without MIAC: median 0.17 ng/mL, p=.001; with microbial associated-lIAl: median 0.35 ng/mL
versus without microbial-associated IAl: median 0.16 ng/mL; p =.02). The presence of IAl was not
associated with elevated CD11b concentrations. A weak negative correlation was found between
amniotic fluid CD11b concentrations and interleukin-6 concentrations (rho = 0.26; p=.02).
Conclusions: MIAC and microbial-associated IAl are characterized by higher amniotic fluid
CD11b concentrations in pregnancies complicated by PPROM.
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Introduction

Preterm prelabor rupture of the membranes (PPROM)
is defined as rupture of fetal membranes prior to
37 weeks of gestation [1]. It complicates about 2-4%
of all pregnancies and is responsible for 40% of all
spontaneous preterm births [2,3]. PPROM development
is driven by a complex of pathophysiological changes
that lead to oxidative stress and inflammation [4].
However, social, behavioral, and demographic factors
also contribute to the development of PPROM [1].
Intra-amniotic inflammation, which is involved in the
etiology of PPROM, may be associated with microbial
infection (non-sterile 1Al), but may also occur as sterile
IAl. Sterile 1Al is triggered by substances released from
apoptotic and damaged cells called damage-
associated molecular patterns (DAMPs) or alarmins,

Non-sterile 1Al is caused by bacterial colonization,
which is not an inflammation itself, but activates the
immune system into a pro-inflammatory setting and
may lead to non-sterile inflammation [5]. Identifying a
suitable marker from available biological material that
would quickly predict the onset of inflammatory
changes leading to PPROM would facilitate care for
women at risk of premature birth.

The CD11b protein, also known as integrin alpha M
(ITGAM), together with the CD18 molecule creates the
heterodimeric alpha-M beta-2 complex (xMp2), also
known as complement receptor 3 (CR3) or macro-
phage-1 antigen (Mac-1). The CD11b molecule is
expressed on monocytes, macrophages, granulocytes,
NK cells, and subsets of dendritic cells [6] and plays a
role in inflammation, especially in leukocyte adhesion
and migration. CD11b alone mediates the binding of
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integrin to numerous substrates, such as fibrinogen,
Factor X, IC3b, or ICAM-1 [7]. This protein also medi-
ates phagocytosis by binding the inactivated comple-
ment component C3b [8]. However, stimulation of
lymphocytes via antiCD3 and IL-2 also induces CD11b
expression on T cells [9]. CD11b deficiency is associ-
ated with impaired adhesion to the vascular endothe-
lium, and is also associated with neutrophil
accumulation in the extravascular space and impaired
apoptosis of granulocytes [10]. On the other hand,
increased expression of CD11b on monocytes and
neutrophils promotes their adhesion to endothelial
cells, extracellular matrix, and smooth muscle cells
[11]. Proper regulation of CD11b expression can there-
fore be considered a homeostatic mechanism control-
ling inflammation [10]. Decreased CD11b expression is
also associated with a worsened prognosis or
increased mortality in infectious diseases [12-15]. Most
CD11b molecules in neutrophils are not expressed on
the membrane, but are stored in specific granules [16]
and their expression on the membrane and release is
upregulated in response to inflammatory conditions
[17-20]. The growing importance of this molecule in
the inflammatory process is also demonstrated by
recent efforts to therapeutically affect CD11b expres-
sion in activated platelets, monocytes, and granulo-
cytes [11]. We previously obtained relevant data on
the effects of increased levels of other neutrophil-
specific molecules, such as serine protease cathepsin-
G, in patients with PPROM [5].

The main aim of this study was to evaluate
CD11b concentrations in the amniotic fluid in preg-
nancies complicated by PPROM, with respect to the
presence of microbial invasion of the amniotic cavity
(MIAC), intra-amniotic inflammation (IAl), and micro-
bial-associated IAl (the presence of both MIAC
and I1Al).

Materials and methods

A retrospective cohort study of women with PPROM-
complicated pregnancies between gestational age
2440 and 36+ 6 weeks admitted to the Department
of Obstetrics and Gynecology of the University
Hospital Hradec Kralove in the Czech Republic was
conducted between November 2014 and March 2016.
This study was approved by the Institutional Review
Board (July 2014; No. 201407 S14P) and informed con-
sent was obtained from all participants. All women
self-reported as Caucasians. Only women with single-
ton pregnancies and a maternal age >18years were
recruited to the study. Women with pregnancy

complications, such as preeclampsia, gestational
hypertension, gestational or pre-gestational diabetes,
fetal growth restriction, the presence of either
chromosomal or structural fetal abnormalities, signs of
fetal hypoxia, or significant vaginal bleeding were
excluded from the study. Gestational ages were estab-
lished by first-trimester fetal biometry. Women with
PPROM at less than 34weeks of gestation were
treated with tocolytics for 48 h, antibiotics and cortico-
steroids to accelerate lung maturation, whereas no
treatment beyond antibiotics was initiated to delay
delivery in women with PPROM after 34 weeks.
Women with proven microbial-associated IAl beyond
28 gestational weeks did not receive tocolytics and
were only treated with corticosteroids and antibiotics.
Furthermore, labor was induced or a cesarean section
was performed 24 h after the final corticosteroid treat-
ment. The remaining women were managed conserva-
tively. PPROM was diagnosed by examination with a
sterile speculum to verify amniotic fluid pooling in the
vagina, and PPROM was confirmed by the presence of
insulin-like growth factor binding proteins (ACTIM
PROM test; MedixBiochemica, Kauniainen, Finland) in
the vaginal fluid when necessary. Ultrasound-guided
transabdominal amniocentesis was used to sample
amniotic fluid (2-3 ml) at the time of admission, but
prior to the administration of antibiotics, corticoste-
roids, and/or tocolytics. The bedside assessment of
amniotic fluid IL-6 concentrations was performed on
100ml of non-processed amniotic fluid immediately
after sampling at the labor room. The remaining amni-
otic fluid was immediately divided into two aliquots.
The first aliquot was immediately transported to the
laboratory for polymerase chain reaction (PCR) testing
for the presence of Ureaplasma species, Mycoplasma
hominis, and Chlamydia trachomatis, and for evaluat-
ing the 165 rRNA content. The second aliquot was
centrifuged for 15min at 2000g to remove cells and
debris, divided into aliquots, and stored at -70°C for
analysis. Amniotic fluid CD11b concentrations were
determined by a sandwich enzyme-linked immuno-
sorbent assay (ELISA) using an ELISA kit for Human
ITGAM/CD11b (LifeSpan BioSciences, Inc., Seattle, WA)
according to the manufacturer’'s instructions. The
detection range of the CD11b ELISA kit was
0.156-20 ng/mL. Intra-assay and inter-assay variability
for the ELISA kit for Human CD11b were <5.1% and
<10.2%, respectively. Amniotic fluid sample was not
diluted and the absorbance values were read at
450nm using a Multiskan RC ELISA reader (Thermo
Fisher Scientific, Waltham, MA).



Amniotic fluid IL-6 concentrations

The IL-6 concentrations were assessed with the
Milenia® QuickLine IL-6 lateral flow immunoassay
using the Milenia POCS can Reader (Milenia Biotec,
GmbH, Giessen, Germany). The measurement range
was 50-10,000 pg/mL. The intra-assay and inter-assay
variations were 12.1% and 15.5%, respectively [21].

Identification of Ureaplasma species, Mycoplasma
hominis, and Chlamydia trachomatis in
amniotic fluid

DNA was isolated from the amniotic fluid using the
QlAamp DNA Mini Kit (QIAGEN, Hilden, Germany)
according to the manufacturer’s instructions (using the
protocol for the isolation of bacterial DNA from bio-
logical fluids). Real-time PCR was performed on a Rotor-
Gene 6000 instrument (QIAGEN) using the commercial
kit AmpliSens C. trachomatis/Ureaplasma/M. hominis-
MULTIPROME-FRT (Federal State Institution of Science,
Central Research Institute of Epidemiology, Moscow,
Russia) to detect DNA from Ureaplasma species,
Mycoplasma hominis, and Chlamydia trachomatis in a
common PCR tube. PCR for beta-acting, a housekeep-
ing gene, was used as a control to examine the pres-
ence of PCR inhibitors in each sample. Other bacteria in
the amniotic fluid were identified by PCR targeting the
165 rRNA gene with the following primers: 5'-
CCAGACTCCTACGGGAGGCAG-3' (V3 region), 5'-
ACATTTCACAACACG AGCTGACGA-3' (V6 region) [22,23].
Each individual reaction contained 3 puL of target DNA,
500nM of forward and reverse primers, and Q5 High
Fidelity DNA polymerase (NEB, Ipswich, MA) in a total
volume of 25uL. Amplification was performed in a
2720 Thermal Cycler (Applied Biosystems, Foster City,
CA). PCR products were visualized on an agarose gel.
Positive reactions yielded products of 950bp, which
were subsequently analyzed by sequencing. The 165
PCR products were cleaned and used in sequencing
PCR reactions using the above primers and the BigDye
Terminator kit, version 3.1 (Thermo Fisher Scientific,
Waltham, MA). Bacteria were then identified using the
sequences obtained in BLAST and SepsiTest BLAST.

Definition of 1Al
IAl in PPROM pregnancies was determined as having
amniotic fluid IL-6 concentrations =745 pg/mL [24,25].

Diagnosis of MIAC

MIAC was defined based on a positive PCR result for
Ureaplasma species, Mycoplasma hominis, and/or for
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Chlamydia trachomatis, and/or by positive 165 rRNA
amplification.

Diagnosis of microbial-associated 1Al

Microbial-associated 1Al was defined as the presence
of both MIAC and IAl.

Statistical analyses

Demographic and clinical characteristics were com-
pared using a nonparametric Mann-Whitney U test for
continuous variables and are presented as median val-
ues (range). The normality of the data was tested
using the D'Agostino-Pearson omnibus normality test
and the Shapiro Wilk test. Because the amniotic fluid
concentrations of CD11b were not normally distrib-
uted, a non-parametric test (Mann-Whitney U-test)
was used for analyses and results are presented as
median values [interquartile range (IQR)]. A Spearman
partial correlation was performed to adjust for gesta-
tional age at sampling. A Spearman correlation was
used to assess the association between amniotic fluid
CD11b concentrations and gestational age at sampling
in women with PPROM. Differences were considered
significant at p <.05. All p values were obtained from
two-sided tests and all statistical analyses were per-
formed using GraphPad Prism 8 for Windows OS
(GraphPad Software, San Diego, CA).

Results

A total of 80 women with PPROM were enrolled dur-
ing the study period. MIAC, IAl, and microbial-associ-
ated IAl were identified in 35% (28/80), 33% (26/80),
and 21% (17/80) of women, respectively. Ureaplasma
species were the most common microorganisms in
women with MIAC and were detected in 61% of
women (17/28). Polymicrobial infections were identi-
fied in 29% (8/28) of women with MIAC. Demographic
and clinical data are shown in Table 1

Amniotic fluid CD11b concentrations in the
presence of MIAC

CD11b concentrations in the amniotic fluid were
higher in women with MIAC than in women without
MIAC based on crude analysis (with MIAC: median
0.31ng/ml, range 0.07-5.19, versus without MIAC:
median 0.17ng/ml, range 0.001-0.89; p=.004;
Figure 1), as well as after adjusting for gestational age
at sampling (p=.001).
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Figure 1. Amniotic fluid CD11b levels in relation to the pres-
ence or absence of microbial invasion of the amniotic cavity.

Amniotic fluid CD11b concentrations in the
presence of IAl

CD11b concentrations in the amniotic fluid were
higher in women with IAl than in women without IAl
based on crude analysis (with IAl: median 0.29 ng/ml,
range 0.04-5.19 versus without IAl: median 0.17 ng/ml,
range 0.001-5.1; p=.008; Figure 2), but were not
higher after adjusting for gestational age at sam-
pling (p=.37).

Amniotic fluid CD11b concentrations in the
presence of microbial-associated 1Al

The presence of microbial-associated IAl was associ-
ated with higher amniotic fluid CD11b concentrations
in the crude analysis (with microbial-associated IAl:
median 0.35ng/ml, range 0.07-5.19 versus without
microbial-associated |Al: median 0.18 ng/ml, range
0.001-5.17; p=.001; Figure 3), as well as after adjust-
ing for gestational age at sampling (p = .04).

Correlation between CD11b and IL-6
concentrations in the amniotic fluid

A weak positive correlation between amniotic fluid
CD11b levels and IL-6 concentrations was found (rho
= 0.26; p=.02; Figure 4).
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Figure 2. Amniotic fluid CD11b levels in relation to the pres-
ence or absence of intra-amniotic inflammation.
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Figure 3. Amniotic fluid CD11b levels in relation to the pres-
ence or absence of microbial-associated 1Al (intra-amni-
otic infection).

Discussion

This study aimed to detect the concentration of
CD11b in the amniotic fluid of patients with PPROM.
The principal findings of this study are as follows: (i)
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Figure 4. A correlation between CD11b and interleukin-6 levels in amniotic fluid.

women with MIAC have higher amniotic fluid CD11b
concentrations than women without MIAC; (i) women
with IAl do not have higher amniotic fluid CD11b con-
centrations as compared to women without IAl; (ii)
women with microbial-associated |Al have higher
amniotic fluid CD11b concentrations than women
without these complications; (iv) there is a weak cor-
relation between amniotic fluid CD11b concentration
and IL-6 level.

We consider neutrophils and monocytes the princi-
pal source of CD11b in amniotic fluid. Therefore,
CD11b concentrations in the amniotic fluid may be
increased in response to inflammation accompanied
by neutrophils and monocytes accumulating at the
site of amniotic fluid origin. MIAC occurs either in the
presence of IAl, or is only colonization without signs
of inflammation. The highest CD11b concentration
was found in women with microbial-associated IAI.

The differences in amniotic fluid CD11b concentra-
tions, after the adjustment for gestational age at sam-
pling, were found just between the women with and
without MIAC but not with and without IAL It means,
that the difference in the amniotic fluid concentrations
CD11b between the women with and without micro-
bial-associated IAl is mainly driven by microorganisms
in amniotic fluid. Therefore, we hypothesized that IAl

triggered by microbial stimulus was associated with a
higher expression of CD11b on the surface of immune
cells in amniotic fluid than in cases with IAl triggered
by noninfectious stimulus.

This hypothesis is supported by the observation
that increased CD11b expression is induced by bacter-
ial pathogen-associated molecular patterns, such as
lipopolysaccharide  [26], the  proinflammatory
cytokine TNFx [27], granulocyte myeloperoxidase [28],
platelet-activating factor, f-Met-Leu-Phe [29], granulo-
cyte-macrophage colony-stimulating factor, IL-8, or
leukotriene B4 [30]. Additionally, CD11b is considered
as an effective marker for diagnosing early-onset neo-
natal infection [31-33]. Genel at al. also reported the
effect of elevated CD11b concentrations on neutro-
phils and monocytes during neonate infections [34].
This finding could be consistent with the immuno-
logical observation that inflammatory pathways are
unlikely to differ based on their origin or location, but
that they vary according to the pattern of tissue dam-
age. Thus, an increase in CD11b expression may be
triggered by infection-associated inflammation as
opposed to inflammation caused by sterile tissue dam-
age (or damage caused by other non-bacterial stimuli)
based on the mechanics of the initial noxious trigger
rather than its origin. Interestingly, CD11b is further



involved in maintaining inflammation in an unprece-
dented manner, atypical for innate immune cells.
Cross-linking of CD11b has results in the rapid expres-
sion of CD80, CD86, and HLA-DR molecules [35]. These
molecules are responsible for antigen presentation
and it has been assumed that their expression is lim-
ited to the antigen-presenting cells. Neutrophil RNA
and proteome analyses showed that these molecules
are stored in cytoplasmic granules [36]. Upon signaling
through CD11b, they are fused to the cytoplasmic
membrane and expressed. This model, in which the
cell exposes preexisting molecules previously depos-
ited in cytoplasmic granules on its surface, as opposed
to undergoing their complete de novo synthesis,
allows a much faster and more efficient inflammation
response and was demonstrated in a study of CDé4,
an IgG Fc receptor, expression on neutrophils after
stimulation with interferon y [37]. CD64 expression is
also increased after crosslinking of CD11b [35]. This
finding is in line with our own results, which showed
an increased CD64 concentration in patients with [Al
(author's data, unpublished). Thus, increased CD11b
expression contributes comprehensively to the activa-
tion and pro-inflammatory immune settings and pro-
moates communication between the innate and
antigen-specific components of immunity, which was
previously thought to be the sole task of dendritic
cells. The possible involvement of a higher level of
immunity, i.e. lymphocyte-mediated defense, indicates
the depth of inflammation given that different levels
of immunity are involved gradually in inflammatory
processes only when needed.

This is the first work evaluating CD11b in amniotic
fluid obtained from women with PPROM, however, the
question of how membrane-bound CD11b becomes
soluble remains unanswered. Each neutrophil moves
to the site of inflammation by a number of steps that
involve constant binding and detachment from vari-
ous substrates in the extracellular space [38]. As Zen
et al. showed the detachment and shedding of CD11b
from its ligands is mediated by serine proteases,
including cathepsin G [39]. As mentioned above, an
elevated concentration of cathepsin G has also been
found in women with Al and MIAC [5]. Therefore, it is
possible that elevated levels of these granulocyte mol-
ecules under pathological conditions reflect their effort
to ensure the smooth movement of these cells to the
sites of infection. We also do not know the exact
source of CD11b, although innate immune cells
appear to be the most important producers of
this protein.
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In conclusion, the presence of MIAC and microbial-
associated IAl is connected with increased levels of
CD11b, which has a complex activating effect on
inflammation. However, this was not the case for IAl
The increased presence of CD11b in the amniotic fluid
points to bacterial colonization and the associated
development of inflammatory changes at the mater-
nal-fetal interface, but this does not appear to be a
suitable or universal marker for IAl and
PPROM prediction.
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ABSTRACT

ARTICLE HISTORY

Introduction: To determine the levels of granzyme A in amniotic fluid in pregnancies compli-
cated by preterm prelabor rupture of membranes (PPROM), based on the presence of microbial
invasion of the amniotic cavity (MIAC) and/or intra-amniotic inflammation (IAl).

Methods of study: A total of 166 women with singleton pregnancies complicated by PPROM
were included. Amniocentesis was performed at the time of admission and assessments of
MIAC (using both cultivation and non-cultivation techniques) and IAl (interleukin-6 in amniotic
fluid) were performed on all subjects. Based on the presence/absence of MIAC and IAl, the
women were further divided into the following subgroups: intra-amniotic infection, sterile Al
colonization, and absence of both MIAC and IAl. Amniotic fluid granzyme A levels were assessed
using ELISA.

Results: Women with MIAC had lower levels of granzyme A in the amniotic fluid than women
without this condition (with MIAC: median 15.9 pg/mL vs. without MIAC: median 19.9 pg/mL,
p=.03). Women with sterile 1Al had higher amniotic fluid granzyme A levels than women with
intra-amniotic infection, colonization and women with the absence of either MIAC or IAl (intra-
amniotic infection: median 15.6 pg/mL; sterile IAl: median 31.8 pg/mL; colonization: median
16.9 pg/mL; absence of both MIAC and IAl: median 18.8 pg/mL; p=.02),

Conclusions: The presence of sterile IAl was associated with elevated levels of granzyme A in
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amniotic fluid.

Introduction

Preterm prelabor rupture of membranes (PPROM),
defined as leakage of amniotic fluid before the onset of
regular uterine activity prior to the 37th week of preg-
nancy [1], is associated with approximately one-third of
preterm deliveries [2]. PPROM represents a serious
problem in current perinatal medicine [3,4]. The exact
determination of all the underlying pathophysiological
processes leading to PPROM may play the most import-
ant role in the development of optimal diagnostic and
therapeutic management for women with PPROM.
There is a solid body of evidence showing that
microbial invasion of the amniotic cavity (MIAC) and

intra-amniotic inflammation (IAl) are conditions closely
associated with PPROM [2,56]. In addition, the
presence of these complications in PPROM pregnan-
cies has been shown to be related to worse maternal
and neonatal outcomes [7-9], regardless of the fact
that gestational age at delivery is the most important
confounder affecting neonatal outcomes [3].

The occurrence of Al is typically associated with
an increased number of amniotic fluid neutrophils
and  monocytes/macrophages, immunocompetent
cells which play an important role in innate immunity
in pregnancies complicated by PPROM [10] or spon-
taneous preterm labor [11]. Nevertheless, IAl and/or its
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microorganism-driven forms, termed intra-amniotic
infections, have been shown to be associated with a
higher number of B lymphocytes, T lymphocytes, and
natural killer cells in the amniotic fluid [10-12]; collect-
ively, these comprise the immunocompetent cells
dealing with the adaptive immune response.

Cytotoxic subsets of T lymphocytes and natural
killer cells, the immunocompetent cells that play an
important role in defense against virally infected cells
and tumor cells, express a family of homologous ser-
ine proteases called granzymes [13-15]. Recently,
granzymes have been shown to also be produced by
other immunocompetent cells such as neutrophils
[16], macrophages [17], mast cells [18], and dendritic
cells [19].

The family of granzymes consists of five members
(A, B, H, K, and M) with granzymes A and B being the
most comprehensively studied and characterized [20].
Granzyme A is the most abundant serine protease
constitutively present in the granules of cytotoxic T
lymphocytes [21-23]. Granzyme A, as well as the other
granzymes, is stored in granules inside the immuno-
competent cells, but may be released: (i) through
immunological synapse into a targeted cell, leading to
cell death, or (ii) extracellularly [20]. Extracellular gran-
zyme A has been found in different body fluids includ-
ing plasma, serum, umbilical cord blood [24], synovial
fluid, sputum, and bronchoalveolar lavage. An eleva-
tion in the levels of extracellular granzyme A has been
identified in patients with: (i) bacterial infections
[25-29]; (i) viral infections [30-35]; (iii) parasitic infec-
tion [36]; (iv) hypersensitivity pneumonia [37,38]; (v)
rheumatoid arthritis [30,31,39,40]; (vi) Behget's disease
[41]; (vii) celiac disease [42]; and (viii) experimental
endotoxemia or sepsis [25,43]. Extracellular granzyme
A could therefore be considered as a potential bio-
marker of infection or inflammation [27,44-46].

Nevertheless, there is a lack of information about
the occurrence of extracellular granzyme A in amniotic
fluid and whether its levels reflect the presence of
inflammatory intra-amniotic conditions. To fill this gap
in our knowledge, we conducted a study to assess
and quantify levels of extracellular granzyme A in
amniotic fluid from PPROM pregnancies with respect
to the presence/absence of MIAC and Al

Material and methods

This retrospective cohort study was performed at the
Department of Obstetrics and Gynecology of the
University Hospital Hradec Kralové between May 2014
and June 2017. The inclusion criteria were: (i)

singleton pregnancies complicated by the presence of
PPROM and (ii) age > 18years. The exclusion criteria
were as follows: (i) fetal growth restriction; (i) con-
genital or chromosomal fetal abnormalities; (iii) gesta-
tional or pregestational diabetes; (iv) gestational
hypertension; (v) preeclampsia; (vi) signs of fetal hyp-
oxia; and (vii) significant vaginal bleeding.

Gestational age was determined by first-trimester
fetal biometry. Women with PPROM were treated with
intravenous antibiotics. Women with |Al (a concentra-
tion of bedside IL-6 > 745 pg/mL) received clarithromy-
cin intravenously, 500mg every 12 h, for 7 days, unless
delivery occurred. Women without |Al (a concentration
of bedside IL-6 < 745 pg/mL) were treated with benzyl-
penicillin—initially, 5.0 million IU intravenously and,
further, 2.5 million IU every 6h intravenously for 7
days, unless delivery occurred. In case of a penicillin
allergy, patients were treated with clindamycin,
900 mg intravenously every 8h for 7 days, unless
delivery occurred. Once the results of MIAC were avail-
able, the antibiotic therapy was eventually modified
accordingly. Women with PPROM prior to 35 weeks
gestational age received a course of corticosteroids.
During the study period, women with PPROM were
treated conservatively, except those with proven intra-
amniotic infection (the presence of both MIAC and IAl)
beyond 28 weeks of gestation. The women were
induced for birth, or an elective cesarean section was
performed within 72 h of admission.

All the subjects were Caucasian women, and they
provided written informed consent prior to the collec-
tion of amniotic fluid. The collection of amniotic fluid
samples for research was approved by the Institutional
Review Board (June 2015; No. 201506 196L).

Amniotic fluid sampling

Ultrasonography-guided transabdominal amniocentesis
was performed prior to the administration of cortico-
steroids, antibiotics, or tocolytics. The details of amni-
otic fluid sampling are described in our previous
publication [47].

Detection of Ureaplasma species, M. hominis,
and C. trachomatis in amniotic fluid

DNA was isolated from the amniotic fluid using a
QlAamp DNA mini kit according to the manufacturer’s
instructions (using the protocol for isolating bacterial
DNA from biological fluids). RT-PCR was performed
using a Rotor-Gene 6000 instrument using the
commercial AmpliSens® C. trachomatis/Ureaplasma/M.



hominis-FRT kit (Federal State Institution of Science,
Central Research Institute of Epidemiology, Moscow,
Russia) to detect the DNA from Ureaplasma species, M.
hominis, and C. trachomatis in the same PCR tube. As
a control, we amplified beta-actin, a housekeeping
gene, to exclude the presence of PCR inhibitors. The
concentration of Ureaplasma spp. DNA (copies/mL)
was determined using an absolute quantification tech-
nique using an external calibration curve. Plasmid
DNA (pCR4; Invitrogen, Carlsbad, CA) was used to con-
struct the calibration curve.

Detection of other bacteria in amniotic fluid

Bacterial DNA was identified by PCR targeting 16S rRNA
using the following primers: 5-CCAGACTCCTACGGG
AGGCAG-3' (V3 region) and 5'-ACATTTCACAACACGAGC-
GACGA-3' (V6 region) [48]. Each reaction contained 3 L
target DNA, 500nM forward and reverse primers, and
Q5 High-Fidelity DNA polymerase (New England Biolabs,
Ipswich, MA) in a total volume of 25uL. Amplification
was performed using a 2720 Thermal Cycler (Applied
Biosystems, Foster City, CA). The products were visual-
ized on an agarose gel. Positive reactions yielded 950-
bp products that were subsequently analyzed by
sequencing. The 165 PCR products were purified and
sequenced by PCR using the above primers and BigDye
Terminator kit v3.1 (Thermo Fisher Scientific, Waltham,
MA). The bacteria were then typed using the sequences
obtained from BLAST® and SepsiTest™ BLAST.

Aerobic and anaerobic cultures of amniotic fluid

The amniotic fluid samples were cultured in Columbia
agar with sheep’s blood, Gardnerella vaginalis selective
medium, MacConkey agar, Neisserig-selective medium
(modified Thayer-Martin medium), Sabouraud agar,
and Schaedler anaerobe agar. The plates were cul-
tured for 6 days and checked daily. Species were iden-
tified by matrix-assisted laser desorption/ionization
time-of-flight mass spectrometry using MALDI Biotyper
software (Bruker Daltonics, Billerica, MA).

Quantitation of extracellular granzyme a in
amniotic fluid

Levels of extracellular granzyme A in amniotic fluid
were assessed by enzyme-linked immunosorbent
assays (ELISA) by means of the ELISA Kit for Granzyme
A (GZMA) (Cloud-Clone Corp., Houston, TX), according
to the manufacturer’s instructions. The detection range
of the kit is from 8 to 500pg/mL. The absorbance
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values were read at 450nm on a Multiskan RC ELISA
reader (Thermo Fisher Scientific, Waltham, MA).

Assessment of the levels of interleukin-6 in
amniotic fluid

Levels of interleukin 6 in fresh unprocessed amniotic
fluid samples were assessed using a Milenia QuickLine
IL-6 lateral flow immunoassay with a Milenia POCScan
reader (Milenia Biotec, GmbH, Giessen, Germany) [49].
The measurement range was 50-10,000 pg/mL. The
intra- and inter-assay variations were 12.1 and 15.5%,
respectively [49].

Clinical diagnosis

The presence of MIAC was determined based on posi-
tive results from PCR analysis of Ureaplasma spp., M.
hominis, C trachomatis, or a combination of these spe-
cies; 165 rRNA assay; cultivation of microbes under
aerobic/anaerobic from the amniotic fluid; or a com-
bination of these parameters.

IAl in PPROM pregnancies was identified by an
IL-6 was measured using a lateral flow-based immuno-
assay point-of-care test [50,51].

Based on the presence/absence of MIAC and I|Al,
the subjects were subdivided into the following sub-
groups: (i) intra-amniotic infection, when both MIAC
and IAl were found; (ii) sterile 1Al, when IAl was
observed without MIAC; (iii) colonization, when MIAC
was observed without IAl; and (iv) absence of both
MIAC and AL

Statistical analyses

The demographic characteristics were compared by a
non-parametric Kruskal-Wallis test for the continuous
variables and by chi-square test for the categorical
variables and presented as a median (range) and num-
bers (%). The normality of the data was tested using
the D'Agostino-Pearson omnibus normality test, the
Shapiro-Wilk test, and the Kolmogorov-Smirnov test.
In women with amniotic fluid granzyme A levels
below the Ilimit of detection (LOD), the value
7.9pg/mL (99 percentage) was used for analyses.
Fisher exact test and chi-square test were used to
assess the differences in the proportion of the samples
with granzyme A levels below LOD. Since levels of
granzyme A in amniotic fluid were not normally dis-
tributed, the non-parametric Mann-Whitney U-test
and Kruskal-Wallis test were used for analyses, as
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appropriate. The Spearman partial correlation was used
for the adjustment of the results for gestational age at
the time of sampling. The Spearman correlation was
used to assess the association between amniotic fluid
granzyme A levels, interleukin-6 levels, and gestational
age at the time of sampling. Differences were consid-
ered statistically significant at p < .05. All p-values were
obtained from two-sided tests and all statistical analy-
ses were performed using GraphPad Prism 8.4.3 for
Mac (GraphPad Software, San Diego, CA).

Results

A total of 166 women with PPROM between the gesta-
tional ages of 24+0 and 36+ 6 weeks were included
in this study. MIAC or IAl was detected in 30% (50/166)
and 20% (33/166) of the women, respectively. When

the women were divided into subgroups according to
the presence/absence of MIAC and IAl, intra-amniotic
infection, sterile IAl, colonization, and absence of both
MIAC and IAl were identified in 15% (25/166), 5% (8/
166), 15% (25/166), and 65% (108/166), respectively.
The demographical and clinical data of the women in
these four subgroups are shown in Table 1. The micro-
bial species identified in the amniotic fluid obtained
from the subjects with intra-amniotic infection and col-
onization are presented in Table 2.

Levels of extracellular granzyme A levels in
amniotic fluid

Levels of extracellular granzyme A levels were measur-
able in 87% (144/166) of all amniotic fluid samples
from PPROM pregnancies. No correlation between its

Table 1. Demographical and clinical characteristics of preterm prelabor rupture of membranes pregnancies according to the
presence/absence of MIAC and Al

Sterile intra-amniotic

Without both MIAC
and intra-amniotic

Intra-amniotic infection inflammation Colonization inflammation

Characteristic (n=25) (n=28) (n=25) (n=108) p-Value

Maternal age [years, 30.5 (17-42) 28,0 (21-35) 32,0 (18-42) 31.0 (21-40) 34
median (range)]

Prepregnancy body mass index 24.6 (16.5-38.0) 24.1 (19.3-37.8) 223 (16.0-33.5) 22.7 (15.8-39.0) 67
[kg/m?, median (range)]

Gestational age at admission 3146 (24+2-36+5) 3346 (25+1-36+6) 3343 (25+3-36+6) 3440 (25+3-36+6) .03
[weeks, median (range)]

Gestational age at delivery 32+1(24+5-36+5) 344+1(25+1-36+6) 34+2 (26 +5-36+6) 34+4(25+2-36+6) 005
[weeks, median (range}]

Latency from PPROM to 9 (1-97) 8 (3-432) 6 (1-35) 6 (1-68) A5
amniocentesis [hours,
median (range)]

Latency from PPROM to 36,5 (3-106) 45 (17-768) 28 (7-390) 32,5 (4-452) 72
delivery [hours,
median (range)]

CRP levels at admission [mg/L, 15.5 (1.5-106.3) 84 (2.3-59.1) 4(0.2-13.2) 5.6 (0.1-47) <,0001
median (range)]

WBC count at admission [><1(}9 13.8 (9.2-23.5) 15.3 (8.9-19.9) 11.9 (6.5-21.6) 11.5 (5.7-24.2) 001
L, median (range)]

Amniotic fluid IL-6 at 8478 (831-10,000) 996 (801-1446) 199 (50-673) 194 (50-678) <,0001
admission [pg/mL,
median (range)]

Administration of 21 (84%) 5 (63%) 16 (64%) 77 (70%) 40
corticosteroids [number (%)]

Administration of antibiotics 25 (100%) 8 (100%) 24 (96%) 101 (95%) 66
[number (%))

Spontaneous vaginal delivery 19 (76%) 7 (88%) 20 (80%) 80 (73%) .86
[number ()]

Cesarean section [number (%)] 6 (24%) 1(12%) 5 (20%) 30 (27%) 67

Forceps delivery [number (%)] 0 (0%) 0 (0%) 0 (0%) 1 (1%) 91

Birth weight [grams, 1790 (550-2840) 2215 (990-3320) 2285 (780-3250) 2240 (700-3550) 005
median (range)]

Histological chorioamnionitis 23 (92%) 7 (88%) 17 (68%) 57 (52%) .002
[number (%))

Funisitis [number (%)) 15 (60%) 2 (25%) 10 (40%) 23 (21%) <.0001

Apgar score <7; 5 minutes 2 (8%) 1 (13%) 0 (0%) 2 (2%) 12
[number (%)]

Apgar score <7; 10 minutes 1 (4%) 1 (13%) 0 (0%) 1 (1%) .08

[number (%))

Continuous variables were compared using a nonparametric Kruskal-Wallis test. Categorical variables were compared using the chi-square test.
Continuous variables are presented as median (IQR) and categorical as number (%). Statistically significant results are marked in bold.
CRP: C-reactive protein; IL: inteleukin; MIAC: microbial invasion of the amniotic cavity; PPROM: preterm prelabor rupture of membranes; WBC: white

blood cells.



levels and gestational ages at the time of sampling
was identified (rho = —0.14; p =.07).

Extracellular granzyme A in amniotic fluid and MIAC

Granzyme A levels were detected in 70% (35/50) and
93% (108/116) of women with and without MIAC
(p=.0003), respectively. Women with MIAC had lower
levels of extracellular granzyme A in amniotic fluid
than those without this complication (with MIAC:
median 15.9pg/mL, IQR 6.9-26.1 vs. without MIAC:
median 19.9 pg/mL, IQR 12.7-29.5; p =.03; Figure 1(a))
in crude analysis, as well as after adjustment for gesta-
tional age at the time of sampling (p=.02).

Extracellular granzyme A in amniotic fluid and 1Al

Granzyme A levels were measurable in 82% (27/33)
and 88% (117/133) of women with and without IAI
(p=.39). No difference was observed in the levels of
extracellular granzyme A in amniotic fluid between
women with and without I[Al (with [Al: median
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16.9pg/mL, IQR 11.4-26.9 vs. without IAl: median
18.5 pg/mL, IQR 10.9-28.7; p =.93; Figure 1(b)).

Extracellular granzyme A in amniotic fluid and
MIAC and/or IAl

Granzyme A was detected in: (a) 76% (19/25) of the
samples from women with intra-amniotic infection; (b)
100% (8/8) of the samples from women with sterile
IAl; (c) 68% (17/25) of the samples from women with
colonization; and (d) 93% (100/108) of the samples
from women with the absence of both MIAC and IAl
(p=.002). A difference in the levels of extracellular
granzyme A in amniotic fluid was found between the
women with intra-amniotic infection, sterile IAl, colon-
ization, and absence of both MIAC and IAl (intra-amni-
otic infection: median 15.6 pg/mL, IQR 8.3-24.7; sterile
IAl: median 31.8pg/mL, IQR 25.5-46.0; colonization:
median 16.9 pg/mL, IQR 7.9-31.1; absence of both
MIAC and IAl: median 188pg/mL, IQR 12.3-28.7;
p=.02; Figure 2). Women with sterile IAl had higher

Table 2. Bacterial species identified in the amniotic fluid from women with preterm prelabor rupture of membranes.

Women with intra-amniotic infection
(n=25)

Women with colonization
(n=25)

Ureaplasma spp. (n=14)

Ureaplasma spp. + Chlamydia trachomatis (n = 2)
Ureaplasma spp. + Lactobacillus spp. (n=1)
Ureaplasma spp. + Sneathia sanguinegens (n=1)
Ureaplasma spp. + Veilonella spp. (n=1)

Mycoplasma hominis +Peptococcus spp. + FPropionibacterium spp. + Bacteroides spp. (n=1)

Chlamydia trachomatis (n=1)
Fusobacterium nucleatum (n=1)
Streptococcus agalactiae (n = 2)
Streptococcus spp. (n=1)

Ureaplasma spp. (n=15)

Ureaplasma spp. + Mycoplasma hominis (n=5)
Ureaplasma spp. + Chlamydia trachomatis (n = 2)
Ureaplasma spp. + Leptotrichia amnionii (n = 1)
Enterococcus faecium (n=1)

Streptococcus pneumonia (n=1)

Levels of extracellular granzyme A in amniotic fluid
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Figure 1. Comparisons of the levels of extracellular granzyme A in amniotic fluid between women with and without MIAC (a), 1Al
(b), and sterile 1Al (c). IAl: intra-amniotic inflammation; MIAC: microbial invasion of the amniotic cavity.
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Figure 2. Comparisons of the levels of extracellular granzyme A in amniotic fluid between women with intra-amniotic infection,
sterile intra-amniotic inflammation, colonization, and without either MIAC or IAl. IAl: intra-amniotic inflammation; MIAC: microbial

invasion of the amniotic cavity.

Table 3. Extracellular granzyme A in amniotic fluid—comparisons among subgroups of women based on the presence/absence

of MIAC and IAL

Intra-amniotic infection Sterile 1Al Colonization Without both MIAC and IAl
Intra-amniotic infection 5% p = .004; adj. p = .02 p=.73adj.p= 44 p = 09; adj. p = .03
Sterile 1Al p = .004; adj. p = .02 p = .02; adj. p = .02 p = .01; adj. p = .004
Colonization p=.73ad.p=.44 p = .02; adj. p = .02 = p =.23;ad). p = 36
Without both MIAC and IAI p = .09 adj.p = .03 p = .01; adj. p = .004 p= 23 adj.p= 36 %

|Al: intra-amniotic inflammation; MIAC: microbial invasion of the amniotic cavity.
p-Value: a comparison between two subgroups {a nonparametric Mann-Whitney U test). adj. p-value: a comparison between two subgroups after the

adjustment for gestational age at sampling (a Spearman partial correlation).

Statistically significant results are represented in bold.

levels of extracellular granzyme A in amniotic fluid
than those with intra-amniotic infection, colonization,
and absence of both MIAC and IAl in crude and
adjusted analyses (Table 3). Women with sterile 1Al
had higher levels of extracellular granzyme A in amni-
otic fluid than those without sterile IAl in crude ana-
lysis (without sterile IAl: median 18.0pg/mL, IQR
10.4-28.4; p = .006; Figure 1(c)), as well as after adjust-
ment for gestational age at time of
pling (p=.002).

sam-

Extracellular granzyme A and interleukin-6 in
amniotic fluid

No correlation was found between the levels of extrac-
ellylar granzyme A and interleukin-6 in amniotic fluid
(rho = —0.04; p = .58).

Discussion

The main findings of this study are as follows: (i) extra-
cellular granzyme A is measurable in a majority of



amniotic fluid from PPROM pregnancies; (i) the
amount of extracellular granzyme A in amniotic fluid is
diminished in the presence of MIAG (iii) the presence
of sterile inflammation is associated with elevated lev-
els of extracellular granzyme A in the amniotic fluid;
and (iv) extracellular granzyme A levels were not corre-
lated with interleukin-6 levels in the amniotic fluid.

Granzyme A, a serine protease from the family of
granzymes, plays an important role in the modulation
of inflammation [20]. Extracellular granzyme A has
been identified in plasma/serum circulation [25-41,43],
as well as in the local body fluid [29,30,37-40,52]. In
this study, extracellular granzyme A levels were
assessed in samples of amniotic fluid obtained from
singleton pregnancies complicated by PPROM
between the gestational ages of 24 and 36 weeks.
Extracellular granzyme A was measurable in 87% of all
amniotic fluid samples. The exact source of extracellu-
lar granzyme A in the amniotic fluid is not clear. It is
likely that immunocompetent cells in the amniotic
fluid, mainly T lymphocytes and natural killer cells, are
an important source of extracellular granzyme.
However, we hypothesize that various sources (e.g.
the placenta, the fetal membranes) contribute to the
presence of extracellular granzyme A in the amniotic
fluid, due to the following reasons: (i) regardless of
the fact that the number of T cells and natural killers
cells is at its highest between weeks 15-30 of gesta-
tion and decreases toward the completion of term
[12], no correlation between extracellular granzyme A
levels in the amniotic fluid and gestational age at time
of sampling was found; (ii) IAl is associated with ele-
vated numbers of all amniotic fluid immunocompetent
cells (except innate lymphoid cells) [12] but women
showing intra-amniotic infection did not have different
levels of extracellular granzyme A in amniotic fluid
than those without either MIAC or IAl; (iii) MIAC in
PPROM is associated with higher numbers of total T
cells, CD4+ T cells, CD8+ T cells, neutrophils, and
monocytes/macrophages [10] but women with MIAC
did not display higher levels of extracellular granzyme
A; (iv) granzyme B- and K-positive cells were found in
human placentas with and without villitis unknown
etiology [53]; (v) granzyme B-positive cells were found
in normal placentas from the first trimester of preg-
nancy [54], and (vi) effector T cells, granzyme-express-
ing T cells are present in the placenta and fetal
membranes [55-57]. Collectively, these findings pro-
vide indirect evidence that the placenta and/or the
fetal membranes should contribute to the production
of extracellular granzyme A in the amniotic fluid.
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Approximately one-third of PPROM pregnancies are
associated with MIAC at the time of diagnosis of
PPROM [2]. MIAC in PPROM represents a very hetero-
geneous condition due to: (i) the variety of microor-
ganisms present in amniotic fluid [2,58]; (ii) the
possibility of the concomitant presence of multiple
microorganisms in amniotic fluid [2,58,59]; and (iii) the
broad range of microbial loads possible in amniotic
fluid [2,60,61]. Since extracellular granzyme A has
been shown to be elevated in the systemic circulation
of patients with tuberculosis [27], with melioidoses
(caused by the gram-negative bacterium Burkholderia
pseudomallei) [25], and with typhoid fever (caused by
Salmonella enteric) [26], as well as in bronchoalveolar
lavage from patients with pneumonia (caused by
Streptococcus pneumonia) [29], a similar trend in the
levels of extracellular granzyme A in amniotic fluid
was expected in subjects with MIAC. Surprisingly,
women with MIAC did not show higher levels of extra-
cellular granzyme A in amniotic fluid than women
without this complication, but showed lower levels
instead. The explanation for this unexpected observa-
tion is unclear. However, when the subset of women
with sterile 1Al, having the highest extracellular gran-
zyme A levels in amniotic fluid, was discounted from
the cohort of women without MIAC, no difference in
the levels of extracellular granzyme A levels was
observed between the women with and without MIAC
(data not shown). This finding supports our specula-
tion that a source other than amniotic fluid immuno-
competent cells contributes to the extracellular
granzyme A level in amniotic fluid.

The employment of both cultivation and molecular
biology methods to assess MIAC gave us a unique
opportunity to identify a subset of the PPROM women
with sterile IAl. The frequency of this condition repre-
sents between 5% and 29% of PPROM pregnancies (2,
5]. The underlying pathology leading to the develop-
ment of sterile |Al remains unclear, however, two main
mechanisms (or a combination thereof) are consid-
ered: (i} damage to the fetal membranes that leads to
the release of endogenous molecules {alarmins) into
the amniotic fluid with a subsequent inflammatory
response through the system of pattern recognition
receptors [2,62,63]; (ii) infection in the choriodecidual
space triggering the release of inflammatory mediators
from the fetal membranes into the amniotic fluid [64].
Sterile Al in pregnancies is usually associated with a
milder intensity of intra-amniotic inflammatory
response than intra-amniotic infection in terms of
lower levels of inflammatory mediators [2,5] and lower
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numbers of immunocompetent cells [11] in amni-
otic fluid.

In this study, a subset of women with sterile Al
showed higher levels of extracellular granzyme A in
the amniotic fluid than the other women tested, even
those with intra-amniotic infection. This observation,
along with the absence of a correlation between the
levels of interleukin-6 and granzyme A in amniotic
fluid, supports the abovementioned hypothesis that
the placenta or fetal membranes contribute intensively
to the extracellular levels of granzyme A in amniotic
fluid. In contrast, the finding that sterile IAl is related
to the highest levels of extracellular granzyme A in
amniotic fluid should be taken with caution owing to
the small sample size of this subset of women.

The main strength of this study was the assessment
of MIAC with a very extensive and thorough approach
combining aerobic/anaerobic cultivation, a specific
PCR for Ureaplasma spp. Mycoplasma hominis, and
Chlamydia trachomatis, and a nonspecific PCR for the
165 rRNA gene, The study used a relatively large
cohort of women with singleton pregnancies with
well-defined phenotypes of spontaneous preterm
delivery (PPROM), to whom an amniocentesis was per-
formed at the time of admission. This study also suf-
fered from some limitations that are important to
mention. For instance, the results showing elevated
levels of granzyme A in amniotic fluid in the subset of
women with sterile |Al were not replicated in an inde-
pendent cohort of women. Additionally, the presence
of granzyme A-positive cells in the placenta and the
fetal membranes was not evaluated.

In conclusion, extracellular granzyme A is present in
a majority of the amniotic fluid from singleton preg-
nancies with PPROM between the gestational ages of
24-36 weeks and its levels in amniotic fluid are higher
in the presence of sterile IAl
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To determine the IgGFc-binding protein (FcgammaBP) concentration in amniotic and cervical fluids
in preterm prelabor rupture of membranes (PPROM) and preterm labor with intact membranes
(PTL) and to assess the diagnostic indices of FcgammaBP to predict intra-amniotic infection (the
presence of both microbial invasion of the amniotic cavity and intra-amniotic inflammation). In

this study, we included 170 and 79 women with PPROM and PTL, respectively. Paired cervical

and amniotic fluid samples were obtained using a Dacron polyester swab and transabdominal
amniocentesis, respectively. The FcgammaBP concentrations in the samples were assessed using
an enzyme-linked immunosorbent assay. The presence of intra-amniotic infection was associated
with elevated FcgammaBP concentrations in pregnancies with PPROM and PTL [PPROM—presence:
86 ng/mL vs. absence: 13 ng/mL, p<0.0001, area under receiver operating characteristic curve
(AUC)=0.94; PTL—presence: 140 ng/mL vs. absence: 22 ng/mL, p<0.0001, AUC=0.86]. In cervical
fluid, the concentrations of FcgammaBP were elevated in the presence of intra-amniotic infection in
pregnancies with PPROM only (presence: 345 ng/mL vs. absence: 60 ng/fmL, p<0.0001, AUC=0.93).
FcgammaBP in amniotic fluid might be a marker of intra-amniotic infection in women with both
PPROM and PTL However, in cervical fluid, it is only observed in women with PPROM.

Preterm delivery, defined as delivery before 37 weeks of gestation, is divided into two major subgroups: (i) iat-
rogenic preterm delivery and (ii) spontaneous preterm delivery'?. The latter form of preterm delivery is more
frequent and is responsible for more than two-thirds of all preterm deliveries'. Spontaneous preterm delivery
can also be divided into two clinical phenotypes: (i) preterm prelabor rupture of the membranes (PPROM) and
(ii) preterm labor with intact membranes (PTL)'.

Some pregnancies can be complicated by the elevation of amniotic fluid concentrations of various inflamma-
tory mediators, such as cytokines, chemokines, and antimicrobial peptides®''. This condition is termed intra-
amniotic inflammation and can be identified in both PPROM'*!"* and PTL". Based on the presence or absence of
microorganisms and/or their nucleic acids in amniotic fluid, intra-amniotic inflammation can be further divided
into two clinical subtypes: (i) intra-amniotic infection and (ii) sterile intra-amniotic inflammation'*'**. Clinical
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The : The absence o al

. Maternal age [vears, median (IQR})] I 30 (24-33) 31 (27-35) 0.19
Primiparous [number (%)] 10 (53%) 90 (60%) 0.63
Pre-pregnancy body mass index [kg/m?, median (IQR)] 22.8 (20.9-25.2) 24.0 (21.2-27.2) 0.25
Smoking [number (%)] 3(16%) 25 (17%) 1.00
}?51;3?[ between PPROM and amniocentesis [hours, median 3(2-8) 1(2-7) 0.57
Gestational age at admission [weeks, median (IQR)] 2943 (27+0-33+4) 3443 (32+3-35+3) 0.0003
Gestational age at delivery [weeks, median (IQR)] 2046 (27+3-33+4) 34+5(33+0-35+6) =0.0001
Latency between PPROM and delivery [hours, median (IQR}] | 60 (17-113) 45 (13-157) 0.70
a{n;}r{l;?lic fluid IL-6 levels at admission [pg/nL, median 30,632 (9427-50,000) 667 (329-50,000) <0.0001
CRP levels at admission [mg/L, median (IQR)] 19.2 (3.3-36.5) 5.2(2.5-8.2) 0.003
WBC count at admission [x10% L, median (IQR)] 149 (11.2-17.6) 11.9 (9.9-14.3) 0.03
Administration of corticosteroids [number (%)] 15 (79%) 89 (59%) 0.13
Vaginal delivery [number (%)] 13 (68%) 108 (72%) 0.79
Birth weight [grams, median (IQR)] 1460 (1090-2220) 2290 (1930-3620) =0.0001
Apgar score<7; 5 min [number (%] 3(16%) 5(3%) 0.05
Apgar score < 7; 10 min [number (%)] 2 (11%) 2(1%) 0.06

Table 1. Maternal and clinical characteristics of women with preterm prelabor rupture of membranes

based on the presence and absence of intra-amniotic infection. Continuous variables were compared using

a nonparametric Mann-Whitney U test. Categorical variables were compared using the Fisher’s exact test.
Continuous variables are presented as median (IQR) and categorical as number (%). Statistically significant
results are marked in bold. CRP: C-reactive protein; IL-6: interleukin-6; IQR: interquartile range; WBC: white
blood cells.

relevance of intra-amniotic inflammation, its association with adverse short- and long-term neonatal outcomes,
and optimal diagnostic markers, are still a matter of intense debate'®-%%.

The broad availability and recent advances in proteomics, an unbiased technology, bring it within the scope
of researchers working in the field of intra-amniotic inflammatory complications®**. The ability to identify
hundreds of proteins and to quantify changes in their abundance across multiple amniotic fluid samples makes
proteomics very appealing, particularly in the discovery phase of the biomarker search process®-“'. Therefore,
proteomic analysis of amniotic fluid may reveal new proteins involved in the complex pathogenesis of intra-
amniotic inflammation®"*.

IgGFc-binding protein (FcgammaBP) is one of the proteins identified in amniotic fluid using
proteomics®**7*"42, FegammaBP is a relatively unknown protein, with limited reports in relation to conditions
such as bowel inflammatory disease, autoimmune disease, or thyroid gland tumors® *. Nevertheless, Fcgam-
maBP has been identified in amniotic fluid obtained from women with uncomplicated pregnancies*®* as well as
from women with pregnancies complicated by PPROM?* and PTL*. In pregnancies with PPROM, an elevation
of FcgammaBP concentration in amniotic fluid has been observed during microbial invasion of the amniotic
cavity and in acute histological chorioamnionitis*®. However, there is a paucity of information on whether con-
centrations of FegammaBP in amniotic and cervical fluid reflect the presence of intra-amniotic inflammatory
complications in both the clinical phenotypes of spontaneous preterm delivery.

To fill this gap in the knowledge, we conducted this study with the following goals: (i) to quantify the Fcgam-
maBP concentration in amniotic fluid samples from pregnant women with PPROM and PTL based on the phe-
notype of intra-amniotic inflammation; (ii) to quantify the FegammaBP concentration in cervical fluid samples
from pregnant women with PPROM and PTL based on the phenotype of intra-amniotic inflammation; and (iii)
to assess the predictive value of FcgammaBP concentrations in amniotic and cervical fluids for intra-amniotic
infection in pregnant women with PPROM and PTL.

Results
In total, 170 and 79 women with PPROM and PTL, respectively were included in the study. Among women with
PPROM, the presence of intra-amniotic infection, sterile intra-amniotic inflammation, colonization, and nega-
tive amniotic fluid were observed in 11% (19/170), 5% (9/170), 10% (16/170), and 74% (126/170) of women,
respectively. Among women with PTL, intra-amniotic infection, sterile intra-amniotic inflammation, and nega-
tive amniotic fluid were found in 15% (12/79), 27% (21/79), and 58% (46/79) of the women, respectively. None
of the women with PTL had colonization.

The demographics of all the women in this study and clinical data of the women with PPROM and PTL,
based on the presence and absence of intra-amniotic infection, are shown in Tables 1 and 2, respectively. The
microorganisms identified in the amniotic fluid from women with PPROM and PTL are listed in Table 3.

Amniotic fluid FcgammaBP concentrations based on the phenotype of intra-amniotic inflam-
mation. PPROM pregnancies. PPROM pregnancies with intra-amniotic infection and sterile intra-amniot-
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. Maternal age [years, median (IQR)] 27 (25-28) 28 (23-30) 0.86
Primiparous [number (%] 7 (58%) 47 (70%) 0.50
Pre-pregnancy body mass index [kg/m?, median (IQR)] 27.5 (23.1-30.6) 25.0(23.0-27.9) 0.51
Smoking [number (%:)] 1 (8%) 7 (10%) 1.00
Gestational age at admission [weeks, median (IQR)] 27+6 (264 6-31+2) 30+6(26+6-32+3) 0.17
Gestational age at delivery [weeks, median (IQR)] 29+0(27+1-33+3) 32+6(2940-36+5) 0.04
Interval from amniocentesis to delivery [days, median (IQR)] | 2 (D-15) 5(1-39) 0.10
38;;(])&& fluid 1L-6 levels at admission [pg/mL, median 43,431 (23,597-50,000) 1495 (484-4050) <0.0001
CRP levels at admission [mg/L, median (IQR)] 42,0 (7.5-75.1) 6.0(2.4-114) 0.0007
WBC count at admission [x10” 1, median (IQR}] 16.3 (14.1-19.5) 13.9(10.6-16.5) 0.05
Administration of corticosteroids [number (%)] 9 (75%) 57 (83%) 0.41
Vaginal delivery [number (%)] 9 (75%) 55 (82%) 0.69
Birth weight of the newborn [grams, median (IQR)] 1230 (936-1958) 1940 (130-2690) 0.03
Apgar score <7; 5 min [number (%)] 3 (25%) 7 (10%) 0.17
Apgar score<7; 10 min [number (%)] 2(17%) 3(5%) 0.16

Table 2. Maternal and clinical characteristics of women with spontaneous preterm labor with intact
membranes based on the presence and absence of intra-amniotic infection. Continuous variables were
compared using a nonparametric Mann-Whitney U test. Categorical variables were compared using the
Fisher’s exact test. Continuous variables are presented as median (IQR) and categorical as number (%).
Statistically significant results are marked in bold. RP: C-reactive protein; IL: interleukin; IQR: interquartile
range; WBC: white blood cells.

. Ureaplasma spp. (n=18)

. Ureaplasma spp. (n=4)

Ureaplasma spp. + Mycoplasma hominis (n=1)

Klebsiella preumoniae + Streptococcus anginosus (n=1)

Ureaplasma spp.+ Gardnerella vaginalis (n=1)

Gardnerella vaginalis + Lactobacillus plantum (n=1)

Ureaplasma spp. + Streptococcus mitis (n=1)

Ureaplasma spp. + Mycoplasma haminis (n=1)

Ureaplasma spp. + Escherichia coli (n=1)

Haemophilus influenzae (n=1)

Ureaplasma spp. + Fusobacterium nucleatum v

Lachnoanaerobaculum spp. (n=1)

Ureaplasma spp. + Dialister micraerophilus + Atopobium vaginae (n=1)

Lactococeus lactis (n=1)

Gardnerella vaginalis + Sneathia sanguinegens (n=1)

Sneathia sanguinegens (n=1)

Haemophilus influenzae (n=4)

Non-identifiable bacteria by sequencing (n=1)

Amaerococcus tetradius (n=1)

Chlamydia trachomatis (n=1)

Lactobacillus iners (n=1)

Lactobacillus jensenii (n=1)

Mycoplasma honinis (n=1)

Streptococcus anginosus (n=1)

Table 3. The microbial species identified in the amniotic fluid of women with preterm prelabor rupture of
membranes and with spontaneous preterm labor with intact membranes.

ic inflammation had higher amniotic fluid FcgammaBP concentrations than did the women with colonization
and with negative amniotic fluid (infection: median 85.6 ng/mL, IQR 37.3-146.0, sterile: median 41.3 ng/mL,
IQR 22.5-91.4, colonization: median 12.3 ng/mL, IQR 8.0-19.8, negative 12.2 ng/mL, IQR 9.0-17.8; p <0.0001;
Fig. 1a). No differences in amniotic fluid FcgammaBP concentrations were found between the women with
colonization and negative amniotic fluid (Table 4).

Women with intra-amniotic infection had higher amniotic fluid FcgammaBP than did those without intra-
amniotic infection (with infection: median IQR 85.6 ng/mL, IQR 37.3-146.0 vs. without infection: median
12.6 ng/mL, IQR 9.1-20.3; Fig. 2a). The amniotic fluid FcgammaBP cutoff value of 60 ng/mL was optimal in
the prediction of intra-amniotic infection (area under the ROC curve [AUC]=0.94; p<0.0001; Fig. 2b). The
diagnostic indices of these cutoff values are in Table 5.

PTL pregnancies. Differences in the concentrations of FcgammaBP were identified among the subgroups of
women with intra-amniotic infection, sterile intra-amniotic inflammation, and negative amniotic fluid (infec-
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Figure 1. Amniotic fluid IgGFc-binding protein concentrations in the subgroups of the women with PPROM
(a) and with PTL (b). PPROM, preterm prelabor rupture of membranes; PTL, preterm labor with intact
membranes.

| p=011

Intra-amniotic infection X Pa p=051 i ;]0;32%1{“" i;ﬂ:ﬂ%lm]
Sterile intra-amniotic inflammation | £ i I[';:I - 3 i;j flpwz*:l N ﬁ;}f}fg%{MI
Colonization 4:‘;’ DPUE%E o };E] 0;]2‘:]05 5 f{:; .ﬂ;fu_zz
it {;;i?iaog?ll,unm Jz;j?;.g(('l{otml id:J ,01;930, 22 %

Table 4. IgGFc-binding protein in amniotic fluid from preterm prelabor rupture of membranes: the
comparisons among the subgroups of the women with intra-amniotic infection, sterile intra-amniotic
inflammation, colonization, and negative amniotic fluid. p-value: a comparison between two subgroups

(a nonparametric Mann-Whitney U test); Adj. p-value: a comparison between two subgroups after the
adjustment for gestational age at sampling (a Spearman partial correlation). Statistically significant results are
marked in bold.

tion: median 139.7 ng/mL, IQR 74.2-205.3; sterile: median 54.2 ng/mL, IQR: 44.8-127.0; negative: median
19.7 ng/mL, IQR: 15.9-23.6; Fig. 1b) in the crude analysis and after the adjustment for gestational age at sam-
pling (both p-values<0.0001). Women with intra-amniotic infection had higher amniotic fluid FcgammaBP
concentrations than did women with sterile intra-amniotic inflammation and with negative amniotic fluid
(Table 6). Women with sterile intra-amniotic inflammation had higher amniotic fluid FegammaBP concentra-
tions than those with negative amniotic fluid (Table 6).

Women with intra-amniotic infection had higher concentrations of amniotic fluid FegammaBP than those
without intra-amniotic infection (with infection: median 139.7 ng/mL, IQR 74.2-205.3 vs. without infection:
median 22.2 ng/mL, IQR 16.5-46.0; Fig. 3a). The amniotic fluid FcgammaBP cutoff value of 120 ng/mL was
found to be optimal in the prediction of intra-amniotic infection (AUC =0.86; p <0.0001; Fig. 3b). The diagnostic
indices of these cutoff values are in Table 5.
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Figure 2. Amniotic fluid IgGFc-binding protein concentrations based on the presence of intra-amniotic
infection in women with PPROM (a) and receiver operating characteristic curves for amniotic fluid IgGFc-
binding protein in women with PPROM with intra-amniotic infection (b). PPROM, preterm prelabor rupture of
membranes.
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Table 5. The predictive values of cut-off values of amniotic fluid IgGFcBP to identify intra-amniotic infection.
CI: confidence interval.
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Table 6. IgGFc-binding protein in amniotic fluid from preterm labor with intact membranes: the comparisons
among the subgroups of the women with intra-amniotic infection, sterile intra-amniotic inflammation, and
negative amniotic fluid. p-value: a comparison between two subgroups (a nonparametric Mann-Whitney U
test); Adj. p-value: a comparison between two subgroups after the adjustment for gestational age at sampling (a
Spearman partial correlation). Statistically significant results are marked in bold.
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Figure 3. Amniotic fluid IgGFc-binding protein concentrations based on the presence of intra-amniotic
infection in women with PTL (a) and receiver operating characteristic curves for amniotic fluid IgGFc-binding
protein in women with PTL with intra-amniotic infection (b). PTL, preterm labor with intact membranes.

Concentration of FcgammaBP in cervical fluid based on the phenotype of intra-amniotic in-
flammation. PPROM pregnancies. A positive correlation was found between the concentrations of Fegam-
maBP in amniotic and cervical fluids (p=0.34; p<0.0001). The differences in cervical fluid FegammaBP concen-
trations were revealed among the subgroups (infection: median 345.0 ng/mL, IQR 201.9-480.0; sterile: median
56.1 ng/mL, IQR 36.5-139.3; colonization: median 130.6 ng/mL, IQR 51.4-186.9; and negative: median 55.4 ng/
mL, IQR 31.1-92.6; Fig. 4a) in the crude analysis as well as after the adjustment for gestational age at sampling
(both p<0.0001). Women with intra-amniotic infection had higher cervical fluid FcgammaBP concentrations
than women with sterile intra-amniotic inflammation, colonization, and negative amniotic fluid (Table 7).

Women with intra-amniotic infection had higher cervical fluid FegammaBP than those without intra-amni-
otic infection (with infection: median 345.0 ng/mL, IQR 201.9-480.0 vs. without infection: median 59.6 ng/
mL, IQR 31.9-111.5; Fig. 5a). The cervical fluid FcgammaBP cutoff value of 300 ng/mL was found to be optimal
in the prediction of intra-amniotic infection (AUC =0.93; p <0.0001; Fig. 5b). The diagnostic indices of these
cutoff values are in Table 5.

PTL pregnancies. A weak positive correlation was observed between the concentrations of FcgammaBP in
amniotic and cervical fluids (p=0.25; p=0.02). No difference in cervical fluid FcgammaBP concentrations was
found among the subgroups (infection: median 341.1 ng/mL, IQR 95.2-614.8; sterile: median 341.2 ng/mL,
IQR 138.1-523.4; and negative: median 200.9 ng/mL, IQR 56,7-443.8; p=0.18; Fig. 4b). There was no difference
in cervical fluid FcgammaBP concentrations between women with and without intra-amniotic infection (with
infection: median 341.1 ng/mL, IQR 95.2-614.8 vs. without infection: median 227.0 ng/mL, IQR 95.7-455.4;
p=0.45).

Discussion

Principal findings of the study. (1) FcgammaBP was identified as a constituent of amniotic and cervical
fluids from pregnancies complicated by PPROM and PTL; (2) the concentration of FcgammaBP in amniotic
fluid was elevated in the presence of both phenotypes of intra-amniotic inflammation, being more pronounced
in the presence of intra-amniotic infection in women with PTL; (3) the concentration of FegammaBP in cervi-
cal fluid was elevated in the presence of intra-amniotic infection only in women with PPROM,; (4) the Fegam-
maBP in amniotic fluid might be a marker of intra-amniotic infection in women with PPROM and PTL; and
(5) the FcgammaBP in cervical fluid might be a non-invasive marker of intra-amniotic infection in women with
PPROM.

Meaning of the study. FcgammaBP was discovered more than 30 years ago as a specific site for the frag-
ment of crystallizable (Fc) region of the immunoglobulin (Ig) G antibody in the small intestinal and colonic
epithelia®. This specific site differed from previously recognized receptors in the Fc region of IgG*. The specific
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Figure 4. Cervical fluid IgGFc-binding protein concentrations in the subgroups of the women with PPROM
(a) and with PTL (b). PPROM, preterm prelabor rupture of membranes; PTL, preterm labor with intact
membranes.
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Table 7. IgGFc-binding protein in cervical fluid from preterm prelabor rupture of membranes: the
comparisons among the subgroups of the women with intra-amniotic infection, sterile intra-amniotic
inflammation, colonization, and negative amniotic fluid. p-value: a comparison between two subgroups (a
nonparametric Mann-Whitney U test); adj. p-value: a comparison between two subgroups after the adjustment
for gestational age at sampling (a Spearman partial correlation). Statistically significant results are marked in

bold.

site for the Fc region of IgG was later termed FcgammaBP and identified as a protein primarily localized in the
mucosal granules of the small intestinal and colonic epithelia that are secreted into the intestinal lumen®. Based
on the current knowledge, FcgammaBP is considered to be a protein that provides immunologic protection of
the intestinal tissue and facilitates the interaction between the intestinal mucus and potentially harmful stimuli
(microorganisms, alarmins) with the ultimate goal of protecting the mucosal surface® >, However, its exact
biological function has yet to be fully elucidated.

The production of FcgammaBP has been described to occur in the intestinal epithelial cells, placenta, and
thyroid tissue®®, However, its expression has not been observed in the brain, heart, kidney, liver, lung, and
skeletal muscles®. Interestingly, the ability to produce FegammaBP was confirmed only in humans and monkeys,
but not in mice, rats, rabbits, dogs, bovines, and porcines®,

FcgammaBP has been found in low concentrations in human serum from healthy individuals®, However, its
serum concentrations were elevated in the presence of autoimmune diseases such as Crohn’s disease, ulcerative
colitis, rheumatoid arthritis, systemic lupus erythematosus, and progressive systemic sclerosis™. The presence of
FcgammaBP has been further proven in amniotic fluid, urine, saliva, and cerebrospinal fluid*"*, Liu et al. found
FegammaBP to be a constituent of amniotic fluid in the second trimester of uncomplicated pregnancies®. In
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Figure 5. Cervical fluid IgGFc-binding protein concentrations based on the presence of intra-amniotic
infection in women with PPROM (a) and receiver operating characteristic curves for cervical fluid IgGFc-
binding protein in women with PPROM with intra-amniotic infection (b). PPROM, preterm prelabor rupture of
membranes.

addition, FegammaBP was shown to be among the most abundant (35/1624) proteins found in amniotic fluid*.
Our group described the amniotic fluid presence of FcgammaBP in pregnancies complicated by PPROM and
PTL*", The observation from this study, where we found FcgammaBP as a constituent of amniotic fluid from
pregnancies with PPROM and PTL, is in line with the abovementioned findings.

Previously, concentrations of FcgammaBP in amniotic fluid have been shown to be higher in women with
PPROM with microbial invasion of the amniotic cavity and acute histological chorioamnionitis than in those
without these complications®. Interestingly, no differences in the amniotic fluid concentration of FegammaBP
between the presence and absence of the abovementioned complications were identified in women with PTL,
where amniotic fluid was obtained from the forewaters at the end of the first stage of labor*".

In this study, we found elevated amniotic fluid concentrations of FegammaBP in the presence of both phe-
notypes of intra-amniotic inflammation. Interestingly, in women with PTL, the concentrations of FegammaBP
in amniotic fluid were higher in the presence of intra-amniotic infection than in the presence of sterile intra-
amniotic inflammation. Collectively, the results from this study clearly show that both infectious and non-
infectious stimuli might trigger the production of FegammaBP.

In this study, the concentrations of FcgammaBP were measured in paired amniotic and cervical fluid samples
obtained from women with both phenotypes of spontaneous preterm delivery. Interestingly, the FcgammaBP
concentrations were higher in the cervical fluid samples than in the amniotic fluid samples, despite the fact that
cervical fluid samples obtained with a swab were diluted in 1.5 mL of the buffer. These observations suggest
that epithelial cells and/or immune cells in the endocervical canal are able to produce FegammaBP. This finding
supports the key role of the cervix during pregnancy, which is its immunologic protection against the ascension
of microorganisms from the vagina and the cervix toward the upper genital tract® 7',

It is obvious that the protein composition of a cervical fluid sample from pregnancies with PPROM may be
substantially affected by amniotic fluid that has leaked from the amniotic cavity. Therefore, the cervical fluid
samples of PPROM pregnancies may reflect such a situation in both the intra-amniotic and cervical compart-
ments. This is a possible explanation as to why women with intra-amniotic infection had higher cervical fluid
FcgammaBP concentrations than those without intra-amniotic infection in PPROM but not in PTL pregnancies.
However, a weak positive correlation between amniotic and cervical fluid FegammaBP protein concentrations
was also found in PTL.

This study suggests that FcgammaBP might be a new biomarker for intra-amniotic infection in both pheno-
types of spontaneous preterm delivery. This finding is clinically very relevant since confirmation of intra-amniotic
infection represents a challenge for clinicians. The necessity to rule in or rule out the presence of microorganisms
in amniotic fluid makes the diagnosis of intra-amniotic infection time-consuming and more expensive when the
techniques used to identify either non-culturable or difficult-to-culture microorganisms are employed. Therefore,
from a clinical point of view, there is an urgent need to discover a single marker of intra-amniotic infection that
has reliable sensitivity and specificity. In this study, FcegammaBP in amniotic fluid was identified as a potential
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marker of intra-amniotic infection in pregnancies with PPROM and PTL. Previously, Chaemsaithong et al. has
described diagnostic indices of rapid matrix metalloproteinase (MMP)-8 and interleukin (IL)-6 point-of-care test
(two cut-off values: 745 pg/mL and 1000 pg/mL) to identify intra-amniotic infection in pregnancies with PTL2!,
Comparing diagnostic indices among amniotic fluid FegammaBP, MMP-8, and IL-6 to identify intra-amniotic
infection in pregnancies with PTL, amniotic fluid FegammaBP has the highest likelihood ratio [FcgammaBP
(cut-off value of 120 ng/mL) 7.8, MMP-8 (cut-off value of 10 ng/mL) 3.3, IL-6 (cut-off value of 745 pg/mL) 2.6,
and IL-6 (cut-off value of 1000 pg/mL) 3.0]*".

In addition, in women with PPROM, FcgammaBP in cervical fluid was also revealed as a potential marker
of intra-amniotic infection. Particularly, cervical fluid FcgammaBP can be a clinically relevant marker given
the non-invasive nature of cervical fluid sampling. Moreover, its diagnostic indices are better than previously
published diagnostic indices of IL-6 in cervical fluid (AUC =0.78, the positive likelihood ratio of 4.8) in PPROM
pregnancies’!. In addition, cervical fluid sampling can be safely repeated during the latency period of pregnancy
complicated by PPROM. Therefore, FcgammaBP assessment in cervical fluid might be used to monitor the
development of secondary intra-amniotic infection during the latency interval in women with PPROM.

Strengths and limitations of the study. The strength of this study is the relatively large cohort of paired
samples of amniotic and cervical fluid. Second, the fluid samples were collected from well-defined phenotypes
of spontaneous preterm delivery (PPROM and PTL). Finally, the thorough assessment of microbial invasion of
the amniotic cavity, by a combination of culture and non-culture methods, provided an opportunity to precisely
distinguish the subsets of women with intra-amniotic infection and sterile intra-amniotic inflammation.

This study also has some limitations that are worth mentioning. For example, there was a small number of
women with intra-amniotic infection (n =19 and n=12). To confirm whether the concentration of FcgammaBP
in amniotic fluid and cervical fluid is a reliable marker of intra-amniotic infection, the results need to be repli-
cated in independent cohorts. Next, despite the FegammaBP expression in the placenta that was described®?, the
questions of which part of the placenta is a source of FegammaBP and whether fetal membranes produce Fegam-
maBP still remain unanswered. A body of evidence has shown that intestinal epithelial cells produce FcgammaBP
(97,102, 103), but no data are available on whether amniotic epithelial cells can produce FcgammaBP. Given the
importance of the amniotic epithelium as a barrier against the ascension of microorganisms into the amniotic
cavity’> ™, some similarities between intestinal and amniotic epithelial cells might be identifiable such as, (1) to
serve as mechanical barriers”™; (2) to have spatially expressed toll-like receptors’””; and (3) to indicate that
the expression of toll-like receptors changes when inflammation is present” " Therefore, we hypothesize that
the amniotic epithelium might be involved in FegammaBP production.

Conclusion

The concentrations of FcgammaBP observed in amniotic and cervical fluid were elevated in women with intra-
amniotic infection. Thus, after replication in an independent cohort, FegammaBP in amniotic fluid might be a
potential marker of intra-amniotic infection in pregnancies with PPROM and PTL. Moreover, FcgammaBP in
cervical fluid could be a marker of intra-amniotic infection in pregnancies with PPROM.

Methods

This retrospective cohort study included pregnant women who were admitted to the Department of Obstetrics
and Gynecology at the University Hospital Hradec Kralove in the Czech Republic between March 2017 and
May 2020. The inclusion criteria were the following: (1) singleton pregnancy, (2) maternal age> 18 years, (3)
gestational age between 22+ 0 and 36 + 6 weeks, (4) PPROM or PTL, and (5) the performance of transabdominal
amniocentesis at the time of admission to determine intra-amniotic inflammation. In contrast, the exclusion
criteria were the following: (1) pregnancy-related and other medical complications such as fetal growth restric-
tion, gestational or pre-gestational diabetes, gestational or chronic hypertension, and preeclampsia; (2) structural
or chromosomal fetal abnormalities; (3) signs of fetal hypoxia; and (4) significant vaginal bleeding.

The gestational age was determined via the use of first-trimester fetal biometry. PPROM was diagnosed
by examining the women, using a sterile speculum, for pooling of amniotic fluid in the posterior fornix of the
vagina. In the case of clinical uncertainty in diagnosing PPROM, amniotic fluid leakage was confirmed by the
presence of insulin-like growth factor-binding proteins (Actim PROM test; Medix Biochemica, Kauniainen,
Finland) in the vaginal fluid.

PTL was diagnosed as the presence of regular uterine contractions (at least two contractions every 10 min),
along with cervical length, measured using transvaginal ultrasound, shorter than 15 mm or within the 15-30 mm
range with a positive PartoSure test (Parsagen Diagnostics Inc., Boston, MA),

Women with PPROM were treated with antibiotics. Those with intra-amniotic inflammation received first-
line treatment with intravenous clarithromycin for seven days. Unless delivery occurred earlier, the antibiotic
treatment was eventually modified under the condition of microbial invasion of the amniotic cavity; the women
without intra-amniotic inflammation received benzylpenicillin (clindamycin was used in women allergic to peni-
cillin). Women with PPROM below the gestational age of 35+ 0 weeks received corticosteroids (betamethasone)
to accelerate fetal lung maturation and reduce neonatal mortality and morbidity. Women with PPROM were
managed expectantly, except those with intra-amniotic infection beyond the gestational age 28 + 0 weeks wherein
labor was induced or an elective cesarean section was performed within 72 h of admission.

Women with PTL received a course of corticosteroids (betamethasone) and tocolytic therapy with either
intravenous atosiban (for gestational age <28 weeks) or with nifedipine, which was administered orally, for
48 h. Patients with proven intra-amniotic inflammation received treatment with intravenous clarithromycin for
seven days, unless delivery occurred earlier. Antibiotic treatment was eventually modified under the condition of
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microbial invasion of the amniotic cavity. Women with PTL that were positive for group B Streptococcus (GBS),
as determined from the vaginal-rectal swab, or with an unknown GBS status received intravenous benzylpenicil-
lin (clindamycin, in case of penicillin allergy) during an active labor.

All participants in this study provided informed written consent prior to the collection of amniotic and cer-
vical fluid samples. Sample collection for this research was approved by the Institutional Review Board of the
University Hospital Hradec Kralove (July 2014; No. 201408 S07P). All experiments were performed in accordance
with relevant guidelines and regulations. All participants were Caucasian.

Cervical and amniotic fluid sampling. Paired cervical fluid and amniotic fluid samples were collected at
the time of admission from all women included in this study, prior to the administration of antibiotics, tocolyt-
ics, and/or corticosteroids. Each cervical fluid sample was obtained by placing a Dacron polyester swab in the
cervical canal for 20 s to achieve saturation. Once collected, the polyester swab was inserted into a polypropylene
tube containing 1.5 mL of phosphate-buffered saline; the tube was then shaken for 20 min. Upon removal of the
polyester swab, the tube was centrifuged at 300xg for 15 min at room temperature. The supernatant was divided
into aliquots and stored at— 80 °C until further analysis.

Ultrasonography-guided transabdominal amniocentesis was performed after cervical fluid sampling. Approxi-
mately 2-3 mL of amniotic fluid was aspirated, and the amniotic fluid was immediately divided among poly-
propylene tubes. The samples of amniotic fluid were used for (i) the assessment of amniotic fluid interleukin
(IL)-6; (ii) polymerase chain reaction (PCR) analysis of Ureaplasma species, Mycoplasma hominis, and Chlamydia
trachomatis; (iii) sequencing of the 16S rRNA gene; and (iv) aerobic and anaerobic cultivation.

Amniotic fluid IL-6 concentrations. IL-6 concentrations were assessed using the immuno-analyzer
Cobas e602, a part of the Cobas 8000 platform (Roche Diagnostics, Basel, Switzerland). The measurement range
was 1.5-50,000 pg/mL. The coefficient of inter- and intra-assay precision was< 10%®.

Detection of Ureaplasma species, M. hominis, and C. trachomatis. DNA was isolated from amni-
otic fluid using the QIAamp DNA Mini Kit (Qiagen, Hilden, Germany), according to the manufacturer’s instruc-
tions. Real-time PCR was conducted on a Rotor-Gene 6000 instrument (Qiagen) using the commercial AmpliS-
ens C. trachomatis/Ureaplasma/M. hominis-FRT kit (Federal State Institution of Science, Central Research
Institute of Epidemiology, Moscow, Russia) to detect the DNA from Ureaplasma species, M. hominis, and C.
trachomatis in the same PCR tube (multiplex format). We included a PCR run for beta-actin, a housekeeping
gene that served as the control, to examine the presence of polymerase chain reaction inhibitors.

Detection of other bacteria in amniotic fluid. Bacterial DNA was identified by PCR targeting the 16S
rRNA gene with the following primers: 5-CCAGACTCCTACGGGAGGCAG-3' (V3 region) and 5-ACATTT
CACAACAC-GAGCTGACGA-3" (V6 region)®'*2. Each reaction contained 3 puL of target DNA, 500 nM for-
ward and reverse primers, and Q5 High-Fidelity DNA polymerase (NEB, Ipswich, MA, USA) in a total volume
of 25 uL. Amplification was carried out on a 2720 Thermal Cycler (Applied Biosystems, Foster City, CA, USA).
The products were visualized on an agarose gel. Positive reactions yielded 950 bp products that were subse-
quently analyzed by sequencing. The 165 rDNA PCR products were purified and subjected to sequencing with
the above-mentioned primers and the BigDye Terminator kit v.3.1 (Thermo Fisher Scientific, Waltham, MA,
USA). The bacteria were then typed via searches for the obtained sequences using BLAST and SepsiTest BLAST.

Aerobic and anaerobic cultures of amniotic fluid. The amniotic fluid samples were cultured on
Columbia agar with sheep’s blood, Gardnerella vaginalis selective medium, MacConkey agar, a Neisseria-selec-
tive medium (modified Thayer-Martin medium), Sabouraud agar, or Schaedler anaerobe agar. The plates were
cultured for 6 days and checked daily. The species were identified by matrix-assisted laser desorption/ionization
time-of-flight mass spectrometry using MALDI Biotyper software (Bruker Daltonics, Bremen, Germany).

Clinical definitions. Microbial invasion of the amniotic cavity was determined based on a positive PCR
analysis of Ureaplasma species, M. hominis, C. trachomatis or a combination of these species or positivity for
the 165 rRNA gene, aerobic/anaerobic cultivation of the amniotic fluid, or a combination of these parameters.
Intra-amniotic inflammation was defined as amniotic fluid IL-6 concentrations= 3000 pg/mL*. Intra-amniotic
infection was defined by both microbial invasion of the amniotic cavity and intra-amniotic inflammation. Sterile
intra-amniotic inflanunation was defined as the presence of intra-amniotic inflammation without the concomi-
tant microbial invasion of the amniotic cavity. Colonization was defined as the microbial invasion of the amniotic
cavity without intra-amniotic inflammation. Negative amniotic fluid was defined as the absence of microbial
invasion of the amniotic cavity and intra-amniotic inflammation.

Quantification of FcgammaBP in amniotic and cervical fluids. The concentrations of FegammaBP
were assessed in the amniotic fluid and cervical fluid samples using an enzyme-linked immunosorbent assay
(ELISA), the Human FCGBP ELISA Kit (LifeSpan BioSciences, Inc., Seattle, WA, USA), according to the manu-
facturer’s instructions. The amniotic fluid and cervical fluid samples were diluted tenfold and 50-fold, respec-
tively. The sensitivity of the kit was 0.117 ng/mL. The absorbance values were read at 450 nm on a Multiskan RC
ELISA reader (Thermo Fisher Scientific).
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Statistical analyses. The women’s demographic and clinical characteristics were compared using the non-
parametric Mann-Whitney U test for continuous variables and are presented as median values (interquartile
range [IQR]). Categorical variables were compared using Fisher’s exact test and are presented as a number (%).
The normality of the data was tested using the Anderson-Darling test. Because the FegammaBP concentrations
in the amniotic fluid were not normally distributed, the nonparametric Kruskal-Wallis and Mann-Whitney
U tests were performed for statistical analyses, and the results are presented as a median value (IQR). Spear-
mans partial correlation analysis was performed to adjust the results for gestational age at sampling. Spearman’s
correlation was used to assess the relationship between the concentrations of amniotic fluid FegammaBP and
cervical fluid FegammaBP and gestational age at sampling. Receiver operating characteristic (ROC) curves were
constructed to assess the predictive value of amniotic fluid and cervical fluid FcgammaBP for the presence of
intra-amniotic infection. Cutoff values were determined based on the highest positive likelihood ratio. Differ-
ences were considered significant at p<0.05. All p values were obtained using two-tailed tests, and all statistical
analyses were performed using GraphPad Prism, version 8.1.1. for Mac OS X (GraphPad Software, San Diego,
CA, USA) or the Statistical Package for Social Sciences (SPSS), version 19.0 for Mac OS X (SPSS Inc., Chicago,
IL, USA).
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Objective: Macrophage inflammatory protein 1o is a chemokine produced by various immune,
epithelial, mesothelial, and fibroblast cells after exposure to bacterial lipopolysaccharide or pro-
inflammatory molecules. The primary aim of this study was to determine MIP-12 concentrations
in amniotic and cervical fluids from pregnancy with spontaneous preterm labor with intact
membranes (PTL) with respect to the presence of intra-amniotic infection (both microbial inva-
sion of the amniotic cavity and intra-amniotic inflammation) and sterile intra-amniotic inflamma-
tion (intra-amniotic inflammation alone). The secondary aim was to assess the diagnostic indices
of MIP-1a in predicting intra-amniotic infection.

Materials and methods: Seventy-four women with PTL were included in this study. Paired
amniotic and cervical fluid samples were obtained using transabdominal amniocentesis and a
Dacron polyester swab, respectively. Microbial invasion of the amniotic cavity was diagnosed
based on a combination of culture and molecular biology methods. The concentration of IL-6 in
the amniotic and cervical fluids was measured using an automated electrochemiluminescence
immunoassay method. Intra-amniotic inflammation was defined as an amniotic fluid IL-6 con-
centration of >3000 pg/mL. The MIP-1a concentrations in the samples were assessed using an
enzyme-linked immunosorbent assay.

Results: A difference in amniotic fluid MIP-1a was observed among women with intra-amniotic
infection, sterile intra-amniotic inflammation, and negative amniotic fluid (infection: median
1779.0 pg/mL; sterile, median 102.7 pg/mL; negative, median 19.9pg/mL; p < .0001). No differ-
ence in the concentrations of MIP-1a was identified in cervical fluid after adjustment for gesta-
tional age at sampling (infection: median 77.7 pg/mL, sterile: median 152.7 pg/mL, negative:
median 18.0 pg/mL; p=.30). The presence of intra-amniotic infection was associated with ele-
vated MIP-1a concentrations in amniotic fluid (presence: 1779.0 pg/mL vs. absence: 26.3 pg/mL,
p <.0001, area under receiver operating characteristic curve = 0.87).

Conclusions: In PTL pregnancies with the presence of intra-amniotic infection, the concentration
of MIP-1x is elevated in amniotic fluid but not in cervical fluid. Amniotic fluid MIP-1a may pro-
vide a useful marker for intra-amniotic infection in women with PTL.
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Introduction

Spontaneous preterm labor with intact membranes (PTL)
represents a clinical phenotype of spontaneous preterm
delivery and is responsible for approximately one-third
of all preterm deliveries [1-3]. PTL represents a syn-
drome of multiple etiologies; however, only intra-amni-
otic inflammation has been causally linked to PTL [3].

Intra-amniotic inflammation possesses two different
phenotypes that include (i) intra-amniotic infection,
where intra-amniotic inflammatory response is driven
by the presence of microorganisms in the amniotic
fluid and (ii) sterile intra-amniotic inflammation, where
the intra-amniotic inflammatory response is driven by
alarmins or by inflammation in the choriodecidual
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space in the absence of microorganisms or their
nucleic acids in amniotic fluid [4-6].

Both phenotypes of intra-amniotic inflammation in
PTL pregnancies can be characterized by (i) elevated
amniotic fluid concentrations of inflammatory media-
tors such as cytokines, chemokines, antimicrobial pep-
tides, and lipids [3,7-10] and (ii) increased number of
immune cells in the amniotic fluid [11-15].
Nevertheless, intra-amniotic infection in pregnancies
with PTL is associated with a stronger intra-amniotic
inflammatory response compared to that observed
during sterile intra-amniotic inflammation, as meas-
ured by the concentration of amniotic fluid IL-6 [4],
amniotic fluid white blood cell count [4], and the
numbers of amniotic fluid neutrophils, monocytes/
macrophages, and T cells [13].

The origin of elevated amniotic fluid immune cells
may be either fetal, maternal, or a mixture of both
[12,14]. Collectively, amniotic fluid immune cells can
be derived from (i) the fetus [16], (ii) the chorionic
plate [17], and (iii) the vasculature of the chorionic
membranes [18], and these cells are subsequently
attracted by chemokines into the amniotic fluid.

Neutrophils, the most abundant subset of leuko-
cytes in amniotic fluid from PTL with intra-amniotic
infection [13], are predominantly attracted to inflam-
matory sites by C-X-C chemokines that are presented
by interleukin (IL)-8 [19]. The second most abundant
subset of leukocytes in amniotic fluid from PTL with
intra-amniotic infection is monocytes/macrophages
[13] that are predominantly attracted to and activated
by C-C chemokines such as macrophage inflammatory
protein-1o (MIP-12) [19].

This protein was previously investigated in amniotic
fluid obtained from healthy pregnancy (at mid-trimes-
ter and at term both in and not in labor) [20,21] and
in pregnancies complicated by cervical insufficiency
[22] and PLT [8,9,20,21]. In pregnancies with PTL, con-
centrations of MIP-1a in amniotic fluid were elevated
in the presence of microbial invasion of the amniotic
cavity [20], intra-amniotic infection [9], and clinical
chorioamnionitis [21]. These findings appear promis-
ing; however, they were not translated on noninva-
sively obtained fluid samples from the cervix, a
compartment with a tight proximity to the amniotic
cavity from which a noninvasive sample can be
obtained. Additionally, there is a shortage of informa-
tion regarding the diagnostic indices of MIP-1a to pre-
dict intra-amniotic infection.

To fill these gaps, the primary objective of this
study was to assess the concentrations of MIP-1a in
amniotic and cervical fluid obtained from pregnancies

with PTL with respect to the phenotypes of intra-
amniotic inflammation. The secondary objective was
to evaluate the diagnostic indices of MIP-1a in predict-
ing intra-amniotic infection.

Materials and methods

A retrospective cohort study of women with pregnan-
cies complicated by preterm labor between the gesta-
tional ages of 2240 and 34+ 6weeks that were
admitted to the Department of Obstetrics and
Gynecology of the University Hospital Hradec Kralove
in the Czech Republic was conducted between March
2017 and December 2019. This study was approved
by the Institutional Review Board (June 2015; No
201408 196L), and informed consent was obtained
from all participants. Inclusion criteria were as follows:
(i) singleton pregnancies, (ii) maternal age >18years,
iii) symptoms of PTL, and (iii) transabdominal amnio-
centesis was performed to assess the intra-amniotic
environment. The exclusion criteria were as follows: (i)
the presence of pregnancy-related complications (pre-
eclampsia, gestational hypertension, pre-gestational
diabetes, and/or fetal growth restriction), (ii) the pres-
ence of chronic maternal diseases (chronic hyperten-
sion, diabetes mellitus, asthma bronchia, and others),
(iii) chromosomal and/or structural abnormalities of
the fetus, (iv) signs of fetal hypoxia, and (v) the pres-
ence of significant vaginal bleeding.

Gestational age was determined according to first-
trimester fetal biometry. Transabdominal amniocen-
tesis and cervical fluid sampling were both performed
at the time of admission prior to the administration of
corticosteroids, antibiotics, or tocolytics. All women
received a course of corticosteroid and tocolytic ther-
apy for 48h. Those with intra-amniotic inflammation
received intravenous clarithromycin for seven days,
unless delivery occurred earlier. Antibiotic treatment
may be individualized by the attending clinician based
on the results regarding microbial invasion of the
amniotic cavity.

Women delivered prior to a gestational age of
32+ 0weeks received neuroprotection treatment with
magnesium sulfate during labor. Those with the pres-
ence of group B Streptococcus in vaginal-rectal swabs
or with unknown GBS status received intravenous ben-
zylpenicillin (clindamycin in case of penicillin allergy)
during active labor.

Amniotic fluid sampling

Ultrasonography-guided transabdominal amniocentesis
was performed, and approximately 5ml of amniotic



fluid was aspirated. Amniotic fluid was dispensed into
polypropylene tubes and used for the assessment of
interleukin-6,  aerobic/anaerobic  cultivation, and
biology analyses to identify microbial
nucleic acids. The remaining amniotic fluid was centri-
fuged and then used for research purposes. The super-
natant was aliquoted and stored at —80°C until
further analyses were performed. All cervical fluid sam-
ples used in this study were also used in our previous
studies [23,24].

molecular

Cervical fluid sampling

Cervical fluid samples were collected using a Dacron
polyester swab. The methods for cervical fluid sam-
pling were described in detail in our previous publica-
tion [23].

Amniotic fluid interleukin-6 concentrations

Concentrations of IL-6 in amniotic fluid were assessed
using an automated electrochemiluminescence
immunoassay method. IL-6 concentrations were meas-
ured using the immuno-analyzer Cobas e602, which is
a component of the Cobas 8000 platform (Roche
Diagnostics, Basel, Switzerland) [25]. The basic measur-
ing range was 1.5-5000pg/mL, and this could be
extended to 50,000 pg/mL with a 10-fold dilution of
the sample. The coefficients of variation for the inter-
assay and intra-assay precisions were < 10%.

Identification of Ureaplasma species, Mycoplasma
hominis, and Chlamydia trachomatis

Details regarding the detection of Ureaplasma spp.,
Mycoplasma hominis, and Chlamydia trachomatis in
amniotic fluid using non-cultivation methods have
been described in detail previously [23].

Identification of other bacteria present in the
amniotic fluid

Details regarding the detection of other bacteria pre-
sent in amniotic fluid with non-cultivation methods
have been described in detail previously [23].

Aerobic and anaerobic cultures of amniotic fluid

Details regarding aerobic and anaerobic cultures of
amniotic fluid have been described in detail previ-
ously [23].
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Amniotic and cervical fluid MIP-1x concentrations

The amniotic and cervical fluid MIP-1% concentrations
were determined according to a sandwich enzyme-
linked immunosorbent assay (ELISA) using an ELISA kit
for human MIP1a (RayBiotech, Norcross, GA, USA)
according to the manufacturer's instructions. The limit
of detection (LOD) for human MIP-1a was 6 pg/mL.
Intra-assay and inter-assay variability values for the
human MIP1ax ELISA kit were < 10% and < 12%,
respectively. Samples of amniotic and cervical fluid
were not diluted, and the absorbance values were
acquired at 450 nm using a Multiskan RC ELISA reader
(Thermo Fisher Scientific, Waltham, MA).

Clinical definitions

PTL was defined as the presence of regular uterine
contractions (at least two every 10 min) along with a
cervical length (measured by transvaginal ultrasound)
of shorter than 15mm or between 15 and 15-30 mm
with positive Partosure test (Parsagen Diagnostics Inc.,
Boston, MA, USA) [15]. Intra-amniotic inflammation
was defined as an amniotic fluid IL-6 concentration
>3000 pg/mL [19]. Microbial invasion of the amni-
otic cavity was determined based on a positive PCR
analysis of Ureaplasma species, M. hominis, C. tracho-
matis, or a combination of these species or positivity
for the 165 rRNA gene, aerobic/anaerobic cultivation
of the amniotic fluid, or a combination of these
parameters. Intra-amniotic infection was defined by
both microbial invasion of the amniotic cavity and
intra-amniotic inflammation. Sterile intra-amniotic
inflammation was defined as the presence of intra-
amniotic inflammation without concomitant microbial
invasion of the amniotic cavity. Negative amniotic
fluid was defined as the absence of microbial invasion
of the amniotic cavity and intra-amniotic
inflammation.

Statistical analyses

The demographic and clinical characteristics were
compared using a nonparametric Kruskal-Wallis test
for continuous variables and a chi-square test for cat-
egorical variables, and these data are presented as
median values (interquartile range [IQR]) and as num-
bers (%), respectively. The normality of the data was
assessed using the Anderson-Darling test. As the amni-
otic fluid and cervical fluid concentrations of MIP-1a
were not normally distributed, non-parametric
Kruskal-Wallis or Mann-Whitney U-tests were used for
analyses, as appropriate, and the data are presented
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Table 1. Maternal and clinical characteristics of women with pregnancies complicated by spontaneous preterm labor with intact
membranes with respect to the presence of microbial invasion of the amniotic cavity and/or intra-amniotic inflammation.

With intra-amniotic

With sterile intra-amniotic Women with negative

Characteristic infection (n=12) inflammation (n=21) amniotic fluid (n = 41) p-Value

Maternal age [years, median (IQR)] 27 (24-28) 26 (22-29) 28 (24-30) 54

Primiparous [number (%)] 7 (58%) 17 (81%) 26 (63%) .29

Pre-pregnancy body mass index [kg!mz, 27.5 (23.1-30.6) 23.8 (22.4-254) 26 (23.7-28) RA
median (IQR)]

Gestational age at admission [days, 195 (174-218) 188 (170-218) 219 (199-228) .01
median (IQR)]

Gestational age at delivery [days, 203 (190-234) 194 (176-228) 239 (224-262) <.0001
median (IQR)]

Interval from amniocentesis to delivery 2 (0-15) 2 (0-5) 18 (2-48) .005
[days, median (IQR)]

Delivery within 7 days from amniocentesis 9 (75%) 18 (86%) 17 (41%) .002
[number (%)]

Amniotic fluid IL-6 levels at admission [pg/ 43,431 (23,597-50,000) 9464 (4279-50,000) 850 (377-1716) <.0001
mL, median (IQR)]

CRP levels at admission [mg/L, 42 (7.5-75.1) 9.2 (55-18) 43 (1.9-9.7) <.0001
median (IQR)]

WBC count at admission [x10% L, 16.3 (14.1-19.5) 16.2 (12.3-194) 13 (10.1-15.7) .008
median (IQR)]

Administration of antibiotics [number (%)] 12 (100%) 16 (76%) 15 (37%) <.0001

Administration of corticosteroids 9 (75%) 20 (95%) 37 (90%) 19
[number (%a)]

Spontaneous vaginal delivery [number (%)] 9 (75%) 18 (B6%) 35 (85%) 67

Cesarean delivery [number (%6)] 3 (25%) 3 (14%) 5 (12%) 55

Forceps delivery [number (%)] 0 (09) 0 (0%) 1 (2%) 67

Birth weight [grams, median (IQR)] 1230 (936-1958) 1180 (720-2045) 2100 (1795-2990) <.0001

Apgar score <7; 5min [number (%)] 3 (25%) 5 (24%) 2 (5%) 053

Apgar score <7; 1T0min [number (%]] 2 (17%;) 3 (14%) 0 (0%) .03

CRP: C-reactive protein; IL-6: interleukin-6; IQR: interquartile range; WBC: white blood cells.

Continuous variables were compared using a nonparametric Kruskal-Wallis test and presented as median (IQR).

Categorical variables were compared using the chi-square test and presented as number (%).

Statistically significant results are marked in bold.

as median values (interquartile range [IQR]). In women  of the women. The demographic and clinical

possessing amniotic and cervical fluid concentrations
below the LOD, the value of 59pg/mL (99%) was
used for analyses. Spearman'’s partial correlation ana-
lysis was performed to adjust the results for gesta-
tional age at sampling. Receiver operating
characteristic (ROC) curves were constructed to assess
the predictive value of amniotic fluid MIP-1a in the
presence of intra-amniotic infection. Differences were
considered significant at p <.05. All p-values were
obtained using two-tailed tests, and all statistical anal-
yses were performed using GraphPad Prism 8 for
Windows (GraphPad Software, San Diego, CA, USA) or
the Statistical Package for Social Sciences (SPSS), ver-
sion 19.0, for Mac OS X (SPSS Inc,, Chicago, IL, USA).

Results

Seventy-four women with PTL were enrolled in the
study. Intra-amniotic infection, sterile intra-amniotic
inflammation, and negative amniotic fluid were
observed in 16% (12/74), 28% (21/74), and 55% (41/
74) of women, respectively. The most common micro-
organism present in the amniotic fluid was
Ureaplasma spp., and this was identified in 7% (5/74)

characteristics of women according to the presence of
intra-amniotic infection and sterile intra-amniotic
inflammation are provided in Table 1.

Amniotic fluid MIP-1o concentrations based on
the phenotype of intra-amniotic inflammation

Amniotic fluid concentrations were measurable in
100% (12/12), 100% (21/21), and 93% (38/41) of the
samples with intra-amniotic infection, with sterile
intra-amniotic inflammation, and with negative amni-
otic fluid, respectively (p =.29).

Differences in the concentrations of MIP-1a were
identified among the subgroups of women with intra-
amniotic infection, sterile intra-amniotic inflammation,

and negative amniotic fluid (infection: median
1779.0 pg/mL, IQR 745.8-2952.0; sterile:
median 102.7pg/mL, IQR: 33.4-571.8; negative:

median 19.9 pg/mL, IQR: 10.7-43.3; Figure 1) in the
crude analysis and after adjustment for gestational
age at sampling (both p-values < .0001). Women with
intra-amniotic infection possessed higher amniotic
fluid MIP-1a concentrations than did women with ster-
ile intra-amniotic inflammation or negative amniotic



fluid (Table 2). Women with sterile intra-amniotic
inflammation possessed higher amniotic fluid MIP-1a
concentrations than did those with negative amniotic
fluid according to crude analyses but not after adjust-
ing for gestational age at sampling (Table 2).

Women with intra-amniotic infection possessed
higher concentrations of amniotic fluid MIP-1a than
did those without intra-amniotic infection (with infec-
tion: median 1779.0 pg/mL, IQR 745.8-2952.0 vs. with-
out infection: median 26.3pg/mL, IQR 11.4-113.9;
Figure 2(a)). The amniotic fluid MIP-14 cutoff value of
1300 pg/mL was found to be optimal for the predic-
tion of intra-amniotic infection (AUC = 0.88; p <.0001;
Figure 2(b)). The diagnostic indices of these cutoff val-
ues included sensitivity of 75% (9/12; 95% confidence
interval (Cl) 47-91), specificity of 95% (59/62; 95% Cl

Amniotic fluid MIP-1a concentrations
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Figure 1. Amniotic fluid MIP-1a concentrations in the sub-
groups of the women with spontaneous preterm labor with
intact membranes.

THE JOURNAL OF MATERNAL-FETAL & NEONATAL MEDICINE . 5

87-98), positive predictive value of 75% (9/12; 95% Cl
47-91), negative predictive value of 95% (59/62; 95%
Cl 87-98), positive likelihood ratio of 15.5 (95% ClI
4.9-49,0), negative predictive ratio of 0.3 (95% Cl
0.1-0.7), and odds ratio of 59 (95% ClI 9-225).

Concentration of MIP-1q in cervical fluid based on
the phenotype of intra-amniotic inflammation

Concentrations of MIP-1x in cervical fluid were meas-
urable in 75% (9/12), 90% (19/21), and 56% (23/41) of
the samples with intra-amniotic infection, with sterile
intra-amniotic inflammation, and with negative amni-
otic fluid, respectively (p=.02). No correlation was
observed between the concentrations of MIP-1a in the
amniotic and cervical fluids (rho = 0.08; p = .49). A dif-
ference in cervical fluid MIP-1ac concentrations was
observed among the subgroups (infection: median
77.7 pg/mL, IOR 8.2-211.5; sterile: median 152.7, IQR
57.8-334.2; and negative: median 18.0pg/mL, IQR
5.9-88.5; p=.004; Figure 3) only in crude analysis but
not after the adjustment for gestational age at the
time of sampling (p=.30).

Discussion

MIP-1a orchestrates acute and chronic host inflamma-
tory responses at the site of infection or injury, primar-
ily by recruiting immune cells [26]. The main findings
of this study performed on PTL pregnancies were that
(i) concentrations of MIP-1o. were measurable in all
amniotic fluid samples from women with intra-amni-
otic inflammation, (ii) the concentrations of MIP-1a in
amniotic fluid were elevated only in the presence of
intra-amniotic infection, (iii) a concentration of MIP-1a
of 1300 pg/mL in amniotic fluid was ideal for predict-
ing intra-amniotic infection, (iv) measurable concentra-
tions of MIP-1x in cervical fluid samples were more
common in women with intra-amniotic inflammation,
and (v) concentrations of MIP-1a in cervical fluid
reflect neither intra-amniotic infection nor sterile intra-
amniotic inflammation.

Table 2. MIP-1% in amniotic fluid in women with spontaneous preterm labor with intact membranes. Comparisons among the
subgroups of women with intra-amniotic infection, sterile intra-amniotic inflammation, and negative amniotic fluid.

Intra-amniotic infection

Sterile intra-amniotic inflammation Negative amniotic fluid

Intra-amniotic infection X

Sterile intra-amniotic inflammation p = .003
adj. p < .001

Negative amniotic fluid p < .0001
adj. p < .001

p = .003 p < 0001
adj. p < .001 adj. p < .001
X p < .0001
adj. p = .26
p < .0001 X
adj. p = .26

p-Value: a comparison between two subgroups (a nonparametric Mann-Whitney U test); adj. p-value: a comparison between two subgroups after the
adjustment for gestational age at sampling (a Spearman partial correlation).
Statistically significant results are marked in bold.
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Figure 2. Amniotic fluid MIP-1o concentrations based on the presence of intra-amniotic infection in women with spontaneous
preterm labor with intact membranes (a) and receiver operating characteristic curves for amniotic fluid MIP-1& in women with
spontaneous preterm labor with intact membranes with intra-amniotic infection (b).
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Figure 3. Cervical fluid MIP-1a concentrations in the sub-
groups of the women with spontaneous preterm labor with
intact membranes.

MIP-1a is produced by various immune cells (mac-
rophages, monocytes, lymphocytes, mast cells, and
basophils), epithelial cells, mesothelium cells, and
fibroblasts after exposure to bacterial

lipopolysaccharide or pro-inflammatory molecules
such as IL-1p or tumor necrosis factor-oo [27,28]. MIP-
1o binds to chemokine receptors on mononuclear/
macrophage cells as well as on eosinophil granulo-
cytes and acts as a chemoattractant and activa-
tor [28-30].

MIP-1a has previously been detected in various flu-
ids of the female reproductive tract, including ovi-
ductal [31], follicular [31], and amniotic [8,9,20-22,31]
fluids. Previously, concentrations of MIP-1a were deter-
mined to be undetectable in 69% of samples from
women who had not been in labor (mid-trimester and
term) [20]. In this study, the concentration of MIP-1a
was measurable in all amniotic fluid samples from PTL
complicated by intra-amniotic inflammation and in
almost all (93%) amniotic fluid samples without intra-
amniotic inflammation. This observation suggests that
there must be another source of amniotic fluid MIP-1a
than amniotic fluid immune cells, as these cells are
not present or their number is very low in the absence
of intra-amniotic inflammation. It is highly likely that
fetal membranes and the placenta are the source of
amniotic fluid MIP-10. There is evidence from ex vivo
studies indicating that chorion and decidual cells can
produce MIP-1a in response to bacterial stimulus or
inflammatory cytokines [19,32].

In this study, an elevation of amniotic fluid
MIP-1a concentrations was observed only in PTL
pregnancies complicated by intra-amniotic infection.



This observation is in agreement with the findings of
a pioneering study examining MIP-1a in amniotic fluid
from PTL that reported higher amniotic fluid concen-
trations of MIP-1% when microbial invasion of the
amniotic cavity in PTL was present [20]. A recent
observation from the same group when examining
both phenotypes of intra-amniotic inflammation in
PTL revealed that intra-amniotic infection is related to
a higher concentration of MIP-1a compared to that of
sterile intra-amniotic inflammation [9]. Additionally,
this phenomenon was confirmed in three different
amniotic fluid compartments, including extracellular
vesicle surfaces, extracellular vesicle internal compart-
ments, and the soluble fraction of amniotic fluid [9].
The presence of higher amniotic fluid MIP-1a concen-
trations in intra-amniotic infection compared to that in
sterile intra-amniotic inflammation can be explained
by the difference in the number of amniotic fluid
immune cells between these two phenotypes of intra-
amniotic inflammation.

Early and accurate identification of intra-amniotic
infection in women with PTL remains a challenge for
clinicians. The necessity to confirm or exclude the con-
current presence of microorganisms and/or their
nucleic acids in amniotic fluid requires the use of culti-
vation and/or molecular biology methods, thus render-
ing this portion of the assessment of intra-amniotic
infection time-consuming and expensive. Therefore,
the availability of a single surrogate marker of intra-
amniotic infection with reliable sensitivity and specifi-
city would be extremely helpful for clinicians. In this
study, amniotic fluid MIP-1z was identified as a poten-
tial marker of intra-amniotic infection in PTL pregnan-
cies with an optimal cutoff value of 1300 pg/mL.
However, to assign these cutoff values as clinically
relevant, it is necessary to validate this value using a
larger independent cohort. Interestingly, Romero et al.
previously reported an amniotic fluid MIP-1a cutoff
value of 500pg/mL for predicting the presence of
microbial invasion of the amniotic cavity [20]. The cut-
off value of 500 pg/mL exhibited a sensitivity of 94%
and specificity of 100% [20]. As microbial invasion of
the amniotic cavity in PTL pregnancies is rarely
observed without the concomitant presence intra-
amniotic inflammation, it is highly likely that their cut-
off value might be valid for intra-amniotic infection
also. This was our rationale for attempting to apply
this cutoff value to the cohort from this study.
Regardless of the fact that this cutoff value was pro-
posed 27 years ago, it still possesses great diagnostic
potential (sensitivity of 83%, specificity of 87%, posi-
tive predictive value of 55%, negative predictive value
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of 96%, and odds ratio of 34) and is only slightly
worse than the cutoff value of 1300 pg/mL.

In this study, the concentration of MIP-1a was
measured in cervical fluid samples. The assessment of
MIP-1a in fluid obtained from the cervical canal has
not been performed prior to this study. Interestingly,
women with both phenotypes of intra-amniotic
inflammation (infection: 74%, sterile inflammation:
90%) exhibited a higher rate of measurable concentra-
tions of MIP-1a in cervical fluid than did those
without intra-amniotic inflammation (56%). This find-
ing supports previous observations that the presence
of intra-amniotic inflammation in PTL, irrespective of
the presence or absence of microorganisms and/or
their nucleic acids in amniotic fluid, is reflected by
changes in the intensity of cervical inflammatory
response as measured by various inflammatory media-
tors [23,33,34]. Nevertheless, no difference in the
concentrations of MIP-1o. cervical fluid among
the above-mentioned groups was observed when the
result was adjusted for gestational age at sampling.

The strength of this study is the availability of
paired samples of amniotic and cervical fluid obtained
at the time of admission. Second, the samples were
collected from women with a well-defined phenotype
of spontaneous preterm delivery (PTL) in whom a
thorough assessment of microbial invasion of the
amniotic cavity was performed using a combination of
culture and non-culture methods. This approach pro-
vides an opportunity to precisely identify the subsets
of women with intra-amniotic infection and sterile
intra-amniotic inflammation.

This study does possess some limitations that are
worth noting. First, there were a small number of
women with intra-amniotic infections. Second, this
study does not provide an answer to the question
regarding the exact sources of amniotic and cervical
fluid MIP-1o. Last, it cannot be fully excluded that a
limited sample size of the cohort was the reason for
failure of the statistically significant difference in the
concentrations of cervical fluid MIP-1a after the adjust-
ment for gestational age at sampling.

In conclusion, in PTL pregnancies with the presence
of intra-amniotic infection, the concentration of MIP-
1o is elevated in amniotic fluid but not in cervical
fluid. Amniotic fluid MIP-1a may provide a useful
marker for intra-amniotic infection in women with PTL.
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