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Implantation.

Implantation isthestageof pregnancy atwhichtheembryoadherestothewallof

the uterus.Atthisstageof prenataldevelopment,the conceptus iscalleda blastocyst.

Itisbythisadhesionthattheembryoreceivesoxygenandnutrientsfrom themotherto

beabletogrow.

Inhumans,implantationofa fertilized ovum ismostlikelytooccuraroundninedays

after ovulation;however,thiscanrangebetweensixand12days.

ImplantationWindow.

Thereception-readyphaseofthe endometrium oftheuterusisusuallytermedthe

"implantationwindow"andlastsabout4days.Theimplantationwindowoccursaround

6daysafterthepeakin luteinizinghormone levels.Withsomedisparitybetween

sources,ithasbeenstatedtooccurfrom 7daysafterovulationuntil9daysafter

ovulation, ordays6-10postovulation Onaverage,itoccursduringthe20thtothe23rd

dayafterthe lastmenstrualperiod.

Theimplantationwindowischaracterizedbychangestotheendometrium cells,which

aidintheabsorptionoftheuterinefluid.Thesechangesarecollectivelyknownas the

plasmamembranetransformation andbringthe blastocyst nearertotheendometrium

andimmobilizeit.Duringthisstagetheblastocystcanstillbeeliminatedbybeing

flushedoutoftheuterus.Scientistshavehypothesizedthatthehormonescausea

swellingthatfillstheflattenedoututerinecavityjustpriortothisstage,whichmayalso

helppresstheblastocystagainsttheendometrium.Theimplantationwindowmayalso

beinitiatedbyotherpreparationsintheendometrium oftheuterus,bothstructurally

andinthecompositionofitssecretions.

Toenableimplantation,theuterusgoesthroughchangesinordertobeabletoreceive

theconceptus.

Predecidualization.
Theendometrium increasesthickness,becomes vascularized anditsglandsgrowtobe

tortuousandboostedintheirsecretions.Thesechangesreachtheirmaximum about7

daysafter ovulation.

Furthermore,thesurfaceoftheendometrium producesakindofroundedcells,which

coverthewholeareatowardtheuterinecavity.Thishappensabout9to10daysafter

ovulation.Thesecellsarecalled decidualcells,whichemphasisesthatthewholelayer

ofthem isshedoffinevery menstruation ifnopregnancyoccurs,justasleaves

of deciduoustrees.Theuterineglands,ontheotherhand,decreaseinactivityand

degeneratearound8to9daysafterovulationinabsenceofpregnancy.



The decidualcells originatefrom thestromalcellsthatarealwayspresentinthe

endometrium.However,thedecidualcellsmakeupanewlayer,the decidua.Therestof

theendometrium,inaddition,expressesdifferencesbetweentheluminalandthebasal

sides.Theluminalcellsform the zonacompacta oftheendometrium,incontrasttothe

basalolateral zonaspongiosa,whichconsistsoftheratherspongystromalcells.

Decidualization.

Decidualizationsucceedspredecidualizationifpregnancyoccurs.Thisisanexpansion

ofit,furtherdevelopingtheuterineglands,thezonacompactaandtheepithelium of

decidualcellsliningit.Thedecidualcellsbecomefilledwithlipidsandglycogenand

takethepolyhedralshapecharacteristicfordecidualcells.

The decidualcells originatefrom thestromalcellsthatarealwayspresentinthe

endometrium.However,thedecidualcellsmakeupanewlayer,the decidua.Therestof

theendometrium,inaddition,expressesdifferencesbetween

Trigger.

Itislikelythattheblastocystitselfmakesthemaincontributiontothisadditional

growingandsustainingofthedecidua.Anindicationofthisisthatdecidualization

occursatahigherdegreeinconceptioncyclesthaninnonconception

cycles.[6] Furthermore,similarchangesareobservedwhengivingstimulimimickingthe

naturalinvasionoftheembryo.[6]

Theembryoreleasesserineproteaseswhichcausestheepithelialcellmembraneto

depolarizeandactivatestheepithelialNa+channel.ThistriggersaCa2+influxand

phosphorylationofCREB.PhosphorylationofCREBupregulatestheexpressionofCOX-

2,whichleadstothereleaseofprostaglandinE2(PGE2)from epithelialcells.PGE2acts

onthestromacellsactivatingcAMP-relatedpathwaysinstromalcellleadingto

decidualization.

 
Partsofdecidua.

Thedeciduacanbeorganizedintoseparatesections,althoughtheyhavethesame

composition.

 Deciduabasalis-Thisisthepartofthedeciduawhichislocatedbasalolateraltotheembryo
afterimplantation.

 Deciduacapsularis-Deciduacapsularisgrowsovertheembryoontheluminalside,enclosingit
intotheendometrium.Itsurroundstheembryotogetherwithdeciduabasalis.

 Deciduaparietalis-Allotherdeciduaontheuterinesurfacebelongstodeciduaparietalis.



Deciduathroughoutpregnancy.
Afterimplantationthedeciduaremains,atleastthroughthefirsttrimester.However,its

mostprominenttimeisduringtheearlystagesofpregnancy,duringimplantation.Its

functionasasurroundingtissueisreplacedbythedefinitive placenta.However,some

elementsofthedecidualizationremainthroughoutpregnancy.

Thecompactaandspongiosalayersarestillobservablebeneaththedeciduain

pregnancy.Theglandsofthespongiosalayercontinuetosecreteduringthefirst

trimester,whentheydegenerate.However,beforethatdisappearance,someglands

secreteunequallymuch.Thisphenomenonofhypersecretioniscalledthe Arias-Stella

phenomenon,[6] afterthepathologist JavierArias-Stella.

Pinopodes
Pinopodesaresmall,finger-likeprotrusionsfrom theendometrium.Theyappear

betweenday19andday21of gestationalage.Thiscorrespondstoa fertilizationage of

approximatelyfivetosevendays,whichcorrespondswellwiththetimeofimplantation.

Theyonlypersistfortwotothreedays.Thedevelopmentofthem isenhanced

by progesterone butinhibitedby estrogens.
Functioninimplantation.

Pinopodes endocytose uterinefluidandmacromoleculesinit.Bydoingso,thevolume

oftheuterusdecreases,takingthewallsclosertotheembryoblastfloatinginit.Thus,

theperiodofactivepinocytesmightalsolimittheimplantationwindow.

Functionduringimplantation.

Pinopodescontinuetoabsorbfluid,andremovesmostofitduringtheearlystagesof

implantation.

Nourishment.
Theembryoblastspendsapproximately72hours intheuterinecavitybeforeimplanting.

Inthattime,itcannotreceivenourishmentdirectlyfrom thebloodofthemother,and

mustrelyonsecretednutrientsintotheuterinecavity,e.g.iron andfat-solublevitamins.

Growthandimplantation.
Inadditiontonourishment,theendometrium secretesseveral steroid-dependent

proteins, importantforgrowthandimplantation. Cholesterol andsteroids arealso

secreted.Implantationisfurtherfacilitatedbysynthesisof matrix substances, adhesion

molecules andsurface receptors forthematrixsubstances.

Implantationisinitiatedwhentheblastocystcomesintocontactwiththeuterinewall.



Zonahatching.
Tobeabletoperform implantation,theblastocystfirstneedstogetridofits zona

pellucida.Thisprocesscanbecalled"hatching".

Factors.

Lyticfactorsintheuterinecavity,aswellasfactorsfrom theblastocystitselfare

essentialforthisprocess.Mechanismsinthelatterareindicatedbythatthezona

pellucidaremainsintactifanunfertilizedeggisplacedintheuterusunderthesame

conditions.Asubstanceprobablyinvolvedis plasmin. Plasminogen,theplasmin

precursor,isfoundintheuterinecavity,andblastocystfactorscontributetoits

conversiontoactiveplasmin.Thishypothesisissupportedbylyticeffects invitro by

plasmin.Furthermore,plasmininhibitorsalsoinhibittheentirezonahatchinginrat

experiments.

Apposition.
Theveryfirst,albeitloose,connectionbetweentheblastocystandtheendometrium is

calledtheapposition.
Location.

Ontheendometrium,theappositionisusuallymadewherethereisasmallcryptinit,

perhapsbecauseitincreasestheareaofcontactwiththerathersphericalblastocyst.

Ontheblastocyst,ontheotherhand,itoccursatalocationwheretherehasbeen

enoughlysisofthezonapellucidatohavecreatedarupturetoenabledirectcontact

betweentheunderlying trophoblast andthedeciduaoftheendometrium.However,

ultimately,the innercellmass,insidethe trophoblast layer,isalignedclosesttothe

decidua.Nevertheless,theappositionontheblastocystisnotdependentonifitison

thesamesideoftheblastocystastheinnercellmass.Rather,theinnercellmass

rotatesinsidethetrophoblasttoaligntotheapposition.Inshort,theentiresurfaceof

theblastocysthasapotentialtoform theappositiontothedecidua.

MolecularMechanism

Theidentityofthemoleculesonthetrophoblastandtheendometrialepitheliathat

mediatetheinitialinteractionbetweenthetworemainunidentified.However,anumber

ofresearchgroupshaveproposedthat MUC1,amemberofthe Mucin familyof

glycosylatedproteins,isinvolved.MUC1isatransmembrane glycoprotein expressedat

theapicalsurfaceofendometrialepithelialcellsduringthewindowofimplantationin

humansandhasbeenshowntobedifferentiallyexpressedbetweenfertileandinfertile

subjectsduringthistime.MUC1displayscarbohydratemoietiesonitsextracellular

domainthatareligandsof L-selectin,aproteinexpressedonthesurfaceoftrophoblast

cells.AninvitromodelofimplantationdevelopedbyGenbacev etal., gaveevidenceto



supportthehypothesisthatL-selectinmediatesappositionoftheblastocysttothe

uterineepithelium byinteractingwithitsligands.

Adhesion.

Adhesionisamuchstrongerattachmenttotheendometrium thanthelooseapposition.

Thetrophoblastsadherebypenetratingtheendometrium,withprotrusionsof

trophoblastcells.

Thisadheringactivityisbymicrovillithatareonthetrophoblast.Thetrophoblasthave

bindingfiberconnections,laminin,collagentypeIV,andintegrinsthatassistinthis

adhesionprocess 

MUC16isatransmembranemucinexpressedattheapicalsurfaceofuterineepithelia.

Thismucinpreventstheblastocystfrom implantinginanundesiredlocatedonthe

epithelium.Thus,MUC16inhibitscell-celladhesion.“Removalofthismucinduring

formationofuterodomes(bulbousprojectionsfrom theapicalsurfaceoftheepithelium

thatareoftenfoundduringtheimplantationperiod)facilitatestrophoblastadhesionin

vitro”. 

Communication.

Thereismassivecommunicationbetweentheblastocystandtheendometrium atthis

stage.Theblastocystsignalstotheendometrium toadaptfurthertoitspresence,e.g.

bychangesinthe cytoskeleton ofdecidualcells.This,inturn,dislodgesthedecidual

cellsfrom theirconnectiontotheunderlying basallamina,whichenablestheblastocyst

toperform thesucceedinginvasion.

Thiscommunicationisconveyedby receptor-ligand-interactions,bothintegrin-matrix

andproteoglycanones.
ProteoglycanReceptors

Anotherligand-receptorsystem involvedinadhesionisproteoglycanreceptors,found

onthesurfaceofthedeciduaoftheuterus.Theircounterparts,theproteoglycans,are

foundaroundthetrophoblastcellsoftheblastocyst.Thisligand-receptorsystem alsois

presentjustattheimplantationwindow.

Invasion.

Invasionisanevenfurtherestablishmentoftheblastocystintheendometrium.

Extravilloustrophoblasts.

Extravilloustrophoblastsarecellsfrom theinvadingvillithatmigrateintothe

myometrium ofthemother’suterus.Thesecellsremodelthespiralarteriestoimprove

andsecurematernalbloodflowtothegrowingembryo.Thereisalsoevidencethatthis

processoccurswiththeuterineveins.Stabilizingthem toimprovedrainageoffetal



bloodandmetabolicwastes. Trophoblastshavealsobeendocumentedtomigrateinto

themotherandhavebeenfoundinvarioustissues.Duetothistrophoblastshavebeen

implicatedinaphenomenonknownas“FetomaternalMicrochimerism”wherefetalcells

establishcelllinesinmaternaltissues. 
Secretions.

Theblastocystsecretesfactorsforamultitudeofpurposesduringinvasion.Itsecretes

several autocrine factors,targetingitselfandstimulatingittofurtherinvadethe

endometrium.Furthermore,secretionsloosendecidualcellsfrom eachother,prevent

theembryofrom beingrejectedbythemother,triggerthefinaldecidualizationand

preventmenstruation.
Autocrine.

Humanchorionicgonadotropin isanautocrinegrowthfactorfortheblastocyst. Insulin-

likegrowthfactor2,ontheotherhand,stimulatestheinvasivenessofit.
Dislodging.

Thesyncytiotrophoblastsdislodgesdecidualcellsintheirway,bothbydegradation

of celladhesionmolecules linkingthedecidualcellstogetheraswellasdegradationof

theextracellularmatrixbetweenthem.

Celladhesionmoleculesaredegradedbysyncytiotrophoblastsecretionof Tumor

necrosisfactor-alpha.Thisinhibitstheexpressionof cadherins and beta-

catenin. Cadherinsarecelladhesionmolecules,andbeta-cateninhelpstoanchorthem

tothecellmembrane.Inhibitedexpressionofthesemoleculesthusloosensthe

connectionbetweendecidualcells,permittingthesyncytotrophoblastsandthewhole

embryowiththem toinvadeintotheendometrium.

Theextracellularmatrixisdegradedby serineendopeptidases and metalloproteinases.

Examplesofsuchmetalloproteinases

are collagenases, gelatinases and stromelysins.[6] Thesecollagenasesdigest Type-I

collagen, Type-IIcollagen, Type-IIIcollagen,Type-VIIcollagenandType-X

collagen.[6] Thegelatinasesexistintwoforms;onedigesting Type-IVcollagen andone

digesting gelatin.
Immunosuppressive.

Theembryodiffersfrom thecellsofthemother,andwouldberejectedasaparasiteby

the immunesystem ofthemotherifitdidn'tsecrete immunosuppressive agents.Such

agentsare Platelet-activatingfactor, humanchorionicgonadotropin, earlypregnancy

factor, immunosuppressivefactor, ProstaglandinE2, Interleukin1-alpha, Interleukin

6, interferon-alpha, leukemiainhibitoryfactor and Colony-StimulatingFactor.
Decidualization.

Factorsfrom theblastocystalsotriggerthefinalformationofdecidualcellsintotheir

properform.Incontrast,somedecidualcellsintheproximityoftheblastocyst

degenerate,providingnutrientsforit.
Preventionofmenstruation.

Humanchorionicgonadotropin (hCG)notonlyactsasanimmunosuppressive, butalso



"notifies"themother'sbodythatsheis pregnant,preventingmenstruationbysustaining

thefunctionofthe corpusluteum.

FAILUREOFIMPLANTATION.

Implantationfailure isconsideredtobecausedbyinadequateuterinereceptivityintwo-

thirdsofcases,andbyproblemswiththeembryoitselfintheotherthird.

Inadequateuterinereceptivitymaybecausedbyabnormal cytokine andhormonal

signalingaswellas epigeneticalterations.

Recurrentimplantationfailureisacauseof femaleinfertility.Therefore, pregnancy

rates canbeimprovedbyoptimizingendometrialreceptivityforimplantation. Evaluation

ofimplantationmarkersmayhelptopredictpregnancyoutcomeanddetectoccult

implantationdeficiency.

Lutealsupport istheadministrationofmedication,generally progestins,forthepurpose

ofincreasingthesuccessrateofimplantationandearly embryogenesis,thereby

complementingthefunctionofthe corpusluteum.

Inwomenwithmorethan3implantationfailuresin assistedreproduction,areviewof

severalsmall randomizedcontrolledstudies estimatedthattheuseofadjunct low

molecularweightheparin (LMWH)improves livebirthrate byapproximately80%.


