


CYP27B1 Expression in Recurrent Miscarriage

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(0OH),D3 at the fetal-maternal interface to regulate cytokine responses.

Introduction

Theincidenceof recurrentmiscarriage$RM) is approximatelyl +3%of all couplesof reproduc-
tive age[1]. Severamechanisméavepreviouslybeendescribedor the pathogenesisf RM,
including chromosomaknomalieshormonalproblemsuterineabnormalitiesinfections,and
autoimmunedisordersThe etiologyof approximately50%of RM is not fully understood.
Immunologicalmechanism$iavebeenproposedo explainatleastsomeof thesecase®f RM
[2+3]. Theactiveform of vitamin D, 1,25dihydroxyvitaminDs (1,25(OHD3), isalipid-soluble
hormonethat haswell-establishedlassieffectn bonemetabolismand mineralhomeostasis.
Exceptits calciotropicfunction, recentinvestigationsuggestethe 1,25(OH}D5 haspotent
immunomodulatoryeffectson varioustissueg4+6]. The discoveryof immunomodulatoryfunc-
tions of 1,25(0OH)D3 hasledto increasednterestin its role in pregnancy[7]Consistentlythe
enzymethat catalyzethe synthesi®f 1,25(0OH)D4, 25-hydroxyvitaminDs-1o-hydroxylase
(CYP27B1hasawidespreadilistribution in varioustissuesViganoetal.reportedthat CYP27B1
is expresseth humanendometrialstromalcellsindependentlyof both proliferativeand secre-
tory phaseof the menstruakycleandthefirst trimesterdecidualcells its expressioris up-regu-
latedin earlypregnantversusormal cyclingendometriaof both phase$3]. In arecent
researcttonductedby Tavakolietal.[9], endometrialstromalcellsandwholeendometrialcells
from the healthycontrolsandwomenwith RM expres€YP27Bandarefound to havethe
comparablecapacityto producethe activeform of vitamin Ds. The presencef theenzymen
cyclingendometrium wholeendometrialcellsfrom womenwith RM, andits up-regulationin
first trimesterdeciduasupportthe possibilitythat this hormonemaybeinvolvedin somemech-
anismsof pregnancyestablishmenor maintenanceln addition, astudyin vitro from D&azetal.
[10] hasshownthat calcitriolinhibits significantlythe tumor necrosidactor-o.(TNF-o)-induced
expressiorf interferony (IFN-y) in culturedhumantrophoblastsa procesghat conceivably
reduceghelikelihood of pregnancy-associad disorderssuchasmiscarriagg2+3]. Basedn
previousstudieq5,11+12]wehypothesiz¢hat RM in first trimesterpregnancymaybeassoci-
atedwith aberrantexpressiorof the CYP27B Xt the fetal-maternalnterface However molecu-
lar analysi®f the CYP27Bhtthefetal-maternainterfacein thefirst trimesterpregnancyand
womenwith RM hasdrawnverylimited attention. Thus,wehavestudiedexpressiorandlocali-
zationof CYP27BAtthefetal-maternainterfaceof womenin thefirst trimesterpregnancy
andanalyzedhe associatiorof CYP27BExpressiorand RM. Furthermore weinvestigated
expressetbcalizationof TNF-q, IL-2, IFN-y, andIL-10 atthe fetal-maternalnterface.

Material and Methods
Research subjects

Thiswasan observationastudy.Forty pregnantwomenwith unexplainedvaginalbleedingat
7+10weekf gestationwho hadbeenreferredto First Affiliated Hospitalof Xi'an Jiaotong
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University,ShaanxProvince China,betweerOctober2013and October2014 aftercon-
firmed embryodemiseby transvaginaultrasound wereenrolledin earlymiscarriaggEM)
group.All thewomenhadvaginalbleedingfor thefirst time in the prior 48h. An intactgesta-
tional sac absencef fetalheartbeamatchedor gestationahge confirmedthe diagnosiof
EM. Of them,20havingat leasttwo previousconsecutivgpregnancyossest earlygestation
wereasRM group.20womenundergoingprimary pregnancylosswereasprimary miscar-
riagegroup (PM). All womenwereyoungerthan 35,hadregularmenstrualcycleandnone
haduterineanomalieschromosomabbnormalitiesthyroid dysfunction diabetesnellitus,
autoimmunedisordersjnfectionwith rubella,toxoplasmacytomegalovirugnd herpesvirus,
andreceivechormonesfor atleast3 months.Their gestationahge pasedn the lastmenstrual
period,wasconfirmedby ultrasoundexamination20age-matchegdvomenwho hadatleast
onehealthylive birth undergoingelectivetermination of normal pregnanciebetweer’ and
10weekf gestationwereincludedin the control group.Womenin the control, PM andRM
groupsdid not differ significantlyin averagege(28.9+3.1y28.8+2.7y29.5+2.4yi-= 0.373,
P =0.69)andaveragegestationahge(54.8+4.4d56.4+4.2d58.1+4.7dP = 2.688 P = 0.08).
Chorionic villousanddecidualsamplesverecollectedby curettageon the dayof or the second
dayof embryodemisediagnosisand on dayof undergoingtherapeutidermination of pregnancy.
For RNA andprotein extraction villousand decidualsamplesveresnap-frozernn liquid nitrogen
andstoredat -80ECForimmunohistochemistryand confocallaserscanningmicroscopy
(CLSM),villousanddecidualsamplesvereroutinely processe@ndfrozenat-70EC.
Patientavereinformed that tissuesamplesvould beusedfor researclpurposesandthey
gaveawritten consentThe studywasapprovedoy the EthicsCommitteeof the First Affiliated
Hospitalof Xi'an JiaotongJniversity (2 March 2012).

Assessment of decidual and chorionic villous CYP27B1 by Streptavidin-
peroxidase Immunohistochemistry

All tissuesampleg20 controlsand 20RM) werewashedn 0.9%sterilizedsodiumchlorideas
soonastheywereremovedfrom uterus.After fixedin 4%bufferedparaformaldehydand
treatedwith 25%saccharossolution,the samplesverefrozenat-70ECCryosection®f 5-um
thicknesswverepreparedusingatissuemicrotome(Microm HM500 O, Microm International
GmbH Walldorf, Germany) At leastonecryosectiorfrom eachcasevasstainedwith haema-
toxylin andeosin(H&E) to allowmorphologicalassessmentryosection®f thevillusand
deciduawereanalyzedisingastreptavidin-peroxidasenmunohistochemigy kit (ZymedLab-
oratoriesnc., SanFranciscoCA, USA).Briefly, the cryosectionsvereimmersedn 1:10diluted
hydrogenperoxide(stockH 0, concentration30%)with PBSfor 10minutesandblockedwith
normal goatserumfor 20min atroom temperaturefollowedby anti-CYP27BJolyclonalanti-
body(1:400Abcaminc., Cambridge MA) for 2 h at 37ECA peroxidase-conjugategbatanti-
rabbit polyclonalwasusedasthe secondanantibody.The primary antibodywasomitted asthe
negativecontrols.Digital imagesvereacquiredusingasectionmicroscopescanneiLeicaMP
SCN400Germany).Thefivefieldsin eachsectionwereanalysed20cellsof eactfield (in total
100cellsfor persamplewereestimatedusingsoftwaredmageProplus6.0. Theaveraggray-
scalevaluefrom 100cellswasobtained.To further excludeoperatorbias,observationsvereper-
formedon codedsamplesn ablindedmannerfollowing the sameprocedure.

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

Immunofluorescencstaining(6 villousand decidualtissuesncluding 3 controlsand 3 RM
women)wasusedto localizeand comparethe distribution of CYP27BBand TNF-q,, IL-2, IFN-
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y andIL-10. The5-um-thick cryosectionsvereair-dried andimmersedn abuffer(30%
H,0,: distilledwater= 1:10)for 10min atroom temperatureAfter blockingwith normalgoat
serumfor 20min atroom temperaturethe sectionsvereincubatedwith anti-CYP27BJoly-
clonalantibodydiluted at 1:100for overnightat 4ECfollowedby incubationwith antibody
including diluting anti-TNF-o. (1:500)JL-2 (1:50),IFN-y (1:500)and IL-10 (1:100)Boster
BiologicalTechnologyLtd., China)for 10h at4ECrespectivelyThen,the sectionsvere
incubatedwith carbocyanine (Cy3)-conjugatecnd AlexaFlur488-conjugatedecondary
antibody(BosterBiologicalTechnologyltd., China)for 2 h at 37ECTheomitted primary
antibodywasusedasnegativecontrol. Confocallaserscanningmicroscopy(CLSM)(TCSSP2,
LeicaCo.,Germany)wasusedfor evaluationof morphologyandthelevelof protein expres-
sion.To further excludeoperatorbias,observationsvereperformedon codedsamplesn a
blindedfashion.Thefluorescencexcitationwasprovidedby a488/56(hm argonlaserbeam
andemissionwas535/650nm for FITC/Cy3.Theimagesvereanalyzedisingthe software
ImagePlus(Leica,Germany).

Assessment of decidual and villous CYP27B1 by western blot

200mg of villousanddecidualsamplesveretakenfrom collectedvholetissue After lysisof
thesamplesn 1mL of lysisbuffer containinglmM of phenylmethanesulfonyluoride, the tis-
suelysatewascentrifugedat 12,000xdor 20min at4EQn amicrocentrifuge Then,transfer-
ring the supernatanti.e. protein sample}o afreshtubekepton ice,removingsmallvolume
(50uL) of supernatanto performaprotein assaypy acommercialprotein assakit (BCAPro-
tein AssayKit, Beijing TiangenCo.,China),theremainingvolumeof supernatantvasadded
1/4volumeof 5xSamplduffer,boiledfor 5 minutesat 100ECandaliquoted . The protein
(20ugfor persample)samplesvereresolvecby sodiumdodecylsulfate-polyacrylamidgel
electrophoresi§SDS-PAGEandtransferredo polyvinylidenefluoride (PVDF) membranes
(Millipore, USA).After blockingwith 8%milk for 2 h atroom temperaturethe membranes
wereincubatedwith anti-CYP27BXolyclonalantibody(Abcaminc., Cambridge MA) over-
night at4ECfollowedby peroxidase-conjugategbatanti-rabbit IgG for 2 h at 37ECFor the
proteinloadcontrol, anti-p-actin rabbit monoclonalantibodiegBeijing Biosynthesi8iotec.
CO.,LTD., China)wereused.Theimagewasacquiredusingdarkroomdevelopmentechniques
for chemiluminesencdresultsvereexpressedstheratio of signalintensityof CYP27Bbands
to B-actin (the loadingcontrol).

Assessment of decidual and villous CYP27B1 mRNA by quantitative
real-time PCR assay

Real-timeRT-quantitativepolymerasehainreaction(RT-gPCR)analysisvasperformedon
total RNA isolatedfrom snap-frozervillousanddeciduattissuesBriefly, total RNA wasiso-
latedfrom villousanddecidualtissuesvith the Mini BESTUniversalRNA ExtractionKit
(TaKaRapPalian,China). ComplementanDNA (cDNA) wasthensynthesizedrom the RNA
(1pgfrom eachsampleusingPrimeScript™ RTMasteMix (TakaRapPalian,China).PCR
reactionsin areactionmixture of the SYBF€ PremixEx Tag ™Il (Tli RNaseHPlus)(TaKaRa,
Dalian,China)werecarriedout in triplicatesusingSYBRGreenandtheywereperformed
usingthe CFX96Touch™Real-TimePCRDetectionSysten(Bio-RadLaboratoriesCalifornia,
USA).Human p-actin (ACTB) genewasusedasreferencegene Specifioligonucleotidgorim-
ersfor amplificationof CYP27Bland ACTB wereused.The sequencesf primerswereasfol-
lows:forward 5’ ~-CCAAAGCCAAAGGGAAGAGA-3’ ,reverses’ ~-AAGGCGGTGGTCAAGGA
A-3’ for CYP27Blandforward 5’ - TGGCACCCAGCACAATGAA-3' ,reverses’ —CTAAGT
CATAGTCCGCCTAGAAGCA-3'for B-actin. ThePCRconditionswere30s at 95ECfollowed
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by 39cyclesat 95ECor 5 sand 60ECor 30s. Theresultswereanalyzedisingthe comparative
AACt method.For eachexperimentabample 224t wascalculatedand the datawerereported
asrelativeexpressiorevels.

Statistical analysis

SPSS-PCfor Windowswasused Fluorescencitensityandgreyscalealuewereexpressed
asthe mean+SEM.Statisticabkignificancevasdeterminedusingone-wayANOVA andthe
multiple comparisonsn ANOVA. A P<0.05vasconsideredsignificant.

Results
Decidual and villous CYP27B1 mRNA by RT-gPCR

Theexpressiorf CYP27BXIenetranscriptionwasdetectedn the villousanddecidualsam-
plesfrom RM, PM and control groupsby RT-gPCR Resultof the experimentsndicatedthat
levelsof CYP27BINMRNA weresimilarin villousanddeciduattissuesut weresignificantly
differentamongRM, PM andcontrols(F = 10.534P = 0.000f=6.741P = 0.003)It showed
adecreasef approximately32%and67%in CYP27BIMRNA expressiorin chorionic villi
and11%and67%in deciduain the PM groupand RM groupcomparedwith the control
group,respectivelyFig 1A). The expressioevelsof CYP27BInRNAin villoustissueavere
0.40+0.3%mnd 1.20+0.58espectivelyin RM and control group,which showedasignificant
difference(P = 0.000)However,CYP27BZxpressiofin decidualtissuesn RM groupwasnot
only significantlydown-regulatedcomparedo its expressiorin control group(0.44+0.7%s
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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:10.137/journal.pon€165589.g001
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Table 1. Comparis on of CYP27B1 mRNA in villous and decidual tissues in the control, PM, and RM group (meantSEM).

Tissues n
Villous 54
Decidual 54

Control PM RM F P
(n=18) (n=18) (n=18)
1.20 “0.58 0.81 “0.60 0.40“0.35 10.534 0.000
1.350.84 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:10.137/journal.pon€165589601

1.35+0.84P = 0.002) but alsodecreaseth comparisonwith PM group(1.20+0.86P = 0.007)
(Tablel).

Decidual and villous CYP27B1protein by western blotting

Westernblot analysisvasusedto assesthe total amountof CYP27BJproteinin the chorionic
villi anddeciduaof pregnantwomenin PM, RM and control groups A 57-kDwesternblot
bandsthat correspondedo CYP27BJprotein wasdetectedn sample®f chorionicvilli and
decidualt showedhatthereweresignificantlydifferentin CYP27BJproteinlevelin villous
anddecidualtissuesamongPM, RM andcontrols(F =4.110P = 0.022f = 3.901 P = 0.026).
Densitometricanalysiof westerrblotsshowedareductionof about30%and24%in CYP27B1
protein expressiorin deciduaand 38%and12%in villi from RM andPM versusormal
deciduaandvilloustissuedrom controls(Fig 1B). The CYP27B X xpressiottevelsn decidua
andvilli from RM weresignificantlylowerthanthatfrom controls(P = 0.007P = 0.036;
Table2). CYP27BDYrotein levelsverenormalizedto p-actin (Fig 1Cand 1D).

Decidual and villous CYP27B1 protein by immunohistochemistry

In orderto determinethe cellularlocalizationof CYP27B1n villousanddecidualtissuejts
expressionwasalsoevaluatedn RM andcontrol group by immunohistochemistryCompara-
bleimmunostainingfor CYP27BWwaspresentn the villousanddecidualtissueof both RM
andcontrol group.Immunopositivecellswerediffuselydistributedthroughoutthevilli and
deciduaincluding villous stromalcells syncytiotrophoblastells cytotrophoblastells vascu-
lar endothelialcells decidualstromalcells,and glandularepithelialcells. Furthermore,
CYP27BMwasstronglyexpresseth trophoblastggray-scalealue:0.45+0.0%or cytotropho-
blast,0.46+ 0.06for syncytiotrophoblastin normalvilloustissuesbut markedlyreducedn
trophoblastggray-scaleralue:0.39+0.0%or cytotrophoblast).40+ 0.05for syncytiotropho-
blast)in RM'svilloustissuegt = 3.052 P = 0.005for cytotrophoblastt = 2.667p = 0.012for
syncytiotrophoblastjFig 2A1and2B1).CYP27Alwasalsostronglyexpresseth decidual
glandularepithelialcells(gray-scalealue:0.45+0.05)n normal earlypregnancyandits
expressionwasdecreaseth RM'sdecidualglandularepithelialcells(gray-scalealue:0.35

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

Tissues n
Villous 60
Decidual 60

Control PM RM F P
(n=20) (n=20) (n =20)
1.45"0.58 1.28 “0.66 0.90 “0.62 4110 0.022
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:10.137/journal.pon®165589002
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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 primary antibody, and C2, decidual tissue
without primary antibody. The arrows show the immunostaining cells. (Scale bar, 73 m)

doi:10.137/journal.pon@®165589.g002

+0.06t =2.328P =0.028.XFig 2A2and 2B2).But CYP27BZExpressioiin villousanddecid-
ualtissuesvasnot significantlydifferentbetweerPM and control group (datanot shown).

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

Immunofluorescencstainingwasusedto localizeandcomparethe distribution of CYP27B1
andlIL-10,IFN-y, TNF-a.andIL-2 in villousand deciduatissueslmmunostainingresults
showedhat CYP27BJandIL-10, IFN-y, TNF-a, andIL-2 wereco-expresseih villousand
deciduattissuesrom normal pregnantandRM women.Like CYP27B1in normalvillousand
deciduattissuesliL-10 wasexpresseth trophoblastanddecidualglandularepithelialcells but
IL-10immunostainingdecreaseth trophoblastanddecidualglandularepithelialcellsin RM
group(Fig 3). CYP27BIandIFN-y, TNF-a, andIL-2 werealsoco-expresseih trophoblastsn
normalvilloustissuesandimmunostainingfor IFN-y, TNF-o, andIL-2 wereincreasedn vil-
loustissuesrom RM (Figs3 and4). In deciduatissuesCYP27B1lIFN-y, TNF-a, andIL-2
werevisualizedn glandularepithelialcells vasculaendotheliakcellsand stromalcells.Immu-
nostainingfor IFN-y, TNF-a, andIL-2 wereincreasedn decidualglandularepithelialcellsin
RM samplegFigs3 and4). No significantdifferencesn thelocalizationof CYP27B1IL-10,
IFN-y, TNF-o, andIL-2 expressiomwereidentified betweerthe normal pregnantand RM
women.

Discussion

Thehumanplacenteexpressegitamin D receptor(VDR), retinoid X receptor(RXR),
CYP27BXnd24-hydroxylas€l3]. In agreementvith thesefindings,wefound that CYP27B1
wasexpresseth both villousanddecidualtissuesn thefirst trimesterpregnancyStudiesn
vitro andvivo haveshownthatthe CYP27BAllowslocalconversionof pro-hormone25-
hydroxyvitaminD to activel,25(OH}D3 [14]. It is suggestethatthe CYP27BMwasalocal
regulatorof levelsof 1,25(0H),D3, andit wasexpresseth villousanddecidualissuesn the
first trimesterpregnancy(in thesedata),meaningthatvillousanddecidualtissuesverean
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Fig 3. CLSM for CYP27B1 and IFN-y, IL-10: A1,B1,C1,D1,A4,B4,C4,D4,CYP27B1, A2,B2,C2,D2, IFN-y, and
A3,B3,C3,D3, overlayed CYP27B1and IFN-y; 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, normal 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 1400)

doi:10.137/journal.pon€165589.g003

extrarenakiteof vitamin D synthesisandvitamin D functioningtarget.In particular,villous
anddecidualsamplegrom healthypregnancieshowedstrongimmunolocalizationof
CYP27BWwithin villoustrophoblastcellsand decidualglandularepithelialcells, indicatingan
importantrole for the enzymein thefirst trimesterpregnancy.
Datapresentedereindicatedthat both mRNA and protein for CYP27Bwereabundantly
expresseth villousanddecidualissuedrom thefirst trimesterpregnancyandsignificantly
decreaseih villousanddecidualtissuesrom RM pregnanciesomparedo thosefrom the
healthypregnanciesTherelativelylow levelof CYP27B1n villousanddecidualissuesrom
RM pregnanciesaisedthe possibilitythat the enzymeplayedalocalrole in embryoimplanta-
tion. In femalemice,both VDR and CYP27B knockoutmice hadsignificantlyfewerviable
fetusesn uteroandpresenwith absentorporalutea[11]. Comparedo CYP27B1* pla-
centasaftervehicle-treatedCYP27BXknockoutplacentasncreasexpressiorof Th1l cyto-
kinesanddecreasedxpressiorof Th2 cytokineswhich meanshat dysregulateditamin D
metabolismin placentgpromotesaberranimmuneresponsefs].In thefirst trimesterpreg-
nancy.expressiorof CYP27Blandsynthesiof 1,25(OH}D 3 havemuch higheractivityatthe
decidualissug[15]. Womenwith highervitamin D levelin their serumandfollicular fluid
weremorelikely to achievetlinical pregnancyfollowing in vitro fertilization[16+17].The
immunosuppressiveffectof 1,25(0OH)D allowedpropertrophoblastnvasionof the uterus
without triggeringamaternalimmuneresponsgl14]. Thedecidualizatiorinducedby 1,25
(OH),D5 contributedto implantationin thefirst trimesterpregnancy18]. Indeed,it hadbeen
suggestethat 1,25(OH)D; synthesizedby the fetal-maternainterfaceduring pregnancywas
not meantto function asahormone,but asanimmunomodulatorycytokineto preventa
fetus-versus-mothereactionandrejectionof the fetus[19].
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Fig 4. CLSM for CYP27B1 and TNF-a, IL-2: A1,B1,C1,D1,A4,B4,C4,D4,CYP27B1, A2,B2,C2,D2, TNF-a, and
A3,B3,C3,D3, overlayed CYP27B1and TNF-a; 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, normal 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 i400)

doi:10.137/journal.pon@165589.9004

In orderto understandocalimmunomodulatoryeffectsof vitamin D atthe fetal-maternal
interfacein vivo, weinvestigate@xpressivéocalizationof CYP27Bland TNF-a, IL-2, IFN-y,
IL-10 andcomparedheir distribution atthefetal-maternalnterfacein thefirst trimesterpreg-
nancy.Wefoundthat CYP27B&and TNF-q, IL-2, IFN-y, IL-10 wereco-expresseih villous
trophoblastn normal pregnancybut CYP27BJandIL-10 markedlydecreasednd TNF-o.,
IL-2, andIFN-y markedlyincreasedn trophoblastsn villoustissuesn RM pregnancyThe
presencef CYP27B1n trophoblastsndicatedthatlocalsynthesi®f 1,25(OH}D3 hadthe
potentialinfluenceon thelocalimmune systemlin primary culturedhumancytotrophoblasts,
1,25(OH}D3 inhibited expressiorof cytokinessuchasTNF-a, IFN-y, andincreasedxpres-
sionof CAMP [15,20£22]Similarly,impairedmaternall,25(OH}D3 during pregnancyinflu-
encethelevelof IL-10in the maternalandcord blood. Thelevelof IL-10 waslowerin 1,25
(OH),D5 deficientwomenthanin insufficientand sufficientpregnantwomen[23]. Theevi-
denceobtainedin humanandin rodentmodelsshowedncreasedroduction of proinflam-
matory cytokinessuchaslFN-v, IL-2 and TNF-o waspotentiallyharmful for pregnancy
outcome while predominanceof anti-inflammatorycytokineswasthoughtto bebeneficiafor
pregnancysuccesf?]. Indeed,in earlymiscarriagenigh levelsof plasmaTNF-a, TNF-o recep-
tor, IFN-y andlow levelsof plasmalL-10 havebeenfound,including TNF-o, TNF-o. receptor,
IL-10 atthefetal-maternalnterface[24+29].So,an adequatdnalanceof the cytokineprofile
wasnecessarfor successfylregnancyVitamin D is akeyfactorin regulationof theimmune
responseto balancepro/anti-inflammatorycytokinesby regulationVitamin D dependent
cytokinesexpressioratthe fetal-maternalnterface CYP27Blasan enzymehat catalyzethe
synthesi®f 1,25(0OH}D5, playedanimportant rolein controlling expressiorof 1,25(0OH}D5
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atthefetal-maternalnterfaceduring pregnancyTheadequatexpressiorf CYP27Bktthe
fetal-maternalnterfacemight preventrejectionof theimplantedembryo.

In this study,wefound that differentlevelsof CYP27B1TNF-q, IL-2, IFN-y, andIL-10in
trophoblastsand decidualglandularepithelialcellsfrom normal pregnancyand RM preg-
nancy.However jt wasnot clearwhetherincreaseof TNF-a, IL-2, and IFN-y anddecreasef
IL-10 expressiorin RM weredueto decreaseéxpressiorof VDR. For the future, the expres-
sionsof thesecytokinesin the calcitriol-stimulatedrophoblastr decidualglandularepithe-
lial cellswith knockin or knockoutCYP27BXgenewill bestudiedin animalmodelandcell
modelfrom normal pregnantwomenandRM women.Thesdindingswill supporttheresults
from in vivo studies.

In the presentwork, wefocusednly on CYP27B1evelatthefetal-maternalnterfacein
thefirst trimesterpregnancyduring womenwith miscarriageand normal pregnantwomen.
Althoughit is expectedhat CYP27B1evelplaysanimportantrolein fetal-maternalnterface
during thefirst trimesterpregnancytheimpactof the fetalkaryotypeon CYP27Byeneactiv-
ity in thefirst trimesterpregnancymiscarriages not known. It is not clearwhetherreduced
CYP27Blevelis associatewith localimmuneregulatiorof the fetal-maternalnterfacein
RM. The precisemoleculaimechanism®y which CYP27BXontributesto decidualandtro-
phoblastunctionsleadingto RM or fetalkaryotypehasimpacton the placentabndlocaltar-
getgeneresponsem thefirst trimesterpregnancymiscarriagevarrantfurther investigation.

Collectivelythe dataprovideexperimentakvidencevhichlinks RM in humanswith
expressionf CYP27Bhtthe fetal-maternalnterfacein thefirst trimesterpregnancyWomen
with RM havealowerlevelof CYP27BZExpressiotin chorionicvilli anddeciduacompared
with normal pregnantwomen,suggestinghatreducedCYP27BZExpressiomaybeassociated
with RM. Therelativelylow levelsof CYP27B It the fetal-maternalnterfacein RM women
decreas¢he possibilitythatthe enzymeplaysarole in implantationprocessandalocalimmu-
nologicalembryo-protection.lnaddition, CYP27BJand TNF-q, IL-2, IFN-y, andIL-10 areco-
expresseth villousanddecidualtissuesn thefirst trimesterpregnancyThesdindings sug-
gesttheimportanceof thelocalproductionof 1,25(OH)D; atthe fetal-maternalnterfaceto
control adversémmunologicalresponsesgelatedto implantation.Futureexperimentshould
explorel,25(0OH)}D3 regulationof immunologicalresponsemducedby cytokinesin embryo
implantation.
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