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IJATENTMUSCUI．ARDYSTROPIIYINGENOTYPICALLYDYSTROPHIC－DWARFMICE

TsuyoshiTotsuka，KimiWatanabe，andSigehiroKiyono

DepartmentofPhysiology，InstituteforDevelopmentalResearch，AichiPreftcturalColony，Aichi

Wehaveproposedaworkinghypothesisfbrthedevelopmentofmurinemusculardystrophy，aSSum一

marizedinFig・1・Thisisbasedonthefbllowingexperimentalresults．Inmusculardystrophicmice（dy／dy；

StrainC57BL／6J－dy），thefbrelegsseemedtofunctionalmostnormallyevenat3monthsofage，Whereas

thehindlegsshowedcharacteristicsignsofthediseaseatanearlyage（about2weeks），SuggeStingthat

COmparativestudiesonthefbre－andhindlegmusclesmightyieldcluesclarifyingthemechanisminvoIved

inthedevelopmentofmurinemusculardystrophy・However，thefbrelegsofdystrophicmicewerealso

foundtobeafrtctedbythediseaseatleastbylmonthofage・Thus，theenduranceofthefbrelegswas

muchlessthanthatinnormalmicel）・Moreover，itwasfbundthatthefbrelegmuscles，aSWellasthehindleg

muscles2，3），Wereabnormalincollagencontent4，，inthelevelofproteaseactivities5），andinthehistological

images（unpublishedresultsfromourlaboratory）．AIso，thegrowthofthefbre－andhindlegmuscleswas

arrestedataboutlmonthofage・Fromabiochemicalstudyofthehindlegmuscles，thedrasticinCrease

intheapparentvolumepermusclecellwhichoccursonandaflerlOdaysofageinnormaldevelopment

WaSnOtObservableindystrophicmice6）．Findingsthusfarshowedthattherewasnoremarkabledi晩rence

toexplainthevariationinthedegreeofapparentseverltyOfthefbre－andhindleginvoIvementinanyfta－

tureofthemusclesbutratherthedifferencewasinthegrowthofthebones7）．Thegrowth（lengthening）

Ofthefbrelegboneswasmuchsmallerandslowerthanthatofthehindlegbonesduringtheperiodffom

lOto20daysofageinmusculardystrophicmiceaswellasinnormalmice・Ttisnoteworthythattheonset

OfthediseaseobservableinthehindIegs（about14daysofage）occurredinthisperiod．

Accordingtoourworkinghypothesis，theclinicalsignsofthediseasemustbealleviatedindystrophic

miceinwhichgrowth，includingbone－lengthening，WaSarreSted．Toinvestigatethis，aftwe鮎ctivemethods

areavailableatpresent，SuChashypophysectomyandgeneticmethods．Genesbm（brachymorphic），bp
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Fig・1・Aworkinghypothesisforthedevelopmentofmurinemusculardystrophy．
Fig・2・LatentmuscuIar dystrophyingenotypica11y dystrophic－dwarfmice．The genotypicallydystrophic・dwarf
mice（Nos・3and4）WerenotdystrophictilltheyweretreatedwithGHandT．．f，m：fema］e，maZe，reSpeCtively．
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（brachypod），brp（another brachypod），and dw（pituitary dwarf）may be suitable fbr the purpose．We

havealreadysucceededinproducinggenotypicallydystrophic－brachymorphic（dy／dy・bm／bm），dystrophic－

brachypod（dy／dy・brp／brp），anddystrophic－dwarf（dy／dy・dw／dw）mice．In thepresent study，reSults for

dystrophic－dwarfmicearereported．In orderto obtain dystrophic－dwarfmice，CrOSSeSWere Performed

between Fl hybrid carriers（dy／＋・dw／＋），Whichwere produced bycrossing C57BL／6J－dystrophiccar－

riers（dy／＋・＋／＋）withDW／J－dwarf8）carriers（＋／＋・dw／＋；PurChased from theJackson Laboratory）．

IntheF2hybridmice，phenotypicallynormal，dystrophic，anddwarfmicewereobservedbutnotthedys－

trophic－dwarftype．Allthemicetestedinourwire－net－Climbing（WNC）apparatus9），eXCeptforthedys－

trophiconeswhichcontinuallydraggedtheirhindlegsafterabout3monthsofage，Showedalmostnormal

locomotiveactivitiesevenat4．5monthsofage（Fig．2）．Someofthephenotypicallydwarfmice，however，

begantomaniftstanabnormalsignintheireyeswithage，Whichisacharacteristicofmurinemuscular

dystrophy．Fromthisandthetheoreticalexpectation（i．e．，One－SixteenthoftheF2hybridmiceshouldbe

genotypicallydystrophic－dwarfmice），itwassuggestedthatthedystrophic－dwarfmicewerelatentinthe

phenotyplCallydwarfones．Infact，thiswasdemonstratedbythefbllowingexperiments．

F2hybriddwarfmicewereinjectedintraperitoneallywithbovinegrowthhormone（GH）andthyro－

xine（T4）．AsthephenotypicallydwarfmicegrewwiththeGH－T4－treatment（100FLgGHandlOFLgT4／daylO），

everyotherdayfbrabout15days），SOmeOfthembegantoexhibitthecharacteristicclinicalsignsofmus－

culardystrophy（sometimesdraggingtheirhindlegsandrevealingdepressedactivityintheWNCapparatus）．

Thus，genOtypicallydystrophic－dwarfmicecouldbeidentified．Thesedystrophic－dwarfmicehadlessmuscle

intheirhindlegsthanthenondystrophicdwarfmicewhichhadbeenraisedwithGH－T4－treatment．Five

dystrophic－dwarfmicehavebeenobservedthusfar．

Fromthepresentfindings，ltWaSCOnCludedthatmusculardystrophywaslatentingenotyplCallydys－

trophic－dwarf（dy／dy・dw／dw）miceinwhichgrowthhadbeenarrestedbythegenedw．Thissuggeststhat

hypophysectomymaybeanefrbctivesymptomatictreatmentfbrmurinemusculardystrophy・
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AUTORADIOGRAPHICSTUDIESONTHEREGENERATIONOFTRANSPIJANTED

MUSCLES

ToshioTeraoandNakaakiOhsawa＊

TheFirstDepartmentofInternalMedicine，TeikyoUniversity，Tokyo
＊TheThirdDepartmentofInternalMedicine，FacultyofMedicine，UniversltyOfTokyo，Tokyo

Ourstudiesaimatananalysisoftheregenerationofhumandystrophiedmusclesheterotransplanted

intonudemice．PreviOusstudiesrevealedthatregeneratedmusclesofdystrophiedmuscleoriginandcon－

trolmuscleorlglnareSimilarunderlightmicroscopyintheirstainlngCharacteristics，theirstructuralfea－

tures，SuChasthelocationofthenucleus，andtheirhistochemicalcharacteristics．

In order to elucidatethemechanism oftheregeneration ofdystrophiedmusclesin nudemice，We

havebeentryingtoanalyzetheabilityofthesatellitecells，Whichareknowntobetheoriginofregenerated

muscles・Thepresentreport describesthedevelopment ofanautoradiographictechniquetoanalyzethe

abilityofthesatellitecellsduringmuscleregeneration．

Musclesfromnormalddymicewereused．TheM．extensordigitorumlongus（EDL）fromddymice

Werehomotransplantedinto otherddymice．Two daysand7daysaftertransplantation，5FLCi／gbody

Weightof3H－thymidinewaslrUeCtedintraperitoneally．Sixhourslater，themiceweresacrificedandtrans－

plantedmusclesweresubiectedtoautoradiography．

Two days after transplantation，nO uptake of3H－thymidinewas observed・Seven days after trans－

plantation，ampleuptakeof3H－thymidinewasobserved．Atthistime，thegraftedmuscleswereableto

beseparatedintothreezones：theouter，middle，andinnerzones．

1．3H－thymidineuptakeofEDL7daysaftertransplantation．
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Intheouterzone，manynuCleitakingup3H－thymidinewereobserved．Inthiszone，manyneWlyre－

generatedmyotubeswerealsoseen．Thenucleiofthosemyotubes，however，didnottakeup3H－thymidine，

Whichindicatedthatthosenucleiatthisperiodhavenotendencytodivide．

Themiddlezone contained manymyofibrils whosenucleisometimes took up3H－thymidine．These

aremyonucleiorsatellitecellswhicharedimculttodifrerentiateunderlightmicroscopy．

Theinnerzoneconsistedofdegeneratedmuscleswhichhadno3H－thymidineuptake．

Weare plannlngtO analyzethe diffbrencein3H－thymidineuptakeinsate11itecells between dystr0－

phiedandcontrolmusclesheterotransplantedintonudemice．

1）Snow，M．H．：Ce〃恥．ReJ．，186，535－540，1978．
2）Hsu，LandTrupin，G．L．：MuscleRegeneration，RavenPress，pP．115－120，1978．
3）Wakayama，Y．andSchotland，D．L．：MuscleRegeneration，RavenPress，pp．121－129，1978．
4）Hironaka，T．andMiyata，T．：Exp．Neurol．，47，1－15，1975．
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MUSCLETRANSPLANTATIONINTHEETIOLOGICAI，ELUCIDATIONOFAVIAN

MUSCULARDYSTROPHY

Tets可iHironaka，YoshioIkari，YuheiMiyata＊andMasanoriOtsuka＊

DepartmentofPharmacology，TeikyoUniversitySchoolofMedicine，Tokyo

＊DepartmentofPharmacology，FacultyofMedicine，TokyoMedicalandDentalUniversity，Tokyo

Wehavepreviouslydevelopedatechniquefbrtransplantinganentiremusclewithoutpretreatment

fromoneanimaltoanotherl）・Inthepresentstudyweappliedthistechniquetoavianmusculardystrophy

toexaminethequestionofwhetherdystrophicdisorderoriginatesinmuscleornervetissues，withspecial

refbrencetoneuralinfluenceonmusclegrowth．Theextensorcarpiradialislongus（ECRL）musclewas

Chosen．ThischoiceinVoIvedavarietyoffactorswhichshouldbenoted：Thismuscleissmallsothatits

reinnervationcanbeestablishedwithinseveraldaysIJ，prOvidedthattherateofaxonregenerationhas

avelocityofaboutlmm／day2）．Thesmallsizeofthemusclefurthermadethetransplantationofanentire

musclepossiblewithoutmincingl），Whichofftrsanexperimentalsystemthatcanbeanalyzedmorequanti－

tatively・Thissurgicalproceduregavenoregenerationata11whentheECRLmusclewassimplyremoved

withoutbeingreplacedbyatransplant（acontrolfbrthezero－tranSpIant），althoughthehostmuscle”budM

regeneratedtogetherwiththedonormuscleinthemincedgraftexperimentuslngPeCtOralmuscle3）．The

relativelyisolatedlocationoftheECRLmusclefacilitatedtheavoidanceofiqiurjestothetransplanted

andsurroundingmusclesduringsurgery，andconsequentlytheregeneratedmusclescouldbeclearlydis－
tjnguishedfromtheothermuscles．

Normal（line412）anddystrophic（1ine413）chickenswereused．Twoto3daysexovo，Chickenswere

anesthetizedwithether，andtheECRLmuscleswerecross－tranSplantedbetweentwochickens．Fourtypes

Oftransplantationwerecarriedout：nOrmalmuscletransplantedintonormalordystrophicchicken（Nn

OrDn）anddystrophicmuscletransplantedintonormalordystrophicchicken（NdorDd）．Thedetails

Ofthesurgicalprocedurehavebeendescribedinapreviousreport4）．AnimalswerekeptinanaseptlCCOn－

ditionthroughouttheoperationandwerenotglVenanyantibiotic・Thetransplantedmusclewasallowed

toregenerateandwasexamined60－65daysaftertransplantationwhentissuereconstitutionwasvirtually

COmplete・ReinnervationofthetransplantedmuscleswasconfirmqdbyobservlngamuSClecontraction

inducedbynervestimulationorbyhistochemicalstainingofacetylcholineesterase5）．

Tablel・Cross－tranSp】antationofECRLmusclesinnormalanddystrophicchickens

Survivalrateofmuscle Muscleweightfor successful
TypeoftranSplantation Numberofoperation　　60－65daysafteroperation transplant

（％）　　　　　　　　　　　（mg）

444±99．8

JJ＝11

344±72．9

〝＝15

241±81．0

JI＝9

235±62．7

JI＝7

Mean±S．E．

NorD：nOrmalhostordystrophichost；nOrd：nOrmalmuscleordystrophicmuscJe．
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Thesurvivalratesofthetransplantedmuscleswere58，60，36，and37％fbrNn，Nd，Dn，andDd，

respectively（Tablel）．Thedystrophichostshadworseconditionsthanthenormalhostsfbrmusclesur－

vival，butthetypeofmuscle，Whethernormalordystrophic，didnotinfluencethesurvivalrate．

Sincenotallofthefburtypesoftransplantssurvived60－65daysaflertheoperation，themuscleweight

wascomparedamongthesurvIVlngmuSClesinthefburtypesoftransplantation，andthuscontamination

byapossiblerqiectlngreSPOnSeWaSaVOided．TheresultsaresummarizedinTablel．

Despitetherebeingnostatisticallysignificantdifftrenceinthemuscleweightofnon－OperatedECRL
musclesbetweennormalanddystrophicchickens，1，040±28．8mg（mean±S．E．，n＝21）andl，104±36．8

mg（n＝33），reSpeCtively，thenormalmuscletransplantedintothenormalhost（Nn）attainedaslightly

largermuscleweight thanthe dystrophicmuscle transplantedinto the dystrophichost（Dd）．However，

thestatisticalsignificancelevelwasP＜0．2（Tablel）．

ThegrowthinweightofthedystrophicECRLmuscletransplantedintothenormalhost（Nd）wasas

goodasthatofthenormalECRLmuscletransplantedintothenormalhost（Nn）．Ontheotherhand，both

thenormalECRLmuscletransplantedinto thedystrophichost（Dn）andthedystrophicECRLmuscle

transplantedintothedystrophichost（Dd）werehamperedingrowth．Theseresultsstronglysuggestan

importantroleofextramuscularfactor（S）inmusclegrowth，andthatthefactor（S）maybe deftctivein

dystrophicchickens．Thepresentresultsareconsistentwiththoseobtainedinmurinemusculardystro－

phy6㌧butnotwiththoseobtainedinavianmusculardystrophyusingmincedgraflsofpectoralmuscles3）・

TheseexperimentsaredifferentatleastinthethreefbllowlngreSpeCtS：kindsofmusclesandnervesused，

sizesofthemuscles，andpretreatmentofthetransplantedmuscles．

Tablelincludestheresultsoftransplantationofnormalmuscleintothenormalhost（Nn）anddys－

trophicmuscleintothedystrophichost（Dd）．Therefbre，eVenifsomeproblemsinhistocompatibilityex－

isted，theseeffectsshould beannulledbycomparingNdandDnwithNnandDdcontroIs．The results

showedthatthee鮎ctofthehostsismoreimportantthantheeffectofthedonorsandthat dystrophic

muscleshaveanabilitytorespondtothehost－Sideinfluence（qf：refi．3，7）．

1）Hironaka，T．andMiyata，Y．：Experienfia，29，1584－1586，1973．
2）Gutmann，E．：AnnlL．Rev．PhysEol．，38，177－216，1976．
3）Cosmos，E．andButler，J．：hlResearchinMuscleDevelopmentandtheMuscleSpindle（Banker，B・Q．，Przybylski，
R．J．，VanDerMeulen，J．PりandVictor，M．，eds．），Pp．149－162，ExerptaMedica，Amsterdam，TheNetherlands，

1972．

4）Hironaka，T．，Morimoto，S．，Tsunoo，A．，Miyata，Y．，andOtsuka，M．：LnCurrentReseユrChinMuscularDys－

trophy，Japan，pp．14－15，1977．

5）Karnovsky，M．J．andRoots，L．：J．Hisfochem．q′tOChem．，12，219－221，1964．

6）Hironaka，T．andMiyata，Y．：Nat〟re，244，221－223，1973．

7）Linkhart，T．A．，Yee，G．W．，Nieberg，P．S．，andWilson，B．W．：Deveわp．Biol．，48，447－157，1976．
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THEECTOPICDIFFERENTIATIONOFSTRIATEDMUSCLESINRATPINEAI，BODY

CELI．CUI，TURE

T．S．Okada，KenjiWatanabe，＊HirohikoAoyama，andYoshiakiNQjyo＊

DepartmentofBiophysics，FacultyofScience，UniversityofKyoto，Kyoto
＊DepartmentofAnatomy，FukuiUniversityofMedicine，Fukui

Mammalianplnealbodiesareanendocrineorgan．Theirancestraloriginasavisualorgan，however，

stillseemstobeevidencedbythepresenceofstructuressuggestlngaphotoreceptorfunctionduringfbtal

StageS．Thus，itseemedinterestlngtOuStOeXarninetheposSibilityofmultipotentialitylnCelldi能rentiation

Ofpinealcellsincellculture．Mostunexpectedly，thedifferentiationofwel1－developedmyofibersoccurred

COnSistentlyinsuchculturesl）．

Pinealbodieswere taken fromnewborn rats．Coverlngtissues were carefully removedunder adis－

SeCtionmicroscopeandveryclean丘agmentsconsistingofhomogeneousplnealcellswere dissociatedby

treatmentwith trypsin and collagenase．Ce11s wereinoculated onto Falcon plasticculture dishes uslng

Eagle’sMEMsupplementedwith6％fetalcalfserumasacuIturemedium．Cultureplateswereincubated

at370Cunder5％CO2－95％airforabout20days．Thecellularchangesoccurringwithinthisperiodwere

Observeddaily．

By2－3daysafterinOculationtwotypesofcellswererecognized：（1）fJattenedcellsattacheddirectly

totheculturesubstrateand（2）smallerroundcellswhichwerenotdirectlyattachedtothe substratebut

WereSuperimposedontopofthecellsofthefirsttype．Flattenedcellswereprovidedwith piliformpro－

CeSSeS，theshapeofwhichchangedconstantly．

Byabout2weeks，thedi能rentiationoftwo otherdistinctcelltypestookplace．Onewas neuronal

Cellswhichwereprovidedwithelongatedaxon－likeprocesses．Thesecellswereoftenassembled orinter－

COnneCtedwitheachotherbytheprocesses．Theneuronalcellspossiblyoriginatedfromroundcells．The

Othertypewas striated muscles which，aCCOrding to daily observations oflivingcultures，Seemed to be

derivedfrom thecells directly attached to the culturesubstrate（Fig．A）．Musclefiberswere assembled

intobundlesandcontracted，thoughirregularly，inresponsetoexternalmechanicalstimuli（Fig．B）．

This musclefiber difrtrentiation occurredin all di仔もrentinocula so far cultured．On each culture

plate，SeVeralmusclecellfbciwerefbrmed．Thus，itseemstobeveryunlikelythatmuscle di斤もrentiation

isduetoaninadvertentinclusionofmusclecelltissuesintheoriginalinocula．Weassurnethatthepineal

body containS either myoblasts or multipotentialceIIs which can di能rentiateinto both endocrine and

musclecelldirections．

Indeed，therehavebeenseveralreports’indicatingmusclefibersinh7Situplnealbodiesinsomever－

tebratespecies．Anotherexampleofmuscledifrtrentiationffomunexpectedoriginisinmammalianthymus

Cultures2J．Tosumupthesituation，thepresentfindingofmuscledifkrentiationinpinealbodycultures

isnotasporadic，butrather，aCOnSistenteventwhichmayoccurinthecourseofnormaldevelopmentof

this organinsit〟．The developmentalorJgln Ofthis differentiationis not yet known．The physiological

meaningoftheectopicoccurrenceofmuscledifftrentiationremainstobesoIved．

1）Watanabe，K．，Aoyama，H．，NQjyo，N．，andOkada，T．S．：Devek）P．GrowfhD伊r．，23，inpress．
2）Wekerle，H．，Patterson，B．，Ketelsen，U．－P．，andFeldman，M．：NaflLre，256，493－194，1975．
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A：anearlystepinthemuscledifferentiationinculturesofplnealcellsafter
2weeks’cultivationin vitYO．Arrowsindicate early myotubeswith several

nucleieach．A microphotograph ofaliving culture with a phase contrast
microscope．ca．×250．

B：thedifrerentiationof well－Striated muscle斤bersin a4LWeek culture of

p）nealceHs．Amicrophotograph of afixed culture with aphase contrast
microscope．（・a．×500．
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TISSUECULTtJRESTUDIESOFDYSTROPHICMUSCLES

TakeshiYonezawaandHidetoshiOkabe

DepartmentofPathology，KyotoPrefecturalUniversityofMedicinC，Kyoto

Forobservationofthesequences ofdevelopment ofdiseaseprocesses，tissuecultureis oneadvan－

tageous and preftrable technique．Musclefibers from Duchenne－tyPe muSCular dystrophy，and froma

CarrierandhealthyindividualSwereintroducedintoanin vitrosystemand dystrophicalterationswere

Studied・Aquantitativeanalysisoftheproliftrationactivityofmyogenicce11swasalsoperfbrmedusing

Cellculturetechniques．

ExperimentI．Developmentofdystrophicchangesinvitro．

MaterialsandMetI10ds：Fragmentsofmuscletissueobtainedfrom6patientswithDuchennedys－

trophy，1carrier，andhealthyindividualswithmatchedageswerecultivatedoncollagen－COatedcoverslips．

Oneto3daysafterexplantationcross－SeCtionsofspinalcordfromfttalmiceorrats，140r15daysinutero，

Were added to the cultures and maintained with Maximow’s double－COVerSlip method．Feeding media

WereCOmPOSedofequalpartsofGey’sBSS，Eagle’sMEM，horseserum，Chickembryoextract，andglucose

toproduceafinalconcentrationof600mg％．

Results：Whenthemusclefibersbecameattachedtothegrowingmotoraxonffomthesplnalcord，

rapid deterioration ofthe muscle occurred．Spindle－Shaped myoblasts may grow around the explants．

Whenthemusclefiberswerenotinnervated，theoriginalcross－Striationsremainedunchangedandmyo－

blastic prolifbrationwas markedly retarded．Around2weeks or so，OutgrOWingspindlecells began to

fusewitheachother．LongitudinalfibrillarstruCtureSWereOftenobserved．Around4Weekssomeofthe

fused myotubes developed cross－Striation．Throughout the experimentalcourse twitchingwas not seen

ineitherstriatedornonstriatedmultinucleatedcells．Inthesemyotubes，VaCuOlationwasoftenobserved．

InDuchennemusclefibers，aSCOmparedtohealthymuscle，myOtubefbrmationseemedtobedisturbed

andvacuolarchangesweremorefrequentlyobserved．Someofthefibers developedsegmentalgranular

Changesinthesarcoplasmwhichisidenticaltosegmentalnecrosis．Thesealterations，VaCuOlationofthe

SarCOPlasmandsegmentalgranulardegeneration，Wereinterpretedasdystrophicchangesinvitro．

ExperimentIL ProlifbrativeactlVltyOfdystrophicmusclecellsinvitro．

Method：MusclefragmentsfromDuchennedystrophyandanonclinicalcarriersiblingweretrans－

ftrredto plastic且asksandPetridishes，andmaintainedinaCO2incubator．Theftedingmediumwas

COmpOSedof85％L15and15％fbtalbovineserum．Subcultivationwascarriedoutfburtimesas shown

inthefbllowingtable．

TrypslnlZation

l

Washandcentrifuge

l

Filterthroughlenspaper

l

Incubationinftedingmediurr），40min．

l

Collectionofnoatingcells

I

CultivationinCO2incubator

5×105cellsweresubculturedineachtime．
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Fig．1・Cross－Striationoflivingdystrophicmusclegrowninvitro．
Fig．2．VacuolizationofIivingdystrophicmuscle．

Results：IntheprlmaryCulture，OutgrOWthwasvisibleonthe4thdayandmyotubeswithmorethan

lOnucleiwereseenafterthe17thdayinbothdystrophicandcarriergroups・Inthefirstsubculturesmyo－

blasticcellsinthecarriergroupwere2・5timesmorenumerousthanindystrophiccultures．Nodifrbrence

WaSSeenintheactivitiesofmyotubeformationbetweencarrieranddystrophicmusclecultures．ThatlS，

myotubeswithmorethanlOnucleiwerefirstobservedonthe17thdayafterexplantationinbothgroups．

However，inthefollowJngSubcultivation，dystrophicmuscleproducedaloweractivltyOfmyoblasticpr0－

1ifbration，and consequently retarded myotube formation・These differences were more emphasizedin

thesucceedingsubcultures．

Comments：Thoughmaturationanddifferentiationofhumanmuscleinvitroareatpresentincom－

plete，SeVeraldifferencesin the developmentalprocesses among Duchenne－typedystrophy，Carrier，and

COntrOlhealthymusclewereobtained・First，regenerativeactivltyWaSlessprominentinDuchennedys－

trophy・Thismightbeadirectexpressionofagenedefectin thisdisease・MorphologlCalfeatures，SuCh

asvacuo】ationofthesarcoplasmandsegmentaldegeneration，Observedindystrophicmusclewereclosely

Si■一Iulatedtothefindingsindystrophicchickmusclesfoundin bothil”ivoandinvitrosystems．Byim－

l一一・OV．ngtheculturetechniquesforhunlanmuSCle，mOredetailsofalterationscanbeanalyzed．

1日山一叩、A・，Gallup，B・，Skeate，Y・，andDubowitz，V∴J・NeLLrOl．St・I．，13，333－350，1971．
二日iHll叩．l・andDubowitz，V．：Neuropatho／．Appl．Ne〟rObiol．．1，205－229，1975．
1）Wilkow、ki，J・A・1Durbidge，M・，andDubowitz，V∴Jn Tnlr0，12，98－106，1976．

4）Witk（－WゝkiHl・A∴βわ／・Revリ52，431－476，1977．
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MITOTICACTIVITIESOFMONONUCI．EATECEIJIJSCULTUREDJJV17rR0

0RIGINATEDFROMREGENERATINGMUSCLESOFNORMAL（＋／＋）AND

DYSTROPHIC（dy／dy）MICE

TsutomuKagawa，EiiiChikata，andRiichiroHamano

LaboratoryofCellBiology，ToneyamaNationalHospital，5－1－1，Toneyama－Cho，Toyonaka－City，Osaka，Japan

Themitoticactivitiesofmononucleatecel】S，Culturedinvilro，OrlglnatedfromregeneratlngmuSCles

fromeithernormalordystrophicmicewerestudied．

Adultnormal（C57Bl／6＋／＋）and dystrophics（C57Bl／6Jdy／dy）micewereusedthroughout．The

proceduresfbrthepreparationofregeneratingmusclesandtheliberationofmononucleatecellsfromeither

SOurCeWeredescribedpreviouslybyKagawaetal．1‾3）．Inourstandardclonalcultures（Experimentsland

2）4I，Cultureswereestablishedbyplating500cellsfromeithersourcein5mlofthe”freshmedium（1），，

OntOa60－mmFalconplasticpetridishcoatedwithO．2％gelatin5）．Incubationwascontinuedat370Cin

ahumidifiedatmospheregasedwith5％CO2and95％air．Eachculturewasftdwiti15mlofthe”growth

medium（1）’’ldayafterplating．Mononucleatecellsfromeitheroriginweresuccessfullyculturedunder

thepresentcultureconditionsandtheyyieldedcoloniesofmyogeniccellsandoffibroblasts・At6days

aftertheinitiationofcultures，allcultureswerefixedwithethanolandstainedwithhematoxylin．Mitotic

activitywasshownbythenumberofcelldivisionswhichoccurredduringthecultureperiod．Thenumber

Ofcelldivisions（X）wascalculatedfromthenumberofnucleiofcells（N）fbrmingeachcolonyaccording

tothefbllowingformula：X＝logN／log2．

ExperimentlandExperiment2：Tennormalandlldystrophicculturesjnexp．landll normal

andlldystrophiconesinexp．2werecarriedout（Tablel）．Theaveragenumberofcoloniesformedper

dishandtheplatingefBciencylneaChseriesofculturesareshowninTablel・Inexp．1，thenumberofce11

divisions（NCD）ofnormalmyogeniccellswas6．93±1．21andthatofdystrophicones was5．38±1．13．

Thedi騰rencebetweenthemwassignincant（P＜0．001）（Table2）．TheNCDofnormalfibroblastsand

thatofdystrophiconeswere4．50±0．90and4．23±0．84，reSPeCtively．Thedi耽rencebetween themwas

muchsmallerthanthatobservedbetweennormalanddystrophicmyogeniccells，butitwasalsosignificant

（P＜0・02）・Inexp．2，theNCDofnormalmyogeniccellswas6．14±1．39，thatofdystrophiconeswas5．16

±1・15，andthedi能rencebetweenthemwassignificant（P＜0．001）（Table2）．TheNCDofnormalfibro－

blastsandthatofdystrophiconeswere4・44±1・12and4・22±1・05，reSpeCtively，andthedifrerencebetween

themwasnotsignificant．

Experiment3：AsshowninTablel，mOreCOloniesperdishwerefbrmedinnormalculturesthanin

dystrophiconesbothinexp・1andinexp・2・Thesefindingssuggestedthatpopulationefrectmayhave

enhanCedthemitoticactivityofmyogeniccellsinnormalcultures，inwhichmorecolobieswereformedper

dishthanindystrophicones・Totestthispossibility，mOnOnuCleatecellsffomeithernormalordystrophic

SOurCeWereCulturedunderthesamecultureconditionsatvaryingcelldensitiesof500，250，and125per

dishandtheNCDsofmyogeniccellsandfibrobIastsfromeithersourceinculturesateachcelldensity

WereObtained・Intheseculturesinwhichcelldensitiesweresuccessivelyalteredasdescribed above，the

averagenumberofcoloniesfbrmedperdishwasfbundtobe18．0，12．1，and6．7innormaland33．8，16．1，

andlO・0indystrophiccultures，reSpeCtively（Tablel）．Thenumberofculturesateachcelldensityffom

eithersourceisshowninTablel．InthecuIturesatthedifrtrentcelldensitiesdescribedabove，theNCDs

Ofnormalmyogeniccellswere6・99±1・29，6・89±1・21，and7・00±1・53andthoseofdystrophiconeswere

4・98±1・20，5・22±1．34，and4．89±1．19，reSpeCtively（Table2）．NosigniBcantdifftrencesamongtheNCDs
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Tablel．Platinge伍Ciencyandnumberofcoloniesformedperdishineachseriesofexperiments

Seriesofexp．　　　　　Exp．l Exp．2

Sourceofcells Norm．Dystr．　Norm．Dystr．

Inoculumsize

No．orcultures

PLefBciency（％）

No．OrcolJpl．

Myoblast
Fibrob】ast

500　　500

11　　10

10．0　　5．1

50．2　　25．4

35．6　13．9

14．6　11．5

500　　500　　　　　500

11　　11　　　　　10

4．9　　3．8　　　　　3．6

24．7　19．1　　　18．0

13．2　　4．7　　　12．9

11．5　14．4　　　　　5．1

3

　

7

　

1

　

′

0

5

　

0

　

5

　

′

L

U

　

4

　

2

つ
－
　
1

0
0
　
1
　
1
　
0

0

　

0

　

4

　

2

　

q

′

　

3

5
　
1
　
　
　
　
1

2 500

12

6．8

33．8

12．3

21．5

0
　
0
　
5
　
5

5

　

0

0

　

8

　

0

　

3

　

′

L

U

2

4
　
1
　
3
　
0
0

0

　

0

　

∠
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′
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′
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ノ

5
　
1
　
　
　
　
1
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Table2．NumberofCellDivisionsofMyoblasts

Seriesofexp．Inoculumsize Normal（斎n）　　Dystr．（斉d）　Xn－Xd d．f t－Stat．

Exp．1　　　　　500

Exp．2　　　　　　500

Exp．3　　　　　　500

250

125

6．93±1．21

（373）

6．14±1．39

（124）

6．99±1．29

（116）

6．89±1．21

（83）

7．00±1．53

（27）

5．38±1．13

（139）

5．16±1．15

（51）

4．98±1．20
（140）

5．22±1．34

（58）

4．89±1．19

（26）

1．55

0．98

2．01

1．67

2．11

510　　　タ＜0．001

173　　　f，＜0．001

254　　　タ＜0．001

139　　　上，＜0．001

5l f，＜0．001

n：nOrmal；d：dystrophy；扁：aVeragenumberofcelldivision；1－Stat．：1－Statistics；d．f：degreeof丘eedom；（）：
numberofcoloniesusedforthecountofnumberofcelldivisions．

Ofmyogenicce11sinculturesat differentcelldensitiesineithernormalordystrophicculturescouldbe

fbund（Table2）．Inaddition，theNCDsofnormalmyogeniccellswerealwayssignificantlylargerthan

thoseofdystrophiconesinculturesatanyce11density，atleastunderthepresentcultureconditions（Table

2）．TheNCDsoffibroblastsculturedatdifferentcelldensitieswerenotsigniBcantlydi爪汀ent丘omone

anotherinculturesfromeithersourceandtheNCDofnormalfibroblastswasnotsignificantlydifferent

fromthatofdystrophiconesinculturesatanyofthecelldensitiesdescribedabove．Thesefindingsshowed

thatmyogeniccellsfromnormaloriginshowedhighermitoticactivitythanthosefromdystrophicorlgln，

regardlessofcelldensityorofthenumberofcoloniesofculturesinwhichtheywerecultured．Thepre－

sentresultssuggestthethreefbllowingquestions：（a）Isthedecreaseinthenumberofcelldivisionsof

dystrophicmyogeniccellsduetoaprolongationofgenerationtimeortoalimitednumberofcelldivi－

sions（Celllineagetheory6））？（b）Isitduetotheexpressionofadystrophicgene（dy／dy）？（C）Coulditbe

oneofthecausalfactorsofvariOusdystrophicchangesobservedindystrophicmuscles（dy／dy）bZVEvo？

Ananalysisoftheseproblemsisnowinprogressinourlaboratory・

1）Kagawa，T．，Chikata，E”andTani，J．：Deveわp．BioI．，55，402，1977．
2）Kagawa，T．，Chikata，E．，Tani，J．，andTsutamune，T．：Devekp．Biol・，65，526，1978．
3）Kagawa，T．，Chikata，E．，Tani，JリandTsutamune，T．：30thAnn．MeetingofJapanSoc．ofCellBioLAbst．（A－28），

1977．

4）Kagawa，T．，Chikata，E．，andHamano，R．：CurrentRes．MuscularDyst．Japan，13，1979・
5）Richler，C．andYafre，D．：Deveわク．BわJ．，23，1，1970．
6）Kligman，D．andNameroff，M．：Exp．CdlRes．，127，237，1980・

－12－



肋．†C〟肋r如け叩わ′Gr（フ岬

AFACTOREXTRACTEDFROMTHEBRAINAFFECTINGDEVEI．OPMENTOF

TETRODOTOXIN－SENSITIVESPIKEPOTENTIALINCULTUREDCHICKSKELETAL

MUSCI．E

MasaakiraKano，SuteoYamazaki，TeikichiSatoh，andMitsueYamamoto

DepartmentofPhysiology，SchooJofMedicine，KitasatoUniversity，Kanagawa

The action potentialofadultinnervated vertebrateskeletalmuscZefibersis generated by tetrodo－

toxin（TTX）－SenSitive sodium channels．The TTX－SenSitive sodium channelsinthe skeletalmuscle cell

membraneofnewbornratsincreaseindensityaflerbirthinrelationtotheestablishmentofnormalinner－

VationlJ・Conversely，denervationofadultratskeletalmusclediminishesthedensityoftheTTX－SenSitive

SOdiumchannelsinthemusclecellmembrane2）．ThedevelopmentandmaintenanceoftheTTX－SenSitive

SOdiumchannelsinthemusclecellmembranecouldthenbeconsideredasoneofthemembraneproper－

tieswhichareunderthetrophiccontrolofinnervation．

Usingchickskeletalmusclece11cultures，itwasshownthatce11－freenerveextractscouldduplicate

theefrectofinnervationonthedevelopmentoftheTTX－SenSitivesodiumchannelsinnoninnervatedskele－

talmusclecells3－5）．Thus，theresultsindicatethattrophiccontroloftheTTX－SenSitivesodiumchannels

Ofmusclecellsmightwellbemediatedbyasolublesubstanceproducedbynervoustissue，aSSuggeSted

byHarris6）andGutmann7J．Inthepresentstudy，WerePOrtthataproteinffactionisolatedfromchick

brainextracthasaneurotrophicactivityinthatitenhancesthedevelopmentoftheTTX－SenSitivesodium
Channelsinculturedchickskeletalmusclecells．

Musclecultureswerepreparedfromthebreastmuscleofll－day－01dWhiteLeghornchickembryos

accordingtothemethoddescribedpreviousIy3）．ThebasicculturemediumwasEagle，Sminimalessential

mediumsupplementedwithhorseserum（10％by volume），nerVe－freechickembryo extract（2－5％by

VOlume），glutamine（1mM），penicillin（50U／ml），andstreptomycin（50jLg／ml）．Thenerve－ffeechickembryo

extractwasmadefromlO－day－01dchickembryosdeprivedofthebrainandspinalcord，byhoIT）OgenlZlng

theembryo bodiesin salineandcentrifugingthehomogenateat2，000×gfbrlOmin．MusClecultures

Werealsomaintainedinculturemediumcontainingbrainextract．Thebrainextractwaspreparedfrom

Wholebrainsof19－day－Oldchickembryosbycentrifugingal：2homogenateinsalineat2，000×gforlO

min．

WhenmuscIecellsweregrowninthepresenceofbrainextractfbr2weeks，themaximumrateofrise

OfTTX－SenSitivespikepotentialofthecellswassign摘CantlygreaterthaninthecontroIculturesmain－

tainedinthebasicculturemedia・Thissuggeststhatthebrainextracthasatrophicactivitythatenhances

thedevelopmentoftheTTX－SenSitivespikepotentialoftheculturedmusclecells．

Thebrainextractwascentrifugedagainat20，000×gfbr30min．TrophicactlVltyCOuldbedetected

inthesupernatant，butnotintheresuspendedprecIPltate．Thesameresultwasobtainedaftercentrifugation

atlOO，000×gfbr60min，t．e．，thesoluble丘actionmayberesponsiblefbrtheactivity．

Theactivecomponentinthe20，000×gSuPernatantWaSisolatedbyconsecutiveammoniumsulfate

precipitation，andretainedaflerremovaloflowmolecularweightcompoundsbydialysisagainstsaline．

Tablel summarizestheseresults．

Theproteinnatureoftheactivecomponentinthebrainextractwasfurthersuggestedbytheresults

Ofenzymedegradation．ThelOO，000×gsupernatantwastreatedwithenzymefor60minat37OC．The

trophicactivitywasabolishedbytrypsinandprotease，butwasresistanttoDNaseandRNase（Table2）．

Thesusceptibilitytotrypslnandproteasesuggeststhattheactivecomponentisaprotein．
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Tablel．E鮎ctofbrainextractonthemaximumrateofriseorTTX－SenSitivespikepotentialofmusclecellsin
2－Week－Oldcultures

Fractionadded Protein（FLg／ml）　　　Maximumrateofrise（V／sec）

Contro1

2000×gSup．

20Kxgppt．

20Kxgsup．

Saltrated（Amm．sulL）

0－4095

40－609も

Dialyzed

InnersoL

OutersoI．

300

40

260

100

50

240

10

（59／4）73．8±3．2

（56／4）84．3±3．0＊

（31／2）59．8±2．5

（62／4）96．8±3．4＊

（63／4）96．4±3．1＊

（61／4）87．5±3．2＊

（35／2）91．1±4．2＊

（61／4）65．3±3．0

Mean±S．E．＊indicatesastatisticallysignifiCantincreasefromthecontrol．

Table2．E鮎ctofenzyme－treatedbrainextractonthemaximumrateofriseof
TTX－SenSitivespikepotentialofmusClecellsin2－Week－Oldcultures

Treatment Maximumrateofrise（V／sec）

Control

lOOgxgSup．

Non－incubated

Incubated

DNase－treated

RNase－treated

Trypsin－treated

Protease－treated

（8）70．9±5．0

（16）113．8±3．5＊

（16）99．8±3．7＊

（16）93．9±5．4＊

（12）88．7±2．9＊

（16）68．6±4．3

（14）67．3±4．6

Mean±S．E．＊indicatesastatisticallysigni丘cantincreasefromthecontrol．

1）Harris，J．B．andMarshall，M．W．：Nat〟reNewBiol．，243，191－192，1973・

2）Redftrn，P．andThesleff，S．：AcfaPhysiol．Scand．，＄2，70－78，1971．

3）Kano，M．andYamamoto，M．：J．CbIl．Physiol．，90，439－444，1977．
4）Kano，M．，Suzuki，N．，andOjima，H．：J．Ce〟．PhysEol．，99，327－332，1979．

5）Yamazaki，S．andKano，M．：Eq．Neurol．，Submitted．
6）Harris，A．J．：A7mLL．Rev．朗ysiol．，36，251－305，1974．
7）Gutmann，E．：AtmLI．Ret7．Physiolり　38，177－216，1976・

－14－



ルh∫CJ血rqy∫什qp砂Gro岬

CLASSSPECIFICITYOFSERAANDMUSCIJETROPHICFACTORFORMUSCI．ECELL
GROWTH劇Ⅴγ∫mO

EijiroOzawa，IchiroKimura，andYasukoHagiwara

DivisionofCellBiology，NationalCenterfbrNervous，Mental，andMuscularDisorders，Tokyo

ChickmyogeniccelIsdonotgrowinamediumcomposedofEagle，Sminimumessentialmedium

（MEM）andhorseserum，butgrowwellwhenasmal1amountofchickembryoextract（EE）isaddedto

themedium・EEcanbereplacedbychickorduckserum，andbychickmuscletrophicfactor（MTF），Which

isacomponentofchickseruml・2）・ThecellsalsogrowinamediumcomposedofMEMandchickserum3｝．

Thusitisclearthatchickserumisdifferentfromhorseseruminregardtochickmyogeniccellgrowth，

anditispossiblethatthisdiffbrenceismainlybasedonthedi能renceofMTFwhichcouldbealsocon＿

tainedinmammalianserum・Thepresentworkwasconcernedwithwhetherthereisspeciesorclassspeci－

Gcityamongsera，andwhethertheabovepossibilityisavalidone．

Chickcellswereculturedwithamediumcomposedof15％horseserumandvariousconcentrations

OfvariousseraandMEM・After4daysofincubation，thecellswereharvestedfbrcreatinekinase（CK）
assay，Whichwasinterpretedasshowingthegrowthrate・Figurelshowstherelationshipbetweenthe

COnCentrationofseraandCKactivity・Inthecasesofchickandducksera，CKactivitybegantoincrease

atO・1andO・3％，reSpeCtively．Thenitincreasedgraduallywiththeincreaseinconcentration．Inthecases

Ofdoveandfbtalbovinesera，itbegantoincreaseat3％，andincreasedfairlysharply．Tnthecaseofadult

bovineserum，itremainedatanalmostunassayablelevel，althoughsomemyotubescouldbeseenunder

amicroscope．

Inordertocomparetheeffectsofvariousseraonchickmyogeniccellgrowth，thecellswereincubated

withmediacomposedof82％MEM，14％horseserum，and4％variouskindsofsera．Thegrowthrates

areshownsemlquantitativelyinTablel・Avianseraweremoreorlessefftctive，butmammalianseraex－

Ceptfbrfttalbovineserumwerenoteffective・Seran・OmGahsandCbrt〟m玩wereverye能ctive，but

thoseofmasiamLS・Numih・andMekLqa血werenotsoeHbctive，althoughallofthembelongtoGalli．

Ontheotherhand，SeraffomAnser的rmeswerefairlyefftctive．
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Fig・1・E能ctsofvariousseraonchickmyogenicce11growth．
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Tablel．EffectsofvariousSeraOnChickmyogeniccellgrowthinvitro

Birds Mammals

Chick　　　　　　　（十十十）

Cochin－Chinafowl　（＋＋＋）

Bantam　　　　　　　（十十十）

Japanesequail　　　（＋＋＋）

Goldenpheas年nt

Koreanpheasant

Turkey

GuineafowI

Duck

Goose

Herringgull

Dove

Kite

（＋）

（＋）

（＋）

（＋）

（＋＋）

（＋＋）

（＋）

（＋）

（＋）

Fetalbovine

Calr

Bovine

Dog

Rat

Rabbit

Swine

Monkey

Human
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Table2．E鮎ctsofvariousseraonratmyogeniccellgrowthinvitro

Birds Mammals

Chickembryoextract　（＋）

Chick

Japanesequail

Goldenpheasant

Koreanpheasant

Turkey

GuineafowI

Duck

Goose

Dove

（－）

）

　

）

　

）

　

）

　

）
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一

一

一

一
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Rat　　　　（十十）

Fetalbovine（＋＋）

Bovine　　　（＋＋）

Rabbit

Dog

Swine

Horse

Monkey

Human
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MTFswerepreparedfromchickandfetalandadultbovinesera・ChickMTFwaseffectiveat3jLg／

ml，butfttalandadultbovineMTFwereonlyslightlyeffectiveat300FLg／ml・

Newbornratmyogenicce11sdidnotgrowinamediumcomposedofchickserumandMEM，but

grewwellwhenasmallamountofratserawasaddedtothemedium・Inordertocomparevariouskinds

ofsera，ratCe11swereincubatedwithmediacomposedof77％MEM，19％Chickserum，and4％various

kindsofserafbr5days．ThegrowthratesareshownsemlquantitativelyinTable2・Mammalianserawere

efkctivebutavianserawerenot；EEwasslightlyeffective・Inthistable，theeffectsofallthemammalian

serawereexpressedby（＋＋），althoughtheywerenotnecessarilythesame・

RabbitMTFwase鮎ctiveonratcellgrowthat8FEg／ml，butchickMTFwasnote鮎ctiveat240jLg／

ml．

Conclusion：ThereisaclassspecifiCityamongserafrommammalsandavesinregardtomyogenic

cellgrowth，althoughtherearesomeexceptlOnS，andthisspecificitylSmainlybasedonMTF・

1）Ozawa，E．andKohama，K．：Proc．JqpanAcad・Sci・，49，852，1973・
2）Ozawa，E．andKohama，K．：M〟SCkNerye，1，230，1978・

3）Iiagiwara，Y．，Kimura，1．，andOzawa，E・：Deve／・GrowthD脾retzt・，inpress・
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AFREEZEFRACTURESTUI）YOFTHEPLASMAMEMBRANEOFDYSTROPHICCHICK

MUSCI．ES

YuzoIwasakiandHirokoIshii

NationalCenterforNervous，MentalandMuscularDisorders，Kodaira，Tokyo

Toelucidatetheroleoftheplasmamembraneinthedevelopmentofmusclece11degenerationinmus－

Culardystrophy，WeCOnductedafreezefracturestudyoftheskeletalmuscleofdystrophic（Jine413）and

COntrOl（1ine412）chickens ofvarious agesstartingat dayO．SuperfiCialpectoralis andlateraladductor

muscleswerechosenforthisstudysimplybecausethepost－nataldevelopmentofthesemuscleshasbeen

wellcharacterizedl）．

Smallpiecesofmuscletissuewereobtainedunderpentobarbitalanesthesiaandtheywereimmediately

fixedwith2・5％glutaraldehydeinphosphate－bufreredsaline（pH7．4，285mOsm）forafewhoursat40C．

Thefixedtissueswereglycerinatedin25％glycerininPBSandquenchedinliquidnitrogen－COOledFreon

12．Thetissuewasfracturedat－1150Cunderavacuumof1－2×10－7TorrwithanEikofreezeetchdevice．

Thefracturesurfacewasimmediatelyshadowedwithplatinumandcarbon・The replicas wereretrieved

afterdigestionwithcommercialbleachsolutionandwashingwithseveralchangesofdistilledwater．Phot0－

graphsweretakenwithaHitachiH－600electronmicroscopeoperatlngatlOOkV．

ThemostremarkablefindingintheplasmamembraneofdystrophicchickmuscleswasthepreserlCe

Ofalargenumberofcaveolae，Whichhadlosttheorderlydistributionseenincontrolmuscles（Fig．1）．

SuchachangewasevidentinbothsuperfiCialpectoralisandlateraladductormusclesof5－Week－01dchickens

butitwasapparentonlyinthesuperfiCialpectoralismuscleinchickens2Weeksofage．OndayO，how－

ever，the denslty and distributjon pattern ofthe caveolaein dystrophic chickens wereindistinguishable

from thoseincontroIs・ForafurtherassessmentofthedensltyOfcaveolae，apPrOXimately300pm20f

Fig．1．Freezefractureprofilesoflateraladductormusclesof5－Week－01dchickens．A：COntrOl；B：dystrophic；
magnification：×10，000．
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