


DermalABCB5+ mesenchymalstem cells expressa panelof previouslyestablishedmesenchymalstem cell markers,
includingCD29, CD90, CD59andCD44, whilehematopoieticstemcell markerslike CD34andCD133arenot expressed
(Fig.1).
DermalABCB5+ MSCrevealthecapacityto differentiateintoadipocytesandosteocytesandrevealplasticadherence.
Notably,a significantdeclineof thepercentageof ABCB5+ cellswasfoundin theold agegroupcomparedto theyounger
age groups(p<0.0001), whilethetotalnumberof residentcellsin thedermisperhighpowerfieldremainedidenticalin all
agegroups.
Noconsistentage-dependantincreasein two robustbiomarkersfor in vivo aging�JH2AXandp16wasfoundin ABCB5+

MSC,indicatingthattheDNAdamageresponsepathwaywithactivationof thecellcycleinhibitorp16is not involvedin the
reducednumbersof ABCB5+MSC.
MicroarrayPCR analysis identified mainly proteins involved in apoptosis (Glycosylphosphatidylinositolanchored
moleculelikeprotein,p73andGrowtharrestandDNA-damage-induciblegenegamma).
ABCB5+ MSCswere found in close associationof CD31+ vessels in younger individuals,while this perivascular
localizationwaslost in theoldagegroup.
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Fig. 4Noconsistentage-dependantincreasein �JH2AXandp16wasfoundin ABCB5+mesenchymalstemcells.
a. �JH2AXrepresentsa phosphorylatedhistoneproteinwhichisa solidinvivoagingmarker(Keoghetal,2005)4 andis recruiteduponphosphorylationtoDNA
double-strandbreakswhereit initiatesDNArepair. b. ABCB5+ mesenchymalstemcellswereisolatedfromtheskinofindividualsatdifferentagesandWestern
blotanalysiswasperformedusinglysatesfromABCB5+ cells. �JH2AXproteinexpressionwasassessedusinganantibodyagainst�JH2AX. Humandermal
fibroblasts(FF95) servedascontrols. c. p16inducesa permanentgrowtharrestofcellsasit preventscellsfromenteringtheS-phasebyinhibitionof thecell
cycle-dependantkinasesCDK4 and6. p16hasearlierbeenidentifiedasa solidinvivomarkerforskinaging(Ressleretal2006). d. p16expressioninskin-
derivedABCB5+ mesenchymalstemcellsfromindividualsatdifferentagewasassessedbyWesternblotanalysis.
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Background

Recently,the expressionof ABCB5, a novelP-glycoproteinof the ABCsuperfamilyof activetransporters,wasfoundin a
newlydefinedmesenchymalstemcell (MSC)subpopulationin theskin.
Eventhoughthis subpopulationis preferentiallyfoundin theskin,it occursalsoin all connectivetissuecontainingorgans.
ABCB5+ MSCssharemanybutnotall markersof conventionalMSCs(seefig. 1), revealplasticadherenceanddifferentiation
to adipogenicandosteogeniclineages(seeFig.1). ABCB5 belongsto a drugpersistencetransporterfamily,regulatesthe
membranepotentialand preventscell fusion (Franket al., 2003)1. ABCB5+ malignantmelanomainitiating cells have
immunmodulatorypropertiesas theyexpressthenegativeco-stimulatorPD-1 andsuppressT cell activationandstimulate
Foxp3+ regulatoryT cells (SchattonandFrank,2009)2. Interestingly,ABCB5 wasidentifiedas a markerof melanomastem
cells (Franket al., 2005). Thedecreasein numberand/orfunctionof the newlyidentifiedABCB5+ MSCsubpopulationmay
resultin impairedregenerativecapacityandaging. However,robustin vivodataarecurrentlynotavailable. Herewestudied
the cell surfaceexpressionpattern,the expressionof agingmarkers,the cell numberandspecificlocalizationof ABCB5+

MSCsin humanskinin young(0-20years),middle-aged(21-70years)andoldhealthyindividuals(>71years).
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Fig. 2Significantdecreasein numberof dermalABCB5+stemcellsubsetduringaging
a. ImmunofluorescencestainingofABCB5+ MSCsin thedermalcompartmentofhumanskinofa 13yearsoldindividual. b. Usinga peptidecompetitionassay
(16-merpeptideRFGAYLIQAGRMTPEG)theimmunofluorescencestainingwascompletelyinhibitedindicatingthespecificityofthestaining.
c. Immunofluorescencestainingswithananti-ABCB5 antibodywereperformedonskinsectionsof individualsat differentagegroups(0-20, 21-70,>70years).
ABCB5+ cellswerecountedper totalnumberof dermalcellson 100highpowerfieldsper skindonorfor sevenindividualsper agegroupin the dermal
compartmentoftheskin. Statisticalsignificancewasassessedusingthet-test.
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Fig. 3Changeof nichepreferenceofABCB5+mesenchymalstemcellsduringlife-time
a. A perivascularlocalizationwaspredominantlyfoundin skinsectionsof youngindividuals. ImmunofluorescencedoublestainingforABCB5 (green)and
CD31 (red)as an endothelialmarkeron skinsectionsof a 13 yearsold individual. b. Doublestainingas outlinedin a. showsthatABCB5+ ratheroccur
independentofvesselsina 69yearsoldindividual. ABCB5+cells(green). Noredfluorescence(CD31) wasfoundinthisskinsection. c. Theperivascularand
non-perivasularlocalizationof skinsectionsof individualsat differentagegroups(0-20, 21-70, >70years)wasassessedusingdoubleimmunofluorescence
staining. ABCB5+ cells(green)werecountedin co-localizationto bloodvessels(CD31-redimmunofluorescence). Thepercentageof ABCB5+ cellspertotal
numberofdermalcellswereassessedinperivascularandnon-perivascularlocalization.Statisticalanalysiswasdonebyt-test.

Gene P-value Fold up- or down-regulation
(69/24 years)

Signalingpathway

Glycosylphosphatidylinositol anchored molecule like
protein 0.000606 201,7838 Apoptosis

Tumor protein p73 0.001811 7,9815 Apoptosis

Growth arrest and DNA -damage -inducible gene, 
gamma 0.000791 5,4895 Apoptosis

Table1. ABCB5+ MSCsfromold individualsareproneto apoptosiscomparedtoABCB5+MSCsfromof youngindividuals
A DNADamagePCRArraywasperformed. cDNAof ABCB5+ cellsof a 69anda 24yearsoldindividualwasanalysedforDNAdamage-specificgenes,
includinggenesforapoptosis,cellcycle,andDNArepair. cDNAof threegenescodingforapoptosiswerehighlyincreasedsuggestingthatapoptosisof
ABCB5+ MSCsinolderindividualsmayaccountforthedecreaseinABCB5+cellnumbers.

Summary

References

Perspectives
Longterm,the regenerativecapacitiesof ABCB5+ mesenchymalstem cells may be successfullyexploitedfor tissue
regenerationanddifficult-to-treatwoundsin theelderly.

A progressivedecreasein numberandchangein nichepreferenceof the ABCB5+ mesenchymalstemcell subsetwas
observedin skinaging.
Thisreductionin ABCB5+ mesenchymalstemcellsmayratherbedueto enhancedapoptosisandnot to theDNAdamage
responsepathwaywhichactivatesthecellcycleinhibitorp16andresultsin irreversiblegrowtharrest.
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Fig. 1ABCB5+ cells isolatedfromhumanskinshowcharacteristicsof mesenchymalstemcells
a. UsingFACSanalysis,markerspresenton ABCB5+ cells(CD90, CD59, CD29, CD44, STRO-1) haveearlierbeenfoundalsoon bonemarrow–derived
mesenchymalstemcells(BM-MSCs). b. Inaddition,ABCB5+ cellsexpressCD117andaverylowlevelofCD31, whicharevariablyexpressedonBM-MSCs.
c. CD133andCD34, markersforhematopoieticstemcells,areabsentonABCB5+ cellsandalsoonBM-MSCs. d. Followingcultureofskin-derivedABCB5+ cells
in an osteoblast-differentiationmedium(DMEM)supplementedwith 10%FCS,1% glutamine,ascorbicacid at a concentrationof 50��g/ml DMEM),ß-
glycerophosphatat a concentrationof 0.216���J���P�ODMEM,100nM Dexamethason,andpenicillineandstreptomycineat routineconcentrationsfor 4 weeks
resultedin osteogenicdifferentiation. OsteogenicdifferentiationwasstudiedusingvonKossastaining. e. Highermagnificationof d. (20x) f. Culturein an
adipogenicdifferentiationmediumDMEMsupplementedwith0.5 ��Mdexamethasone,0.5 ��Mhydrocortisone,0.5��M Iobutylmethylxanthine,60��M indomethacin
for6 weeksresultedinadipogenicdifferentiation. AdipogenicdifferentiationwasmonitoredbytheenrichmentofOilRedstainingof lipidsinadipocytes. g. Higher
magnificationoff. (20x).
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