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ABSTRACT

The pivotal role of inflammatory processes in human parturition is well known, but notetempl

understood. We have performed a study to examine the rMaabphagenducible Ctype lectin

(Mincle) in inflammatiorassociated parturition. Using human samples, we show that spontaneous

labor is associated with upregulated Mincle expression in the myometriumtainudéenbranes.

Mincle expression was also increased in fetal membranes and myometrium in the presence of pro

labor mediatars, the proflammatay cytokines IL1B and TNF, anll-like receptor TLR)
ligands fsl-1, poly(I:C), LPS and flagellin. These clinical studies are stgapby mouse studies,
where an inflammatory challenge in a mouse model of preterm birth increasdd &kdpession in
the uterus. Impertantly, elimination of Mincle decreased the effectiveigseinflammatory
cytokines and TLR ligands to induce the expression of pro-labor mediadéongly pre
inflammatory cytokines and chemokines, contracasseciated proteins and ptaglandins, and
extracellular matrix' remodelling enzymes, matrix metalloproteindsesdata presented in this
study suggests:that Mincle is required when inflammatory activation precipitates parturition

Keywords. Mincle; human labor; myometriunfietal membranesnflammation
INTRODUCTION

Pattern recognition receptors (PRRs) are located on cell surfaces and recognise patwgated
molecular patterns (PAMPSs) and damagsociated molecular patterns (DAMBggh agroteins,
nucleic acidsy carbohydrates and lipids. PAMPs and DAMPs bind to PRRs to asitinate
transduction pathways resulting in activatiomufltiple signalling pathways includingF-«B.
Activation of these /pathways leads to transcriptioprofinflammatory cytokines and chemokines,
which in turn attract leukocytes such as neutrophils to the site of pathogen invasisueor tis
damage. There-are:four main classes of PRRdike receptors (TLRs$)NOD-like receptors
(NLRs), RIG-like'receptors (RRs) and Qtype lectin receptors (CLRs). TLRs and NLRs have
beenshown to playia role in regulating the inflammatprgcesseassociated withhuman labor (1-

8). There are, however, no studies on the expression and fuat@iRs in parturition.

CLRs are darge family of proteins that are divided into 17 groups based on functional and
structural characteristic¥heycontain arextracellular recognition domain thr&cognises a wide
range of microbial and fungal carbohydraaesl lipids (9-1). CLRs also contain signal
transmembrane domaand a cytoplasm domain. Macrophage-inducibkype- lectin (Mincle;
gene name CLECA4E) is a CLR that Viiast identified in 1999 as a downstream targethef
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transcription factoNF-IL6 in macrophages (32Mincle expression is strongly induced in response
to several inflammatory stimuli and stresses such as LPS, TN&-and saturated fatty acig2-

15) and in various diseasebaracterised by increasmflammationincluding obesity, rheumatoid
arthritis, allergic contact dermatitischemicstroke, traumatic brain injury, amepatitis(13, 16-

20).

Mincle binding to its ligands initiagsa cascade of events that leads to the recruitment of spleen
tyrosine kinase (Sykyhich activates a cascade of sidimgl events thateads to the induction of
inflammatorygenesvia NF-xB, mitogen activated protein kinase (MAPK), activator protein 1 (AP-
1) ornuclear factonof activated-dells (NFAT) (21-27). Numerous studies t@implicatedMincle

in regulating inflammatiorMincle deletion blockadeor pharmacologic inhibitioattenuates the
inflammatoryresponse in vivo (13-19.8 20, 28 and in vitro (1417, 18 25.

Therefore, ve hypothesised that Mincle expression would be upregulated daibiogand with
infectionin fetalkmembranes and myometriuRurthermore, we hypothesised that pro-
inflammatory.eytekines and TLR ligands would induce Mincle expression leadingeigulgted
expression and secretion of mediators involved in the preseskibor. To examine this, wé)
characterise the expression dflincle in human myometrium and fetalembrane$rom laboring
and non-laboring womeait term angreterm; (ii) investigatethe effect of pranflammatory
cytokines, andsbacterial and viral products on Mincle expression in fetal membmanes a
myometrium;and (ii) determinedhe effect of MinclesiRNA knockdown on inflammation induced
pro-labor mediators in human primanyyometrial ancdamnioncells

METHODS

Tissue collection

Placenta (withvattached fetal membranes) and myometriuncallasted at the time of delivery
from women‘delivering a singleton baby. Written informed consent was obtained|fregomeen.
Myometrium was obtaineftiom the upper margin of the lower uterine segment incision during
Caesarean sectiomissue samples were obtained from women who delivered healthy, singleton
infants. Citeria for recruited patientsere & we havepreviously described (2%ndexcluded

women with any underlying medical conditions (eligbetes, asthma, preeclampsia

Tissues wer@rocessed within 15 mins of delivery as previously described3@30For the Mincle
expression studies|grenta and yometriumwasobtained from laboring and non laboring women

at term or preterm as detailed below. Tissue samplesimerediately snap frozen in liquid
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71 nitrogen and stored a86°C until processed by RTRCR as detailed belowor thetissue explant
72 andcell culture experimeniglacenta and yometrium wasbtained from non laboring women at
73 the time of term Caesarean section and used immediately as detailed below.
74
75 For theMincle expression studies,yometriumwas obtained from women at term Caesarean
76  section(i) in the absence of labor or (ii) during active spontaneous labor (n=8 patiegtepg)as
77 we have previously described j2Babor was defined as the presence of regular uterine
78  contractions (every-3t min) resuting in cervical effacement and dilatidfetal membranes
79 (amnion and choriodecidua) were obtained from women at preterm or term (i) undeztgpaitive
80 Caesarean sectionyin the absence of labor or (ii) after spontaneous labor and vaginal delivery (n=9
81 paients per group) as we have previously describel F2%al membranes from the ntaboring
82 group were obtained from the area overlying the cervix (i.e. supracervical sitea&i®m the
83 site of membrane rupture in the after labor group as previously des@R)eBdr the term
84 samples,ndications for Caesarean section in the absence of labor were breech poasamtdr
85 previous Caesarean section. Indications for Caesarean sectiotamitedoring samples were for
86 fetal malpresentation, fetal distress aethyed or failure to pgress.indications for preterm
87 delivery (in the absence of labor) were for placenta praevia, vasa praevia, placental abruption or
88 antepartum haemaerrhage. None of the patients received any medications to augmaeiceor
89 labor, had pre=labor rupture of mbranesor any clinical signs of infection. The relevant clinical
90 characteristicsof the patients used for these studies are detailed in Supplementary Tables 1 and 2.
91
92 To characterise infection associated changes in Mincle expreasioion was collectettom
93 women undergeing Caesarean section in the absence of labor (i) with histofjagpoéiimed acute
94  chorioamnionitis or (ii) without histologically confirmed acute chorioamnionitis (n=8 patients per
95 group)aspreviously: described (33As previously describe@®8), choriodecidual tissue could not
96 be collected-fram:the samples with histologically confirmed acute chorioamnionitis as it was
97 degradedThe relevant clinical characteristics of the patients used for these studies are detailed in
98 Supplementary Table 3.
99
100 Tissue Explants
101 To elucidate the effect of priaflammatoryinsults on Mincle expression, tissue explants were
102 performed as previously describ@d)). Briefly, fresh fetal membraseand myometriun{n=6
103 patients)were dissected, equilibrated in a humidified atmosphere of 8¢te@l membranes) or
104 21% O, (myometrium) for 1 h, and then incubated in DMEM containing 100 U/ml penicillin G and
105 100 pg/ml streptomycin (50 mg tissue/ml) with or without 10 ng/ml IL1B (PeproTech; Rocky Hill,
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NJ, USA), 10 ng/ml TNF (PeproTech; Rocky Hill, NJ, USA), 250 ng/ml fsl-1 (InVivoGem
Diego, California, USA), 20 pg/ml poly(I:C) (Sigma-Aldrich; St. Louis, MO, USA), 10 ug/ml LPS
(derived from E. coli strain 026:B6jgtna-Aldrich; St. Louis, MQ or 1 ug/ml flagellin (purified
flagellin fromSalmonella typhimurium; InVivoGen; San Diego, California, USA). After 20 h,
tissues were collected and stored&i°C until assayed for Mincle mRNA expression by RT-gPCR

as detailed below.

Primary myometrial and amnion epithelial and mesenchymal cell culture

In order to elucidate if Mincle regulates grdlammatory mediators, we performed siRNA
knockdown experiments in primamyometrial and amnion cel{s=6-7 patients per experiment)
Myometrial ellswere isolated and cultured aepiouslydescribed30). Isolation of amnion

epithelial cells and mesenchymal cells was performed as des(3)edth minor modifications.
Briefly, approximately 3 g of amnion fragments were incubated in 10 ml of DNEIM with 1%
penicillin-streptomycin and 0.25% trypsin for 35 min at 37°C with gentle agitation. Afeenisig
through a 100 wmeeell strainer, the eluate was neutralised with 1% FBS and remaining fragments

were further digested in another 10 ml of DMEM/-F12 with 0.25% trypsin for 35 min at 37°C.
Eluate was combined with previous digest and epithelial cells were pelietemhtifugation at 500

x g for 10 min, resuspended in complete media (DMEM/F-12 containing 10% FBS and 1%
penicillin-streptomycin) and plated in tissue culture flasks. Flasks were incubated ab%3v T

and 8% Q with-media changes 4 h after initial plating, then 24-48 h thereafter until confluent. The
de-epithelialized amnion fragments were washed extensively in PBS anddbbated in 10 ml
DMEM/F-12 eontaning 1% penicillinstreptomycin and 0.125% collagenase A at 37°C for 1 h with
gentle agitationguntil fragments had dissolved. After straining, eluateemaisfuged at 500 g for

10 min. Pelleted mesenchymal cells were plated in complete media (DMEMI&ntaining 10%

FBS and 1% penicillirstreptomycin) in tissue culture flasks. Upon confluency (3-5 days), epithelial
and mesenechymal.cells were trypsinized and plated-inedBplates in complete media for SIRNA

transfection‘experiments.

Mincle siRNA (SICLEC4E) and negative control siRNA (siCONT)nlion; Thermo Fisher
Scientific; Scoresby, Vic, Australia)ere transfected iamnionand myometrial cellssing
RNAiMax (Life Teehnologies; Mulgrave, Victoria, Australiagcording to manufacturer's
guidelires.Cells were transfected withO nM siCLEC4Eor 50 nM siCONT for 48 h, followed by
treatment with or without 1 ng/nhL1B, 10 ng/mITNF, 250 ng/ml fsl-1 or 5 pg/ml poly(l:Gbr an
additional 20 h. After final incubation, k2and mediavere collected and stored-e80°C until
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analysed as detailed beloMTT assay was used to assesl @ability as we have previously
described36).

Céll contraction assay

To determine the effect of SICLEC4E on myometrial cell contractility, gel contraction assays we
performed as previously describ@@Y¥). The area of the gel was determined using Image Lab
software (BieRad Laboratories, Hercules, CA, USA)xjgeriments were performed in myometrium

obtained from gatients.

Mice studies

To determine theseffect of preterm labor on Mincle mRNA expression, a mousewasddtilised,
injecting LPS on gestational déyd) 15.5 mice and collecting myometrium at delivery of first pup.
Animal studiegconducted with approval from the Austin Health’s Animal Ethics Comnjitteee
performed as we have previously descrif#8). Briefly, gd 15.5 mice were injected i.p. with LPS
(serotype 026;B6315 g in 50 pl of PBS; Sigma) or sterile PBS (vehicle control). In the LPS group,
mice deliveredithesfirst pup between28 h postPS treatment. None of the vehidigected mice
went into labar. " The mice were killed on the birth of one pup, and time-matched controls were
killed directly afterward. Myometrial tissue was washed irSPtash frozen and stored at -80°C
until further-analysis by RGPCR as detailed below.

RNA extraction and RT-gPCR

RNA extractians, cDNA synthesis aRT-gPCR was performed as previously describedl (3thg
100 nM of predesigned and validated QuantiTect primers (primer sequences not available)
(Qiagen; Chadstone Centre, Vic, Australia). For normalisation of thatayverag€t of two
housekeeping-gen¥\WHAZ and succinate dehydrogenase (SDHA), was used and the fold
differences.determined using the comparative Ct method.

Enzymeimmunoassays

Commercial assays were used to measure the leviel§,d€CL2, CXCL1 CXCLS, siCAM1

(R&D SystemsMinneapolis, MN, USA) an®GF,, (Cayman Chemical Company; Ann Arbor, M,
USA) in the incubation medidhe interassay and intraassay coefficients of variation for all assays

were less than 10%.

Gelatin zymography
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Incubation media was also collected and assessment of MMP9 was performed by gelatin
zymographyas previously described ). Gels were scannagsing a ChemiDoc XRS systeiBi@-
Rad Laboratories; Gladesville, NSW, Australia), inverted, and densitoperfigrmed using
Quantity One image analysis softwaBso-Rad Laboratories; Gladesville, NSW, Australia

Statistical analysis

All statistical angyses were undertaken using GraphPad Prism (GraphPad Software, LaAplla, C
USA). Normality of the data was assessed using the SHapikaest. For Figure 1, an unpaired
Student’s ttest was used to assess statistical significance between normaibutbstidata,

otherwise theManmr\Whitney U test was useBtor Figure 2the WIcoxon testwas used to assess
statistical signifieanceFor all other comparisondata were analysed by a repeated measures one
way ANOVA [(with LSD posthoc testing taliscriminate among the means); raormally

distributed data @re logarithmically transformed before analySististical significance was
ascribed to & value<0.05. Data is expressed as mean + SEM.

RESULTS

Mincle expressionis upregulated in laboring fetal membranes and myometrium

The first aim was'to determine whether the expression of Mincle mRNA changed with respect to
labor. In human fetal membranddincle mRNA expression was significantly increased with term
labor (Figure 2A) and preterm labor (Figure 1B), compared to non-laboring tiSéiezs was also
a significant increase in MincleRNA expression in amnion collected from preterm women with
histologial chorioamnionitis (Figure 1C), compared to preterm contvilsout histological
chorioamnionitisln myometrium, there was a significant incregsklincle mRNA with human
term labor (Figure Apcompared to noteboring tissueTo determine the effect preterm labor on
Mincle mRNAsexpression, a mouse model was utilised, injecting LRfestational dy 15.5 mice
and collecting myemetrium at delivery of first pup. Figure 1E demonstrates that MiR&N&
expression‘is significantly increased in mouse mgwium with preterm (LPS) labor.

Pro-inflammatory mediatorsincrease Mincle expression in fetal membranes and myometrium
To further eltcidate the effect of labor on Mincle expression, tissue expent incubated in the
presence of knowmilabor mediators, namelyipflammatory cytokinesL1B and TNF, and
bacterial and viral productsssociated with TLR signallingsl-1 (TLR2/6), poly(l:C) (TLR3), LPS
(TLR4) and flagellin (TLR5). All six treatments significantly increaséidcle mRNA expression
in fetd membranes (Figure 2A) and myometrium (Figure 2B).
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Knockdown of Mincle suppresses pro-inflammatory cytokines and chemokinesin human

primary myometrial and amnion mesenchymal cellsin vitro

Subsequent experiments investigated the effect of Mgugeression, using siRNA, in the presence
of inflammatory pro4aborstimuli. To determine if Mincle regulates cytokireduced expression

of pro-labor mediators, primary cells isolated from human myometrium and amnion (epithelial and
mesenchymal cells), eve transfected with Mincle siRNA (siCLECYH he efficacy of transfection
was assessed by RJPCR and there was >75% decrease in Mincle mRNA expression in
SiCLECAE transfected cells. There was no effect of sSiCLEC4E on cell viability amdetdroy

MTT cell viability assay (data not shown).

Firstly, in amniensmesenchymal cells, treatment WiithB significantly increased the expression of
pro-inflammatory cytokines ILA and IL6 mMRNA expression and the secretion of IL6 (Figure 3A-
C) and chemokines CCL2 and CXCL8 mRNA expression and secretion (Figure 3D-G), compared
to siCONT transfected cells. In sSiCLECAE transfected cells, there was a significaatsaeicr

IL1B induceddliAyIL6, CCL2 and CXCL8 mRNA expression (Figure 84D,F) and release of

IL6 and CXCL8«(Figure C,G), but not CCL2 (Figure 3&milarly in amnion mesenchymal cells
treated with TNFSICLECAE transfected cells displayed a significant decrieaB&F-induced

IL1A, IL1B, IL6, €CL2 and CXCL8 mRNA expression (Figure 3H-J,L,N) and release of IL6 and
CXCL8 (Figure3K,O), but not CCLZeleasgFigure 3M).

Figures 46 demonstratethe effect of SICLECA4E transfection in myometrial cells in the presence of
pro-labor mediatorspro-inflammatory cytokindL1B (Figure 4) TLR2/6 ligand fsl-1(Figure 5)

and TLR3 ligand,poly(l:CjFigure 6) Treatment witHL1B significantly increased TNF, IA,

IL6, CCL2, CXCLLland CXCL8 mRNA expression (Figure 4A-C,E,G,l) and releabe6pCCL 2,
CXCL1 and CXCL8 (Figure 4D,F,H,J). While there was no effect of SICLEC4E &etiwf on
IL1B-induced TNE-MmRNA expression (Figure 4A), there was a significant decreaseAimiRNA
expressior{Figure4B)and IL6, CCL2, CXCL1 and CXCL8 mRNA expression and rel¢bgpire
4C-J). Treatment ofimyometrial cells with {4l (Figure 5) and poly(l:C) (Figure 6) displayed very
similar results; the expression of TNF,1A, IL1B, IL6, CCL2, CXCL1 and CXCL8 mRNA and
release ofl67 CCL2, CXCL1 and CXCL8 was significantly decreased in siCLECAE trandfecte
cells, compared to'siCONT cells treated withXsir poly(l:C).

Knockdown of Mincle suppresses myometrial cell contractility in vitro
Proinflammatory cytokines can participate in myometrial activation by inducing contraction
associate proteins such as PTGS2 &id promag theproduction otthe uterotonic prostaglandin
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PGk, (42 which atsvia the prostaglandin F receptor (PTGK&J). Thus, it was interest to
exploretheeffect of sSIiCLEC4E on expression of contraction associated proteins (Cx43, OXTR,
PTGS and PTGFR), PGFandmyometrial cell contractility in situTreatment of SiCONT cells
with IL1B and TNF significantly decreased Cx43 mRNA expression (Figure 7A,D), and
significantly increased PTGFR mRNA expression and secretion of P Fgure 7BC,EF),
compared to basal cells. While there was no effect of siCLEC4El&tinduced Cx43 mRNA
expression (Figure 7A), there was a significant decrease inifitNiEed Cx43 mMRNA expression
(Figure 7D). In siCLECA4E transfected cells, there was a significant decrdagd®and TNF-
induced PTGER mRNA expression and secretion of REhgure7B-C,EF). There was o

change witlPTGS2or OXTR mRNA expression in siCLECAE transfected cédiata not shown).
To accompany:these experiments, we determined whether Mincle can regulate myometrial
contractilityin situ by utilising anin vitro gel contraction assaprimary myometrial cells deficient
in Mincle were embedded into 3D collagen gel matrices where the cells could contract in response
to TNF. As shown in Figure 7G, TNF induced cell contractility, evidenced by increaked ge
shrinkage, compared to SICONT cells without TNF. In siCLEC4E transfectead THIF-induced

gel shrinkage-wasssignificantly suppressed.

Knockdown of Mincle suppresses expression of ECM remodelling enzymes

The pro-inflammatory cytokines IL1B and TNF play important roles in thiaiidh of labor,
particularly thesrupture of membrandhe two constituent cell populations of the amnion,
epithelial and mesenchymal cells, were both investigatethey independently respond to different
stimuli to prodice differenimatrix metalloproteinase$MPs); for example amnionepithelial

cells, but nomesenchymal cellparticipate in IL1Binduced MMP9 release (R%and in
mesenchymal cells, but not epithelial cells, thrombin can induce both MMP1 and MMPSs&xpre
(44).

In amnion epithelial cellaye found that IL1B significantly increased MMP9 mRNA expression
(Figure8A) and release of pro MMP9 (Figure 8B). In siCLECAE transfected cells, there was a
significant decrease in ILXBiduced MMP9 mRNA expression (Figure 8A) and pro MMP9
secretion (Figure 8BAmnion mesenchymal cells were transfected with or without siCIEE&
treated with TNF. " Treatment with TNF significantly increased MMP1, MMRBMMP9 mRNA
expression (Figure 8€). In siCLECAE transfected cells, there was a significant attenuation in
TNF-induced MMP1 and MMP8 mRNA expression (Figure 8C,D), but thasernw change with
MMP9 mRNA expression (Figure 8E).

DISCUSSION
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This study adds to the growing literature of the role of PRRs in human labortddysisowever,
is the first to describe a role for the CLR in human myometrium and fetal membrahesontext
of parturition. Here, we show that the expression of the receptor Mincle (CLECdm)egulated
in myometrium anfbr fetal membranes after spontaneous labor at preterm and term and in response
to intrauterine infection. Furthermore, Mincle expression is highly inducedoanfitemmatory
and pro-labor insults such as pro-inflammatory cytokines (IL1B, TNF), bactevdligts (LPS, fsl-
1, flagellin) and viral products (poly(l:C)). Knockdown of Mincle in primary amnioth a
myometrial cells cases the suppression of mediators involved in regulating the pesoésabor
and delivery including pro-inflammatory cytokines (TNF, IL1A, IL1B), clo&ames (CCL2,
CXCL1, CXCL8):and EM™ degrading enzymes (MMR MMP8, MMP9). In addition, our study
revealsa role for/Mincle in regulating myometrial activation as assessed by suppression of
contraction associated proteins (Cx43, PTGFR) and secretion the uterotonjdrP€afis deficient
in Mincle. Finally, using ann situ model of myometrial contractilitghe absence of Mincle leads
to a significantraugmentation tife magnitudeof inflammationinduced collagen gel contractility.
Taken togethersour results demonstrate a previously unconsidered important ratelefiMi

regulating inflammation induced @tabor mediators.

Human laborat term in myometrium, and at preterm and term in fetal membranes was associated
with upregulated Mincle expression when compared tolalboring tissued.ikewise, Mincle
expressiowas alsaipregulatedn myometriumduring labor in a mouse model of inflammation
induced preterm birthndin amnion from women with preterm chorioamnionitis compared to
amnion from women without preterm chorioamnioniltidlammation is a hallmark of labor, with

an influx of leukocytes and increased expression of cytokines, chemokines and othenatfiey
markers observed-in uterus, cervix, placenta and fetal membranes during laléy. (45
Chorioamnienitis-issan acute inflammatitmatoccurs within thdetal membranes response to the
presence of‘pathogenic organisms) (40 test the possibility that increased Mincle expression is a
resultof theseinflammatory responsewe evaluated the effect of the grdlammatory cytokines

on Mincle expression. We found that IL1B and TNF, two acute phaseffaoymatory cytokines

that are seereted by leukocytsgnificantlyincreased Mincle expression in fetal membranes and
myometrium.Collectively, these studies demonstrate Matcle expression is regulated by
inflammatory insults in myometrium and fetaembranes, and may thus may play a role in human

labor.
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313 IL1B and TNFare tvo acute phase cytokines that have vital rolesngparturition For example,

314 in various animal species, injectionlaflB or TNF can induce preterm lab@8-51) and increase
315 levels of pro-inflammatory cytokines, chemokines, prostaglanMi?9 and leukocytes in

316 amniotic fluid(49). These animal studies are supportednbytro studies whereby IL1B or TNF

317 can further increase cytokine production, upregulate the expression of chemadiivese ECM

318 matrix remodelling enzymesjduce expression of conttion associated proteins and stimulate the
319 ongoing release of prostaglandins (53-%% Mincle was induced by IL1B and TN#&ge

320 investigated if Mincle is involved in the genesis of prflammaory and pro-labor mediators

321 inducedby IL1B or TNF.Indeed, using siRNA knockdown experiments, we found that Mincle
322 regulates IL1B"or"ENF inducgato-inflammatory cytokines (TNF, IL1A, IL1B), chemokines

323 (CCL2, CXCL2»CXCL8) and ECM degrading enzyms8P1, MMP8, MMP9 in human

324 primary myometrial and amnion cells. Further, Mincle regulates IL1B dt inNuced expression
325 of contraction associated proteins (Cx43, PTGFR), secretion the uterotonig B@&myometrial
326 contractilityin situ. Taken together, these results suggest that Mincle is involved in the genesis of
327 IL1B or TNF induced mediators involved myometrial contractions and rupture ofrfetabranes.
328

329 In addition togpranflammatory cytokinesTLRs can alsanduceMincle expres®n in numerous

330 specieq12 14,15'55. Likewise, in this study, the TLR2/6 ligand fsl-1, TLR3 ligand poly(l:C),
331 TLR4 ligand"kRS and the TLR5 ligand flagellin signifitligrincreased Mincle expression in fetal
332 membranes.and myometrium. This has important implications given that infection is the most
333 common cause of early preterm bif86) and that pathogens and bacterial and viral products

334 engage TLRs to induce preterm labomice(6-8, 57).

335

336 Induction of Mincle/by TLRs activates a cascade of events leading to the transcriptional regulation
337 of proinflammatoery:gene€l2, 14 15 55). Our previous studies have shown that ligation of

338 TLR2/6 ligandifsi=i-and the TLR3 ligand poly(I:C) can induce pro-labor mediators in human
339 myometrial'and“amnion cel(d, 3). Thus, it was of interest to determine if Mincle is also involved
340 in TLR signalling Usingprimary myometrial cellss a model system, ankimto the studies using
341 IL1B and TNF, we foundhatsiRNA inhibition ofMincle decreased the effectiveness of the

342 TLR2/6 ligand fsl-1 and the TLR3 ligand poly(l:C) to induce the expression and secrepiar of
343 inflammatorycytokines and chemokines. Collectively, the results presented in this paper suggest
344 that the expression and secretion of pro-labor mediators can be induced by TLRs theoug

345 Mincle pathway.

346
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347 The downstream pathways involved in Mincle induced regulation of pro-labor mediators is not
348 known. Wefound no effect of Mincle siRNA knockout on NdB transcriptional activity in

349 myometrial cells, suggesting that Minckgulategro-inflammatoryand prolabor mediatrsin

350 (gestational tissues by other downstream transcription fabtb’sT, MAPK and AP-lhave also
351 been shown to be involved Mincle induced gene transcription (21)28lotably, afew recent

352 studiesindicate a potential role for NFAT in mediating stretctoxytocininduced gene expression
353 in myometrium(58, 59. A role for MAPK and AP-1 proteins in regulating mediators involved in
354 myometrial contractility and degradation of fetal membrdreesalso been reportg@0-63.

355 Further studies are therefareguired to determine the functional role of NFAT, MAPK #&#Ri1 in
356 Mincle signalling.

357

358 A limitation of this study is that we coultbt assesMlincle protein expression due to non-

359 specificity of commercial antibodig¢data not shown). Studies looking at Mincle expression and
360 localisation inmyometriumthroughout gestation woufdrther clarifyother potential functional
361 contributionsMinelesmakes in regulatingmyometrial contractility irpregnancyLikewise, further
362 studies are required to determine tégional localisatiomf Mincle in fetal membranese. site

363 over the cervix'prone to rupture versus distal atbasyughout gestationalgeswould shed light on
364 the roleof Mincle'infetal membranaupture.In this study, all experiments were performed in the
365 presence ofan.inflammatory insult. It would also be worth determining if Mplalys a role in

366 parturition in.the"absence of inflammation.

367

368 In concluson,ithe expression of Mincle is upregulated after labor and infection in fetal aueasbr
369 andmyometrium:Furthermorepro-inflammatory cytokines, and bacterial and viral products
370 increased Mincle expressioknockdown of Minclereducedhe expression and secretion of

371 mediators invelvedsiactivelabor and delivery. Importantly, in the absence of Mincle, the

372 effectiveness-of-prinflammatory cytokines and TLR ligands to induce the expression and or
373 secretion of‘prdabor mediators was reducechése data suggest that Mincle is part of the process
374 by which inflammation induces parturition.
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FIGURE LEGENDS

Figure 1. Expression of Minclein myometrium and fetal membranes
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(A) Fetal membranes were obtained from women at term Caesarean settimabsence of labor
(term no labor, n=9 patients) or from women after term spontaneous labor onset amyg (elive
after labor, n=9 patients)B) Fetal membranes were obtained from women at preterm Caesarean
sectionin the absence of labor (preterm no labor, n=9 patients) or from waiteepreterm
spontaneous labor onset and delivery (preterm after labor, n=9 patiEh&jnnion was obtained
from women at preterm @aarean section without histological chorioamnionitis (preterm no CAM,
n=8 patients) or from women at preterm Caesarean section with histological chorioamnionitis
(preterm CAM, n=8 patientsjD) Human myometrium was obtained from women at term
Caesareasection in the absence of labor (term no labor, n=8 patients) or from women at term
Caesarean section,during labor (term in labor, n=8 pati¢B)d)ylyometrium was obtained from
mice during LPS=induced labor gestational dag5.5 and timenatched vehid-injected mice

(n=4 mice/group)For all dataMincle mRNA expression was analysed by-BPCR. Individual

data points represent different patients and the horizontal line representathie &M of each
group. *<0.05,MannWhitney U test.

Figure 2. Effectrofspr o-inflammatory mediators on Mincle expression in fetal membranes and
myometrium

Human(A) fetal membranes an@) myometrium were incubated in the absence or presence of 10
ng/ml IL1B, T0:ng/ml TNF, 250 ng/ml fdl; 20 pg/ml poly(1:C), 10 pg/ml LPS or 1 pg/ml flagellin

for 20 h (n=6.patientgeatment). MinclenRNA expression was analysed by-BFCR. Individual
data points represent 6 independent experiments and displayedias SEM.*P<0.05, Wilcoxon

test.

Figure 3. Effect.of Mincle sSRNA knockdown on pro-inflammatory cytokines and chemokines
in human primary amnion mesenchymal cells

Human primarysamnion mesenchymal cells were transfected with 50 nM 3iGOH0 nM
SiCLEC4E and then treated with 1 ng/ml IL1B or 10 ng/ml TNF (n=6 patigat®,D,F,H-J,L ,N)
IL1A, IL1B, IL6, CCL2 andCXCL8 mRNA expression was analysed by-§HCR.
(C,E,G,K,M,0) The concentration of IL6, CCL2 and CXCLS8 in the incubation medium was
assayed by ELISA. Individual data points represent 6 independent experiments ayeédispla
mean £ SEM. P<0.05 (repeated measures one-way ANOVA).

Figure 4. Effect of Mincle SsSRNA knockdown on IL 1B-induced pro-inflammatory cytokines

and chemokinesin human primary myometrial cells
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Human primary myometrial cells were transfelctath 50 nM siCONT or 50 nMiCLEC4Eand
then treated with 1 ng/ml IL1B (mMpatients)(A-C,E,G,I) TNF, IL1A, IL6, CCL2, CXCLland
CXCL8 mRNA expression was analysed by-BFCR.(D,F,H,J) The concentration of ILBCCL2,
CXCL1 and CXCLS8 in the incubation medium was assayed by ELISA. Individual data points
represent 6 independent experiments and displayed as mean + BEMS5*(repeated measures
oneway ANOVA).

Figure5. Effect of Mincle SRNA knockdown on fd-1-induced pro-inflammatory cytokines

and chemokinesin human primary myometrial cells

Human primary myometrial cells were transfected with 50 nM siCONT or 50 GMESI4E and
thentreated withs250 ng/ml fsl (n=6 patients}A-D,F,H,J) TNF, IL1A, IL1B, IL6, CCL2,

CXCL1 and C)CL8 mRNA expression was analysed by-§HCR.(E,G,I ,K) The concentration of
IL6, CCL2, CXCL1 and CXCLS8 in the incubation medium was assayed by ELISA. Indivddteal
points represent 6 independent experiments and displayed as mean #5385 trepeated

measures ongay-ANOVA).

Figure 6. Effect of Mincle sRNA knockdown on poly(l:C)-induced pro-inflammatory
cytokines and chemokinesin human primary myometrial cells

Human primary,.myometrial cells were transfected with 50 nM siCONT or 50 GMESI4E and
then treated with'5 pg/ml poly(l:C) (n=6 patien{(®)-D,F,H,J) TNF, IL1A, IL1B, IL6, CCL2,
CXCL1 and CXCL8 mRNA expression was analysed by RT-gREJ&,I ,K) The concatration of
IL6, CCL2, CXCL1 and CXCLS8 in the incubation medium was assayed by ELISA. Indiddteal
points represent,6 independent experiments and displayed as mean HSBN5 trepeated

measures ongay ANOVA).

Figure 7. Effectof:-M incle SsSRNA knockdown on myometrial contractility

(A-F) Human primary myometrial cells were transfected with 50 nM siCONT or 5681GMECA4E

and then treated with (AJQ ng/ml IL1B or D-F) 10 ng/ml TNF(n=8 patients).(A,B,D,E) PTGS2
andPTGFRmMRNA expression was analysedRy-qPCR. (C,F) The concentrationP&R, in the
incubationgmedium was assayed by ELISA. Individual data points represent 6 independent
experiments and displayed as mean + SEHRA(*05 (repeated measures one-way ANOVA). (G)

Cell contraction assays were performed using collagen gels made from human primary myometrial
cells transfected with 50 nM siCONT or 50 nNCEEC4Efor 48 h (n=6 patients). The collagen

gels were then treated with or without 10 ng/ml TNF for 36 h, and the area of gel wasrtsle
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Representative gel contraction image from 1 patient is also sh&w6.0% (repeated measures
oneway ANOVA).

Figure 8. Effect of Mincle SsSRNA knockdown on the expression of ECM degrading enzymesin
primary amnion cells

(A,B) Human‘primary amnion epithelial cells were transfegtétl 50 nM siCONT or 50 nM
SICLECAE and then treated with 1 ng/ml IL1B (n=6 patierifs) MMP9 mRNA expression was
analysed hy R-GPCR.(B) The concentration of pro MMP9 in the incubation medium gaayed
by zymography. Representative zymography image from one patient is also bitbwdual data
points represent 6iindependent experiments and displayed as mean HSBNE trepeated
measures on@ay-ANOVA). (C-E) Human primary amnion mesenchymal cells were transfected
with 50 nM siCONT or 50 nM siCLEC4E and then treated Wdmg/ml TNF (n®6 patients)(A)
MMP1, (B) MMP8, and(C) MMP9 mRNA expression was analysed by-BFCR. Individual data
points represent 6 independent experiments and dispdayeetan + SEM.P<0.05 (repeated

measures ongay-ANOVA).
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