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Objectives Inflammasome are signaling platforms that upon sensing pathogens and sterile
stressors mediate the release of mature formmgteieukin (L)-1p and IL-18. The aimsof this
study were to determine: 1)the expression ofmajor inflammasome components in the
chorioamniotic membranda spontaneous labat termy 2) whetherthere arechanges in the
inflammasomecomponerdg associated with activatiolof caspasd and caspasel; and 3
whetherthese.events are associated with the release of the mature fdtmi3aind 1L-18.
Methods: Chorioamniotic membranes were collected from woraerermwith and without
spontaneous labomRNA abundanceand proteé concentration®f inflammasome components,
nucleotidebinding oligomerization domaioontaining NOD)1 and NOD?2 proteinszaspasel
and caspasdl, IL-1p, and IL-18 were quantified by qRTPCR (n=2829 each) ELISA (n=10
each)or immunoblotting (n=8 eachandimmunohistochemistryn=10 each)Active caspaséd
and caspasel,“as well agnaturellL-18, were determined bymmunobloting (n=4 each), and
pro-and mature forms of H1p were determined by ELISA (n=4-7 each)

Results Inflammasome componengnd NOD proteinswere expressedn the chorioamniotic
membranesbtained fromwomenat term The chorioamniotic membranes from women who
had undergone‘labdad: 1) higherNLRP3(NOD-like receptor family, pyrin domainontaining
protein 3) and“NOD1protein conentrations 2) greaterimmunoreactivity for caspaskand
caspas#l; 3) higher quantityof the ative form d caspase 1p20); and % higher mRNA
abundanceard protein concentrations of prand maturdL-1p. However, mMRNA abundance
and potein_concentrationsof the mature formof IL-18 were not increased in tissugsom
womenwhe underwent laboat term

Conclusioms:“Spontaneous laboat termis characterized byhe expression of inflammasome
componerd’;“which may participate in the activation chspasé leading tothe consequent
cleavage and release mifaturelL-1B by the chorioamniotic membraneBhese results support
the participation of the inflammasome in the mechanisms responsible for spontaaetorson

at term.

Keywordsiamnion, aspasel, caspaset, chorion, cytokine, labotl.-1p, IL-18, NOD1, NOD2,
normal pregnancyparturition sterile inflammation preterm labor, biomarker, chorioamniotic
membranedNLRP1, NLRP3, NLRC4, AIM2

INTRODUCTION
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Spontaneoutermlaboris a state of physiologic sterile inflammatibhThe evidence in
support of thizoncepincludes theéncreased bioavailability of cytokin€s" and chemokiné§?’
in the amniotic fluid, maternal circulatidi>* and reproduive tissue<® 32*¢ Moreover,
parturition” is accompanied by an influx ofnflammatory cells, e.g., neutrophilsand

macrophagesnto thecervix>® 4"*® myometrium*® "%

and chorioammiotic membrane®> 4
T cells,are.also present ithe chorioamniotic membran&s.°®® The inflammatory response
associatedywith. normal spontaneous labotonsidered sterilsinge intraamniotic infectionis
absenin most womert % %72

The mechaniss responsible for sterile inflammatiom parturition have not been
elucidated, but are thought to involve inflammassfi¢> which are high-molecularweight
multi-subunit protein complexef®und in the cytoplasm capable of inducing an inflammatory
response ‘thiagh the production ofnterleukin (L)-18 and 1L-18./°*° Their basic structure
consists af 1) an inflammasome sensor molecw¢ the adaptor protein AS(an apoptosis-
associated_speelike protein), and 3) pro-caspase (pro-CASR1).”**? Once activated, the
inflammaseme_complex induces auwatalytic cleavage fopro-CASP-1 into its maturéactive
form. Caspasd” (CASR 1) canthencleave prelL-1 and prelL-18, andthe newly described
pro-L-33,inteithe mature, secreted forms of the cytokiés:* In addition, CASR1 is required
for a specific type of programed cell death induced by inflammation: pyroptoS 2’
Recently, dt wademastratedthat CASP4 expression is required for activation @ASP-1 in
ultraviolet Birradiatedkeratinocytes andctivated macrophagé®€ suggesting that caspade
acts upstream afaspasd and the inflammasonté’

Seyeral“inflammasomes have been identified and named théie respective pattern
recognition“receptorPRRs)*° NLR family pyrin domain (NLRP),”® NLRP3*! NLR family
caspase activation and recruitment dom@ARD) (NLRC)4 (also known as IPAF=3% 133

134 or absent in melanoma (AIM23>143

interferon gammanducible protein 16 (IFI16),
Inflammasomesspecificity depends on which ligand(s)PR&recognizes, and once PRiBand
binding“eecurs, the inflammasomes oligomerize with other components of theprotdin
complexes and become activaféd* 14 1% 144 195 T\yg additionalPRRs belongingo the NLR
family — the micleotidebinding oligomerization domainontaining proteind and 2 NOD1 and

NOD2) — recognize bacterial peptidoglycan segmerigt do not recruit inflammasome
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component$® 146153 |nstead, the NODs directly activate nuclear factor kappa B (B)

76, 87, 131, 146, 154158
1 148 and

proinflammatory signaling, whicban induce thexpression opro-IL-1p
pro4L-18*° The functional combination dflOD proteins and inflammasome comnits (e.g.
NOD2 and NLRP3} improves immune responses in murine dendritic ¢&llsMoreover,
inflammasome | activation is associated with an increaseaduption of eicosanoids
(prostaglandins.and leukotrienes), which le@dirther inflammatiort®

We proposedhat the inflammasomeparticipats in labor at term’™ ™

and in pregnancy
complications®®'* Indeed,we demonstrated thaASR1, the predominant inflammasome
activated caspasé '’?is presenin the amniotic fluidand thatits concentratiorincreasessa
function of gestational age In addition, we found thaamniotic fluid CASP-1 concentratiolis
higher in Wome&n in spontaneous lalaortermthanin thosewithout labor.” This is mirrored by
increased amniotic fluitL-1p bioactivity and immunoreactivity imomenin spontaneoukabor
at term® °° IL-18 concentratioiin the amniotic fluid is also higher in teqmegnancieshan in
the secondrimester'”® Collectively, thisevidencesupports the hypothesis tHatlammasoms
areinvolvedin the physiologic sterile inflammatory processociated with spontanedabor at
term The aims of this study wete determine whethed) inflammasomes arexpressedn the
chorioamniotic'memtanesfrom womenwho undewent spontaneous labor at ter?) changes
in inflammasomecomponents arassociated wittactivation of CASRP1 and CASP4; and 3)

these eventare associated with the releasdlo# mature forms ofL-1p and IL-18.

MATERIALS AND METHODS
Human subjects, clinical specimensand definitions

Arcase“control study was conducted including patiertio deliveed at term without
labor (TNL) or at termafterlabor (TIL). Chorioamniotic membrane samples were collected from
the Bank of Biglogcal Specimens of the Perinatology Research BraNtGHD/NIH/DHHS,
Wayne State University, and The Detroit Medical Center (Detroit, MI, USA). The Institutional
Review Beardof these institutionsipproved the collection and use of biological materials for
research purposes. All participating women provided written informed coresshtsamples
were collectedwithin 30 mirutes after delivery Demographic and clinical characteristics of

these study groups are representedable |. Patients with multiple bihs or with neonates
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having congenital or chromosomal abnormalities were excluded. Labor was defined by th
presence of regular uterine contractions at a frequency of at least two comsrastery 10
minutes with cervical changes resulting in delivEfyin each case, tissue sections of the
chorioamniotic meforaneswere evaluated for acutastologic chorioamnionitisaccording to
published criterid” *"® by pathologists who had been blinded to the clinical outc&amples

collected from.women with acute histologic chorioamnionitis were exclirdedthis study.

RNA isolation, eDNA generation, and gRFPCR analysis

TRIzOI® (Invitrogen™, Life Technologies CorporatiorGrand Island, NY, USAand
Qiagen RNeasy® Kits{iagen, Gaithersburg, MD, USAvere used to extract total RNA from
snapfrozen charioamniotic membrane tissuddNK, n=29 and TIL, n=28. RNA purity and
concentration™wre assessed with the NanoDrop® 1000 spectrophotometer (Thermo Scientific,
Wilmington, DE, USA), and RNA integrity was evaluated with the Bioanalyzer 2100e@gil
Technologies, Wilmington, DE, USA). The SuperScript® Il FBstand Sythesis System
(Invitrogen), and oligo(dT)20 primers (Invitrogen) were utilized to generate cDNA. Gene
expression-profiling was performed on the BioMarl8ystemfor highthroughput gRTPCR
(Fluidigm, San" Francisco, CA, USA) and dme ABI 7500 FAST Reallime PCR System
(Applied Biosystem®, Life Technologies Corporation, Foster City, CA, USA) with TagMan®

gene expression assays (Applied Biosystems) listédtte 11 .

Chorioamnioticcmembrane tissue lysates

Fragments ofnapfrozen chorioamniotic membrangdNL and TIL; n=10 each)were
homogenized“using a mechanical tissue homogeniz8b (UltraTurrax®, IKA® Works, Inc.,
Wilmington, NC, USA) in 2mbf 1X PBS containing a complete protease inhibitor cocktail (Cat.
No. 11697498001; Rochépplied Science, Mannheim, Germany). Tissueatgs were
centrifuged at25708 g for 5 min at 4°C, and the supernatant was collected and sto&f @t
The protein concentration of the lysates was determined using the Quick" Saatford
Protein Assait (Bio-Rad, Hercules, CA, USA). Triplicatell lysates were obtained from the

membranes of each patient.
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Chorioamniotic membranetissuesupernatants

Chorioamniotic membrane samplegre collectedrom each group of womeTNL,
n=7,and TL, n=4) and processethe same dayTissuesampleswere wahed with 1X PBS
(Invitrogen) andcut into 2cm X 2cm pieces. These tissue explants were transferredvirid 6
tissue culture /plates containing 2ml of Dulbecco's Modified Eagle Med{DMIEM)
(Invitrogen).per, well supplemented with 10% Fetal Bovine SeftBS) (Invitrogen)and 1%
Penicillin/Streptomycin (P/S)invitrogen). Tissuesampleswereplaced in a humidified 5% CO
incubatorat 37°Covernight andthentissue culture supernatants were colle@ad stored at

80°C.Triplicate supernatants were obtained from the membranes of each patient.

Enzyme-linked immunosorbent assays

The"eoncentrations of NLRP1, NLRP3, AIM2, NOD2, CASPCASR4, IL18, pro-IL-
1B, andIL-1B were measured in thehorioamniotic membrane tissugsates orsupernatants
using specific_and sensitive immunoassays (NLRP1, NL.RR8 NOD2 ELISA kits from
Cusabio, Wuhan, Hubei, P.R. China; AIM2, CASPand CASP4 ELISA kits from Coud
Clone, Houston, TX, USAprodL-1p and IL-1B ELISA kits from R&D Systems, Minneapolis,
MN, USA; l=18 ELISA kits from MBL International Corporation, Woburn, MA, USA),
following the manufacturetrsinstructions. Briefly, recombinant human standards #mel
samples were incubated in duplicate wells of thew88 microplates pr&oated with
monoclonal.antibodies specific for target analytes. During incubation, immexb#intibodies in
the microplates bountb the target proteins present in the standard and sample groups. After
washing the“unbound substances, enzgomgugated antibodieboundto the target analytes
were addedto'the wells. After the incubation, assay plates were washette the unbound
antibodies, followed byhe addition of a subsaite solutionthat developed color proportional to
the amount of target protein bound in the initial step. Finally, the color developrasrstopped
by theadditionsof a sulfuric acid solution, and the microplates were read using a programmable
spectrophameter (SpectraMax M5 Mulilode Microplate Reader, Molecular Devices,
Sunnyvale, CA, USA). The sensitivities of the assays were <4.68 pi@miLRP1, <0.039
ng/mL for NLRP3, <0.056 ng/mlfor AIM2, <6.25 pg/mLfor NOD2, <0.112 ng/mlfor CASP
1, <0.053 ngihL for CASR4, 3.3 pg/mLfor pro-IL-1pB, <1 pg/mL for mature IL-18, and <2.5
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pg/mL for IL-18. The IL-1p ELISA kit measures approximatelyl0% of the predL-1B. The
immunoassays foNLRC4 and NOD1 ELISA did nomeet our criteria fowalidation;instead,

immunoblotting wasperformed

Immunohistochemistry

Samples. of chorioamniotic membrarediectedfrom each study grouprNL and TIL;
n=10 each,were included. Fiv@um-thick sections of formalifixed, paraffirembedded
chorioamniotic membrane tissues weracgld on silanized slides. Immunostainings for NLRP1,
NLRP3, NLRC4, AIM2, NOD1, NOD2, CASR, CASPR4, IL-1pB, and IL-18 were performed
using a Leica_Bond Max automatic staining system (Leica Microsystems, Wetzlar, Germany),
and the Bond™ Polymer Refine Deiea Kit (Leica Microsystems) was used to detect the
chromogenic reaction of horseradish peroxidase. Primary antibodies and atdesof the
immunostaining conditions are presentedrable 11l . Mouse 1gG (Invitrogen) and rabbit 1gG
(Invitrogen) were sed as negative controls. A PerkinElImer Pannoramic MIDI slide scanner
(PerkinElmer, Waltham, MA, USA) was used to assess the intensity of staining (@ semi

guantitative'method of analysis).

Chorioamniotic membrane tissue extracts

Charioamniotic membransampledrom the twostudy groupsTNL and TIL; n=4 each)
were collected and processed the same dayTen orl2 tissue explants were obtainé@m
each membranausing a dermatological punch (12mm Aeunch, Acuderm Inc., Fort
Lauderdale;"FL;, USA). Tissu@ants weregplacedat 37°Cin a humidified5% CQ, incubator
for 24h iS00 of DMEM (4.5 g/L glucose, tglutamine, sodiunpyruvate,and 1% antibiotics;
Gibca®, Life Technologies) in a 2dell plate Following incubation, tissue explants were
homogenizedn their conditioned medm using a mechanical tissue homogenize2bTUItra
Turrax, IKA Werks, Inc). Tissue extracts were centrifuged at 14,000 g f6rm3in at 4°C, and
the supernatant was collected and filtered usingiagy filter (Millex-GV Syringe Filter Unit,
0.22um, PVDF, 33mm, gamnrserilized, EMD Millipore, Billerica, MA, USA). Tissue extracts

were stored ai80°C until use.
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Immunoblotting

Chorioamniotic membranssueextracts 40ugfor the aspases and 10Q for IL-18 per
well) or tissuelysates (Pug for NOD1 and NLRC4 per welljvere subjected to-42% SDS
polyacrylamide gel electrophoresis (Invitrogen). After electrophoresis,rateggroteins were
transferred onta nitrocellulose membranes {Rad), andhe membranes were blocked wi5%
nonfat .dry.milk in Trisbuffered saline containing 0.1% Twe2@ (BioRad) and probed
overnight ;at.4°C with specifibtuman antibodies (mouse arBASP-1 monoclonal antibody
[R&D System$, rabbit anitCASP4 polyclonal antibodyjAbcam, Cambridge, MA, BA],
rabbitanttIL-18 mlyclonal antibodySanta Cruz Biotechnology, Dallas, TX, USAabbit ant
NOD1 polyclonal antibody [Enzo Life Sciences, Farmingdale, NY, 1/ $Aor mouse anti
NLRC4 (IPAF) antibody BioLegend, San Diego, CA, UJA Nitrocellulose membrarsewere
thenstripped with Restof® PlusWestern BlotStripping Buffer Pierce Biotechnologylhermo
FisherScientificlnc., Rockford, IL, USA for 15 min washed witiPBS blodked, and probetbr
1h at room_temperature with anouse antiGAPDH monoclonalantibody (Santa Cruz
Biotechnology). ora mouse antACTB monoclonal antibodySigmaAldrich Co., Saint Louis,
MO, USA)."A"horseradish peroxidasmnjugated antmouse or antrabbit IgG (Cell Signaling,
Boston, MAy USA) was used asa secondary antibgd Signals were detected by
chemiluminescence with ChemiGlow West Reagents (Protein Simple, Santa Glatdsgs).
Images were acquired usirthpe FUJIFILM LAS-4000 Imaging $stem (FUJIFILM North
America Corporation, Valhalla, NY, USA).

Statisticalanalyss

Demographic and clinical data were analyzed using SPSS v.19.0 (SPSS Inc., Chicago, IL,
USA). Comparisons among the groups were performed using theqGae and Fisher's exact
tests for proportions, as well as the Mahhitney Utest for nomnormally distributed
continuous variables. All other data were analyzed in the R statisticpldge and environment
(www.r-preject.org). e qRFPCR dataset, gene expressions relativeGoB/GAPDH/RPLPO
were calculated, antie foldchanges between the groups were estimated using arnoeat in
which the-ACt value of a gene (surrogate for jagene expression) was the dependent variable

and the group was the independent variaBlelSA, IHC, and immunoblottingdata were
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analyzed using linear models in which the protein concentratiantensitywas the dependent
variable A fold-change of expressionl® and aP value 0f<0.05 were regarded as statistically

significant.

RESULTS
NLRP3, and..NOD2 concentrations increase in the chorioamniotic membranes in
spontanequs.labor at term

We first)investigatd whether major inflammasome component®ILRP1, NLRPS3,
NLRC4, and AIM2), and NOD proteins NOD1 and NOD2) were expressedoy the
chorioamniotic. membranesom womenwho had undergonspontaneous labaat term All
genes encoding for these proteimere expressed at a detectable levetha chorioamniotic
membranegrom women withor without spontaneous labor at terhflowever, o differences
were observeth theexpressiorof the evaluatedenes exceptNOD1, betweerthesetwo groups
of women (Figure 1A,Figures 2A and 2D).

NLRP3 and NOD2 concentrations were highethia chorioamniot membrandissue
lysatesfrom women who underwent spontaneous lahbtermthan in those without labor
(Figure 1B) However, no differencesetweerthese two groups of women were observed in the
protein concentrations of the other evaluatddRs (Figure 1B, Figures 2B and 2E).
Immunostaining orformalin-fixed, paraffirembedded tissue sectionsllectedfrom the same
samples showedthat all these proteins are expressedhe chorioamniotic membranedn
general, most of the proteins showed imnmeaativty in the chorionic trophoblast cells as well
as inthe decidual stromal cells, whilsome showedweak immuneeactivity in the amniotic
mesodermaland epithelial ce{lsigure 1C Figures 2C andF).

Collectively, these results suggésat inflammasonmgemay participate in the physiologic
sterile inflammatory process of spontaneous parturition at tedditionally, the constitutive
expression _ofs the investigated inflammasome componems NOD proteins in the
chorioamniotic membranes suggei$tat nflammasomes may patrticipate in pathologicadate
immune activation leadg to preterm laborand term laborin the settingof intraamniotic

infection or sterilentra-amnioticinflammation.
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Activation of CASP-1 in the chorioamniotic membranesin spontaneas labor at term

Activation oftheinflammasomdeads to the activation die inflammatorycaspases,e.,
CASP1 and CASR./6 110 128 177178 \na previously demonstrated thamniotic fluid
concentration of CASH. is higherin womenin spontaneous labor at term than in thegeout
labor at ternf® Therefore, wenvestigated whether tHeégherNLRP3 and NODZoncentrations
were associatedith theactivation of CASR1 and CASH in the chorioamniotic membranes
spontaneous.labor at ter@enes encoding faACASP-1 andCASP-4 wereexpressed at detectable
levek in the chorioamniotic membramsdrom womenwith or without spontaneous labor at term
however, the_mRNAabundanceand proteinconcentrationwere not significantly differert
between thesewvo groups(Figures 3A and 3B). @mi-quanttative analysis ofmmunostaining
indicated ‘thatthe intensity of bath CASR1 and CASK4 was higher in the chorioamniotic
membranés from women who underwent spontaneous #liermthan in those withougbor
(Figure 3C). We also found that the immunoreactivity of thetive form of CASPL (p20) was
greater in the choramniotic membranes from women who underwent spontaneous labor at term
than in wemen who did not undergo lab®he active form of CASH was undetectable by
immunaoblotting(Figure 3D). These data suggest that spontaneous labor at term involves the
participation.ef inflammasome which, in turn, could activate CASR1 in the chorioamniotic

membranes.

Increased mRNA abundance and protein concentration of IL -1p in the chorioamniotic
membranesin_spontaneous labor at term

Activated CASP1 subunits §10andp20) are able taonvert inactive prdL-1p into its
bioactive=and=secreted forttf'** We previously reported thahe IL-1B concentration in
amniotic fluid (and IL-1 bioactivity) was higher amongvomenin labor than in thos&ihout
labor”® Therefore, v investigated whether thactivation of CASPL was associated witlthe
releaseof mature IL-1p in the chorioamniotic membranes in women who underspeantaneous
labor at'termmRNA abundancef IL1B in the chorioamniotic membrane&shigher inwomen
who had undergonspontaneoukabor at termthanin thosefrom womenwithout labor(Figure
4A). The oncentration®f maturelL-1p and its proform werealso higher in the chorioamniotic

membrane$rom womenwho underwentabor than inthose fromwomenwithout labor(Figure
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4B). IL-1B immunoreactivity appeared to be greater inthe chorioamniotic membnesfrom
womenwith labor than in those without lab@Figure 4C).These data suggest that thetive
forms of CASR1 may participate inthe release of the mature forof IL-1f by the

chorioamniotic membranes in spontaneous labor at term.

IL -18 expression does not igrease in the chorioamniotic membraneg spontaneous labor
at term

Activated CASP1 subunits (p10 and p20) aaksoable to convert inactive prid.-18into
its bioactive and secreted forlt? We previously demonstrated tharing term pregnariesthe
IL-18 amniotic_fluid concentration tends to be higher in wowhie undergo spontaneous labor
than in wémen without labor; yethis increasevasnot staistically significant'”® We trerefore
investigated whether actition of CASP-1 wasassociated with the release of maturel8.in the
chorioamniotic membranes of women whoderwent spontaneous labor at term. Consistent
with our published finding8"® we found that the mRNAbundanceand proteirconcentration of
IL-18 in the ‘chorioamniotic membranegere notdifferent betweerwomenwith and without
spontaneoutabor at term(Figure 5A-C). Indeed,MRNA expression ofL-18 waslower in the
chorioamniotic- membranes from womerno underwent laboat termthan in thosewithout
labor (Figure5A). No differences were observadthe abundance dfie mature fornof IL-18 in
the chorieamniotic membrandgetweenwomen wth and withoutspontaeous labor at term
(Figure 5D).. These data suggest thHi-18 does not participate ithe physiologic sterile

inflammatory process of spontaneous parturition at term.

DISCUSSION

Principal findings of the study: 1) Inflammasome components amDD proteinswere

expressed in the chorioamniotic membranes from women with normal term pregn&@)cie
NLRP3 and NOR protein concentrations were greater in the chorioamniotic membrane tissue
lysates frem women who underwent lakedr termthan in those from women who did not
undergo labor; 3) thammunoreactivity of CASR1 and CASK4 in the chorioamniotic
membranes was higher among women in labor at termithidwosewithout labor;4) the active

form of CASR1 (p20) was higher in the chorioamniotic membranemfivomen in labor at
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term than invomen without labor; 5) mRNAbundancand protein expressiongdiles of IL-13

were greater in the chorioamniotic membranes from women in spontaneous labor at tenm than
thosewithout labor; and 6) mRNAbundancend protein expression profiles of-18 did not
increase In the chorioamniotic membranes from women witgrwentspontaneous labor at
term Collectively, these dataupport a role for thenflammasome (NRP1, NLRP3, AIM 2 or
NLRC4). in.the, activation of CASB and the consequent release of maturdpllby the

chorioamnietic.membranes of patients who underwent spontaneous labor at term.

The expression of mflammasome componentsand NOD proteins in the chorioamniotic
membranesat term

Wefirst demonstratedhat inflammasome compents NLRP1, NLRP3, NLRC4and
AIM2, as well'as NOD1 and NOD#&oteins,wereexpresed at the mRNA and protein levélg
the choriegamniotic membrandom womenat term. This is consistent wifbrevious stuigs
showingthat the human placentanstitutivelyexpresssinflammasome componeniiscluding
NOD1, NOD2,. NOD3, NOD4, NALP1, NALP2NALP4, NALP7, NALP10, NALP12,and
NAIP, as"well"asCASP 1, CASP4, andCASR5,"° and that the chorioamniotic membranes
express NOD1, NOD2NLRP1, NLRP3 and ASC'® The expression of inflammasome
components anthflammatorycaspases in the chorioamniotic membranes magnbienportant
feature ofiinnate immune mechanisms at the matéetellinterface which will ensue therapid

activationof.an immune response when exogenous and/or endogegoaKs) are recognized.

Increasedseoncentrations ofNLRP3 and NOD2 in the chorioamniotic membranesin
spontaneousabor at term

A role for the inflammasomein the hysiological proinflammatory processesf
spontaneous labat term was initially suggested by our grdd® Herdn, we provideevidence
to support thishypothesis and demamstratefor the first time that NLRP3 (also known as
cryopyrin);the PRRcomponent othe NLRP3 inflammasome, is increased in the chorioamniotic
membranes wuting spontaneous labor at terrBesides cryopyrin, the NLRP®iflammasome
contains the adaptor molecu#sC containingtwo deathfold domains one pyrin domain and

one CARD and precaspasel 14 13 180 181 activation of the NNRP3 inflammasome cahe
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triggered byseveralstimuli,'%%'%

I184, 189
)

chemially and structurally differentincluding crystalline
materia extracellular ATPreleased from dying cellS® peptide aggregatesuch as
vaccine adjuvant’**?® phospholipid cardiolipin and mitochondrial DNA**® bacterial toxins
190 199 F200%° R o | nigericin  (Streptomyces hygroscopicus), listeriolysin O [Listeria
monoccytogenes), aerolysin Aeromonas), p-andy hemolysins (Saphylococcus aureus)],
DAMPs,, (damageassociated molecular patteri®) '’ and PAVPs (pathogenassociated
molecular_patternsf® 2°*2*1 Activation of the NLRP3 inflammasome requiresvo steps
priming afdassemblyof the inflammasome compléX® 23 The priming step isnitiated by
PRRs, cytokine receptqgrer any otherfactor able toinduce activation of NfkB, which results
in the upregulation of NLRP3o a functonal leveland prolL-1f expression.?**?** The second
step is postranscriptional andllowsthe assembly of thHLRP3inflammasome comple®? %
Taken together, thesdata suggest that during spontaneous labor at term the chorioamniotic
membranes icrease the production of NLRP3 as an initial step for inflammasome activation.
Whether theresis assembly of the NLRP3 inflammasome complex in the chorioamniotic
membranes during spontaneous labor at term requires further investigation.

Wealso found that the chorioamniotic membraneffom women who underwent
spontaneousslabdrad greateconcentratioa of NOD2 thanthose from women withougabor,
and such an increase wasiot associated wittan up+egulation of NOD2. Recently,it was
demonstrated thahe mRNA expression oNOD1 andNOD?2 in the myometrium is highem
women at term with labor tharin thoseat term without labof'> NOD2 is an intracellular
receptorthat recognizedacterialmuramyl dpeptide(MDP) and activatesNF-«xB and MAPK
pathways%4*n dendritic cellsNOD2 canact synergistically with the NLRP&flammasome
in response*to"MDP and uric a¢fi These resultsed us to suggest thathe chorioamniotic
membranesverproduceNOD?2 protein which, in turncould synergisticallyparticipatewith the
NLRP3 inflammasomen the physiological proinflammatory processes of spontaneous labor at

term

Activation of CASP-1, but not CASP-4, in the chorioamniotic membranesin spontaneous
labor at term
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Oligomerization of the inflammasome leads to tleeruitment of ASC, which binds and
activatespro-caspase viaits CARD.** %8 We therefore hypothesizéHatthe active forms of
CASR1, pl1l0 and p20, would be increased in the chorioamniotic membranes from women who
underwent spontaneous labor at tevie previously demonstrated that CA$Rocentration in
the amniatic fluid from womein spontaneous labor at term is higher than in womigrout
labor® In the.currentstudy, we provide evidenceo supportour initial observationCASR-1
immunoreagctivity and its active form p20 are increased in the chorioamniotibraress from
women who underwent spontaneous labor at term. Recently, it was also found that the mRN
expression and active form pl0 of CAS$Pare increased in thezone of rupture of the
chorioamniotic.membranes from women who undergo spontaneous labor At°t@ogether,
these data suggest thdtring spontaneous labat term the chorioamniotic membraneslease
active forms'of CASP1.

Unlike Lappas® we did not find differences between t&RNA expression of CASP-1
in the chorioamniotic membrané®m women who underwent labor and Habor deliveries
This discrepancy could be attributed to differences in sampling, number of observatidns, a
inclusion of“decidua in ouexperiments Specifically, wesampledthe middle portionof the
chorioamniotic ' membraneand did not restrict ourselves samplingthe zone of ruptur®
Moreover,we utilized full-thickness unaltered chorioamniotic membranes containing decidua
parietalissince thistype of sampléncludesimmune cells that participate labor?*® #** and our
sample size. (n=289) was considerably larger than thatcluded inthe aforementionedtudy
(n=8).

CASP11T (humanhomologueCASP4) is necessary for the activation GASP-1, which
results fin“the*noicanonical NLRP3 inflammasome activatiom response to Gramegative
bacteria such a<€itrobacter rodentium, Escherichia coli, Vibrio cholerae, and Salmonella
typhimurium.?* 222 223 Although we found that CAS® immunoreactivity was higher in the
chorioamniotiesmembranes from women who underwent spontaneous labor at termttiose in
without“labor, we did not find the active form of CA8Fn these tissuesThese results
demonstrate thatthe activation of CASRP4 is not implicated in thephysiologial

proinflammatory processesf spontaneous labaat term. Our results also suggest that the
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chorioamnioticmembranes can synthesiZASR4 in the event of infection, wherer&@n

negativebactera may cause nostanonical activation of inflammasosie

Increased MRNA abundance and protein concentration of IL-1f in the chorioamniotic
membranesin spontaneous labor at term

The_produced active forms GASP-1 (p10 and p20) assembleftrm heteretetramers
that convert.inactive prtl-1p into its bioactive and secreted forft* #2420 Therefore, we
investigated whether the chorioamniotic membranes expréBsand releasés bioactive form.
We found thathe mRNAabundance antelease of the praand mature formof IL-13 were
higher in the chorioamniotic membranes from women who had undergone spontaneous labor at
term thanin'these without laboiElevated amniotic fluid IL1B in spontaneous labor at term was
demonstrateeiore thartwo decades ag®’ IL-1f actively participates in the process of labor by
inducing 1) the biosynthesi®f prostaglandin E2y the human amnioff* and myometrial
cells*2 233 2 the expression ofyclooxygenase-an human myometrial celf§* and 3 the
expressia of matrix-metabolizing enzyme@VMP-1, -3, -9,and cathepsin S) in human cervical
smoothimuseledals.”>® Indeed systemic administration dof.-1f causs preterm birth in mic€

236 and monkey&3"2**

confirminga centrakole for IL-1pB in the processfdabor, and this effect
can be abrogated by the administration of thd lleceptor antagonist In the study hereinye
demonstrated that the chorioamniotic membranes release nfiat@fe which is most likely
mediated by.activ€ ASR1. This mature form of 11 will then participate in the physiological

procesf spontaneous labor at term.

MRNA abundanceand protein concentration ofIL -18 in the chorioamniotic membranesio
not increasein spontaneous labor at term

In addition tocleavinglL-1p, active CASP-1 converts prel-18 intoits mature fornt*°
118 124 yet, contrary to IEIB, IL-18 concentration ithe amniotic fluid does not significantly
increaseduring term and preterm parturitioh’® This is consistent with our resulsince no
increase was observed the concentration of H18 in the chorioamniotic membrane extsac
from women who underwent spontaneous laditaierm when compagldo thosewomen without

labor. Indeed, the mRNA abundance bfl8 was lower in the chorioamniotic membranes from
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women who underwent labor than in those without labor, and the matureofdimml8 was
observed mainly in netaboring tissues at terniL-18 is a major IFNy inducing factor that
activates THL responsein T cells and NK cell$**?*?and its concentration ithe amniotic fluid
increased in response to infmniotic infectiont’® 2°° It is possible thatlL-18 participatesin
host defense against pathogens in the chorioamniotic membranes rather tharhysitileg
inflammatory.process of spontaneous labor at term.

In_summary, the study herein provides evidence that sugpeart role for the
inflammasome (NRP1, NLRP3, AIM2, or NLRC4) in the activation of CASR and the

consequent release of maturellf by the chorioamniotic membranes in spontaneous labor at

term Up-regulation ofNLRP3 andNOD?2 proteins suggesthat theseNLRs areimplicated in

the physiologial pranflammatory procss of spontaneous labor at teryet, further research is
needed in“order to prove inflammasome assembly and activatiothe chorioamniotic
membranes.
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FIGURE LEGENDS

Figure 1. Inflammasome components and NOD?2 proteiin the chorioamniotic membranes.

(A) mRNA abundancef inflammasome componengdNOD?2 protein inthe chorioamniotic
membranegrom womenat term with (TIL, n=28) or without labor (TNL, n=2%Relative gene
expressions..are mented as-ACt values. (B) Protein concentrations of inflammasome
components and NOD2 in chorioamniotic membrane tissue lysates (n=10 each). (C)
Representative immunostainings for inflammasome components and Ni@DzZhe

chorioamniotic.membranes (n=10 each), 200x magnification.

Figure 2."NOD1 and NLRC4 in the chorioamniotic membranes. (A and D) mRNA
abundance oNOD1 andNLRC4 in the chorioamniotic membrané®m womenat term with
(TIL, n=28) or without labor (TNL, n=29)Relative gene expressions are presentee\@s
values.(B'and B Proteinquantity of NOD1 and NLRC4 in chorioamniot membrane tissue
lysates(n=8sach).(C and F) Intensity of the immunostainings for NOD1 and NLRC4 in the
chorioamniotic® membranes (n=10 each) and representative immuanusa 200x%

magnification.

Figure 3. Inflammatory caspasesin the chorioamniotic membranes.(A) mRNA abundance

of CASP-1'andCASP-4 in the chorioamniotic membran&®m womenat term with (TIL, n=28)

or withoutlabor (TNL, n=29)Relative gene expressi® are presented aaCt values. (B)
Protein‘eoncentrations ASP-1 and CASK4 in chorioamniotic membrane tissue lysates (n=10
each). (C)Intensity of the immunostainings for CA9Pand CASH in the chorioamniotic
membranes (Nn=10 eachand representative immunostaining2D0x magnification. (D)
Immunoblotingsof CASR-1, CASR4, and GAPDHin the chorioamniotic membranasd their

guantificationgn=4 each).

Figure 4. IL-1p in the chorioamniotic membranes.(A) mMRNA abundanceof IL1S in the

chorioamniotic membrandsom womenat term with (TIL, n=28) or without labor (TNL, n=29).
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Relative gene expressions are presented@svalues. (B) Protein concentrations of mature and
proform IL-1B in chorioamniotic membrane supernatantNl(, n=7, and TIL, n=4). (C)
Intensity of the immunostainings fdolc-1p in the chorioamniotic membranes (n=10 eaahdl

representative immunostainings, 200x magnification.

Figure 5. IL-18 in the chorioamniotic membranes.(A) mRNA abundanceof IL-18 in the
chorioamnietic.membrandsom womenat term wth (TIL, n=28) or without labor (TNL, n=29).
Relative gene expressions are presented\@svalues. (B) Protein concentrations ¢f -18 in
chorioamniotic membrane tissue lysates (n=10 each)Inf€psity of the immunostainings for
IL-18 in the/charioamiotic membranes (n=10 eacaihd representative immunostaining80x
magnification (D) Immunobldting of IL-18 and GAPDH in the chorioamniotic membranes (n=4

each).
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Table I. Demographic and clinical characteristics of the study populations

TNL TIL P value
(n=29) (n=28)
Maternal age“(years)* 24.0 (19-35.0) 21.5 (16.031.0) 0.01
Race**
African-American 25 (89.3%) 24 (88.9%)
Caucasian 1 (3.6%) 2 (7.4%) NS
Hispanic 1 (3.6%) 0 (0.0%)
Other 1 (3.6%) 1 (3.7%)
Maternal weight (kg)* 86 (44-136) 66 (49-109) 0.0002
Body mass.index (kg/m2)* 33.9 (19.80-48.40| 24.5 (18.30-41.20) 0.001
Gestational.age at delivery (weeks)* 39.4 (37.140.9) 39.7 (37.141.7) NS
Birth weight (grams)* 3385 (2960-4010) 3270 (2750-3870) NS
Cesarean section** 100% 32.1% 0.01
Acute chorioamnionitis 0% 0% NA

*Mann-Whitney test

**Chi-square test
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Table Il. TagMan® assays used for gene expression profiling

Gene Symbol | Protein Name Assay ID

ACTB Actin beta Hs99999903 m1
GAPDH Glyceraldehyde-3-phosphate dehydrogenase Hs99999905 m1l
RPLPO Ribosomal protein, large, PO Hs99999902 m1l
NLRP1 NACHT, LRR and PYD domains-containing protein 1 Hs00248187_m1l
NLRP3 NACHT, LRR and PYD domains-containing protein 3 Hs00918082_m1
NLRC4 NLR family CARD domain-containing protein 4 Hs00368367_m1
NOD1 Nucleotide-binding oligomerization domain-containing proteil Hs00196075_m1
NOD2 Nucleotide-binding oligomerization domain-containing proteil Hs00223394_m1
AIM2 Absent in melanoma 2 Hs00915710 _m1l
CASP1 Caspase-1 / Interleukin-1 converting enzyme Hs00354836_m1
CASP4 Caspase-4 Hs01031947_m1l
IL1B Interleukin-1 béa Hs00174097_m1
IL18 Interleukin-18 Hs01038788_m1l
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Table IIl. Primary antibodies and immunostaining conditions

Host species / Incubation

Primary antibedy. Vendor clonality Dilution | time

Anti-AIM2 Santa Cruz Biotechnology (Dallas, TX, USA| Rabbit / polyclonal | (1:100) | 15 min
Anti-CARD7/(NLRP1) Acris Antibodies (Herford, Germany) Rabbit / polyclonal | (1:500) | 15 min
Anti-CARD12 (NLRCA4) Abcam Inc. (Cambridge, MA, USA) Rabbit / polyclonal | (1:1500) | 15 min
Anti-CARD15 (NOD2) Abcam Inc. (Cambridge, MA, USA) Rabbit / polyclonal | (1:200) | 15 min
Anti-CASP1 R&D Systems, Inc. (Minneapolis, MN, USA)| Mouse / monoclonal (1:2000) | 15 min
Anti-CASP4 Abcam Inc. (Cambridge, MA, USA) Rabbit / polyclonal | (1:100) | 15 min
Anti-CIAS/NALP3 (NLRP3) | Millipore Corporation (Temecula, CA, USA) | Rabbit / polyclonal | (1:100) | 15 min
Anti-NODL Lifespan Bio (Seattle, WA, USA) Rabbit / polyclonal | (1:200) | 15 min
IL-1B Novus Biologicals (Littleton, CO, USA) Rabbit / polyclonal | (1:50) 15 min
IL-18 Lifespan Bio (Seattle, WA, USA) Rabbit / polyclonal | (1:10) 15 min
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