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ABSTRACT

Problem: Metallothioneins (MTs) play important rolesriegulatingoxidative stress, inflammation
and hormone signalling. These procegsags a major role itabor at term and pretermihe aims

of this study were taharacteris¢i) temporal and labor asciated changesd (ii) the effect of
pro-inflammatory and pro-labor insults on the expression of MT1 isoforms, MT2A, Md 8/d4

in fetal membranes and myometrium

Method of Study: The expression of Mfwas assessed in fetal membraaed myometriunfrom
non-laboring and laboring womeipreterm andermby RT-gPCR Tissue &plants were used to
assess the effect 'efginflammatory cytokines and tolike receptor (TLR) ligandenthe

expression of M fetal membranes and myometrium.

Results: In fetal membranes, the expression of MT1A, MT1E, MT1F, MT1XMIA@A was

higher at term_compared to preterm. Preterm labor and preterm histological chorioamnionitis was
associated with increased MT1A, MT1G, MT1M, MT1X, MT2A and MT3 expression. Term labor
was associatedwwith increased MT1A, MT1F, MT1X, MT2A and MT3 expression in fetal
membranes and:-MT1A, MT1E, MT1F, MT1G, MT1M, MT1X, MT2A and MT3 expression in
myometrium./Prénflammatory cytokines and TLR ligands increased the expression of MT1A,
MT1E, MT1F, MT1G, MT1H, MT1X and MT2A in fetal membranes and myometrium.
Conclusions:“Ttemporal, labor and infection associated increasb#lih isoforms, MT2A andMT3
have been observed in felmémbranesnd/or myometrium. Furthermoreapgnflammatory

cytokines and bacterial and viral products increased the expression of MT1 isdfrgss MT3

and MT4 mRNA expression in fetal membranes and myometrium.

Key words: metallothioneins; myometriunfietal membranederm labor; preterm labor;
inflammationnfection
INTRODUECTION

Metallothioneins (MTs) are family of low molecular weight (67 kDa)cysteinerich, metai
binding proteins. In humans, four isoforms have been reported (MT1-4). MT1 has 8 isoforms
(MT1A, MTAB, MT1E, MT1F, MT1G, MT1H, MT1M, and MT1X), while M2A, MT3 and MT4
are encoded by single gerfeghile in in rodents, four MT isoformhave been identified (MT4).
MT1 and MT2 are ubiquitously express®ti[3 is expressednainly in thecentral nervous system
and reproductive organs and MiBdexpressegrimarily in squamous epithelid Human MTs are
regulated independently of each other and stress hormonesaatige oxygen species (RO&n

induce their expressicn They arealsorobustly upregulatetly toll-like receptor (TLR) ligands
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such as the TLR4 ligand lipopolysaccharide and the viral dsSRNA analogue and TLR3 ligand
poly(l:C), and prainflammatory cytokinebke IL1B and TNF*®. Upregulated MT expression has
been identified in a number of diseases including inflammatory bowel diseasesyfteemmatory
brain diseases, cancer, obesity and diaét&sAdditionally, MT polymorhisms have been
associated with a number of pathological processes including cancer and difb&lesotropic
roles ofMTs have been demonstrated. These includell-established role in metal homeostasis,
metal detoxification and protection against oxidative sti@ssvell as roles imetabolic regulation,

apoptosis, cell proliferation and differentiation, amammation® *2.

Little is known'regarding the expression aadulation of MTs in gestational tissud@ée only
published studiesravailable have used high throughput transcription screening techniqregyto id
changes in MT expression with pregnancy and ldbanyometrium, here is ncreased MT1A
MT1E, MT1F,MT1G, MT1M, MT1X, MT2A andMT3 mRNA expression witspontaneous term
labor compared to term no labSr. Interestingly, increased MT1A and MT2A mRNA expression
has been reperted-in myometrium obtaifredh arrest of dilatatiocompared to spontaneoiegsm
labor?. In fetabhmembranedT1A and MT2A mRNA expression is increased in the rupture site
compared to AR fupture site in chorion obtained from spontaneous labor &t feunther, when
compared to fetalFmembranes obtained from non-laboring wdhene, is increased T1H and

MT1X expressiorand decreasedT2A mRNA expression witlspontaneous term labtf
althoughthereis'no information on the sampling site. Except for MT1E in myometrium from
laboring and non-laboring womé) these resultsave not been validated. Furthermahe, effect

of proinflammatory mediators on thexpressiorof MTs hasnot beerassessed. Therefotbe aims

of this study were tase reatime quantitative PCRRT-gPCR  to characteris&) temporal and

labor associated changes in éxpression of MT1 isoforms, MT2A, MT3 and MT4 in myometrium
and fetal membranes; 2) the expression of MTith myometrium from a mouse model of
inflammatieninducedpreterm birth; and 3) the effect of pirflammatory insults on the expression
of MT1 isoform§"MT2A, MT3 and MT4 in myometrium and fetal membranes.

METHODS

Human tissue collection
Human myometriunand fetal membranes wesbtained (with institutional Research and Ethics
Committee approvalyom the upper margin of the lower uterine segment incision during Caesarean

section.Tissues werdrought to the research laboratory and processed within 15 mins of delivery.

Tissues were washed in PBS to remove excess blood, cleared of serosa, fibrous or damaged tissue

and visible blood vessels, and then dissected into smaller pieces. Tissues were immediately snap
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frozen in liquid nitrogen and stored at °80for expression studies, or used immediatelytifsue

72  explant experiments. Women with any underlying medical conditions such atedjasthma,
polycystic ovary syndrome, preeclampsia and macrovascular complications wadeéxc

74 Additionally, women with multiple pregnancies, obese women, and fetuses withasmoah
abnormalities were excludedll preterm placentas were subject to histopathological examination

76 and fetal membranes were swabbed for microbiological culture stAdt® chorioamnionis was
diagnosed pathologically according to standard critéria

78
Expression studies

80 Cohort 1- To charaterise the temporal associated changes in the mRNA expression of MT1
isoforms, MT2AMT3 and MT4myometrium and fetal membranesre obtained frorwomen at

82 preterm or term/Caesarean section in the absence of labe® (Eat&nts per grouph the term
group, indications for Caesarean section in the absence of labor were breech e setédr

84 previous Caesarean sectibmthe preterm group, indications fGaesarean section in the absence
of laborwere placenta praevigasa praeviaghtal growth restrictiorplacental abruption and

86 antepartum haemerrhagehe relevant clinical characteristics of the patients use@dbort lare
described in Supplementary Table 1.

88
Cohort 2- To'eharacterise labor associated changes in the mRNA expre$$/T1 isoforms,

90 MT2A, MT3 and MT4in myometrium samplesvereobtained from the upper margin of the lower
uterine segmerftom women at term Caesarean sec{ipin the absence of labor @) during

92 active spontaneouabor (n=8patientsper group. Labor was defined as the presence of regular
uterine contractions (every 3-+in) resulting in cevical effacement and dilation. None of the

94  patients received any medications to augment or induce lalolications for Caesarean section in
the absence oflabor were breech presentation and/or previous Caesarearrsgications for

96 Caesareanssection:in the laboring samples were for fetal malpresentation, fetal distress and delayed
or failure to"progresd he relevant clinical characteristics of the patients use@dbort 2 are

98 describedn Supplementary Table 2.

100 Cohorts3 and4 - To characteristabor associated changes in the mRNA expression of MT1
isoforms, MT2A, MT3 and MT4 indtal membranes, samples were obtained from women at

102 preterm(Cohort 3)or term(Cohort 4) {) undergoing elective Caesarean section in the absence of
labor or (i) after spontaneous laband vaginal deliveryn=9 patients per group). Indications for

104 Caesarean section were breech presentation, and/or previous Caesarearetaitiroembranes
from the non-laboring group were obtained fromdhea overlying the cervix (i.e. supracervical
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site, SCShs previouslylescribed”. In the after labor group, fetal membranes were obtained from
the site of membrane rupture as previously descfibétbne of the patients received any
medications to augment or induce labor or hathpe rupture of membrane$he relevant clinical
characteristics of the patients used@ahort3 (preterm samplegye described in Supplementary
Table 3.The relevant clinical characteristics of the patients use@dbort 4 {ermsamples)have

previously been describéd

Cohort 5 - To characterise infection associated changdsemRNA expression of MT1 isoforms,
MT2A, MT3 and MT4, amnion was collected from women undergoing Caesarean settien
absence of lalyq(i)"with histologically confirmed acute chorioamnionitis or (ii) without
histologically ¢enfifmed acute chorioamnionitis=8 patients per grolipAs previosly detailed,
choriodecidual tissueould not be collected from the samples with histologically confirmed acute
chorioamnionitisas it was degrade@he relevant clinical characteristics of the patients used for

this cohort have previously been described

Regulation studies

Tissue explants were performed to determine the effeanflieanmatoryinsults on MT mRNA
expression in fetal'membranes and myometrium. Tissue explants were pdréasrpreviously
described®. Briefly, fresh fetal membrane and myometrium were dissecteglandd in DMEM
at 37C in a_ humidified atmosphere of 8% (@etal membranes) or 21%,@myometrium) for 1 h.
Tissues were blotted dry on sterile filter paper and transferredweR4issue culture plates (50
mg wet weight per well). The explants were incubated in 1 ml DM&taining 100 U/ml
penicillin G and 100 pg/ml streptomycin) with or without 10 ng/ml IL1B (PeproTech; Rocky Hill,
NJ, USA), 10 ng/ml TNF (PeproTech; Rocky Hill, NJ, USA), 250 ng/ml fsl-1 (InVivoGen; Sa
Diego, CaliforniaydSA), 2@g/ml poly(I:C) (Sigma-Aldrich; St. Louis, MO, USA)10 pg/ml LPS
(derived frem-E=coli strain 02B6; Sigma-Aldrich; St. Louis, MO),l ug/ml flagellin (purified
flagellin fromSalmonella typhimurium; InVivoGen; San Diego, California, USA). After 20 h,
tissues were collected and stored-&@°C until assayed for MT mRNA expression by qRT-PCR as
detailed below. Experiments were performed from fetal membranes and myomatained from

6 patients.

Mice studies
Mice studieswere conductedyith approvalfrom the Austin Health’s Animal Ethics Commitieses
previously describedf. Eight week old timegiregnant C57BL/6 female mice were purchased from

WEHI (Melbourne, Australia)Myometrium was obtaineddm 15.5 dpc timed-pregnant C57BL/6
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female mice intraperitoneally injected with LPS (15 pg in 50 pl of PBS; Sigma) or sterile PBS

(vehicle controljas previously describéd This model of preterm labor results in a high rate of
preterm delivery (122 h posiLPS treatment) and does not cause maternal mortality. None of the
vehicle-injected mice went into labor. The mice were killed on the birth of one mpaipnze-

matched controls were killed datty afterward Myometrial tissue was washed in PBS, flash frozen
and stored a80°C until further analysis bR T-qPCRas detailed below.

RNA extraction and RT-gPCR

RNA extractions and RT-qPCR was performed as previously deséfilRNA concentration and
purity were me@sured using a NanoDrop ND1000 (Thermo Fisher Scientific; Scoresby, Vic,
Australia) RNAwasconverted to cDNA using the higltapacity cDNA reverse transcription kit
(Thermo Fisher Scientific; Scoresby, Vic, Australia) according to the manufacturer’s instructions.
The RTPCR was performed using the CFX384 Reate PCR detection systemif-Rad
Laboratories; Gladesville, NSW, Australidor the human studies, quantification of MT isoform
MRNA expression:was performed using primers synthesizedifragrated DNA Technologies

(IDT; SingaperesSeience Park I, Singapom@)mer sequences are as dlethelsewhere?®. For the
mouse studieS, pre@esigned and validated QuantiTect prinfeosn Qiagen (Chadstone Centre,

Vic, Australia)were usedprimer sequences not availablEpr the human samples, gene Ct values
were normalised to the average YWHAZ and succinate dehydrogenase (SDHA) Ct values of the
same cDNA sampld-or the mouse samples, gene Ct values were normalised to the avarage act
and GAPDH Ct values of the sameN® sample Fold differences were determinesing the
comparative Ct method.

Statistical analysis

All statistical analyses were undertaken using GraphPad Prism (GraphPad Software, La Jolla, CA,
USA). ShapiroWilk-test was used to test the normality ofthl data. For Figure 1-7, an unpaired
Student’s #test'was used to assess statistical significance between normally distributed data;
otherwise, the nonparametric Mawhitney U (unpaired) teésvasused.For Figures8 and 9data
were analysed by a repeated measuresn@ayeANOVA (with LSD posthoc testing to discriminate
among thesmeans); non-normally distributed dateewogarithmically transformed before analysis
Statistical significance was ascribed t® &alue<0.05. For normally distributed datvalues are
expressed as mean = SEM. For nonparametric data, values are expressed aswhedian
interquartile ranges (IQR).

RESULTS
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Temporal associated changesin MT1-4 expression in fetal membranes

The expression of MT1 isoforms, MT2A, MT3 and MT4 in fetal membranes obtained at preterm
and term gestations is presenkgure 1 MT1A, MT1E, MT1F, MT1X and MT2ANRNA
expressiomwere significantly higher in fetal membrar@stainedat termcompared to @term.In
contrast, there was no significant difference in the expression of MT1B, MMITGH, MT1M,

MT3 or MT4 between fetal membranes obtained at preterm or term.

Labor associated changesin MT1-4 expression in fetal membranes at term

Figure 2 demonstites the expression of MT1 isoforms, MT2A, MT3 and MT4 in fetal membranes
obtained at term from non-laboring and laboring women. MT1A, MT1F, MMK2A and MT3
MRNA expression‘were significanthpregulated in fetal membranes from laboring compared to
fetal membranes obtained from non-laboring women at term. On the other hand, there was no
significant difference in the expressioni1B, MT1E, MT1G, MT1H, MT1M or MT4 between

fetal membranes obtained from non-laboring and laboring women at term.

Labor associatedschangesin MT1-4 expression in fetal membranes at preterm

The expression of MT1 isoforms, MT2A, MT3 and MT4 in fetal membranes obtained at preterm
from non-laboringand laboring women is depicted in Figure 3. MT1A, MT1G, MT1M, MT1X,
MT2A and MT3mRNA expression were significantly elevaiadetal membranes from laboring
compared to.fetal membranes obtained from non-laboring womentetrpréhere was no
significant difference in the expressionMT1B, MT1E, MT1F, MT1Hor MT4 between fetal
membranes abtaindtbm nonlaboring and laboring women at peem.

Expression of M T 1-4 in human fetal membranes from women with and without histological
chorioamnionitisat-preterm

MT1 isoforms,»MT2A, MT3 and MT4n amnion obtained at preterm fnovomen wih or without
histological‘cherioamnionitis is shown in FigureMT1A, MT1B, MT1F, MT1G, MT1H, MT1M,
MT1X, MT2A and MT3 mRNA expression were significantly higher in amnion obtained from
women with histological atrioamnionitis compared to amnion obtained from women without
histological:ehorioamnionitis. Contrastingly, the expression of MT1E and MT4nwvalgr in

amnion obtaineffom women with and without histological chorioamnionitis.

Temporal associated changesin MT1-4 expression in myometrium
The expression of MT1 isoforms, MT2A, MT3 and MT4 in myometrium obtaired women at

the time of Caesarean section at preterm or ggstations is presented FigureThe mRNA
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expression of all MT1 isoforms, MT2A, MT3 or MT4 were not significantly diffetssitveen

212 myometrium at preterm or term.

214 Labor associated changesin M T 1-4expression in myometrium at term
Figure 6 illustrates the expression of MT1 isoforms, MT2A, MT3 and MT4 in myametri
216 obtained at the time of term Caesarean section fromalbmring and laboring women. MT1A,
MT1E, MT1E,MT1G, MT1M, MT1X, MT2A and MT3 mRNA expression were significantly
218 upregulated imyometriumfrom laboring compared to myometmiwobtained from non-laboring
women at term. On the other hand, there was no significant difference in thesexpoésviT1B,

220 MT1H and M74 betweemyometriumobtained from non-laboring and laboring women at term.

222 Expression of MT1-4 in myometrium from a mouse model of preterm birth
In orderto determine whetheimilar increasgin MT1-4 mRNA expression were associated with
224  preterm laboin myometrium, we used a mouse model of inflammation-induced preterni‘birth
Intraperitoneakinjection of LP®to 15.5 dpc micenduced labor within 12 h in all of the mice
226 2. LPStreatedhmice were killed on the bithone pup, and time-matched vehiaigected mice
were killed directly afterwardNone of the vehicléajected mice delivered pretermM/hen
228 compared with' vehicle-injected controls, LPS significantly increased MT1 @igA)yand MT2
(Figure7B) mRNA expresion inthe mousenyometrium On the other hand, there was no
230 significant difference in MT3 (FiguréC) or MT4 (Figure 7D) mRNA expression between vehicle
and LPS injected mice.
232
Effect of pro-inflammatory insultson M T 1-4 expression in human fetal membranes and
234 myometrium
Pro-inflammatery=eytokines® and TLR ligand$** that induce preterm birtim vivo canupregulate
236 MT expressioff>=Fhus, it was of interest to determine the effect of theiftammatory cytokines
and the TLR'ligands on MT1-4 expression. To examine ltisian fetal membranes and
238 myometriumwere treatedvith the preinflammatorycytokines IL1B,TNF, the bacterial products
fsl-1 (TLR2/6 ligand), LPS (TLR4 ligand) or flagellin (TLRS5 ligand) or the viral dsRihalogue
240 poly(IC) (TER3 ligand)for 20 h and MT mRNA expressiquantified Figures 8 and 9 demonstrate
the effect of pranflammatory insus on MT1 isoforms, MT2A, MT3 and MT4 mRNA expression
242 in humanfetal membranes anmdyometrum, respectively. In fetal membranésatment with
IL1B, TNF, fsk1, poly(l:C),LPS or flagellin significantly increased MT1A (Figure 8A), MT1E
244  (Figure &), MT1F (Figure 8D), MT1G (Figure 8E), MT1M (Figure 8G) and MT2A (Figure 8I)

MRNA expression. Furthermore, MT1H mRNA expression was significantly augmented by
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incubation with IL1B, fsl-1, poly(I:C) or flagellin (Figure 8F),TMX mRNA expression was
significantly increased by treatment with IL1B -fisIpoly(I:C), LPS oflagellin (Figure 8H), while
only LPS significantly increased MT3 mRNA expression (Figure 8J). There wasyépwe
effect of IL1B, TNF, fsi1, poly(l:C), LPS or flagellin on MT1B (Figure 8B) or MT4 (Figure 8K)
MRNA expression in fetal membran&smyometrium, treatment with IL1B, TNF, 4l poly(I:C),
LPS or flagellin significantly upregulated MT1A (Figure 9A), MT1E (Figure 9B), MTHig{re
9C), MT1G (Figure 9 MT1M (Figure ¥), MT1X (Figure 9G and MT2A (Figure 9B mRNA
expression. On the other hand, there was no effect of IL1B, TNF, fsl-1, poly(I:C), LRgelhl
on MT1H (Figure 9E), MT3 (Figure Pand MT4 (Figure 9ImRNA expressionMT1B expression
in myometriupywas too low to detegata not shown).

DISCUSSION

In this study, the temporal alabor associated changes in thBNA expression of MT1 isoforms,
MT2A, MT3 and MT4in fetal membraneand myometrium havieeen characteriseth addition,

the effect ofpre=inflammatory insults on MT1 isoforms, MT2A, MT3 and MT4 mRNA expression
in humanfetalmembranes and myometrilmas been investigatetihefindings of this studyre
summarised ilBupplementaryables 4 and 5.

Theexpression,of MT1 isoforms, MT2A and MT3 in human myometrium from laboring and non-
laboring womerias been previously establishesing high throughput screening technigties

see Supplementary Tabfefor a summary of the data. Using RT-gPCR, this study has confirmed
these findings demonstrating a significant increase in MT1A, MT1E, MT1F, MT1G, MT1M
MT1X, MT2A and. MT3 in myometrium from laboring women compared to myaomatfrom
non-laboring women at terrinterestingly, in silico analysis of microarray transcriptomic data for
myometrium revealeMT2A as one of the top threeaster regulators of labdt. Akin to our study,

no changes\intMTELBVYIT1H or MT4 expression have previously been reported.

Like myometrium, the only other previous study examining lassoeciated changeasMT
expressiorin fetal membranebkas used high throughput transcription screeffinghis study found
that when eompared to fetal membranes obtained from non-laboring women, thereaseithcre
MT1H and MT1Xexpression and decreased MT2A mRNA expression with spontaneoushtarm la
%2 no details, however, were provided on the sampling site for fetal membranes. ératabmes
overlying the cervix (i.e. putative rupture site) display unique biochemical anccphysoperties
when compared to fetal membranes close to the placentaf€8giotably, MT1A and MT2A

MRNA expression is increased in the rupture site compared to non-ruptunecsiteion obtained
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from spontaneous labat term?™. A strength of this studig that we have been able to characterise
MT expression irffetal membranesbtained from the site overlying the cervixtire absence of

labor to those obtained from the rupture site from spontaneous labor. Specifiballycempared

to the no labor group, terfabor was associated with a significant increase in MT1A, MT1F,
MT1X, MT2A and MT3 mRNA expression. On the other hand, preterm labor was assodtated w
significant increase in MT1A, MT1G, MT1M, MT1X, MT2A and MT3 mRNA expressionnvhe
compared tothe preterm non-laboring group. Notably, our studies confirm previous reports that

labor a term and preterm are differefit

This study is the first study to demonstrate temporal associated chaiEsimfetal membranes.
Specifically, there'was increased mRNA expression of MT1A, MT1E, MT1F, MT1X and MT2A in
fetal membranes at term compared to preterm. This suggests that these MTs are red@ed for
preparation of labor in fetal membesFurther inceases of MT1A, MT1F, MT1X and MT2A in

fetal membranes during term labor suggests they may be involved in propagatin@tatioe

other hand, although various MTs were increased in myometrium during termthedserwere no
differences in-the.expressioh MTs in myometrium obtained at preterm or term gestations.
Collectively, this suggests that increased MT expreseiomyometriumis a consequence, not a

cause, of labor.

The underlying'mechanism by which labor is associated with a higher expreskids, o
especially in the myometriuns not known. Howevern is possible thathe inflammatory cells that
infiltrate intrauterine tissues during labBrmay beresponsible for the increase in MT expression.
In support, a recent study demonstrated that choriodecidual leukocytes expressiRiyielevels
of MT1A, MTL1lE, MT1F, MT1G, MT1H, MT1M and MT1X whenompared to maternal
circulating leukoeyte after spontaneous labor at tErireucocytes are a rich source of pro
inflammatory-cytekines such as IL1B and TNfRich are increaseith gestational tissues during
both term and-preterfabor*® *2. Thus,it was of interest to determine if these cytokines the
expression of MTsin fetal membranes and myometrium; see Supplementar$ T@esummary
of the data. We found thakatment witHL1B or TNF significantlyincreasedT1A, MTL1E,

MT1F, MT2G, MT1M, MT1X and MT2A mRNA expression fatal membranes and myometrium

suggesting a mechanism by whitiese MTanay be increased during labor

Preterm births a major obstetric concern, being associateéld iwcreased perinatal mortality and
morbidity **. Although many causes of preterm birth effsbne of the leading causes of early

preterm birth is infectioff’. Bacterial and and/or viral pathogens can induce an inflammatory
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response leading to preterm labor by binding distinct TLRs on gestational f5%ués non
gestational tissues, MT expression is upregulated by various TLR li§aridghere they have
beenimplicated inregulating inflammatory reactions and infectfGriTo elucidate if MTs are also
increased in association with preterm pregnancies complicated by banfedabn, amnion
obtained from women with or without histologicattgnfirmed chorioamnionitis were compared.
We report a significant upregulation of MT1A, MT1G, MT1M, MT1X, MT2A and MT3 in amnion
obtained from women with histological chorioamnionitise lsoused a mouse model of preterm
labor induced by LPS to determine of MT1-4 may play a role in the induction of preterm labor in
myometrium.We foundLPS significantly up-regulated MT1 and MT2 mRNA expression in the
maternal myometrium as compared with vehiojected controlsln vitro, a human fetal

membrane and=myometrial explant model was used to elucidate the effe® ifjands on the
MRNA expression of MT1 isoforms, MT2A, MT3 and MT8Ee Supplementary Table 5 for a
summary of the datdhe bacterial products fsl (TLR2/6 ligand), LPS (TLR4 ligand) and flagellin
(TLRS5 ligand), and'the viral dsRNA analogue poly(IC) (TLR3 ligandje chosen as they have
been shown terinduce an inflammatory response in gestational tissues resuttangasead
expression of préabor mediator§” . All these TLR ligands significantly upregulated MT1A,
MT1E, MT1FRfMTIM MT1X and MT2A mRNA expression iietal membranes and myometrium
Additionally, in‘fetal membrane, MT3 mRNA expression was significantly augmdnytéPS and
MT1H mRNAwexpres®n was significantly increased by poly(l:C) and flagel@wllectively, these
findingssupperta role for MTs inegulating the inflammatorgrocesses that maypntribute to

infection-associategreterm birth.

There are a fewmitation of this studythat may impact on the conclusions. Firstly, specific
antibodies for.all MT isoforms do not exist; MT1A and MT2A antibodies are avgilatweever,
they are too small<(MW~6 kD) to be analyzed by Western blotting. Thus, no protein slatavto
how thesesisoferms are regulated post translationally nor any localizatioio gaitaw if these are
produced by all‘eells or specific cell types in the fetal membranes and myométriather
limitation is the preterm samplda.humans, it is extremely difficult tasaess notaboring preterm
samples without additional confounding pathology; a limitation not unique to this“Stiilyhe
absence ofdabor, indications for preterm delivery in this study were placentsapraevia, fetal
growth restrictionplacental abruption and APH, which are closely related to inflamm&tidhus,
the overall increase in inflammation associated with these preterm deliveries may hase amysk
further effect of labor on MT expressiddotwithstanding these limitationa,comprehensive
analysis of MT mRNA expression changes in fetal membranes and myometrium in term and

preterm labor as well as in response to inflammatory and infectiouatorsdvas performed:his
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study utilised a well-defined population of samples. With the exclusion of the preterrabawimd
352 samples, tdimit factors that may influence MT expressjqratient exclusion criteria involved
smokers, obesity, asthma, preeclampsia, diabetes and hypertension.
354
The role of MT1 isoforms, MT2A and MT3 in labor and delivery are not known and an avenue for
356 further researchjiven that MI's can regulate many processes important in human labor including
cellular homeostis®:, inflammation®®, and progesterorsgnalling®’. There is only one study of
358 the functional role of MTs in human myometridmUsing Ingenuity Pathway Analysis, it was
recently reported that MT2A is a primary regulator the transcription factedB\#nd its
360 downstream inflammatory gen&s Confirming these results, in vitro suppression of MT2A
resulted in downregulated a number of pro-inflammatory genes inclidiAg IL1B, IL6 and IL8
362 %

364 In summary, this study has identified temporal and/or labor assotiatedsesn the expression of
MT1 isoformsgpMT2A, MT3 and MT4 in human fetal membranes and myometrium. Furtlegrmor

366 MT1-4 are alsowupregulated intrauterine tissues in association with pret&abor andoreterm
birth complicated by bacterial infectio@ollectivdy, these findings suggest that Mgy

368 contribute tahe mechanisms that regulate human labor and delivery bptatatm and term.
Functional kneckdown or overexpression studies are required to elucidate theNidle iof

370 regulating oxidative stress, inflammation and progesterone signalling in ftatbranes and
myometrium.

372
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FIGURE LEGENDS

Figure 1. Temporal associated changesin MT1-4 expression in fetal membranes

Fetal membranes were obtained from women at preterm Caesareanisgbigoabsence of labor
(preterm, n=9 patients) oirom women at term Caesarean sectiothe absence of lab (term, n=9
patients) MT1-4 mRNA expression was analysed by §FER (A,B,D,E,G,H,I,J,K) Dare are
displayed as'median and IQRR<0.05 vs. preterm (Mann-Whitney U teg{}.,F) Data are
displayed as meahSEM. Dataare displayed as mearSEM. *P<0.05 vs. preterm (unpaired
Student’s ttest).

Figure 2. Labor*associated changesin MT1-4 expression in fetal membranesat term

Fetal membranes were obtained from women at term Caesae@nin the absence of labor

(term no labor,.n=9, patients) stom women after term spontaneous labor onset and delivery (term
after labor, n=9 patientsyIT1-4 mRNA expression was analysed by gFER

(A,B,D,E,G,Hgld'K) Dare are displayed as median and IQR<G.05 vs. term no labor (Mann-
Whitney U test)(C;F) Data are displayed as meai$SEM and data analysed by an unpaired
Student’s test.

Figure 3. Laborassociated changesin MT1-4 expression in fetal membranesat preterm

Fetal membranes were obtained from womepra@erm Caesarean sectionthe absence of labor
(preterm no labor, n=9 patients) or from wonadier preerm spontaneous labor onset and delivery
(preterm afterlabor, n=9 patients). MAIMRNA expression was analysed by-BFCR
(A,B,C,D,E,G,Hslsd) Dare are displayed as mediamd IQR. P<0.05 vs. preterm no labor (Mann-
Whitney U test)(F;K) Data are displayed as mea$SEM and data analysed by an unpaired
Student’s {test.

Figure 4. Expression of MT1-4 in human fetal membranes from women with and without
histological chorioamnionitis at preterm

Amnion wasobtained from women at preterm Caesarean section without histological
chorioamnionitisjpreterm no CAM, n=8 patientsy from women at preterm Caesarean section
with histological chorioamnionitis (preterm CAM, n=8 ieats). MT14 mRNA expression was
analysed by RTGPCR (A-K) Dare are displayed as median and IQR<3.05 vs. preterm no labor
(MannWhitney U test).

Figure 5. Temporal associated changesin M T1-4 expression in myometrium
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Myometrium was obtained fromomen at preterm Caesarean secimtihe absence of labor
(preterm n=8 patients) oirom women at term Caesarean sectiothe absence of labor (term, n=8
patients)MT1-4 mRNA expression was analysed by BFER (A,D-F,K) Dataare displayed as
meart SEM. (B,C,G-J) Dare are displayed as median and IQR.

Figure 6. Labor_associated changesin M T1-4 expression in myometrium at term

Human myometrium was obtainéfdm womenat term Caesarean section in the absence of labor
(term nolabor, n=8patients) ofrom women at term Caesarean sectaring labor (term in labor,
n=8 patients)MT1-4 mRNA expression was analysed by gF€R (A,B,C,D,E,G,H,l,J,K) Data

are displayedias mediand IQR. £<0.05 vstermno labor (Mannwhitney U test)(F) Dataare
displayed as meanhSEM and data analysed by an unpaigtddent’s itest.

Figure 7. Expression of M T1-4 in myometrium from a mouse model of preterm birth
Myometrium was.obtained from mice injected with either (PSS g)or PBS (vehiclepat 15.5
dpc.From thef/EPSreated group, myometrium was obtairadtérthe birth of one pup (n=dams.
Myometrium was also obtained fromme-matched vehiclénjected mice (n=4lamg. MT1-4

MRNA expressionwas analysed Ry-gPCRand the fold change waslculated relative to vehicle
group.(A-C) Data are displayed as mea®EM. *P<0.05 vs. vehicle (unpairestudent’s ttest).

(D) Dare are displayed as median and QR data analysed byMannWhitney U test.

Figure 8. Effect of pro-inflammatory insultson MT1-4 expression in fetal membranes
Humanfetal membranes weracubated in the aence or presence dd hg/ml IL1B, 10 ng/ml
TNF, 250 ng/mifsid, 20 pg/ml poly(I:C), 10 ug/ml LPS or 1 ug/ml flagellin for 20 h (n=6 patients
per treatmentMT 14 mRNA expression was analysed by BFER.Individual data points
represent 6 independent experiments and displayed as median an®{QRBS trepeated
measures oRreay ANOVA).

Figure 9. Effect of pro-inflammatory insultson MT1-4 expression in myometrium

Human myometrium was incubated in the absence or presence of 10 ng/ml IL1B, 10 ng/ml TNF
250 ng/ml fsl, 20 pg/ml poly(I:C), 10 pg/ml LPS or 1 pg/ml flagellin for 20 h (n=6 patients per
treatment). MT14 mMRNA expression was analysed by BFER.Individual data points represent 6
independent experiments and displayed as median and RIR03 (repeated measures one-way
ANOVA).
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