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ABSTRACT

PROBLEM: Intrauterine infection caused by viral infection has been implicated to cdattdu
preterm birthHepatitis A virus cellular receptor 2 (HAVCR&)gulates inflammatiom non-

gestational tissues mesponse to viral infection.

METHOD OF STUDY : The aims of this study were to determine the effec{ipfviral dSSRNA
analogugpolyinosinic:polycytidylic acid goly(I:C)) onHAVCR2 expression; an¢li) HAVCR2
silencing by |RNA (siHAVCR?2) in primary amnion and myometrial cells on poly(l:C)-induced

inflammation

RESULTS: In human fetal membranes and myometrittAYCR2 mRNA and protein expression
was decreased when expose@aty(I:C). Treatment oprimary amnion and myomal cells with
poly(l:C) significanly increasd the expression and release of prbammatory cytokineINF,

IL1A, IL1B andik6;the expression of chemokin€XCL8 andCCL2; the expression and secretion
of adhesion moeleculd€AM1 andVCAM1,; andPTGS2 andPTGFR mRNA expression and the
release of prestaglandin P&GFThis increase was significantly augmented in cells transfegtad
siHAVCR2. Furthermore, mRNA expressionarit-inflammatory cytokine$L4 andIL10 was

significantly‘decreased

CONCLUSIONS: Collectively,our data suggests thdAVCR2 regulatesytokines, chemokines,
prostaglandins and cell adhesion molecules in the presence of viral infection. Daistsug
potential forHAVCR? activators as therapeutics for the managemeptetérm birtrassociated

with viral infections

Keywords::HAVER2; viral infectiory inflammation fetal membranesnyometrium
INTRODUCTION

Preterm birtitomplications are responsible for over 1 million annual neonatal deathdfor
survivors, there are lifelong effects such as impaired neurodevelopmentabfiimg@ndncreased
risk of developing“ehronic disease in adulthdddreterm labour is a syndrome as determined by
increased uterine contractility, cervical ripening and/or fetal membrane eyptocessewhich

may be pathologically activatédwhile the underlying aetiologies of preterm labour remain poorly
understood, numerous studies suggest that intrauterine infection is a critbanmsen, and may

account for 40% of preterm birtAsHowever, this number may be underestimated, as many
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infections are subclinit@nd remain undetectédin a healthy pregnancy, the cervix protects the
uterus and growing fetusdim ascending bacterial infectiochsviral infection of the cervix
however, compromise the innate immune response, predisposing to ascending méranfeamtion
" changes in the expression and function oflté-receptors (TLRs) and antimicrobial products
causes activain of the terminal effector pathways that lead to preterm birth

TheHAVCR (Hepatitis A virus cellular receptpfamily of genes has garnered much attention due
to its association with multiple diseases, including allergy, asthma and autnitp®. In humans,
HAVCR2 is expressed o helper 1 (Thlgells andplays critical roles in regulating immune cell
activity, espegiallyain response to viral infectibiStudies in norgestational tissues have indicated
HAVCR2 to serve’opposing roles in the innate and idafmmune responsg. It has been
proposed thalAVCR2 expressed by innate immune cells interacts with TLRs to promote
inflammation during the early phase of the immune response. Amtingneresponse progresses,
Th1l cells are generateduring the later stages of the immune respoH#a/CR2 expressioron

Th1 cells becomespreguhtedand this T cell driven inflammation is then terminat®d
Specifically, HAV.ER?2 activationhas been shown to reduce T cell-mediated cytotoxitiyd
decrease intéfoR(IFNG) production*?. More recently, Bperimental animal models of
inflammatory diseasescluding autoimmune arthritis and encephallisyeimplicatedHAVCR2

to predominately exert anitiflammatory effectsn vivo *2

There is a growing body of evidence thBBVCR2 exerts antinflammatory actiongn response to
viral infectioniFor examplegenhancedHAVCR2 activity in a murine model of influenza infection
reduces the risk.of morbidity and mortality pasfection®. Moreover HAVCR2 signalling
inhibits T-celllmediated cytotoxity activity in responseTtdymphotropic Virus Type infection™.
Other studiesshavesshown th#AVCR2 blockade in human CDI4nonocytes results in a
significantincrease: in the production of the pro-inflammatory cytokine IL12, aasvel
significant decrease in immunoinhibitory recefR@CDlexpressiort’. These studies suggest

HAVCR2 has an amtinflammatory role during val infection

There havesbeen recent studies showlegHAVCR2 may be important in the maintenance of a
healthy pregnancyaFor example, pregnant womenMAWCR2 positive NK and CD8T cells in
their peripheral blood are associated with a significant d@gualation of pranflammatory
cytokine production when compared to pregnant women witHBMCR2 expressed NK and

CD8' T cells™. HAVCR2 may also be involved in regulating inflammation in women with early

onse preeclampsia. Women with preeclampsia had decré#8¥@€R2 expression by cytotoxic T
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cells and CD58™ NK cells when compared to healthy pregnant worieRurthermore, cytotoxic
T and CD58™ NK with diminishedHAVCR?2 expression was associated with increased cytotoxic
activity in preeclamptic women. These findings suggestitiss ofHAVCR2 may enhance the

systemic inflammatory response that is associated with the pathophysiology tdmppesa.

To our knowledge, the expression or roldH#VCR2 has not been investigated in hunietal
membranes @r myometriurGiven the emerging role of viral infection leading to preterm Birth
18 and the role dffAVCR2 during the immune respongeviral infections’, the aims of this study
were (i) to determine the expressiortHAVCR?2 in fetal membraes and myonigum treated with
the viral dsRIA"analogue poly(l:C); and (ii) to determine the effecH&CR2 silencing by
siRNA in primary=myometrial and amnion tebn poly(l:C)stimulated pranflammatoryand pro-

labour mediators.
METHODS

Tissuecollection

The Research Ethics Committee of Mercy Hospital for Woaproved this study. Written,
informed consentwas obtained from all participating wormdrtissues were obtained from

women who'delivered healthy, singleton infaMyometrialbiopsieswere taken at the same time
that the placenta was collected (for fetal membranes) at the time of Caesarean sectionirdelivery
the absence if labouMyometrial biopsies were obtained from the upper margin of the lower
uterine segment incision dog the Caesarean sectidill tissues were brought to the research
laboratory and. processed within 15 min of the Caesarean delivery. Women in the seidgeder

between 18-40 years old and nolmese (BMI<30). The racial population for all women were

mixed.-A

oen-uncomplicated-preghancies-atterm-gestalimhication for Caesarean section delivery was

to breech presentation or previdbidesarean sectioRor immunohigsochemistry studies, fetal

[BqEe

AAw, cto -, C ware C C c O—< C C

membranesnd myometrial tissue samphegre obtained from three preterm cases (gestational age
29-34 weeks) and three term cases (gestational agé 8ieks), all in the absence of labour.
Indicationssfor preterm delivery (ilné¢ absence of labour) were placenta praevidamental
abruption.For all'term and preterm samplesgmen with any underlying medical conditions such

as diabetes, asthma, polycystic ovarian syndrome, preeclampsia and macrovascular complications
were exalided. Additionally, women with multiple pregnancies, obese women, fetuses with
chromosomal abnormalities were excluded. In addition, all cases were hepatitis serology negative

and did not have any symptoms of viral iliness at the time of sample collection.
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Immunohistochemistry (IHC)

IHC was performed on paraffin sections as described previbus$ing the IHC 8lect® HRP
Detection Set (Merck Millipore; Billerica, MA, US). Briefly, sections were deparaffinised followed
by an antigen retrieval step (boiled in 10 mM Tris, 1 mM EDTA, pH 9.0 for 10 min followed by 20
min incubation) and then endogenous peroxidases were inactivated by adding 3% hydrogen
peroxide for 10 min. After blocking (Blocking Reagent: normal goat serum in PBS) fors; mi
sections were_incubated wilhig/ml rabbit polyclonal anti-HAVCR2 (SAB2103930Sigma

Aldrich; St. Louis, MO, USA)n 1% (wt/ol) bovine serum albumin in PBS and incubated in a
humidity chamberiat 4°C overnight. Binding sites were labelled with biotin conjugdiki anti-

goat IgG antibedyfollowed by the streptavidiiRP.Haematoxylin was used for nuclestaining.
Positivecontrols; which were either human placenta or composite slides with pisén and

breast tumour, were included in each.iegative control slides, where primary antibody was

replaced with rabbit IgG, were also performed.

Tissue explanteulture

Tissue explants were performed to determine the effect of viral infection on tlessixprof

HAVCR?2 in fetal'membranes and myometrium. For these studies, fetal membranes and myometrial
biopsies weresobtaineat the same timgom womenundergoingelective Caesarean section in the
absence of labour who delivered healthy, singleton infants at term (37-40 weeks gesiasan). T
explants were performed as previously described on fetal membranes oBtemdbm the peri-
placental edge from ndabouring woma at the time of term Caesarean secfbBriefly, fresh

fetal membranes.were placed in DMEM at@7n a humidifie atmosphere of 8% £and 5% CQ

for 1 h. Tissues were blotted dry on sterile filter paper and transferreemielPdssue culture

plates (100 mg-wet:weight/well). Myometrium was incubated in a humidified atmesph21%

O, and 5%:CQpin-24well tisste culture plates (50 mg wet weight/well). Tissues were incubated in
50 pg/ml poly(EEC)Y(SigmaAldrich; St. Louis, MO, USA) for 20 h. The concentration of poly(l:C)

is based on previous studies in human gestational tifstaésrembranes 22 After final

incubation, tissue was collected and stored &(G86r analysis by Western blot as detailed below.

Experiments'werperformed on fetal membranes and myometrium obtained frorpditvents.

Gene silencing oHAVCR2 with siRNA
Fresh amnion (obtained 2 cm from the peri-placental edge) and myometriembtained from
women who delivered healthy, singleton infants at term (37-41 weeks gestatiorgaumgler

elective Caesarean section in the absence of laBdarary amnion and noynetrial cells were
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isolated and cultured as we have previously descfib&klls at approximately 50% confluence
were transfected using Lipofectamine 3000 according to manufacturer's guideliaes (Li
Technologies; Mulgrave, Victoria, AustraliddAVCR2 siRNA (siHAVCR?2) and negative control
(siCONT) was obtained from Origene (Rockville, MD, USA). Cells were transdegtdh 200 nM
SiHAVCR2 or 200 nMsiCONTin DMEM/F-12 for 48 h. The medium was then replaced with
DMEM/F-12 (containing 0.5% BSAor myometrial cells, or 2% FBS for amnion cells) with or
without 5 pg/ml poly(I:C), and the cells were incubated at 37°C for an additional 24 h. A lower
concentration of poly(I:C) was used for cells (5 pg/ml) compared to tissue explants (50 pg/ml) as

this concertatiofis sufficient to elicit an inflammatory response without any adverse effects on cell
toxicity 2*. Cells were collected and stored-80°C until assayed for mRNA expression by qRT-

PCR and proteinsexpression by Western blotting as detailed below. Media watedaled stored
at—80°C until'assayed for cytokine release as detailed below. Cell viability was assessed by the 3
(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2kktrazolium bromide (MTT) proliferation assay as we
have previously describéd As previously reported, the respons@aty(l:C) between patients

varied gratly *>=Thus, data is presented as fold change in expression relative to the expression level
in thepoly(l:C):stimulatedsiCONT transfected cells, which was set dbdta could not be

normalised t&gICONT transfected cells alone as some of the readings were 0. Each expsament

performed from amnion andyometrium obtained from five patients.

RNA extractionsand quantitative RT-PCR (qRT-PCR)

RNA extractions and qRT-PCR was performed as previously descliliRNA quality arnl

integrity weresmeasured using a NanoDrop ND1000 and determined viagh& 8 ratio. RNA

(0.5 pg for tissuies and 0.2 pg for cells) was converted to cDNA using the Tetro cDNA synthesis kit
(Bioline; Alexandria, NSW, Australia) according to the manufeats instructions. The RPCR
was performed using the CFX384 Ré&ae PCR detection systerBip-Rad Laboratories;
Gladesville, NSW, Australia)sing 100 nM of pre-designed and validated QuantiTect primers
(Qiagen; Chadstone Centre, Vic, AustraliB)e specificity of the product was assessed from
melting curve analysis. RNA without reverse transcriptase during cDNA synthesis as well as PCR
reactions using.water instead of template showed no amplification. A positivé s&iNple, from
human placenta known to express HAVCR2was included to confirm primer specificitkverage
gene Ct values were normalised against two housekeeping genes ($2-Microglobulin (B2M) and
succinate dehydrogenase complex subunB2HA)). Of note, there was no effect of experimental
treatment oiB2M or SDHA mRNA expressionk-old differences were determined using the

comparative Ct method.
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Western blotting

Western blotting was performed as previously describedembranes were incubated ind/ml
rabbit polyclonabnttHAVCR2 (SAB2103930SigmaAldrich; St. Louis, MO, USA)Semi
guantitative analysis of the relative density of the bands in Western blofsevfagmed using
Quantity One 4.2.1 image analysis softwd®{Rad Laboratories, Hercules, CA, USAhe
levels ofHAVCRZ were normalised to the levels of ACT(Bigma, StLouis, MO, USA)

Enzyme immunoassays

Assessment of cytokine and chemokine release®ahdCXCL8was performed using the
CytoSet™ sandwieh ELISA according to the manufacturer’s instructions (efkriblogies;
Mulgrave, Vic,"Australia)The release of 8IAM1 andsVCAM1 was performed by sandwich
ELISA from R&D SystemgMinneapolis, MN, USA) according to the manufacturer’s instructions.
The release of PGEinto the incubation medium was assayed using a commercially available
competitive enzyme immunoassay kit according to the manufacturer’s spemisogtookaburra

Kits from SapphiresBioscience, NSW, Australia). The interassay and intraassay coeffitients

variation for alkassays were less than 10%.

Statistical analysis

All statisticalanalyses were undertaken using GraphPad Prism (GraphPad Software, La Jolla, CA,
USA). For tvassample comparisons, either a paired or unpaired Studeestwas used t@ssess
statistical significance between normally distributed data; otherwise, the nonparametric Mann
Whitney U (unpaired) or the Wilcoxon (matched pairs) tests were used. For all@tigarcsons,

the homogeneity,of data was assessed by the Bartlett' sitel when significant, the data were
logarithmically transformed before further analysis using aveeeANOVA (with LSD posthoc

testing to discriminate among the measatistical significance was ascribed tB galue <0.05.

Data wereexpressed as mean + SEM.

RESULTS

Localisation of HAVCRZ2 in term and preterm fetal membranes and myometrium

The first aim“of this study was to determine the localisatidhA¥CR2 in human fetal membranes
and myometrium.For these IHC studies, samples were obtained from women at the time of term
and preternCaesarean section the absence of labolretal membranes are demonstrated in

Figure 1A, with representative imagesm 1 patient foboth preterm and term gestatioRseterm

and term myometrium is depictedfigure B. In fetal membranest both preterm and term

gestationsHAVCR2 was present in amnion epithelium, chorionic trophoblasts, decidua, and in the
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fibroblasts of the connective tissue layer (Figure 1A). In myomethi&y,CR2 staining was
present intie longitudiral and transverse muscle fibi&gure1B). No nonspecific staining was

present in the negative controls for fetal membranes (Figuraddmyometrium (FiguréB).

Effect of viral infection on fetal membranes and myometrium orHAVCR2 expression

To determine the effect of viral infection Bl AVCR2 expression in fetal membranes and
myometrium, tissues were treated with the viralld8Ranalogue poly(l:C). Figure @ monstrates
thatHAVCR2 mRNA and proteirexpression is significantly decreased in fetal membréfigares
2A,B) and myemetrium (FiguresZD) treated with poly(l:C).

Effect of SHAVER?2 on the expression and secretion gdro-inflammatory cytokines and
chemokines

The efficacy of $HAVCR?2 is demonstrated in Supplementary Figure 1. In amnion dedie tvas
a55% decrease iIHAVCR2 mRNA expressiongupplementary Figure 1A). In myometrial cells,
there was d@5%-decrease iHAVCR2 mMRNA expression§upplementary Figure 1CA.MTT cell
viability assayshewed no difference in absorbance between cells transfected with sSICONT or
SIHAVCR2 infamnion (Supplementary Figure 1& myometrium $upplementary Figure 1D).

We next sought to determine the effec6ibfAVCR2 onpoly(l:C)-induced expression and
secreion of pre=sinflammatory cytokines and chemokinegiimary cells isolated from fresh
amnion(Figure3) and myometrium (Figuré). In both amnion and myometrialCONT transfected
cells, treatmenivith the viral analogue poly(I:C) significantly increddé1A, IL1B, IL6, CXCL8
andCCL2 mRNA.expressioand releae of IL6 andCXCL8. Poly(l:C) treatment in amnion dsl
significantly increasedNF mRNA expression, however it was motreased in myometrial cells.
The effect of HAVCR2 in amnion and myometrial ceNgas a significant increase in the
expresson of:poly(l:C)stimulatedTNF, IL1A, IL1B, IL6, CXCL8 andCCL2 mRNA expressioand
release of IL6 an@XCLS8.

Effect of SIHAVCRZ2 on the expression ofanti-inflammatory cytokines

The effect @68IHAVCR2 on poly(I:C)-induced expression of anti-inflammatory cytokines in
primary cells isolated from fresh amnion (Figure 5A,B) and myometrium (Figui®) 3s also
determinedIn siCONT transfectedmnion and myometrial cejlthere was @ change inL4 or
IL10 mRNA expression with poly(l:C) treatment. HoweversitHAVCR2 transfectecamnion and
myometrialcells,the presence of poly(l:C) resulted in a significant reduction in llhgtiandIL10

MRNA expressionOf note, under basal conditions thers no significant effect ilL4 or IL10
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MRNA expression isiHAVCR2 transfected amnion and myometrial cells when compared to

siCONT transfectedells (Supplementary Figure) 2

Effect of SiHAVCR2 on the prostaglandinpathway

Treatment with poly(l:C) in SICONT transfected cells significantly increased®id#$2 and

PTGFR mRNA expression in amnion cells (Figures 6AgBd myometrial cells (Figused,E). In
siHAVCR2 transfected cells, there was a significant increase in polyifidticedPTGS2 and

PTGFR mRNA expression in both amnion and myometrial cells. There was a significant increase in
the release of PGFin the media from siCONT transfected cells treated wallg(bC) in both

amnion and myometrial cells (FigeréC,H. This effect was significantly augmented in

siHAVCR?2 transfectectells

Effect of SiHAVCRZ2 on the expression and secretion aidhesion molecules

The effect o6siIHAVCR2 on poly(l:C)-induced expression and secretion of adhesion molecules in
primary cells isolated from fresh amnion and myometrium is depicted in FigurasiCONT
transfected cellsythere wassignificant increase KCAM1 andVCAM1 mRNA expression (Figures
7A,C,E,G) andelease (Figue7B,D,F,H with poly(l:C) treatment. This effect was significantly
augmented iStHAVCR2 transfected cells, however the increase in sVQAldncentration in

siHAVCRZ transfected myometrial cel{§igure 7H) did not reach statistical sign#ice.

DISCUSSION

An association.between viral infection and preterm labour has been reported by a number of
epidemiologic.studiel” 2°. Our study demonstrates that fetal membranes and myometrium treated
with the viral @sRNA analogue poly(l:C), a known inducer of ipftammatory mediators in

human gestationalktissuEs®®, decreasellAVCR2 mRNA and protein expression. In primary cells
isolated from amnion and myometriukhAVCRZ silencing by siRNA is associated with an increase
in pro-inflammatory, cytokines and chemokirstsnulated bypoly(l:C). HAVCR2 silencirg by

SiRNA also increaseBTGS2, PTGFR, ICAM1 andVCAM1 mRNA expression, and the production

of prostaglandins and cell adhesion molecules when iprdsence of poly(l:C)lhere was also a
congruendecreasenin poly(l:Ghduced expression of anti-inflammatory cytokihie4 andIL10 in
HAVCR2 siRNA transfected cellsTaken together, our studies suggest a functional role for

HAVCR2 in down-regulatinghe inflammatory response in the presence of viral infection.
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HAVCR2 contains multiple target sites for @&d Nlinked glycosylatiort? 2" %8, In this study, the
highly glycosylated form of HAVCR2 (~50 kDa) was detected in fetal membranes and
myometrium. In contrast, the un-glycosylated form of HAVCR2 (33 kDa) was not détadteese
tissues. Notably, glycosylation of HAVCR2 plays an important role in the regulatiomaine
response¥>?°,

Studies in nomestational tissishavereportedHAVCR2 expressiono bedecreaseduring human
T-lymphotropic virus type | infectiof’. HAVCR2 expression on cytotoxic T cells is significantly
reducedm patients with acute resolving hepatitis C infectompared to individuals with chronic
infections®’. Further, HAVCR2 expression in intratumoral D@sedownregulated in mice
stimulated withspoly(1:C}*. Thus, to assess the effect of viral infectiorH#x/CR2 expression in
our studies, poly(l:C) was ad to generate dn vitro model of viral infection in humafetal
membranes and myometrium. Our studies stiatHAVCR2 mRNA and protein expression is
significantly decreased in human fetal membranes and myometrium treated with poly{isC).
altered expression:¢fAVCR?2 in the presence of the viral mimetic poly(l:C) suggétas&/CR2
may have a rolesinspreterm birth associated with viral infection.

There is now increasing evidence that viral infection induces inflammation in human gestational
tissues. Forexampleyfection with influenza virus upregulates secretion of IL6 @&NF in

cultured primary"human amnion and chorion c&ll/iral infection of myomefum and uterine

cells are also associated with increased expression -afiffammatory mediator¥’. In vitro studies
using humanuuterine cervical fibroblasts cells demonstrates influenza virctsonfi@duces
expression of IL1B, IL6TNF and interferons (IFN/IFNB) . Of relevance to this study, we and
others have also shown that the viral dSRNA analogue poly(l:C) induces théseairetro-
inflammatory eytokines and pro-labour mediators in human fetal memb¥saed myometriunt®.
Furthermores-administration of poly(I:C) induces preterm deliveraViaR3-dependent manner
within 24 h'in pregnant mic¥. It was thus of interest to determindHAVCR2 regulates the

expression of pro-inflammatory and pro-labour mediators induced by poly(l:C).

Cytokines and chemokines play a central role in human pregnancy and labour. The influx of
leukocytes into thercervix and myometrium increases the production offlaooinatory cytokines
and a congruent decrease in the production of anti-inflammatory cytakitiesse tissues as well
as fetal membranés These pranflammatory mediators promote the production of prostaglandins
and matrix metalloproteases (MMPs) which activates cervical ripening, uterine contractions and

fetal membrane rupture, leading to labour and delivery. In this study, loss-of-functioimeie
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using siRNA showHAVCR2 regulates the inflammatory response to viral infectiodnuman fetal
membranes and myometrium. Specifically, poly(l:C)-stimulated expression offfaiovmatory
cytokinesTNF, IL1A, IL1B, IL6 and the chemokingSXCL8 andCCL2 was further elevated in
SsiHAVCR?2 transfected primary amnion and/ometrial cellsHAVCR2 is a potent

immunoinhibitory molecule with roles in immune tolerance and tumour or viral immus®ava

In keeping with our studie$]AVCR2 has been shown to interact with TLRs to induce upregulated
secretion of pranflammatory cytokines by innate immune céfisOf relevanceHAVCR?2 inhibits
TLR4-mediated pro-inflammatory cytokine production in decidual stromal CelsAVCR2

blockade results in a significant increase in TioRdiated production of the pmfammatory
cytokine IL12as Well as a decrease in the immunoinhibitor moleRDIED1*. HAVCR?2 activity
suppresses Thhediated experimental autoimmune encephalomy@litisl chronic hepatitis C
infection is agsociated witHAVCR2 overexpression on CD4nd CD8 T cells®’. Animal modek
have shown that post influenza infectietAVCR2 is associated with a decrease in inflammatory
cytokine expressioff, and that inhibitinddAVCR2 signalling decreased population regulatory T
cells and increased inflammatory heart diséfida corroboration, we found in the present study
that loss oHAVER2 by siRNA knockdown resulteid a significant increase in pioflammatory
cytokines and chemokines as well as a significant decrease-infeEartimatory cytokine

production in response to poly(l:@f note, poly(l:C) stimulation of sSiCONT cells did not result in
a significant'deaase in antinflammatory cytokines$L4 andIL10 mRNA expression, which may
suggesHAVCR?2 could regulate anti-inflammatory cytokines irrespective of poly(l:C). Howeve

in primary amnion cells, there was no differencé.thandIL10 mRNA expression between
siCONT and siHAVCRZ2ransfected cells under basal conditions. There was an increasing trend in
IL4 andIL10 mRNA expression in BIAVCR?2 transfected myometrial cells under basal conditions,
however this'was not statistically sigodint. Neverthelessaken together, these studies highlight
the importantsolesaiAVCR2 in mediating the inflammatory response in response to viral

infection

Prostaglandins are,well described as potent stimulators of myometrium activation and contractility
resulting in labour initiationPTGS2 is the main enzyme responsible for prostaglandin synthesis and
is induciblesby inflammatior® . Prostaglandins, such as,RG#nds to its receptoPTGFR,

facilitating uterinecantractions through increasealcium mobilisationPTGFR mRNA expression

is increased in human myometriwmith term labouf®. We have previously shown that poly(l:C) is

a potent activator of theTGS2-prostglandin pathway in human myometrium and fetal membranes
1923 In this studyHAVCR? silencing significantly augmented poly(l:&)imulatedPTGS2 and

PTGFR mRNA expression and releaseRiBFR,,. Thisis the first study t@how the involvement of
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HAVCR2 in suppressinTGS2-prostaglandin pathway activated by TLR3 in primary amnion

cells, thus supportintpe role ofHAVCR2 as negative regulator of virisduced labour onset.

Cell adhesion moleculgday a critical role in the recruitment and chemotaxis of invading
leukocytes to the myometrium, cervix and fetal membranes, resulting in increfiaedriation and
activation of terminal effector pathways that subsequently lead to human laboutieery de
Although usually expressed on the cell surface, soluble forms of circulating ICAM 1G4l ¥

are detectable as a result of proteolytic cleavage processes. A recent study reported a positive
association &étween elevated levels of SICAMiNdSVCAM 1 and women who delivered preterm
“2_In the present study, expression and secretiMCAM1 andICAM1 in human myometrignd
amnion cellsveressignificantly increased with poly(I:C) treatment. This increase was significantly
augmented with'the loss BIAVCR2. To our knowledge, this is the first study to demonstrate
HAVCR2 negatively regulates TLRBediated epression of adhesion molecules.

In accordancestorthe studies mentioned above, our studies indicat&W@aR?2 is required to

swpress inflammation in the presence of viral infection. However, other reports have described an
opposite rolefoHAVCR?2, wherethe blockade o0HAVCR?2 is assciated with enhanced T cell

ability to clearchronic viral infectioff, tumours* and resolve autoimmune hepatffisincreased
expression oHAVCR?2 is also reported in peripheral blood mononuclear cells isolated from
patients wih hepatitis C virus (HCV) and HIY. Thus, it appears th&tAVCR2 can have

opposing roles in innate and adaptive immunity. In human gestational tissues howevdg our da
demonstrates th&tAVCR2 plays an antinflammatory, protective role in TLR8timulated

inflammation.

A limitation tosthissstudy was that we did not conddétVCR2 overexpression expenents to
further elucidatesthe role 6fAVCR2 in regulating inflammation in response to viral infection.
These studies'would determindHiARVCR2 overexpression could block the grdlammatory

effects of poly(I:C)'and complement ddAVCR2 siRNA dataNotwithstandingthis limitation,

this study does show loss ldAVCR?2 function is associated with upregulated production of pro-
inflammatory cytokines and pro-labour mediators in human gestational itisthe=presence of the
viral dsRNA analogue and TLR3 ligand poly(I:C). It should also be noted that there wasato eff
of siHAVCR2 on pro-labour mediators in the presencdefareinflammatory cytokine IL1Bor

the TLR2 agonist and bacterial prodisitl (Supplementary Figure 3) suggesting that HAVCR2 is
specifically required for TLR3 signallindsnother limitation of this study is that we did not assess
the effect of other viratensing TLRs such as TLR7 and TLR8. Other studies have shown
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activation of TLR7/8 can also significantly reduce HAVCR2 expres¥iddnfortunately, we found
no inflammatory reponsein tissues (fetal membranes, myometrium and placenta) poniary
cells (myometrialand amnion celldyeated with ss40 (a ssSRNA analogue) and thus have been
unable to investigate the role of TLR7/8 on HAVCR2 function.

Studies in non-gestational tissues show poly(l:C) regulates HAVCR?2 eixpress activation of
interferon response factor 3 (IRF3) We have previously reported IRF to play a key role in the
terminal effector pathways of human preterm labour in primary myometrial cells. Thus, further
studies on the effect of IRF3 on HAVCRZ2 function in myometrium is warranted tostadérthe

mechanisms of preterm birth associated with viral infection.

To our knowledge, there are currently no commercially availdBl¢CR2 activators used for
management of other inflammatory diseat€ALS9 has been reported to be a ligand for
HAVCR2. Interestingl. GALS9 is downregulated in the chorion at the site of ruptifre . Other
studies have reported trophoblast cells express and seGAts59, and via thd GALS9 /
HAVCR?2 signalling:pathway, can induce natural killer (NK) cells to differentiatie decidualike
NK (dNK) cells**"TheseHAVCR2" dNK cells produce high levels of IL4 and IGWF.
Therefore, it is'feasible thalGALS9 could be used in the management of preterm birth by

increasingHAVCR? activation to reduce inflammation associated with labour.

By understanding and elucidating the mechanisms that drive hpentmition can we begin to
develop newsstrategies that can delay and prevent preterm labour. In effecidiimprove

preterm birth rates and lessen the unacceptably high mortality @ity rates associated with

it. Viral infections carcontributeto the intraamniotic inflammatiorassociated with preterm birth
and leads to fetakinjury and subsequent morbiditieEhis study describes a novel role for
HAVCR?2 in:thesregulation of the inflammatory response in human fetal membranes and
myometriumrwhen stimulated with poly(1:C), the viral dsRNA analogue. Our findings $tadw t
HAVCR2 is normally expressed in human fetal membranes and myometrium, but in the presence of
viral infection,HAVCRZ2 is suppressed his loss oHAVCR2 results in the decreased production

of anti-inflammatory cytokinedi(4 andIL10) as well as the increased production ofpro
inflammatorycytokines [L1A, IL1B, IL6 andTNF), chemokines@XCL8, CCL2), activation of the
PTGS2-prostglandin pathway and the upregulation of adhesion mole¢@as{ andVCAML).

Thus, given that inflammation is an important aetiologic factor of preterm ighlevelopment of
therapeutics that could increas@VCR2 expression may be useful in the prevention spontaneous

preterm birth associated with viral infections.
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FIGURE LEGENDS

Figure 1. HAVCRZ2 expressionin human fetal membranesand myometrium
Representativesimage demonstrating localisatidhA¥CR2 in human(A) fetal membraneand
(B) myometrium.obtaineffom preterm (top)and termbottom) womerat the time of Caesarean
section in thefasence of laboae: amniotic epithelium; cl: connective tissue layer; ct:
cytotrophoblast layer; dec: decidwarows indicateHAVCR?2 staining.Negative controls aralso

shown.Main“picturemagnification 250; insert magnification x100.

Figure 2. Effect of poly(I:C) on HAVCR2 protein expression in fetal membranes and
myometrium

(A,B) Human fetal membranes aftd,D) myometrium were treated with 50 pg/ml poly(l:C) for 20
h. (A,C) HAVCR2 mRNA expression was analysed by gRTRand the fold changsas

calculated relativesto the basal graug5 patients) (B,D) HAVCR2 protein expressiowas
analysed hy.Western blottingprmalised to f-actin protein expression and the fold changs
calculated relative'to the basal gramg5 patients) All datais displayed as meanhSEM. *P<0.05

vs. basal(paired sample comparisprRepresentative Western blot frdhrpatient is also shown.

Figure 3. Effect of SHAVCR2 on the expression and secretion giro-inflammatory cytokines
and chemokinegnprimary amnion cells

Human primary amnion cells were transfected with 200sitlAVCR2 or siCONT for 48 h and
then treated with 5 pg/ml poly(l:C) for an additional 24 h (n=5 patiefd}) TNF, IL1A, IL1B,
IL6, CXCL8 andCCL2 mRNA expression was analysed gRTPCR.(G,H) The incubation
medium wasssayed for concentration ofdlandCXCL8 by ELISA. For all data, théold change
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was calculated relative to poly(l:GjimulatedsiCONT transfected cellAll data is displayed as
mean £ SEM¥*P<0.05 vs. poly(l:C)stimulatedsiCONT transfected cells (oreay ANOVA).

Figure 4. Effect of SIHAVCR2 on the expression and secretion giro-inflammatory cytokines
and chemokines inprimary myometrial cells

Human primary myomeital cellswere transfected with 200 nBMMHAVCRZ2 or siCONT for 48 h

and then treated with 5 pg/ml poly(l:C) for an additional 24 h (n=5 pati€Ats$)) TNF, IL1A,

IL1B, IL6, CXCL8 andCCL2 mRNA expression was analysed by gqRTR.(G,H) The incubation
medium wasssayed for concentration ofdlandCXCL8 by ELISA. For all data, the fold change
was calculated relative to poly(l:Sjimulated siCONT transfected cells. All data is displayed as
mean + SEM*P<0.05 vs. poly(l:C)stimulatedsiCONT transfected cells (otveay ANOVA).

Figure 5. Effect of SIHAVCR?2 on the expression of antinflammatory cytokines

(A,B) Human_primary amnion cells a@,D) human primary myometrial cells were transfected
with 200 nMsiHAVCR2 or siCONT for 48 h anthen treated with 5 pug/ml poly(l:C) for an
additional 24 hu(n=5 patientgA,D) IL4 and(B,D) IL10 mRNA expression was analysed by qRT-
PCRand the fold changeas calculated relative to poly(l:&Sjimulated siCONT transfected cells.
All data is displayed as mean + SEMP<0.05 vs. poly(l:C)stimulated siCONT transfected cells
(oneway ANOVA).

Figure 6. Effect of SSHAVCR2 on the prostaglandin pathway

(A-C) Humanprimary amnion cells ag0-F) human primary myometrial cells were transfected
with 200 nMsiHAVCR2 or siCONT for 48 h and then treated with 5 pg/ml poly(l:C) for an
additional 24'h (n=5 patient{A,B,D,E) PTG andPTGFR mRNA expression was anakyd by
gRT-PCR.(C,F)‘The incubation medium was assayed for concentration of ASyFELISA. For

all data, thdeld-changewnas calculated relative to poly(l:Sjimulated siCONT transfected cells.
All data is displayed as mean + SEMP<0.05 vs. poly(l:C)stimulated siCONT transfected cells
(oneway ANOVA).

Figure 7. Effect of SIHAVCR?2 on the expression and secretion cdidhesion molecules

(A-D) Human primary amnion cells af-H) human primary myometrial cells were transfected
with 200 nMsiHAVCR2 or siQONT for 48 h and then treated with 5 pg/ml poly(l:C) for an
additional 24 h (n=5 patientgA,E) ICAM1 and(C,G) VCAM1 mRNA expression was analysed by
gRT-PCR. The incubation medium was assayed for concentrati@FfsICAM1 and(D,H)
sVCAM1 by ELISA. For all data, the fold changms calculated relative to poly(l:&jimulated
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SiCONT transfected cells. All data is displayed as mean = SBEND.05 vs. poly(l:C)stimulated
SiCONT transfected cells (orveay ANOVA).

Figure 1

A) #

Negative control

Preterm

B)
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Figure 5
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