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STRUCTURAL CHANGESIN STRIATED MUSCLES OF DYSTROPHIC HAMSTER

YoshiakiNonomura

DepartmentofPharmacology，FacultyofMedicine，UniversityofTokyo，Tokyol13

SincethefirstintroductionofastrainofmyopathichamsterbyHomburger’sgroupl】in1962，attention

hasbeengiventothemyopathyofthisanimal，eSpeCiallyitscardiomyopathy．Thisstrainhasanautosomal

recessivelyinheritedpolymyOPathy，buthasno otherdefbctiveorgansortissuesexceptfbrthesestriated
muscles．

Thepresentworkaimedatcheckingthedegreeofdamageinvariousskeletalmusclesatdifferentages．

BIO15．6malehamsterswereusedfbrthestudies．Afterbeingsacrificedbyablowontheheadandbleed－

ing，the animalwasfixed on a board and the various muscles were carefu11y removedincluding both

terminaltendons．Themuscles werefixed h7Sifulength on dentalwax and4％glutaraldehydebuffered

Withcacodylatewaspouredonthematerials．Theywerethenteasedintosmallbundlesoffibersbyforceps

30minlater and transfbrred to a smal1bottle containing a glutaraldehydefixative．The usualmethods

Werethenfbllowedofasecondfixation ofosmiumtetroxide，Stainingenbloc，dehydrationwith alcohol

and acetone，and embeddingin epoxy resin．Arelatively thick section with toluidine blue stainingwas

prepared fbrlightmicroscopy and a thinsectionwithlead stainingfbr electronmicroscopy．The cross

SeCtionviewfbrlightmicroscopywasmainlyusedtodeterminethegradeofmuscledamageandthiswas

done by the criteria according to Bajusz etal．2），SlightlymodiGed asfbllows：士，less than4cells with

Centralnuclei（CN）amonglOOcrosssectionedcells；＋，lessthan8（CN）cellsinlOO；＋＋，mOrethan

8（CN）cellsinlOO；＋＋＋，abundanceofCNcellsandotherabnormalities，＋＋＋＋，SeVereabnormalities

Withnecroticdamage．

AsshowninTablel，12striatedmusclesofdi飴rentagesweretestedwithfixedmaferials．Allhad

SOme degree ofabnormalities，particularly severe onesin theshoulder muscle．When thecentralnuclei

WereSeeninalongitudinalsection，theywerearrangedinalongrow．Inthissamesectionanabnormal

arrangementofnucleiwasrecognizedinalongrowalthoughtheywerenotlocalizedatthecenterbutat

theperiphery（Fig．1）．Othernucleicabnormalitiessuchas perinuclearcavitiesorporesweresometimeS

present．Myofibri1susuallylookedgenerallynormaleveninagrade＋＋十muscle，eXCeptfbrthenuclear

anomaly．When the musclewas observedin detailunder highmagnincation，both free polysomes and
membrane－boundribosomes were distributed around the nucleus and submembraneous region，Which

COuldnotbeseeninanormaladultmuscle．Inagrade＋＋＋＋musclesomevacuolesanddisarrangement

OfmyofibrilsappearedhereandtheretogetherwithabundantCN．

TABLEl．TheDegreeofMuscleDamage

77days　　97days llOdays　130days

Armmuscles M．extensordigitrumcommunis
M．extensorcarpiradialisbrevis

Shouldermuscles M．omotransversarius
M．omobrachialis

Backmuscle M．lumbodorsalaponeurosis
Abdominalmuscle M．externaladbominaloblique
Esophagus M．esophagus
Diaphragma M．diaphragma
Legmuscles M．samitendinosus

M．soleus
M．extensordigitrumlongus
M．Sartorium

＋＋
一十＋＋
＋＋

±

＋＋＋＊　　　＋＋＋＋＊

＋＊

＋＋＋
＋＋

＋

＋

＋＋＊

＋

＋＋＋＋＊

＊AppearanCeOfnecroticcell．



FIG．1．Electronmicrographoflongitudinalsectionoflegmuscleindystrophichamster．Nucleiarearrangedina
longrowattheperipheralreglOn．Nucleoliareclearlyobserved．

Theappearanceofdegenerativecellsmarked byasterisk（＊）inTablel seemed to beinduced byat

leastthreedi飴rentmechanisms．Thefirsttypewasaso－Calledfattydegeneration，butthisappearancewas

veryrareindystrophichamsterandonlyonecasewasfoundinthesartoriusmuscle．Thesecondtypewas

themostcorrunon，aCCOmpaniedbyvacuoledegenerationanddisarrangementofmyofibrils．Typicallyseen

inthelongitudinalsectionwasapanoramicviewwhichhadgonefromrelativelyslightdamagewithsmall

VaCuOles to severe damagewith disarrangement ofmyofibrils and the disappearance ofmyo丘Iaments．

ThethirdtyperarelyappearedbutitsimagewasverylmpreSSive；thistypewasmacroscoplCa11yrecognized

asbeinglikerefinedwhitewax．Themuscleswerereplacedwithnbroblastsorinterstitialce11sinacertain

areaandsomemusclecellsremainedlyingscatteredamongtheconcentratedfibroblasts．Whilesomemus－

Cleswerenormalexceptfbrtheircentralnuclei，Othersweredegeneratedwithvacuoles．Thesestructural

Changeswerenotprogressive，butsuchchangeswerefrequentlyobservedinthetissuefrom70to130days

afterbirth．

Inconclusion，allthestriatedmusclesofadystrophichamSterincludingtheesophagealmuscleshow

OVerallstruCturalabnormality，eSpeCially thecentralnuclei，desplte theapparent normalarrangement of

myofibrils．Furthermore，theprocessofoccurrenceofdegenerativecellsisverylikethegenesisofhuman

dystrophy．Anexperimentalapproachusingdystrophichamsterswouldmakegoodprogressinourstudies

onthis disease．

1）Homburger，F．，Baker，J．R．，Nixon，C．W．，andWhitney，R．：Med．Erp．，6，339－345，1962．
2）Bajusz，E．，Homburger，F．，Baker，J．，andOtie，LH．：Ann．N．Y．A（・ad．Sci．，138，213－231，1966．
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CELL ADHESION MOLECULE OF CLEAVAGE STAGE MOUSE EM【BRYOS－FUNCTIONS

IN”CONIPACTIONM

T．S．Okada，Soh－ichiOgou，ChikakoYoshida－Noro，andMasatoshiTakeichi

DepartmentofBiophysics，FacultyofScience，UniversltyOfKyoto，Kyoto606

“Compaction”isoneoftheverylmpOrtanteVentSinthepreimplantationstageofmammalianembryonic

development．Inmouseembryosatthe8－Ce11stage，COntaCtSurfacesbetweeneachcell（blastomere）become

verywide，thereisamodificationofthece11shape，andthusanembryobecomesacompactmassl）．Itis

believedthatinteractiverelationshipsbetweenindividualembryoniccellsstarttobeestablishedonlyafter

thisstageof”compaction．”Inthisreport，WeShowthatacellsurfaceproteinofm．W．of140K（t－CDS）

functionsincompactionbymeansofimmunologlCaltechniques．

（、tイJ‘Jf〟Jで∫わJJJ川）んでJJ／（－∫

Cell－Cell contactin vertebrate cellsis established by the presence of hypothetical“dualadhesion

mechanisms”2）．Wehavepreviouslyshownthateachmechanismisoperatedbythepresenceoftwodistinct

Cellsurfacesites．Oneofthem，CDS，afunctionofwhichisdependentonCa2＋，isparticularlyimportantfor

cellularrecognitionbetweendifferentcelltypesaswellasholdingadjoinlngCellsinstablecontact3）．CDS

wasclearlyidentifiedasaproteinofm．W．of150Kontheelectrophoresisofatotallysateofisotopically

labelledcellsurfacecomponentsofavarietyofdi能rentiatedcellsaswellasofseveralestablishedcelllines
J〃再汀（）、

Cellsofaparticularlineofmouseteratocarcinoma，F9，Whicharecharacterizedbytheirinabilityin

celldifferentiation，COntainanunusuallyhighcontentofCDS ontheircellsurfaces4）．However，them0－

1ecularweightofF9ce11S（t－CDS）isnot150Kask〉undinothercelltypes，but140K．Then，CDSinF9cells

（andotherteratocarcinomacellsalso）isnotthesamemoleculeastheCDSpresentindif托rentiatedcells，

thoughbothsharetheidenticalfunction5）．

5pec析Cαが路0め′（好α如才ceJJ－仇幼e∫わ〃mOJec〟Je

Anantibodyspecifictot－CDSwasraisedbyinjectingF9cellsintoarabbitandbyproperabsorption

toremovenon－SPeCificantibodies．Thisantibodyhasbeensuccessfullyutilizedasadiagnosticreagentto

．三三二◆千二：て・宣．二．・二．・、．＿ト・一二千、二二二千二∵、、妻斗二・二三■しぎ■ごこ・さ
FIG．1．A：8－CellstagemouseembryosprlOrtO“COmpaCtion．”B：Embryosatthestageof“compaction：’C：”De－

compaction”ofoncecompactedembryosinducedbythetreatmentwiththeFabfragmentofanti－F9．
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seewhethert－CDSispresentin earlymouseembryos befbreimplantation．This wascarried out byex－

aminingwhethertheFabfragmentofanti－t－CDScanspecifiCallyinhibittheaggregationofembryosplaced

under aconstant gyration．Theresults clearly demonstrated thatmouseembryos ranglngfrom one－Cell

to8－Cellstagesareprovidedwitht－CDS，butnotwithCDSofm．W．of150K．Thus，WeCanCOnCludethat

Cleavage stage mouse embryos share a common celladhesion molecule（t－CDS）with teratocarcinoma

cellsbutnotwithdifftrentiatedcells6）．

‘カec（フナ叩αCJわ〃”qremふけ0∫わ′α〝J山一CDぶ

Whenmouseembryosatthestage ofcompaction（thelate8－Cellstage）Weretreated with theFab

fragmentofrabbitantibodiesagainstF9cells，theshapeofeachcellsoonbecameroundand thus the

phenomenoncalled“decompaction’’ofembryoswasinduced．SuchefftctoftheFabofnon－absorbedanti－

F9wascompletelyremovedbyabsorbingitwithF9cells，butnotwithseveraltypesofdifrtrentiatedmouse

cellsorwithseveral加vitrolinedce11SJtisknownthatthetreatmentofF9cellsbyproteaseandEDTA

underspecifiedconditionsremovesonlyt－CDS，1eavlngmOStSurfaceproteinsintact4）．Anabsorptionofthe

Fabofanti－F9withsuchtreatedF9cellsalsoabolisheditsefrtcttoinduce“decompaction．”Therefbre，lt

becomesclearthat“decompaction”isduetoaspecificeffectoftheantibody againstt－Cl）Sandthelatter

moleculefunctionsin“compaction”ofembryos．

Itremainstobeinvestigatedwhy“compaction’’occursatthe8－Cellstage，lnSpiteofthecontinuing

presenceoft－CDSsincetheone－Cellstage．Perhapsanaccumulationoft－CDSatthisparticularstagebe－

comeshighenoughtocause”compaction”ofembryos．

1）McLaren，A．：EarlyEventsinMammalianEmbryogenesis・hMechanismsofCellChange（Ebert，J・D・andOkada，
T．S．，eds．），pp．49－56，JohnWiley＆Sons，1979．
2）Takeiehi，M．：J．CelLBEol．，75，464474，1977．
3）Takeichi，M．，Ozaki，H．S．，Tokunaga，K・，andOkada，T・S・：Dev・Biol・，70，195－205，1979・
4）Takeichi，M．，Atsumi，T．，Yoshida，C．，Uno，K・，andOkada，T・S・：Dev・Biol．，87，340－350，1981．
5）Yoshida，C．andTakeichi，M．：Cbll，28，217－224．1982・
6）Ogou，S．－I．，Okada，T．S．，andTakeichi，M・：Dey・BioL・，inpress・
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PHAGE PARTICLE－MEDIATED GENE TRANSFERINTO CULTURED MAIJAN CELLS

YoshioOkadaandM．Ishiura＊

ResearchInstituteforMicrobialDiseases，OsakaUniversity，Osaka565
＊NationalInstituteforBasicBiology，Okazaki444

Gene－tranSftrintoculturedcellsincludingcellsffomhumanhereditarydiseaseswillbecomeanessential

procedureforcellbiology．However，SeVeralimprovementsshouldbemadebecausethee瓜ciencyoftrans－

fbrmationbygenomicDNAhasnotbeenhighenoughtoovercomethespontaneousbackmutationofthe

mutant cells，the transfbrmants obtained by DNA transftrhave been reported to be unstable，and the

DNAsequencesintroducedexogenouslysufferfromrearrangement．

Metaphasechromosomeshavealso been usedforthetransfbrofsingle－COpygeneSineukaryocytes

andhaveatleasttwoadvantagesasadonor，aSCOmparedtogenomicDNA：theefnciencyofgenetransftr

isfoundtobealwayslOtolOOtimeshigherforchromosomesthanforgenomicDNA，and thetrans－

fbrmantsobtainedfromchromosometransferexperimentsaremorestablethanthosefromgenomicDNA

transftr．Theseadvantages，Wethink，arepartial1yderivedfromtheorganizationofchromosomestructure

Where DNA sequences are covered with nuclear proteins，paCkaged compactinto chromatin structure，

andprotectedfromDNaseattacks．In spiteoftheseadvantages，however，metaphasechromosomesare

notachoiceasdonormaterialsfbrtheisolationoftheselectablemarkergenebecauseDNAsequencesin

Chromosomescannotbemanipulatedbefbreapplicationtotherecipientce11S．

Asadonorofgeneticmaterials，Wehaveselectedphageparticlesinwhichanexogenousgeneisen－

CapSulatedfbrthefollowlngreaSOnS：theyhaveastructuralorganizationanalogoustothatofchromosomes．

DNAsequencesarecoveredwithphagecoatproteinspackagedcompactintophageparticlesandprotected．

Fromthisstructuralanalogy，WeeXpeCtahighefnciencyofgenetransftrandgoodstabilityoftheresult－

anttransfbrmantswhenphageparticlesareappliedtorecipientcells．Themethodfbrtheconstructionof

agenelibraryofmammalianDNAinlambdaphagevectorshasbeenalreadyestablished，andsequences

forgenomicDNAandlambdavectorscanbeeasilymanlpulatedbeforepackagingintophageparticles．

Inthisworkphageparticlescoprecipitatedwithcalciumphosphatewereappliedtotherecipientcells

forgenetransftrinplaceofeitherDNAorchromosomes．UsingCharon4Arecombiantphagecarrying

HSV－1tkgeneandLtk－cells，Wehaveestablishedtheconditionsofphage一mediatedgenetransfbr，attained

ahighefBciencyofgenetransftr，andalSohavefoundthattheresultanttransformantswereapparently

Stable．Furthermore，tO Our SurprlSe，theexogenouslyintroducedDNA sequencesin the transfbrmants

havebeenstablyconservedwithonlyslightrearrangement．

」占∫Jr〟CJげ班ere∫〝血

Recombinant phageparticlescarrylng the thimidine kinasegene ofherpes simplex typel andc0－

precipitatedwith calcium phosphate efBciently transfbrm mouse Ltk‾cells to the tk＋phenotype．The

COnditions necessary to achievehighefnciency transfer ofthetkgene byphageparticle－mediated gene

transftrwereinvestigated．Oftheparameters examined，pH ofabufferusedfbrthecoprecipitation of

phageparticleswithcalciumphosphate，thelengthoftimefbrthecoprecipitation，andthelengthofad－

SOrPtiontimewerefbundtosignificantlyalterthetransftre侃ciency．Theoptimalvaluesfortheseparame－

terswereasfollows：thebufftrofpH6．87at25OC；thecoprecipitationtimeof7to20min；theadsorp－

tion time of18to30hr．Treatmentwith dimethylsulfoxide，glycerol，OrSuCrOSedidnotenhancegene

transfbr．TheoptimalconditionsyieldedaboutonetransfbrmantPerlO5phageparticlesperlO6cellswith－

OutCarrierDNA．Increaslngthedosageofphageparticles，atleastupto5×107perlOOmmdish，reSulted

inalinearincreaseinthenumberoftransfbrmants．AdditionofcarrierphageuptolOlOphageparticles

5



perlOOmmdish，SCarCelyaffectedthenumberoftransfbrmants・Thetransfbrmantswereapparentlystable

and the exogenouslyintroduced DNA sequencesin them were stably conservedwith only slight rear－

rangement．

Ishiura，M．，Hirose，S．，Uchida，T．，andOkada，Y．：Mbl．Cell．Biol．，inpress．
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A STUDY OF DYSTROPHIC MUSCLE MAINTAINED ZN VtTRO

TakeshiYonezawa

DepartmentofPathology，KyotoPreftcturalUniversltyOfMedicine，Kyoto606

0urpreviOusworkonthealterationsofdystrophicmusclemaintained血Vitro（CalifbrniaDavisLine

413）disclosedcharacteristicdegenerativechanges，SuChasabnormalfusingprocessesofmyoblasts，VaCu－

01ation ofsarcoplasm，fenestrationofsarcolemma，dilatation oftransversetubules，hypercontractionof

myofibrils，andsegmentalnecrosisofsarcoplasm・Hypercontractionofmyofibrilsandsegmentalnecrosis

werecloselyrelatedtothedilatedTsystem，WhichseemedtobecontinuoustothesarcolemmalopenlngS・

ToclarifythecausativerelationshipsofthesealterationsandtheaccumulationofexternalfluidintheT

system，HRPtechniqueswereappliedtoculturesofdystrophicmuscle・UltrastruCturalstudieswerealso

performed・Fragmentsofsuperficialbreastmusclefromdystrophicchickandcrosssectionsofspinalcord

werecultivatedonco11agen－COatedcoverslipsandmaintainedwiththedoublecoverslipmethod．Cultures

wereobservedundertheordinarylightmicroscopeandNomarskyoptlCSwithhighmagnification・When

needed，Cultureswereimmersedinabalancedsaltsolution（BSS）containingHRP（2・5mg／ml）andmain－

tainedforonehour．AfterrinsingwithBSS，Cultureswere丘xedwith2．5％glutaraldehydefor30minand

washedovernight，andthenstainedwithDABinthepresenceof0．01％ofH202．

Fenestrations ofmusclesurfaceexhibitedwithlightmicroscopicobservationswerefbundto corre－

spondtothewideningoforificesofthetransversetubularsystem・Inaddition，endocytoticvesiclesin－

creasedinnumber，andweremainlylocatedunderneaththesarcolemma・Similarvesicularstructureswere

alsoseeninthedeepersarcoplasm．HRPreactionseemedtobecloselyrelatedtothesestructures，SuggeSt－

ingaccumulationofexternalnuidinsidethemusclefibers・Furthermore，withlightmiCroscopicobservation

itwasfbundthatHRPpositivereglOnSWereOftenassociatedwitheitherhypercontractionofmyofibrils

orsegmentalnecrosisofsarcoplasm．

NerveinnervationofmusclefibersmaintainedklVitromaypromotebettermaturationandmainte－

nancethanwouldotherwiseoccur．Developmentofdystrophicchangesinmuscleculturemaybeenhanced

intheinnervatedmusclefibers，SuggeStingthealterationsweremorefrequentlyproducedinmuscles matu－

rated both biochemically and structurally．Among thealterations described above，VaCuOlation ofthe

sarcoplasmseemedtobenonspecifiC，Whileothertypesofalterationwerecharacteristicforthisdisorder・

Wideningand dilatationofthetubularsystemarecloselyrelatedtothenecroticfiberswhichexhibited

HRPdeposition．Furthermore，damageofthetubularsystemseemedtobeaninitialchangeleadingtothe

productionofnecroticinclusionandhypercontractionaswell・Thoughthesenecroticprocessesdiffered

from the disturbanceoffusingprocesses ofmyotubes，theremaybeapossibilityofasinglecausative

factor，thatis，membraneabnormalitywhichisgenetical1yinherited・Iftrue，itisquitepossiblethatsome

othertypeofcellmaydevelopasimilarmembraneanomalyonageneticbasis・

IntheDuchennetypeofmusculardystrophyithasbeensuggestedthatCa2＋depositioninthetubular

systemactivatesthecalciumdependentproteinase，reSultinginsegmentalnecrosisofmusclefibersand

productionofopaquefibers・Thesechangesinpatientsareidenticaltothoseobservedinchickdystrophic

muscles正目正価仇
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MITOTIC ACTIVITIES OF MONONUCLEATE CELLS CULTURED ZN VtTRO ORIGINATED

FROMREGENERATINGMUSCLESOFNORMAL（＋／＋）ANDDYSTROPHIC（dy／dy）MICE（II）

TsutomuKagawa

LaboratoryofCellBiology，ToneyamaNationalHospital，Toyonaka560

Wehavereportedthat duringthesamecultureperiodthenumberofcelldivisions（NCDs）ofdys－

trophic myogenic cells（dy／dy）was signifiCantly smaller than that ofnormal（＋／＋）onesl）．To clarify

WhetherthedifferenceintheNCDswasduetotheprolongationofgenerationtimeofdystrophicmyogenic

Cellsortotheirearlierdeprivationofmitoticactivities，WeCarriedoutclonalculturesofeithernormalor

dystrophicmyogeniccellsandobtainedtheirgrowthcurves．

Adult normal（＋／＋）and dystrophic（dy／dy）mice were used throughout．The procedures fbr the

preparationofregeneratingmuSCles2，3）andtheliberationofmononucleatecellsfromeithersource4）were

describedpreviouslybyKagawaetal．Cultureswereestablishedbyplating500cellsfromeithersourcein

5mlofthe“freshrnedium”2）onto a60－mm Falcon plastic petridishcoatedwithO．2％gelatin5）．Tncu－

bationwascontinuedat370Cinahumidifiedatmospheregasedwith5％CO2and95％air．Eachculture

WaSftdwith5mlofthe”growthmedium”2〉onedayafterplating．Threeseriesof．cultures ofthesame

type（cultures1，2，and3）werecarriedout．EachofthemconsistedoflOnormalandlOdystrophiccul－

tures．In each series，30－45colonies ofmyogenic ce11s from either origin were randomiy selected and

markedwithnumbers2daysafterplating．Thecellnumberofeachwasenumeratedeverydaythereafter

andgrowthcurveswereobtained．Colonieswhichlostthepotencyofce11growthwereexcludedand，in

COnSequenCe，thenumberofcoloniesusedforthecountingofNCDsdecreasedwiththeadvancement of

thedaysofcultures．

Theaveragenumberofcelldivisionsoccurringduringthecultureperiodofdystrophicmyogeniccells

（7days）wassmallerthanthatofnormalinallcultures and the differences weresignificantinculturesl

and2（Tablel）．AsshowninFig．1，thedifferencesintheNCDsbetweennormalanddystrophicmyogenic

Cellswhich occurred during thefirst two culture days were also significantin culturesl and2．To

excludethepossibilitythatthedifferenceintheNCDswasduetotheincreaseofcellnumberbythefusion

Oftwoormorecoloniesinnormalcultures，NCDs occurringafter2through7daysofincubationwere

TABLEl．AverageNumberofCellDivisions（0－7days）

Culturel Culture2　　　　　　　　Culture3

Nomal

Dystrophy

トStat．（P＜）

6．21土2．08
（43）

3．80土1．73

（29）

0．01

5．02士2．04

（31）

2．37士1．11
（16）

0．01

5．24士2．18
（23）

4．25士1．86
（26）

NS

1－Stat・：1－Statistics．（）：numberofcoloniesusedforthecountofnumberofcelldivisions．NS：nOtSignlficant．

TABLE2．AverageNumberofCellDivisions（2－7days）

Culturel Culture2　　　　　　　Culture3

Normal

Dystrophy

トStat．（P＜）

3．06土1．89
（43）

1．45土1．47
（29）

0．01

2．99±1．86

（31）

1．32土0．92

（16）
0．01

2．93士1．63

（23）

2．51士1．50

（26）

NS

t－Stat・：1－Statistics．（）：numberofcoloniesusedforthecountofnumberofcelldivisions．NS：nOtSigni丘cant．

9



Culturel

S
U
O
叫
∽
て
竃
〓
q
U
 
h
O
 
J
む
一
∈
n
N

Culture2 Culture3

エ
言
O
J
u
〓
ご
ざ
盲
○
‘
S
 
S
だ
u
〇
一
〇
こ
O
L
3
6
コ
N
訳

3　　　4 5　　6

FIG．1．Growthcurvesandthecurvesshowingthenumberofcolonieswithmitoticactivity．－aVeragenumber
ofcelldivisions（0－7days）．，一一aVeragenumberofcelldivisions（2－7days）．一一－％numberofcoloniesshowing

cellgrowth．Thet－Statisticsfortwomeanswasusedtocomparethenumberofcelldivisionsofnormalmyogenic

cellsandthatofdystrophicones：＊＊＊P＜0．01，■＊P＜0．05，＊NS．

alsoobtained．Theywerealsosmallerindystrophicculturesthaninnormalonesinallseriesofculturesand

thedifftrencesweresignificantinculturesland2（Table2）．Thesefindingsagreedwiththeresultswepre－

Viouslyreportedl）．

Thegradeofeachgrowthcurve（Fig．1）showsthevelocityofcelldivisions．Thegradesofthegrowth

curvesofdystrophicmyogeniccellswereapproximatelyparalleltothoseofnormalinallcultures（Fig・1）

indicatingthatthegenerationtime，WhichisthereclprOCalofthevelocityofcelldivision，Ofdystrophic

myogeniccellswasapproximatelythesameasthatofnormalcells．

Coloniesshowingcellgrowthdecreasedinnumbermuchmorerapidlyindystrophicculturesthanin

normalonesinculturesland2，inbothofthesethenumberofcelldivisionsofdystrophicmyogeniccells

wassignifiCantlysmallerthanthatofnormalmyogeniccells（Fig．1）．

Thepresentstudysuggestedthat thedecreasein the numberofcelldivisions foundindystrophic

cultureswas not dueto theprolongationofgenerationtimeofdystrophicmyogeniccells but to their

earlierdeprivationofmitoticactivity．

1）Kagawa，T．，Chikata，E．，andHamano，R．：CurrentResearchinMuscularDystrophy，Japan，2，11，1980・
2）Kagawa，T．，Chikata，EりandTani，J．：Dev．BioL55，402，1977．

3）Kagawa，T．，Chikata，E．，Tani，J．，andTsutamune，T．：Dev．Biol．65，526，1978・
4）Kagawa，T．，Chikata，E”Tani，J．，andTsutamune，T．：30thAnnu．MeetingofJapanSoc・OfCellBioLAbst・（A－28），

1977．

5）Richler，C．andYa能，D．：Dev．BioL．，23，1，1970・
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REQUIREMENT OF TRANSFERRIN FOR MYOGENIC CELL GROWTH m T7ZTt10

EijiroOzawa，IchiroKimura，TakayukiHasegawa，IchioIi，YasukoHagiwara，andKqjiSaito

DivisionofCellBiology，NationalCenterfbrNervOuS，MentalandMuscularDisorders，Kodaira187

Chick myogenic cells do not growin a basalculture medium（BCM）composed of85％Eagle’S

minimumessentialmediumand15％horseserumbutgrowwellwhenasmallamountofmuscletrophic

factor（MTF）is addedtothemediuml）．MTFis aproteinprepared丘omchickadultserum21whichis

Salmonpinkincolorandhasamolecularweightof80Kdalton．

InordertodeterminethenatureofMTF，itwascomparedwithchickserumtransftrrin（STf）prepared

fromchickserum，andovotransftrrin（OTf）ffomchickeggwhite3・4）．

ThemolecularweightofsTfwasals080KdaltonandthatofoTfwasalittlesmallerwhendetemined

bySDSacrylamidegelelectrophoresis．ProteolyticdigestsofMTF，STf，andoTfbyα－Chymotrypslnand

papainshowedindistinguishablepatterns．

Asingleandidenticalprecipitinlinewasfbrmedinadoubleimmunodiffusionprecipitationtestwhen

anti－STfandoTflrabbitserareactedinagargelwithMTF，STfioTfiorchickserum．

Thesethreeproteins boundftrricion．Absorptionat465nm，Whichischaracteristicofiron－bound

transftrrin，increasedastheamountofftrricionboundtotheapo－tyPeOfMTF，STf，andoTfincreased．

Thesetworeachedaplateauwhenthemolarratioof80Kdaltonproteinagainstironwasapproximately

l：2．Thisstoichiometricratioisalsocharacteristicoftransferrin，indicatingthatthemainproteinsbelong

tothetransftrrinfami1y．

Iron－free proteins showed no myotrophicactivity．Myotrophicactivityappearedwhen theprotein

boundiron．Itincreasedalmostproportionallywiththeamountoftheboundiron，andreachedaplateauat
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MoIar ratio of Fe3＋added：Tf

FIG・1・RelationofmolarratioofFe3＋vs・TftomolarratioofboundFe3＋vs・Tf，Opticalabsorptionat465miLm，

andcreatinekinase（CK）activityasanindexofmyotrophicactivity．
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thesamemolarratio（Fig．1）．Complexesoftransftrrinwithmetalsotherthanironsofarexaminedwere

withoutactivlty；therefore，theactivltyCanbesolelyascribedtoiron－boundtransftrrin．Allofthesedata
alsoindicatethatMTFisidenticaltotransftrrin．

Ferricorftrrousion，nOtboundtotransferrin，WaSalsoefrtctiveinpromotingmyogeniccellgrowth，

althoughmorethan200timestheamountofironasacomplexwithtransftrrinwasrequired．Othermetals，

SuChasMn，Cr，Cu，Co，Ni，Cd，andZn，WerenOteffective．

We have also prepared transftrrin from chick embryo extract（EE）．The preparation method was

similar to that usedfor MTF preparation，With somemodifications which willbe detai1edelsewhere5）．

Thistransftrrin（EETf）andsTfwereindistinguishablefromeachotherphysicochemically，immunologi－

Callyandinmyotrophicactivitysofarexamined，eXCeptthatEETfwasmainlycomposedoftransftrrin

specieswithOorlsialicacidresidue，WhereassTfhadmainly20rlsialicacidresidues．Myotrophicactivity

didnotdependonthenumberofsialicacidresidues．

When transftrrinwas removed from EE byimmunoprecipitation oriron bound to transftrrinwas

removedfromEEbydialysisatpH4．5，myOtrOPhicactivitywaslostbutwasrestoredbytheadditionof

transftrrin oriron to both kinds ofinactivated EE．Thisindicates that transfbrrinis a verylmpOrtant

component ofEEformyogenesis．Further，OneOfthemostimportantroleofEEistoglVeirontothe
Cells．

HorsetransftrrinpresentinBCM didnotshowmyotrophicactivityonchick cells．Thiscanbeex－

plainedonthebasisoftheclass－SPeCificnatureoftransftrrin；mammaliantransftrrin，eXCePtbovinetrans－

ftmin，WaSnOteffectivebutaviantransftrrinwaseffectiveinpromotingchickmyogeniccellgrowth・

Chick transferrin，irrespectiveofthesources ormethods ofpreparation，PrOmOtedchickmyogenic

cellgrowthsofarasitboundferricion．Itisdeducedthatironisabsolutelyrequiredeitherfbrmultiplica－

tionofmyoblastorgrowthofmyotubes．TransftrrinservesasanefBcientiron－donnertocells．Withoutit，

grownmyotubesdegenerateandaredestroyed6）．

Someoftheresultsonthissubjecthavebeenpreviouslypublished7●10）

1）Hagiwara，Y．，Kimura，I．，andOzawa，E．：Dev．GrowthD脾r．23，249，1981．
2）Ozawa，E．andKohama，K．：Proc．J（PanAcad．，49，852，1973．
3）Leibman，A．J．andEisen，P．：Arch．Biochem．Biqphys．，121，717，1967．
4）Kimura，I．，Hasegawa，TりMiura，T．，andOzawa，E．：A■OC．JqpanAcad．，57B，200，1981．

5）Ii，I．，Kimura．I．，andOzawa．E．：Submitted．
6）Ozawa，E．andHagiwara，Y．：Biomed．Res・，3，16，1982・
7）Hasegawa，TりSaito，K．，Kimura，I．，andOzawa，E．：Proc．JqpanAcad．，57B，206，1981．

8）Ii，I．，Kimura，LHasegawa．T．，aIldOzawa，E．：Proc．JLPanAcad．，57B，211，1981・
9）Ozawa，E．andHagiwara，Y．：Proc．JEPanAcad．，57B，406，1981．
10）Hagiwara，Y．andOzawa，E．：Dev．GrowthD脾r．，24，115，1982．
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EFFECTS OFINNERVATION ON MUSCLE REGENERATION

ToshioTerao，KazukoMashino，andNakaakiOhsawa＊

TheFirstDepartmentofInternalMedicine，TeikyoUniversitySchoolofMedicine，Tokyo173
＊TheThirdDepartmentofInternalMedicine，FacultyofMedicine，UniversltyOfTokyo，Tokyol13

In transplanted muscles myotubes are formed by satellite cells followed by striate formation，and

Subsequentlydevelopintonewmaturemusclefibers．Am如Ordifferenceinthemusclestructurebeforeand

aftertransplantationisthatthediameteroftheregeneratedmusclefiberissmaller．

Majorfactorscontributingtotheincreaseinthediameteroftheseregeneratedmusclesaretherecovery

Ofbloodsupplyandmuscletensionaswellasthereinnervationtothemuscles，Whichincludestheregenera－

tionofnervesfromthehostbodyandtheirconnectiontotheregeneratedmuscle．

The present studies were undertakenin order to elucidate theinfluence ofreinnervation on the re－

generationoftransplantedmuscles．

Undernembutalanesthesia，OrthotoplCalautotransplantationofbothsidesoftheextensordigitorum

longusmusclewasperformedinrats．Ishiadicnerveofonesidewasdenervatedandtheintactsideserved

as acontrol．

Thetransplantedmuscleswereextlrpatedsuccessivelyafterthetransplantationandwereweighedand

SeCtionedwithacryostatt．Thehistologicaldifferenceswereanalyzedbetweenthecontrolanddenervated

musclesbothbyordinarystainlngSSuChasHematoxylin－EosinandTrichrome，andhistochemicalstainings

SuChasATPase，DPNH，andSDH．

Fourdaystooneweekfollowingthemuscletransplantations，numbersoffibroblasts，myOblasts，and

macrophagesappearedintheperipheralreglOnSOfthetransplantedmusclesfollowedbythedevelopment

FIG・1・Regeneratedmusclesthreeweeksaftertransplantation・C：COntrOIside，d：denervatedside．
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FIG．2．Histologyoftheregeneratedmusclesthreeweeksaftertransplantation・ATPasestaining・left：denervated
Side，right：COntrOIside．

ofnewregeneratedmuscles．Aftertwoweeks，theregeneratedmusclesgrewtooccupythewholeareaof

thegrafts．Ananalysisofthesizeoftheregeneratedmusclefibersrevealedlittledifferencebetweenthe

denervatedandtheintactmuscles，althoughthediametersofdenervatedmusclefiberstendedtobesmaller

thanthose ofthecontrol．

Thereafter，thedi鮎rencesbecameclearer．Figurelshowsregeneratedmusclesofthedenervatedand

thecontroIsidesthreeweeksaftertransplantation．Asshown，thesizeoftheregeneratedmusclefromthe

denervatedsideisapparentlysmallerthanthatofthecentral．Thedifferenceincreasedgraduallyandsuc－

cessively．Atfourweeks aftertransplantationtheaverageweights oftheregeneratedmuscles from the

controIsidewereapproximately50mg，Whereasthose ofthe denervatedmuscles were usuallylessthan

halfthatofcontrol．

Figure2showsthehistologyoftheregeneratedmuscles ofthedenervatedandcontroIsidesthree

weeksfollowlngtranSplantation．Herethedenervatedmusclerevealspoorerregenerationwithplentyof

connectivetissues，Whichleadtothefibrosisfrequentlyobservedinthe centralportion・Thenumberof

regeneratedmusclefibersdecreasedinthedenervatedside・Further，thecontroIswereapparentlyuniform

insize，Whereasthedenervatedmuscleswerevariableandtendedtobesmaller・

Theaboveresultsindicate that theformation ofthemyoblast and themyotubeduringmusclere一

generationwasnotinnuencedbytheinnervation・However，thedevelopmentoftheregeneratedmuscles

wasprogressivelyimpairedwithtime．Furtherstudiesareneededtoanalyzethesephenomena・

1）Gutmann，E．：Thedenervatedmuscle，p．121，PublishingHouseoftheCzechoslovakAcademyofScience，Prague，
1962．

2）Saunders，J．H．andSissons，A．：J．BoneJt．SLLrg．，35B，113，1953・

3）Denny－Brown，D：J．Neurppathol．，10，94，1951・
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