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Question:writeashortnoteonimplantation

Implantationisaprocessinwhichadevelopingembryo,movingasablastocystthrough

auterus,makescontactwiththeuterinewallandremainsattachedtoituntilbirth.The

liningoftheuterus(endometrium)preparesforthedevelopingblastocysttoattachtoit

viamanyinternalchanges.Withoutthesechangesimplantationwillnotoccur,andthe

embryosloughsoffduringmenstruation.Suchimplantationisuniquetomammals,but

notallmammalsexhibitit.Implantationconsistsofthreestages:

(a)Theblastocystcontactstheimplantationsiteoftheendometrium(apposition);

(b)Trophoblastcellsoftheblastocystattachtothereceptiveendometrialepithelium

(adhesion);

(c)Invasivetrophoblastcellscrosstheendometrialepithelialbasementmembraneand

invade.

Furthermore,ofthosemammalsthatexhibitimplantation,theprocessdiffersinmany

respectsbetweenthosemammalsinwhichthefemaleshaveestrouscycles,andthose

mammalsinwhichthefemaleshavemenstrualcycles.Femalesinthedifferentspecies

ofprimates,includinghumans,havemenstrualcycles,andthussimilarprocessesof

implantation.Beforeembryogenesisbegins,theovaryreleasesanunfertilizedeggcell,

calledanoocyte,whichthentravelsdownthefallopiantube.Theeggisenvelopedinan

extracellularmatrixcalledthezonapellucida.Spermcanfertilizetheegginthezona

pellucida(ZP),whichpreventsthefertilizedegg,calledazygote,fromadheringtothe

wallofthefallopiantube.Ifthezygoteimplantsinanyareabesidestheuterus,the

resultisanectopicpregnancy.Thisconditionpreventsthecompletedevelopmentofthe

embryo,anditcancausefatalhemorrhaginginthepregnantfemale.Asthezygote

movesthroughthefallopiantubeitundergoesseveralroundsofcelldivision,aprocess



calledcleavage.Thesecelldivisionsproducetheinnercellmass(ICM),whichwill

becometheembryo,andthetrophoblast,whichsurroundstheICMandinteractswith

maternaltissues.Together,theICMandthetrophoblastarecalledtheblastocyst.A

blastocystsuccessfullyimplantsintheuteruswhen,astheZPexitsthefallopiantube,

theblastocystleavestheZPandbindstotheendometrium.Theendometriumisoneof

thefewuterinesurfacestowhichablastocystcannotalwaysimplant.Thepropertiesof

theendometriumchange,andonlyinabriefwindowcantheblastocystimplantonthe

tissue.Inhumans,thatwindowincludesdayssixthroughtenafterovulation.Justprior

toovulation,theendometriumbeginstothickenandtoexpandinresponsetothe

releaseofestrogenfromtheovaries.Astheembryomovesthroughthefallopiantubes,

theendometriumproliferates,changesinshape,becomesreceptivetoimplantation,

andproducesahospitableenvironmentfortheembryo.Signaledbythereleaseof

progesteronefromtheovaries,aseriesofchangescalleddecidualizationoccurs.

Decidualizationincludesthegatheringofwhitebloodcellsaroundendometrial

arterioles,orbloodvesselsleadingfromarteriestocapillarybeds.Asthatvasculature

forms,amoleculethatstoresenergy,calledglycogen,accumulatesintheexpanding

connectivetissuesoftheuterus.Furthermore,theendometriumswellsasinterstitial

fluidaccumulatesinit.Theendometrium,swollenwithinterstitialfluid,vasculature,

andnutrients,providesahospitableenvironmentforembryogenesis.Astheblastocyst

movesthroughtheuterusitrealignsitselfsothattheinnercellmassisadjacenttothe

uterinewall,andthetrophoblastcontactstheendometrium.ThepositionoftheICMin

relationtotheendometriumestablishestheheadtotail,ordorsal-ventral,axisofthe

embryo,withthedorsalsideoftheembryofacingtheuterinewall.Thisisthefirst

embryoniceventthatdictatestheorganizationofthefuturebody.Successful

implantationdependsontheblastocystbindingtotheendometrium.Therearemany

moleculesthatarethoughttodictatethisinteraction,butintegrins,atypeofcell-

adhesionmolecule,havebeenidentifiedasaprimarycomponent.Integrinsextendfrom

theliningoftheuterusandfromthesurfaceoftheblastula.Integrinshavemany

functionsinnearlyalltissuetypes,andtheyhavearoleincelladhesion,conveying

informationabouttheextracellularenvironmenttothenucleus,andmodulatingthe

localimmuneresponse.Immediatelyfollowingimplantation,integrinshelpregulate



geneexpressionintheembryo.Doctorsalsolookforhighconcentrationsofintegrin’s

whentheylookforareasofuterusesreceptivetoimplantationinassistedreproductive

therapy(ART),andtheyusethelackofsuchconcentrationstoidentifywomenwhomay

beinfertile.

Despitethecontactbetweentheblastocystandtheendometrium,implantationcanfail.

Therearemanypotentialcausesoferrors.Ifimplantationdoesnotoccur,the

endometriumbreaksdownandsheds,alongwiththeblastocyst,aspartofthe

menstrualcycle.However,ifablastocystdoesimplant,thentheendometriumremains

intheuterus,andtogetherwithuterinetissue,becomesthematernalportionofthe

placenta,calledthedeciduas.Oncetheblastocystadherestotheuterinewall,the

trophoblastsecretesenzymesthatdigesttheextracellularmatrixofendometrialtissue.

Thetrophoblastcellsthenbegintointrudebetweentheendometrialcells,attachingthe

blastocysttotheuterinesurface.Furthersecretionsofenzymesallowtheblastocystto

buryitselfdeeplyamongtheuterinestromalcellsthatformthestructuralcomponents

oftheuterus.Subsequently,trophoblastcellscontinuetodivideandformtwo

extraembryonicmembranes.Thesemembranesformthefetalportionoftheplacenta

calledthechorion.Additionalenzymesandsignalingfactorssecretedbythese

membranesremodeltheuterinevasculaturetobathethefetalorembryonicblood

vesselsinmaternalblood.Chorionicvilliarethefoldsoftissueandbloodvesselsthat

connectmaternalandfetalbloodpools.Maternalblooddiffusesintothevilli,andit

travelsthroughthemintothefetus'svasculature.Similarly,fetalblooddiffusesfrom

thevilliandintothematernalvasculature.Normallyfetalandmaternalblooddonot

mix,buttherelationshipbetweenthetwocirculatorysystemsenablesthetransferof

nutrientsandoxygentothefetusorembryo,andcarbondioxideandureafromthefetus

tothemother.

Whileuniquetomammalsasareproductiveprocess,implantationisnotuniquetothe

uterusandthetrophoblast.Thesametrophoblastenzymesthatdigestthe

endometriumarealsousedbytumorcellstoburrowintotissuesthroughoutbody.

Tumorcellsusethesamegrowthfactorsasthetrophoblasttoattractmaternalblood

vessels,whichtheninteractwiththechorion,andtoprovidenutrientstotheexpanding



mass.Inaddition,thechangesintheendometriumduringdecidualizationsuchas

swelling,theaccumulationofwhitebloodcells,andthegeneralactivationofthe

maternalimmunesystem,areconsistentwitharesponsetothepresenceofpathogens

ortumors.


