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Introduction

Regenerationofskeletalmuscleisacomplexbut
well-organizedprocessinvolvingactivation,prolifera-
tion,anddifferentiationofmyogenicprecursorcells,
infiltrationofmacrophagestoremovenecrotictissues,
andremodelingoftheextracellularmatrix.Muscle
satellitecellsaremyogenicprecursorcellsthatare
largelyresponsibleformusclefiberregenerationin
adultmuscle.Inadditiontomuscle-derivedsatellite
cells,skeletalmusclecontainsanothertypeofstem
cellsreferredtoassidepopulation(SP)cells.SPcells
aredefinedasthecellfractionthatefficientlyeffluxes
Hoechst33342dyeandthereforeshowsauniquepat-
ternonFACSanalysis.Previouslyreportsshowedthat
skeletalmuscle-derivedSPcellfractionareheteroge-
neousandcontainatleastthreesubpopulations.CD31-
negativeCD45-negative(CD31(-)CD45(-))SPcells
areaminorSPsubfractionthathavemesenchymal
stemcell-likepropertiesinuninjuredskeletalmuscle
(Uezumietal.,2006).However,thesecellsactively
expandintheearlystagesofmuscleregenerationand
returntonormallevelswhenmuscleregenerationis
completed.AlthoughCD31(-)CD45(-)SPcellsarethe
onlySPsubsetthatexhibitedthecapacitytodifferen-
tiateintomyogenic,adipogenic,andosteogeniccellsin
vitro,theirmyogenicpotentialinvivoislimitedcom-
paredwithsatellitecells.Therefore,Ihypothesizedthat
CD31(-)CD45(-)SPcellsmightplaycriticalroles
duringmuscleregenerationotherthanasmyogenic
stemcells.

ResultsandDiscussions

．Efficiencyofmyoblasttransplantationisin-1
creasedbyco-transplantationofmuscleCD31(-)
CD45(-)SPcellsinNOD/scidandmdxmice
ToclarifythefunctionsofCD31(-)CD45(-)SPcells

duringmuscleregeneration,weisolatedmyoblasts
fromGFP-transgenicmice(GFP-Tg)andinjectedthem
(3x104cells/muscle)withorwithoutCD31(-)CD45

(-)SPcells(2x104cells/muscle)intoTAmusclesof
immunodeficientNOD/scid mice or dystrophin-
deficientmdxmiceasahost.Twoweeksafter
transplantation,co-transplantation of GFP (+)
myoblastswithnon-labeledCD31(-)CD45(-)SPcells
producedahighernumberofGFP(+)myofibersthan
transplantationofGFP(+)myoblastsalone.(Fig.1)
Theseresultssuggestthatmoremyoblastsparticipated
inmyofiberformationaftercotransplantationthanafter
singletransplantation,injected SP cellspromoted
growthofregeneratingmyofibers,orboth.

．CD31(-)CD45(-)SPcellspromoteproliferation2
andmigrationofmyoblastsinvivo
TodeterminewhetherCD31(-)CD45(-)SPcells

promoteproliferationofimplantedmyoblasts,wedis-
sectedthemusclesat48hoursaftertransplantation,
and stained the cross-sectionswith antiphospho-
rylatedhistoneH3antibody,amarkerofthemitotic
phaseofthecellcycle.Co-transplantationofmyoblasts
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Fig.1Co-transplantationof
myoblasts and CD31(-)
CD45(-)SPcellsintoske-
letalmuscle ofNOD/scid
mice promotes myofiber
formation
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withCD31(-)CD45(-)SPcellssignificantlyincreased
thepercentageofmitoticGFP(+)cellscomparedwith
transplantationofmyoblastsalone.
Further,asshowninFig.2,manymoreGFP（+）

cellsweredetectedinco-transplantedmusclesthanin
myoblast-transplantedmuscles72hoursaftertrans-
plantation.Inaddition,GFP（+）cellsweremorewidely
spreadintheco-injectedmusclesthaninmuscles
transplantedwithmyoblastsalone（Fig.3).

3.CD31(-)CD45(-)SPcell-derivedMMP-2pro-
motesthemigrationofmyoblasts
Genome-widegeneexpressionanalysisrevealedthat

CD31(-)CD45(-)SPcellshighlyexpressmatrixme-

talloproteinases(MMPs).AmongtheMMPsupregu-
latedinCD31(-)CD45(-)SPcells,wepaidspecial
attentiontoMMP-2.WeconfirmedthatthemRNA
levelofMMP-2andgelatinolyticactivityweremuch
higherinCD31(-)CD45(-)SPcellsthaninmacro-
phagesormyoblasts.
TodirectlyinvestigatetheeffectsofMMP-2onthe

migrationandproliferationoftransplantedmyoblasts,
weinjectedGFP(+)myoblastswithCD31(-)CD45(-)
SPcellspreparedfromwild-typemiceorfromMMP-2-
nullmiceintoTAmusclesofNOD/scidmice.At72
hoursaftertransplantation,GFP(+)cellsweremore
widelyspreadinthemuscleco-injectedwithwild-type
CD31(-)CD45(-)SPcellsthaninthemusclesco-
injectedwithMMP-2-deficientCD31(-)CD45(-)SP
cells(Fig.4).Incontrast,therewasnodifferenceinthe
numberofGFP(+)cellsbetweentwogroups.These
resultsstronglysuggestthatMMP-2derivedfrom
CD31(-)CD45(-)SP cellssignificantly promotes
migrationofmyoblasts,butdoesnotinfluencethe
proliferationofmyoblasts.

Conclusion

EndogeneousCD31(-)CD45(-)SPcellspromote
muscleregenerationbysupportingmyoblastsprolifera-
tionandmigration.Thesefindingswouldprovideus
insightsintothemolecularandcellularmechanismsof
muscleregeneration,andalsohelpusdevelopcell
therapyformusculardystrophy.

Fig.3CD31(-)CD45(-)SPcellspromotemigrationof
myoblastsinvivo

Fig.4 MMP-2derivedfromCD31(-)CD45(-)SPcells
promotesthemigrationofmyoblastsinvivo

Fig.2CD31(-)CD45(-)SP
cellspromoteproliferationof
myoblastsinvivo




