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Summary

Inminiaturepigs,establishmen七andmaintenanceofpregnancア 七〇termis

requiredtoimplantatlea.sも40r5viableembrアos.However,mos七 〇fthesomabic

cellnucleartransfer(SCNT)-derivedminiaturepigembryosarelostintheperi-or

post-implantaもions七ages.Thus,itisimpol'七anもtodevelopstrategiesfGrilnprov-

ing七hechancesofimplan七ationand皿aintenaneeofpregnane)iinordertOproduce

viableSCNTclonedminiaturepiglets.Inpresents七udy,weinvestigatedthe

effec七 〇fco-transferofparthenogenetic(PA)embryoswithSCNT-derivede㎜bryos

ontheestablishmentandmaintenanceofpregnancyandproduc七ionofSCNT-

Gloned皿iniaturepiglets.PAembrアosexhibi七edhigher伽 幅伽developmeI1七al

competencetx)blastocyststage(PA:31.2%vs.SCNT:6.6%)andtotalnu皿berof

cellsatblas七 〇c)rsts七age(PA:35.1+3.3vs.SCNT:22.9±LO)asGom・paredtothe

SCNTembryos.Further,SCN[1]embryosweretransferredaloneorco-transfe皿ed

withPAembryosin七 〇reGipientminiaturegilts、Onu工trasonographアatdaア50

afterembryotransfer,nopregnancアwasdetectedintheonlア ーSCNTgroup,while

3pregnancieswerede七ectedin七heco一 七ransfergroup.Oneofthe3successful

pregnanciescompletedtermanddeliveredasingle,healbhySCNT-clonedminiature

piglet.Furthermore,theweightinereasein七heSCNT-clonedminiaturepigle七was

similartothatof七hepigletderivedfエo皿 伽 痂ofertilizedembrアos.Tllesedata

indica七edもha七co-transferPA,e皿bryoscouldsupporbbheestablishmen七and

mainもenanceofpエegnancyandhe工pachievefull一 七ermdeve王opmentofSCNT
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embrYos,whichhavealowdevelopmen七alcompetence.

Keywords:co一 七ransfer,miniaturepigs,parthenogene七icembryo,so皿aticcell

nucleartransfer

Miniatuエepigcloningbysomaticcellnucleaエtransfer(SCNT>hasmany

potentialbiomedicalapplicationssuchasxenotransplantationalld七hθdevelop-

mentofanimalmodelsforhumandiseases(Daiecα1.,2002;Laietα1,,2002)

becausethechaエaGteristicsofanatomy,physiology,etc.,ofminia七urepigsare

similartothoseofhumans(Tuckeretal,,2002).DespitereGentdevelopmenもsin

miniaturθpigcloningtechnology,thecloninge備ciencアislow(LaiandPrather

2003>.OneofthemainobstaclestothesuccessfulproductionofSCNT-cloned

miniaturepigle七isthedi伍Gultyoftheesta一blish皿en七andmaintenanceofpreg-

nancy・

Inpolytocousanimalssuchas七hepig,main七enanceofpregnancyrequiresa

minimumfoetaloccupancywiもhintheuterus.Itiscriticaltoachievethis

minimu皿levelbetweenapproximatelyda)アllandday120fgestation,when

conceptus-derivedoestrogenisresponsiblefor七he皿aterna、lreGognitionofpreg-

nancy(Geisertetα1.,1990),Aminimumof40rsviableembr)ros(Polgeetα1.,

1966)oratle{)st50%uむerineocGupanc)T(Geisertetα1.,1990)isエequiエedforthe

maintenanGeofpregnanc)ア.Thisrequiremen七cea,sestoberelevantbydaア14,

afterwhichthenu皿berofembryosエemainingislesscritical(Dziukl985>.In

addition,despiterecentimprovementintheporcineSGNTproGedure,thedevelop-

mentalcompetenceofSCNTembryosisstillpoorascomparedtothatof伽 ④伽o

fertilizedembryos,particularlywhen伽"伽omaturedoocytesareusedfor

recipientGytOplasms.Furthermoエe,thetrophob}astlinegeandplacentaldefects

whichmaycauseimplantationand/orpエegnancyfailurearecommonproblemsin

developingSCNTembrアos(Yangetα1.,2007).Thus,thedevelopmentofstrat-

egiesfocusedonimproving七hechancesofimplan七ationandpregnancyisindis-

pensable.

Thusfar,althoughmanyeffortshavebeenundertakentoi皿provethe

eMciencyoftheSGNT七eohnique,relativelyfewapproacheshavef6cusedonむhe

improvingthechancesofimplantationandpregnancy.Previousrθportshave

indiGatedthedevelopmentoftechniquesforthemaintenanceofpregnancyby

novelapproachesincorpora七ingfertilizedorparthenogeneticembryosashelper

embr)Tosformicromanipulatedembryos(Kingθ`α1.,2002)、Inadditien,areoent

studyonmicerevealedthattheco一 七ransferofparthenogeneticembryosimproves

thechancesofpregnancyandimplantationofS(〕NTe皿bryos(Mengetα1.,2008).

Inthepresentstudy,weevalua七edtheutilityofparthenogeneticembrアosas

helperembryosfortheproduc七ionofSCNT-clonedminia七urepigletsandinves-

tiga七editseffectonpregnancyandful1-termdevelopmentofSCNT皿iniaturepig
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embr)Tos.

MaterialsandMethods

I)O冗ePtOθll8

Goettingen、minia七urepigfoetuses(CSK,Suwa,Japan)werecollectedfroma

sowonda)喝60fpregnancア.Eachfoetuswasdecapitatedandeviscerated.The

remainingtissueswerewashedinDulbecco'sphosphate-bufferedsaline(PBS,

SigmaOhemicalCo,,St,Louis,MO)andthendigestedwithOユ%trypsin-

ethylenediaminetetr乱ace七icacid(EDTA,Sigma>for45minat38.5℃.After

digestion,thecellscollectedasmiaturepigfoeもalfibroblasts(mFFs}werecultured

inDulbecco'smodifiedEaglemediu皿(DMEM,Sigma)supplementedwithlO%

foetalbovineserum(FBS,Sigma).Thecultuエemediumwasreplacedevery2

daysuntilthecellsreachedcon且uence.Subsequentl)T,thecellswereharvested

wi七hO.1%trアpsininPBScontainingO.5㎡MEDTAfor5minat38.50C,frozen

wi七hacryoprotecむant(Cellbanker,Zen)アaku,Tokyo,Japan)andstoredinliquid

nitrogen(passageO).Priorも 〇七hestar七 〇ftheexpeエiments,thecellsderivedfrom

asinglefoetuswθrethawedandculむuredinDMEMplus10%FBSandcells

be七weenpassages4andgwereused.

Invitromatterationqズoocgtes

Ovariesfrolnprepubertalgiltswerecollectedatalocalslaugh七erhou.seand

transportedtOthelaboratorアwithin2hinacontainercontainingwarmsaline.

Porcineoocアtes,3tO6mmindiameter,wereaspiratedfrolnもheantralfollicles

usinga5-mLdisposa『blesyringeat七achedtoan18-gaugeneedle.Cumulus-oocyte

complexes(COCs)withuniforエnooplasmandcompaGむcumuluscellmasswere

selectedinmodi且edDulbeGco'sPBSmθdiumcon七ai血g5.56mMglucose(Wako,

Osaka,Japan),0.33mMsodium.pyruvate(Wako>,0.OlmL/mLantibiotic

antiln)・coticsolu.tion(Sigm.a>and4mg/皿1fat七yaGid-freeBSA(Sigma>(PBl

medium)(Quinnetα1.,1982).Afterwa曲inginPBImediu.m,theCOCsweエe

culturedinbovineserumalbumin-free(BSA-free)NGSU-23medium(Mi)Toshiet

α乙,2000)for44hat39.Cinahighlアhumidifiedat皿osphereof5%CO2inair.

Culturingforthefirst22hofmaturationwasperfoエmedinamediumcontaining

lOIU/mLofequinechorionicgonadotropin(eCG;Serotropin,Teikokuzouki,

Tokyo,Japan),101U/mLofhumanchorionicgonadotropin(hCG;Puberogen,

Sankyo,Tokアo,Japan),0.lmg/mLofcysteine(Sigma),1mMdibutyエylcyclic

adenosine皿onophosphate(Sig皿a)andlO%porcinefollicularfluid.Subsequent

culturingfortheremaining22hwasca皿iedoutinthesamemediumwithout

hormonalsupple皿entation.Afterculturing,theexpandedcumu}uscellsofthe

COCswereremovedbyvortexinginPBlInediumGontaininglmg/mLofhyalur-

onidase(Sigma),andundeエstereomicroscopy,theooeyteswiththefirstpolarbody
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wereidentifiedandselectedasmatureoocytes.ThemaSuredoocy七esweretrans-

ferredintoPBlmediumandusedforthefurtherexperimentS.

s・mαtic・elln・t・cl・a・transfer

Thecumulus-freeooGyteswerestainedwith5μg/mLofHoechst33342

(Sigma)foエ5to10minat39℃andtransferredin七 〇PBl皿ediumGontaining2.5

μg/mLofcytochalasinD(Sigma).Enucleationwasperformedbyaspiratingthe

firs七polarbody-andasmallvolumeoftheadjacen七cytoplasmwithaenucleation

pipetteof20一 μmdia皿eterusingapiezc卜drivenuni七(PエimetechGo、,Toky())

Japan)andwascon且rmedb)τvisualizingthepresenceof七hemetaphaseplates

within癒erθmovedcy-toplasmunderultraviole七(UV)light・Theenu-cleated

oocyteswerewashed3timeswithNCSU-23mediumandtransferエedtoalOO一 μL

dropletofNCSU-23mediumforthesubsequerltmicroinjectionofthedonoエ

nucleus.TheprepareddonorcellsweretransferredbOa50一 μLdrepletof[PBl

medium,andtheirplasmamembraneswerebrokenbygentlyaspiratingthemin

andoutoftheinjectionpipetteof10ptm.ThedenudednucleuswasmicrolnjeGtr

edintothecytoplasmof七heenucleatedoocアte.

Invitroノ 酔 拓麗9α拓0%

Inり 伽ofer七iliza七ion(IVF>wasalsoperfoエmedwi七hIVMooc)Ttes.Af七erthe

IVM,oocytesweエewashed3tilneswithTUmedium(Miyoshietal.,1999),and30

to4000cアtesweretransferredtoa100-ptLdropofIVFmedium.Cryopreseエved

semenwasthawed,andspemmatozoawerecentrifugedtwice(1,500×gfor5min)

inDulbeccげsPBSsupplementedwi七hlmg/mLofBSA(Sig皿a).Spermatozoa

wereresuspendedinIVFmedium,and20to30μ 玉ofthesuspensionwasadded

to七hedropcon七ainingooGytestogiveafinalconcentrationof3×105cells/mL.

At6hpostrinsemination,oocyteswerewashed3timeswithNCSU-23mediumand

culturedinNCSU-23mediumat38、5℃in5%GO2inair.

・4伽 伽%αna(ntltzere(ゾ 例 吻 ・8

TheembryoswereactivatedaccordingtOthemethoddescribedbyYamanaka

etα1.(2007).ToactivatetheSCNTembryos,3haftertheinjectionorfusionof

donorcel1sthereconstructedembryosweretreatedwith15ptMionom)アcin(Sigma)

inNCSU-23mediumcontainingfattyacid-fエeeBSA(Yoshiokaetα1.,2002)for20

minat3&5℃in5%CO、inhumidifiedairandthenwashedwi七hNCSU-23

medium,Next,SCNTembryoswereculturedinNCSU-23mediumcontaining5

μg/mLofcycloheximide(Sig皿a>wi七hcytochalasinD(Sigma>forshat38.5℃in

5%CO2inhumidifiedairandthenwashed5timeswithcycloheximide-free

NCSU-23medium(Sugimuraetα1.,2008).Toproduceparthenogeneticembryos,

伽vito'omaturedoocアtesweエestimulatedbythesameprocedure.Lastl)r」these

e皿bryoswere廿ansfeエred七 〇NCSU-23mediu皿andcul七uredat38.5℃inan
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atmosphereof5%CO2inaiエfor7daアs.A .ttheendofthecultureperiod,the

numberofnucleiinalltheblas七 〇cystswascountedunderUVlightaft}erstainin .9

with5μg/mlofHoechs七33342,

Embry・stransfer

Recipientpubertalminiaturegiltsweエeinjectedwith2001UofeCGandlOO

IUofhCG,followedb)τinjec七ionof1001UofhCG72hlater,A七40七 〇48hafter

thelasthOGinjection,cleavedSCNTe皿bryos(2-4cellstage)weresurgically

tエansferredwi七horwithoutparthenogeneticembrアosintoampullarregionofthe

oviductoftherecipients.Thepregnancアstatusoftherecipientswasassessed

bo七hbydailycheekingforsignsofestrusandultrasonographyperformedbe七ween

da)T43anddaア500fembr)τotエansfer,

Statisticα1α 冊αz郷

Thedataonthe珈vitrodevelopmen七alcompetencewereobtainedfrommore

もhan3replicates,Developmentalra七eswereana1)rsedbychi-squaretests(P<

0.05).Totalcellsnumberatblastocyststagθwereanalysedusinganal)τsisof

variance(ANOVA)細dthenbyFisher'sprotectedleas七signi丘cantdiffeエence

(P<0.05).

Results

Evαluation(ゾinvitro♂evelopmentalcompaete?zce(～ プPUαrthenogeneticembryos

血vitrodevelopmentalGompetenceandto七alnumberofcellsattheblastos)rst

sもageoftheIVF,PA,andSCNTembryosareshowninTable1 .PAembr)τos

showedasigni丘cantlアhigheエdevelopmentcompetenceattheblastocysts七ageas

coInpared七 〇theSCNTembr)Tos(312and6.6%,respectivel)り(P〈0 .05);the

developInentalcompetenceoftheformerwascomparabletOthatofthelVF

em.bryos(34.5%).Themeantotalnumberofcellsattheblastoc)rststageofthe

PAernbrアoswassignifican七lyhigher七hantb .atoftheSCNTembr)Tos(35ユ ±3.3

Tabl・1・ σ・即 儲 ・nbetweentltain・ite・ ・clevel・pament(ゾpaa・th・n・9・n・ttc・mb・y・ ・

αnainvitrofertilizαti・n(IVFノ …8・matal・cellnucleαr㈱ 吻(SO.ム 「勿 一embry・・

搬{Nα 継ed・1魏 膳。、 蹴1・ 継 無

IVF148102(689)49(34.5)a43.7+2,4a

PA7754(68.8)24(31.2)a35ユ ±3.3a

SCNT7642(592)5(6.6)b22.9±1.Ob

a・bValueswithdifferentsuperscriptSwithinthesa皿ecolumn
、aresignificant1アdiffeエen七

(ア 〈0.05).
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and22・9±1・0)(P<0.05},andthemean七 〇talnumberofcellswascoIhparableto

thatoftheIVFembryos(43.7±2.4).

Inv{v・devel・pument・ ・mpetence()fSOATT-den'veaminiαturepaigembry・8

The伽 麗りodevelopmentalcompetenceofbheSCNT-derivedminiaturepig

em-bエyostOtheblas七 〇cアststageisshown.inTable2.SCNTembryosalonewere

transferredinto4recipientgilts;a・llthe4recipientsfailedtobecomepregnant,

withthereturnoftheestrus18-25da)rsafterthelastes七rus.SCNTembryosweエe

co-transferredwithPAembryosin6recipientgilts.A1七hQughpregnancywas

establishedin20fthese6recipientS,completionofterlncouldnotbeachievedin

七hesecases・Nevertheless,in30f七hese6recipientgilbS,fluidfilledareascon七ain-

ingafoetalmasseachcouldbedeもecもedbyultrasonographybetweenday43and

day500fembryostransfer;inoneofthese3cases,asingle,healもhySCNT-

derivedminiaturepigletwasdeliveredonday1150fgestation.Theclonedpigle七

stillsuエvives,althoughitis3yea、rssinoei七sbirth(Fig.1).

Weightdθvelopament(～ ズ8σ 」NTclone4miniαt{carePρiglet

Theweightdevelop皿en七 〇ftheSCNT-clonedminiaturepigletisshownin

Figure2.ThebirthweightwasO.36kg.Theweigh七at1,2,3and4weeks-the

4-weekperiodthatcorrespondstoむheweaningstage-wereO.392,0.734,1.35and

2.15kg,respective1)r.Theweightat28weekswhichrepresentsthestageof

attainingsexualmaturitywas20.2kg.Theweighat3)Tearsafterbirth(present

Table2.Inviv・clervelopment('fs・maticnucleαrcegltransfer(SOIVTI-cl・neamifliαtu¢e

No.oftransferred

C・一…n・ferB・eedS・ ・r・9・teemb「yos(PregnancyS七atUSd
ayforreturnofes七rus)

SCNTPA

Chinese*8944No七pregnant(Day42)

Chinese8841Notpregnant(Day46)

YesChinese8546Netpregnant(Day21)

Chinese136401pigle七born,1)ay115

()ressbreed**16535Losむ,Daア50-63†

Crossbreed14332Lost,Daア43-63

Chinese2290Notpregnant(Daア25)

No()hin.esel480No七pregnant(Day25)

Crossbreed1480No七pregnant(Dayl8)

Crossbreed2560Notpregnant(Day18)

*Ghinθseminiaturepigs
,**Cross-breedminiatuエepigs(Chinese×Clawm×(}6ttin-

gen)
†Therecipien七swereassessedfQrpregnanGybアultrasonography ,

PAlparthogenetiee]〔nbrアos,
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FIG.1.SCNT-elonedminiaturepigletderivedfromfoetal丘broblastS.(A)

RecipientminiaturegiltatlO5daysofe皿brアostransfeL(B)Fluidfilled

areacontainingafoetal皿asscouldbedetectedbアultrasonographアingldaアs

ofembryostrnasfer.SCNT-clonedminia加repigletat(C)2daアs,(D)115

daアsand(E)3アearsafterbirth.

weight)is22,5kg.

Discussion

Thee伍ciencyofSCNTinminiaturepigcloningisstrictlylow,andmostof

theSCNTembryosarelostinthepre-orpostimplantaionstagesordonotsurvive

tot£rm.IIIpresentstudy,wedemonstratedthatco-transferofparthenogenetic

embryoscouldilnprovethechanGesofpregllancyandfull-termdevelopmentof
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FIG.2.WeightdevelopmentofSCNT-elonedminiaturepiglet.

SCNT-derivedminiaturepigembryos.AlthoughthemechanismbywhiGhthe

GhancesofpregnancアareimprovedisunGlear,ithasbeenreported七hattrophob-

lasticin七erferonsactingontheendometriumarerequiredfortheimplantationand

establishmentofpregnancyinpigs(Spenceretal.,2004).Inapreviouss加dア,i七

wasdemonstratedthatamajorreasonforthelowbirthrateofclonedpigsis七he

abnormalapopもosisintheex七raembryonictissueduringearlypregnancy(Chaeet

al,,2006).Furthermore,inthepresen七studア,wedemonstratedthatSCNT

embryoshavealoweエnu皿berofcellsattheblas七 〇c)アststageascomparedtoIVF

andPAembryos、InSCNTporcineelnbryos,itisreportedtha七10wn.ulnberof

cellsattheblastocyststageisduetothelowproliferationoftrophoectodermcells

(Kooetα1.,2004).Thus,itispossible七hatparthenogeneticembryoswhichmay

havefunctionaltエophoblas七cellscouldbeimplantedintheendo皿e七 エiummore

effectivelywhichmayinturnimprovethechancesofes七ablishingandmaintain-

ingpregnanGy,Apreviousreportalsoindicatedthat七hemain七enanceofthe

pエegnanc)rofSCNTembr)roscouldbeenhancedbyco一 七ransfeエofparthenogenetic

embryos(DeSousaetα1.,2002).Ou、rpresentstudystronglysupports七hisrepoエt.

Inourstudy,32-42paエ むhenogene七icembryosderivedfromdomesticpigoocytes

wereco-transferエedin]b([)recipientminiaturegilts.ItispossiblethaもtheGo一

七ransfernumberorlineageofthehe1]perem一bエyosmayinfluencethemaintenance

ofpregnancyand七hefull-termdevelop皿entoftheSGNT-derivedminiaturepig

embrアos.However,weobservedthaも30fthe6recipien七sinwhichtheSCNT

embryoswereco一 七ransferredwithabout40parthenogenetice皿bryosbecame

pregnant,andnoneoftherecipienbSinthegroupinwhichSCNTembryoswere

transferredalonebecamepエegnan七.Moreover,Kingetal.,showedthatlive

piglebSweredeliveredafterco-transferof3fertilizedembryoswith55-60parth一
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enogeneticembryosintosurrogates,(Kingetα 乙,2002).且ence,inthepresent

study,itcouldbeconsideredthat七henumberandlineageofco-transferred

parthenogene七icembエyosdidnotaffectpregnancyandfull-termdevelopment,

negativelア.

TherehavebeenafewreportsエegardingthehigherincideIlceofabnormalities

suchasthelargeoffspringsアndromeobservedamongtheneonatalSCNT-cloned

doInes七icpigletaseomparedtotheneonatesofSCNT-clonedmouse,bovineand

sheep(Onishietα1.,2000;Y乱ngetal.,2007).Gen.erally,inG6ttingenminipigs,

theaveragebodyweightatbirth,weaning(4weeks)andsexualmaturitystage(4-

5mounth>areO.45,2-3,andl8-22kg,respecもivel)T(Bo正lenetα 乙,1998;Kohnet

α1.,2007;Kohnetα1.,2008).Therθarenorepoエtsonthedetailsaboutもhe

weigh七developmentintheSCNT-clonedminia七urepiglets;inもhepresentstudy,

thebir七hweightandweightdevelopmentoftheSCNT-clonedpigle七wassimilar

to七hoseofthepigle七sderivedfrom伽 砂伽fer七ilizedembryos.Fur七heエmore,七he

SCNTpigle七hasgrowntoadu三thoodwithoutanyabnormalitiesafterbirth.

Insummary,parthenogen、eticembryoscansustainful1-termdevelopmen七 〇f

SCNTem-bエ ァos.Thus,thepresentstudydemonstratedthatco-transferwith

paエ 七henogeneticembryosmaybeoneof七hestrategiesforthemaintellanceof

pregnancyandtheproductionofSCNT-elonedminiaturepigclones.Webelieve

thatourprocedurewouldbeuseful七 〇producegeneticall)rmodifiedminia七urepigs

forxenotransplan七ationoranimalmodelsofhumandiseases、
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