


Conclusions

Women with RM have a lower level of CYP27B1 expression in chorionic villi and decidua

compared with normal pregnant women, suggesting that reduced CYP27B1 expression

may be associated with RM. The consistent localization of CYP27B1 and IL-10, IFN-��, TNF-

�., and IL-2 expression in villous and decidual tissues suggests the importance of the local

production of 1,25(OH)2D3 at the fetal-maternal interface to regulate cytokine responses.

Introduction
Theincidenceof recurrentmiscarriages(RM) isapproximately1±3%of all couplesof reproduc-
tiveage[1]. Severalmechanismshavepreviouslybeendescribedfor thepathogenesisof RM,
includingchromosomalanomalies,hormonalproblems,uterineabnormalities,infections,and
autoimmunedisorders.Theetiologyof approximately50%of RM isnot fully understood.
Immunologicalmechanismshavebeenproposedto explainat leastsomeof thesecasesof RM
[2±3].Theactiveform of vitamin D, 1,25dihydroxyvitaminD3 (1,25(OH2D3), isalipid-soluble
hormonethathaswell-establishedclassiceffectson bonemetabolismandmineralhomeostasis.
Exceptits calciotropicfunction,recentinvestigationssuggestedthe1,25(OH)2D3 haspotent
immunomodulatoryeffectson varioustissues[4±6].Thediscoveryof immunomodulatoryfunc-
tionsof 1,25(OH)2D3 hasledto increasedinterestin its role in pregnancy[7].Consistently,the
enzymethatcatalyzesthesynthesisof 1,25(OH)2D3, 25-hydroxyvitaminD3-1α-hydroxylase
(CYP27B1)hasawidespreaddistribution in varioustissues.Viganòetal.reportedthatCYP27B1
isexpressedin humanendometrialstromalcellsindependentlyof bothproliferativeandsecre-
tory phaseof themenstrualcycleandthefirst trimesterdecidualcells,its expressionisup-regu-
latedin earlypregnantversusnormalcyclingendometriaof bothphases[8]. In arecent
researchconductedbyTavakolietal.[9], endometrialstromalcellsandwholeendometrialcells
from thehealthycontrolsandwomenwith RM expressCYP27B1andarefound to havethe
comparablecapacityto producetheactiveform of vitamin D3. Thepresenceof theenzymein
cyclingendometrium,wholeendometrialcellsfrom womenwith RM,andits up-regulationin
first trimesterdecidua,supportthepossibilitythat thishormonemaybeinvolvedin somemech-
anismsof pregnancyestablishmentor maintenance.In addition,astudyin vitro from DõÂazetal.
[10] hasshownthatcalcitriol inhibits significantlythetumor necrosisfactor-α(TNF-α)-induced
expressionof interferonγ (IFN-γ) in culturedhumantrophoblasts,aprocessthatconceivably
reducesthelikelihoodof pregnancy-associateddisorderssuchasmiscarriage[2±3].Basedon
previousstudies[5,11±12],wehypothesizethatRM in first trimesterpregnancymaybeassoci-
atedwith aberrantexpressionof theCYP27B1at thefetal-maternalinterface.However,molecu-
lar analysisof theCYP27B1at thefetal-maternalinterfacein thefirst trimesterpregnancyand
womenwith RM hasdrawnverylimited attention.Thus,wehavestudiedexpressionandlocali-
zationof CYP27B1at thefetal-maternalinterfaceof womenin thefirst trimesterpregnancy
andanalyzedtheassociationof CYP27B1expressionandRM.Furthermore,weinvestigated
expressedlocalizationof TNF-α, IL-2, IFN-γ, andIL-10at thefetal-maternalinterface.

Material and Methods

Research subjects

Thiswasanobservationalstudy.Fortypregnantwomenwith unexplainedvaginalbleedingat
7±10weeksof gestation,whohadbeenreferredto FirstAffiliated Hospitalof Xi'an Jiaotong
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University,ShaanxiProvince,China,betweenOctober2013andOctober2014,aftercon-
firmed embryodemiseby transvaginalultrasound,wereenrolledin earlymiscarriage(EM)
group.All thewomenhadvaginalbleedingfor thefirst time in theprior 48h. An intactgesta-
tional sac,absenceof fetalheartbeatmatchedfor gestationalage,confirmedthediagnosisof
EM.Of them,20havingat leasttwo previousconsecutivepregnancylossesatearlygestation
wereasRM group.20womenundergoingprimary pregnancylosswereasprimary miscar-
riagegroup(PM). All womenwereyoungerthan35,hadregularmenstrualcycleandnone
haduterineanomalies,chromosomalabnormalities,thyroid dysfunction,diabetesmellitus,
autoimmunedisorders,infectionwith rubella,toxoplasma,cytomegalovirusandherpesvirus,
andreceivedhormonesfor at least3months.Their gestationalage,basedon thelastmenstrual
period,wasconfirmedbyultrasoundexamination.20age-matchedwomenwhohadat least
onehealthylivebirth undergoingelectiveterminationof normalpregnanciesbetween7and
10weeksof gestationwereincludedin thecontrol group.Womenin thecontrol,PM andRM
groupsdid not differ significantlyin averageage(28.9±3.1y,28.8±2.7y,29.5±2.4y,F= 0.373,
P= 0.69)andaveragegestationalage(54.8±4.4d,56.4±4.2d,58.1±4.7d,P= 2.688,P= 0.08).

Chorionicvillousanddecidualsampleswerecollectedbycurettageon thedayof or thesecond
dayof embryodemisediagnosisandon dayof undergoingtherapeuticterminationof pregnancy.
ForRNA andproteinextraction,villousanddecidualsamplesweresnap-frozenin liquid nitrogen
andstoredat -80ÊC.For immunohistochemistryandconfocallaserscanningmicroscopy
(CLSM),villousanddecidualsampleswereroutinelyprocessedandfrozenat -70ÊC.

Patientswereinformedthat tissuesampleswouldbeusedfor researchpurposesandthey
gaveawritten consent.Thestudywasapprovedby theEthicsCommitteeof theFirstAffiliated
Hospitalof Xi'an JiaotongUniversity(2 March2012).

Assessment of decidual and chorionic villous CYP27B1 by Streptavidin-

peroxidase Immunohistochemistry

All tissuesamples(20controlsand20RM) werewashedin 0.9%sterilizedsodiumchlorideas
soonastheywereremovedfrom uterus.After fixedin 4%bufferedparaformaldehydeand
treatedwith 25%saccharosesolution,thesampleswerefrozenat -70ÊC.Cryosectionsof 5-μm
thicknesswerepreparedusingatissuemicrotome(Microm HM500O,Microm International
GmbH Walldorf,Germany).At leastonecryosectionfrom eachcasewasstainedwith haema-
toxylin andeosin(H&E) to allowmorphologicalassessment.Cryosectionsof thevillusand
deciduawereanalyzedusingastreptavidin-peroxidaseimmunohistochemistry kit (ZymedLab-
oratories,Inc.,SanFrancisco,CA,USA).Briefly,thecryosectionswereimmersedin 1:10diluted
hydrogenperoxide(stockH2O2 concentration30%)with PBSfor 10minutesandblockedwith
normalgoatserumfor 20min at room temperature,followedbyanti-CYP27B1polyclonalanti-
body(1:400;AbcamInc.,Cambridge,MA) for 2h at37ÊC.A peroxidase-conjugatedgoatanti-
rabbitpolyclonalwasusedasthesecondaryantibody.Theprimary antibodywasomittedasthe
negativecontrols.Digital imageswereacquiredusingasectionmicroscopescanner(LeicaMP
SCN400,Germany).Thefivefieldsin eachsectionwereanalysed.20cellsof eachfield (in total
100cellsfor persample)wereestimatedusingsoftwareImageProplus6.0.Theaveragegray-
scalevaluefrom 100cellswasobtained.To further excludeoperatorbias,observationswereper-
formedon codedsamplesin ablindedmannerfollowingthesameprocedure.

Co-localization of decidual and chorionic villous CYP27B1 with TNF-�.,
IL-2,IFN-�� and IL-10 by double immunofluorescence

Immunofluorescencestaining(6 villousanddecidualtissuesincluding3controlsand3RM
women)wasusedto localizeandcomparethedistribution of CYP27B1andTNF-α, IL-2, IFN-
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γ andIL-10.The5-μm-thick cryosectionswereair-driedandimmersedin abuffer(30%
H2O2: distilledwater= 1:10)for 10min at room temperature.After blockingwith normalgoat
serumfor 20min at room temperature,thesectionswereincubatedwith anti-CYP27B1poly-
clonalantibodydilutedat1:100for overnightat4ÊC,followedby incubationwith antibody
includingdiluting anti-TNF-α (1:500),IL-2 (1:50),IFN-γ (1:500),andIL-10 (1:100)(Boster
BiologicalTechnology,Ltd.,China)for 10h at4ÊC,respectively.Then,thesectionswere
incubatedwith carbocyanine3 (Cy3)-conjugatedandAlexaFlur488-conjugatedsecondary
antibody(BosterBiologicalTechnology,Ltd.,China)for 2 h at37ÊC.Theomittedprimary
antibodywasusedasnegativecontrol.Confocallaserscanningmicroscopy(CLSM)(TCSSP2,
LeicaCo.,Germany)wasusedfor evaluationof morphologyandthelevelof proteinexpres-
sion.To further excludeoperatorbias,observationswereperformedon codedsamplesin a
blindedfashion.Thefluorescenceexcitationwasprovidedbya488/560nm argonlaserbeam
andemissionwas535/650nm for FITC/Cy3.Theimageswereanalyzedusingthesoftware
ImagePlus(Leica,Germany).

Assessment of decidual and villous CYP27B1 by western blot

200mgof villousanddecidualsamplesweretakenfrom collectedwholetissue.After lysisof
thesamplesin 1mLof lysisbuffercontaining1mM of phenylmethanesulfonylfluoride,thetis-
suelysatewascentrifugedat12,000×gfor 20min at4ÊCin amicrocentrifuge.Then,transfer-
ring thesupernatant(i.e.proteinsample)to afreshtubekepton ice,removingsmallvolume
(50μL) of supernatantto performaproteinassaybyacommercialproteinassaykit (BCAPro-
tein AssayKit, BeijingTiangenCo.,China),theremainingvolumeof supernatantwasadded
1/4volumeof 5×SampleBuffer,boiledfor 5minutesat100ÊC,andaliquoted.Theprotein
(20μg for persample)sampleswereresolvedbysodiumdodecylsulfate-polyacrylamidegel
electrophoresis(SDS-PAGE)andtransferredto polyvinylidenefluoride (PVDF)membranes
(Millipore, USA).After blockingwith 8%milk for 2h at room temperature,themembranes
wereincubatedwith anti-CYP27B1polyclonalantibody(AbcamInc.,Cambridge,MA) over-
night at4ÊC,followedbyperoxidase-conjugatedgoatanti-rabbit IgG for 2 h at37ÊC.For the
protein loadcontrol,anti-β-actinrabbitmonoclonalantibodies(BeijingBiosynthesisBiotec.
CO.,LTD.,China)wereused.Theimagewasacquiredusingdarkroomdevelopmenttechniques
for chemiluminesence.Resultswereexpressedastheratio of signalintensityof CYP27B1bands
to β-actin(theloadingcontrol).

Assessment of decidual and villous CYP27B1 mRNA by quantitative

real-time PCR assay

Real-timeRT-quantitativepolymerasechainreaction(RT-qPCR)analysiswasperformedon
totalRNA isolatedfrom snap-frozenvillousanddecidualtissues.Briefly,totalRNA wasiso-
latedfrom villousanddecidualtissueswith theMini BESTUniversalRNA ExtractionKit
(TaKaRa,Dalian,China).ComplementaryDNA (cDNA) wasthensynthesizedfrom theRNA
(1μgfrom eachsample)usingPrimeScriptTM RTMasterMix (TaKaRa,Dalian,China).PCR
reactionsin areactionmixtureof theSYBR@PremixExTaqTMII (Tli RNaseHPlus)(TaKaRa,
Dalian,China)werecarriedout in triplicatesusingSYBRGreenandtheywereperformed
usingtheCFX96Touch™Real-TimePCRDetectionSystem(Bio-RadLaboratories,California,
USA).Humanβ-actin(ACTB)genewasusedasreferencegene.Specificoligonucleotideprim-
ersfor amplificationof CYP27B1andACTBwereused.Thesequencesof primerswereasfol-
lows:forward5’-CCAAAGCCAAAGGGAAGAGA-3’, reverse5’-AAGGCGGTGGTCAAGGA
A-3’ for CYP27B1,andforward5’- TGGCACCCAGCACAATGAA-3’, reverse5’-CTAAGT
CATAGTCCGCCTAGAAGCA-3’for β-actin.ThePCRconditionswere30sat95ÊC,followed
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by39cyclesat95ÊCfor 5 sand60ÊCfor 30s.Theresultswereanalyzedusingthecomparative
ΔΔCt method.Foreachexperimentalsample,2-ΔΔCt wascalculated,andthedatawerereported
asrelativeexpressionlevels.

Statistical analysis

SPSS-PC+for Windowswasused.Fluorescenceintensityandgreyscalevaluewereexpressed
asthemean±SEM.Statisticalsignificancewasdeterminedusingone-wayANOVA andthe
multiple comparisonsin ANOVA. A P<0.05wasconsideredsignificant.

Results

Decidual and villous CYP27B1 mRNA by RT-qPCR

Theexpressionof CYP27B1genetranscriptionwasdetectedin thevillousanddecidualsam-
plesfrom RM,PM andcontrol groupsbyRT-qPCR.Resultsof theexperimentsindicatedthat
levelsof CYP27B1mRNA weresimilar in villousanddecidualtissuesbut weresignificantly
differentamongRM,PM andcontrols(F = 10.534,P= 0.000;F= 6.741,P= 0.003).It showed
adecreaseof approximately32%and67%in CYP27B1mRNA expressionin chorionicvilli
and11%and67%in deciduain thePM groupandRM groupcomparedwith thecontrol
group,respectively(Fig1A).Theexpressionlevelsof CYP27B1mRNA in villoustissueswere
0.40±0.35and1.20±0.58,respectively,in RM andcontrol group,whichshowedasignificant
difference(P= 0.000).However,CYP27B1expressionin decidualtissuesin RM groupwasnot
only significantlydown-regulatedcomparedto its expressionin control group(0.44±0.73vs

Fig 1. CYP27B1 expression in chorionic villous and decidual tissues. (A) RT-qPCR analysis of CYP27B1

mRNA in villous and decidual tissues obtained from normal pregnant women, PM and RM in the first trimester

pregnancy. Left: chorionic villus; Right: decidua. (B) CYP27B1 protein expression in chorionic villous and decidual

tissues from normal pregnant women, PM and RM. Left: chorionic villus; Right: decidua. Western blots profile of

total homogenate of villous (C) and decidual tissues (D). Four representative cases of early pregnancy from normal

pregnant women, PM and RM were shown. Detection of ��-actin was used for protein load control.

doi:10.1371/journal.pone.0165589.g001
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1.35±0.84,P= 0.002),but alsodecreasedin comparisonwith PM group(1.20±0.86,P= 0.007)
(Table1).

Decidual and villous CYP27B1protein by western blotting

Westernblot analysiswasusedto assessthetotalamountof CYP27B1protein in thechorionic
villi anddeciduaof pregnantwomenin PM,RM andcontrol groups.A 57-kDwesternblot
bandsthatcorrespondedto CYP27B1proteinwasdetectedin samplesof chorionicvilli and
decidua.It showedthat thereweresignificantlydifferentin CYP27B1protein levelin villous
anddecidualtissuesamongPM,RM andcontrols(F = 4.110,P= 0.022;F= 3.901,P= 0.026).
Densitometricanalysisof westernblotsshowedareductionof about30%and24%in CYP27B1
proteinexpressionin deciduaand38%and12%in villi from RM andPM versusnormal
deciduaandvilloustissuesfrom controls(Fig1B).TheCYP27B1expressionlevelsin decidua
andvilli from RM weresignificantlylowerthanthat from controls(P= 0.007,P= 0.036;
Table2).CYP27B1protein levelswerenormalizedto β-actin(Fig1Cand1D).

Decidual and villous CYP27B1 protein by immunohistochemistry

In orderto determinethecellularlocalizationof CYP27B1in villousanddecidualtissue,its
expressionwasalsoevaluatedin RM andcontrol groupby immunohistochemistry.Compara-
bleimmunostainingfor CYP27B1waspresentin thevillousanddecidualtissuesof bothRM
andcontrol group.Immunopositivecellswerediffuselydistributedthroughoutthevilli and
deciduaincludingvillousstromalcells,syncytiotrophoblastcells,cytotrophoblastcells,vascu-
lar endothelialcells,decidualstromalcells,andglandularepithelialcells.Furthermore,
CYP27B1wasstronglyexpressedin trophoblasts(gray-scalevalue:0.45±0.05for cytotropho-
blast,0.46± 0.06for syncytiotrophoblast)in normalvilloustissues,but markedlyreducedin
trophoblasts(gray-scalevalue:0.39±0.05for cytotrophoblast,0.40± 0.05for syncytiotropho-
blast)in RM'svilloustissues(t = 3.052,P= 0.005for cytotrophoblast;t = 2.667,p = 0.012for
syncytiotrophoblast)(Fig2A1and2B1).CYP27A1wasalsostronglyexpressedin decidual
glandularepithelialcells(gray-scalevalue:0.45±0.05)in normalearlypregnancy,andits
expressionwasdecreasedin RM'sdecidualglandularepithelialcells(gray-scalevalue:0.35

Table 1. Comparis on of CYP27B1 mRNA in villous and decidual tissues in the control, PM, and RM group (mean±SEM).

Tissues n Control PM RM F P

(n = 18) (n = 18) (n = 18)

Villous 54 1.20�“0.58 0.81�“0.60 0.40�“0.35� 10.534 0.000

Decidual 54 1.35�“0.84 1.20�“0.86 0.44�“0.73� ,# 6.741 0.003

�Significan tly lower compared to the RM group and control group (p = 0.000 and 0.002, respectively).
#Significantly lower compared to the RM group and PM group (p = 0.007).

doi:10.1371/journal.pone.0165589.t001

Table 2. Comparis on of CYP27B1 protein expression in villous and decidual tissues in the control, PM, and RM group.

Tissues n Control PM RM F P

(n = 20) (n = 20) (n = 20)

Villous 60 1.45�“0.58 1.28�“0.66 0.90�“0.62� 4.110 0.022

Decidual 60 1.58�“0.70 1.20�“0.59 1.11�“0.35� 3.901 0.026

�Significan tly lower compared to the RM group and control group (p = 0.007 and 0.036, respectively).

Gray-scale values are represented as mean�“SEM.

doi:10.1371/journal.pone.0165589.t002
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±0.06,t = 2.328,P= 0.028.)(Fig2A2and2B2).ButCYP27B1expressionin villousanddecid-
ual tissueswasnot significantlydifferentbetweenPM andcontrol group(datanot shown).

Co-localization of CYP27B1 and IL-10, IFN-��, TNF-�., IL-2 protein by

double immunofluorescence

Immunofluorescencestainingwasusedto localizeandcomparethedistribution of CYP27B1
andIL-10,IFN-γ, TNF-α andIL-2 in villousanddecidualtissues.Immunostainingresults
showedthatCYP27B1andIL-10,IFN-γ, TNF-α,andIL-2 wereco-expressedin villousand
decidualtissuesfrom normalpregnantandRM women.LikeCYP27B1,in normalvillousand
decidualtissues,IL-10wasexpressedin trophoblastsanddecidualglandularepithelialcells,but
IL-10 immunostainingdecreasedin trophoblastsanddecidualglandularepithelialcellsin RM
group(Fig3).CYP27B1andIFN-γ, TNF-α, andIL-2 werealsoco-expressedin trophoblastsin
normalvilloustissues,andimmunostainingfor IFN-γ, TNF-α,andIL-2 wereincreasedin vil-
loustissuesfrom RM (Figs3and4).In decidualtissues,CYP27B1,IFN-γ, TNF-α,andIL-2
werevisualizedin glandularepithelialcells,vascularendothelialcellsandstromalcells.Immu-
nostainingfor IFN-γ, TNF-α, andIL-2 wereincreasedin decidualglandularepithelialcellsin
RM samples(Figs3and4).No significantdifferencesin thelocalizationof CYP27B1,IL-10,
IFN-γ, TNF-α,andIL-2 expressionwereidentifiedbetweenthenormalpregnantandRM
women.

Discussion
Thehumanplacentaexpressesvitamin D receptor(VDR), retinoid X receptor(RXR),
CYP27B1and24-hydroxylase[13]. In agreementwith thesefindings,wefound thatCYP27B1
wasexpressedin bothvillousanddecidualtissuesin thefirst trimesterpregnancy.Studiesin
vitro andvivo haveshownthat theCYP27B1allowslocalconversionof pro-hormone25-
hydroxyvitaminD to active1,25(OH)2D3 [14]. It issuggestedthat theCYP27B1wasalocal
regulatorof levelsof 1,25(OH)2D3, andit wasexpressedin villousanddecidualtissuesin the
first trimesterpregnancy(in thesedata),meaningthatvillousanddecidualtissueswerean

Fig 2. Immunohi stochemistr y for CYP27B1: A1, Normal villous tissue, A2, villous tissue with RM, B1, normal
decidual tissue, B2, decidual tissue with RM, C1, villous tissue without prima ry antibody, and C2, decidual tissue
without primary antibody. The arrows show the immunostaining cells. (Scale bar, 73 ��m)

doi:10.1371/journal.pone.0165589.g002
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extrarenalsiteof vitamin D synthesisandvitamin D functioningtarget.In particular,villous
anddecidualsamplesfrom healthypregnanciesshowedstrongimmunolocalizationof
CYP27B1within villoustrophoblastcellsanddecidualglandularepithelialcells,indicatingan
important role for theenzymein thefirst trimesterpregnancy.

DatapresentedhereindicatedthatbothmRNA andprotein for CYP27B1wereabundantly
expressedin villousanddecidualtissuesfrom thefirst trimesterpregnancy,andsignificantly
decreasedin villousanddecidualtissuesfrom RM pregnanciescomparedto thosefrom the
healthypregnancies.Therelativelylow levelof CYP27B1in villousanddecidualtissuesfrom
RM pregnanciesraisedthepossibilitythat theenzymeplayedalocalrole in embryoimplanta-
tion. In femalemice,bothVDR andCYP27B1knockoutmicehadsignificantlyfewerviable
fetusesin uteroandpresentwith absentcorporalutea[11]. Comparedto CYP27B1+/+ pla-
centasaftervehicle-treated,CYP27B1knockoutplacentasincreasedexpressionof Th1cyto-
kinesanddecreasedexpressionof Th2cytokines,whichmeansthatdysregulatedvitamin D
metabolismin placentapromotesaberrantimmuneresponses[6].In thefirst trimesterpreg-
nancy,expressionof CYP27B1andsynthesisof 1,25(OH)2D3 havemuchhigheractivityat the
decidualtissue[15]. Womenwith highervitamin D levelin their serumandfollicular fluid
weremorelikely to achieveclinicalpregnancyfollowing in vitro fertilization [16±17].The
immunosuppressiveeffectsof 1,25(OH)2D3 allowedpropertrophoblastinvasionof theuterus
without triggeringamaternalimmuneresponse[14]. Thedecidualizationinducedby1,25
(OH)2D3 contributedto implantationin thefirst trimesterpregnancy[18]. Indeed,it hadbeen
suggestedthat1,25(OH)2D3 synthesizedby thefetal-maternalinterfaceduring pregnancywas
not meantto function asahormone,but asanimmunomodulatorycytokineto preventa
fetus-versus-motherreactionandrejectionof thefetus[19].

Fig 3. CLSM for CYP27B1 and IFN-γ, IL-10: A1,B1,C1,D1,A4,B4,C4,D4,CYP27B1, A2,B2,C2,D2, IFN-γ, and
A3,B3,C3,D3, overlayed CYP27B1 and IFN-γ; A5,B5,C5,D5,IL-10, and A6,B6,C6,D6, overlayed CYP27B1 and
IL-10 in A1-A6, normal villous tissue, B1-B6, villous tissue with RM, C1-C6, norma l decidual tissue, and
D1-D6, decidual tissue with RM. Green color indicates positive staining for CYP27B1 protein; Red color indicates

IFN-��, IL-10. The arrows show the immunostaining cells. (CLSM�î400)

doi:10.1371/journal.pone.0165589.g003
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In orderto understandlocalimmunomodulatoryeffectsof vitamin D at thefetal-maternal
interfacein vivo, weinvestigatedexpressivelocalizationof CYP27B1andTNF-α, IL-2, IFN-γ,
IL-10andcomparedtheir distribution at thefetal-maternalinterfacein thefirst trimesterpreg-
nancy.Wefound thatCYP27B1andTNF-α, IL-2, IFN-γ, IL-10 wereco-expressedin villous
trophoblastin normalpregnancy,but CYP27B1andIL-10 markedlydecreasedandTNF-α,
IL-2, andIFN-γ markedlyincreasedin trophoblastsin villoustissuesin RM pregnancy.The
presenceof CYP27B1in trophoblastsindicatedthat localsynthesisof 1,25(OH)2D3 hadthe
potentialinfluenceon thelocalimmunesystem.In primary culturedhumancytotrophoblasts,
1,25(OH)2D3 inhibited expressionof cytokines,suchasTNF-α, IFN-γ, andincreasedexpres-
sionof cAMP[15,20±22].Similarly,impairedmaternal1,25(OH)2D3 during pregnancyinflu-
encethelevelof IL-10 in thematernalandcordblood.Thelevelof IL-10 waslowerin 1,25
(OH)2D3 deficientwomenthanin insufficientandsufficientpregnantwomen[23]. Theevi-
dencesobtainedin humanandin rodentmodelsshowedincreasedproductionof proinflam-
matorycytokinessuchasIFN-γ, IL-2 andTNF-αwaspotentiallyharmful for pregnancy
outcome,whilepredominanceof anti-inflammatorycytokineswasthoughtto bebeneficialfor
pregnancysuccess[2]. Indeed,in earlymiscarriagehigh levelsof plasmaTNF-α,TNF-α recep-
tor, IFN-γ andlow levelsof plasmaIL-10havebeenfound,includingTNF-α,TNF-α receptor,
IL-10at thefetal-maternalinterface[24±29].So,anadequatebalanceof thecytokineprofile
wasnecessaryfor successfulpregnancy.Vitamin D isakeyfactorin regulationof theimmune
responsesto balancepro/anti-inflammatorycytokinesby regulationVitamin D dependent
cytokinesexpressionat thefetal-maternalinterface.CYP27B1,asanenzymethatcatalyzesthe
synthesisof 1,25(OH)2D3, playedanimportant role in controllingexpressionof 1,25(OH)2D3

Fig 4. CLSM for CYP27B1 and TNF-α, IL-2: A1,B1,C1,D1,A4,B4,C4,D4,CYP27B1, A2,B2,C2,D2, TNF-α, and
A3,B3,C3,D3, overlayed CYP27B1 and TNF-α; A5,B5,C5,D5,IL-2, and A6,B6,C6,D6, overlayed CYP27B1 and
IL-2 in A1-A6, normal villous tissue, B1-B6, villous tissue with RM, C1-C6, norma l decidual tissue, and
D1-D6 decidual tissue with RM. Green color indicates positive staining for CYP27B1 protein; Red color indicates

TNF-�., IL-2. The arrows show the immunostaining cells. (CLSM�î400)

doi:10.1371/journal.pone.0165589.g004
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at thefetal-maternalinterfaceduring pregnancy.Theadequateexpressionof CYP27B1at the
fetal-maternalinterfacemight preventrejectionof theimplantedembryo.

In thisstudy,wefound thatdifferentlevelsof CYP27B1,TNF-α, IL-2, IFN-γ, andIL-10 in
trophoblastsanddecidualglandularepithelialcellsfrom normalpregnancyandRM preg-
nancy.However,it wasnot clearwhetherincreaseof TNF-α, IL-2, andIFN-γ anddecreaseof
IL-10expressionin RM weredueto decreasedexpressionof VDR.For thefuture,theexpres-
sionsof thesecytokinesin thecalcitriol-stimulatedtrophoblastsor decidualglandularepithe-
lial cellswith knockin or knockoutCYP27B1genewill bestudiedin animalmodelandcell
modelfrom normalpregnantwomenandRM women.Thesefindingswill supporttheresults
from in vivo studies.

In thepresentwork,wefocusedonly on CYP27B1levelat thefetal-maternalinterfacein
thefirst trimesterpregnancyduring womenwith miscarriageandnormalpregnantwomen.
Althoughit isexpectedthatCYP27B1levelplaysanimportant role in fetal-maternalinterface
during thefirst trimesterpregnancy,theimpactof thefetalkaryotypeon CYP27B1geneactiv-
ity in thefirst trimesterpregnancymiscarriageisnot known.It isnot clearwhetherreduced
CYP27B1levelisassociatedwith localimmuneregulationof thefetal-maternalinterfacein
RM.TheprecisemolecularmechanismsbywhichCYP27B1contributesto decidualandtro-
phoblastfunctionsleadingto RM or fetalkaryotypehasimpacton theplacentalandlocaltar-
getgeneresponsesin thefirst trimesterpregnancymiscarriagewarrantfurther investigation.

Collectively,thedataprovideexperimentalevidencewhich links RM in humanswith
expressionof CYP27B1at thefetal-maternalinterfacein thefirst trimesterpregnancy.Women
with RM havealowerlevelof CYP27B1expressionin chorionicvilli anddeciduacompared
with normalpregnantwomen,suggestingthat reducedCYP27B1expressionmaybeassociated
with RM.Therelativelylow levelsof CYP27B1at thefetal-maternalinterfacein RM women
decreasethepossibilitythat theenzymeplaysarole in implantationprocessandalocalimmu-
nologicalembryo-protection.Inaddition,CYP27B1andTNF-α, IL-2, IFN-γ, andIL-10 areco-
expressedin villousanddecidualtissuesin thefirst trimesterpregnancy.Thesefindingssug-
gesttheimportanceof thelocalproductionof 1,25(OH)2D3 at thefetal-maternalinterfaceto
control adverseimmunologicalresponsesrelatedto implantation.Futureexperimentsshould
explore1,25(OH)2D3 regulationof immunologicalresponsesinducedbycytokinesin embryo
implantation.
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