


betweenproliferative,involutional,andresidualstages.In theproliferativephase,��-SMA-
expressionincreasesdueto theuncontrolledproliferationof myofibroblasts,leadingto nodule
formation influencedby localmediatorssuchastransforminggrowthfactor-��1(TGF-��1).
During theprogressionof Dupuytren'sdiseasemyofibroblastssynthesizeanelevatedlevelof
��-SMA, collagenIII andfibronectin[7]. So,theinvolutionalstageismarkedbyanelevated
proportion of collagenIII, resultingin theformationof thecharacteristiccordsandan
increasedextracellularmatrix deposition.In theresidualphase,nodulesandmyofibroblasts
decreaseand��-SMA andcollagenIII werediminished[8], andreplacedbyscartissue.

Furthermore,TGF-��1seemsto playasuperordinaterole in theformationandmaintenance
of DD, especiallybecauseTGF-��1inducestheexpressionof ��-SMA, collagenIII andfibronec-
tin, andhasbeenshownto increasethecontractionof myofibroblasts[9, 10].So,TGF-�� is
localizedin myofibroblastsin all phasesof DD [1]. This isnot surprising,sinceTGF-��1isan
abundantpro-inflammatorycytokine,involvedin pathologicalscarringandfibrosis[11].

Onetherapyoption for advancedDD is thepartial fasciectomy,which isunfortunately
accompaniedbysignificantrecurrencerates[12]. Thissurgicaltechniqueremovesinvolved
tissue,andcontainsextensivedissectionof diseasedlongitudinalcordsor nodules,whichare
removedfrom thesurroundingfascia[13]. Needlefasciotomyor enzymeinjectionascollage-
nase[14] wereperformedasalternativemethods,andat least88%of thecollagenase-treated
patientswereobservedto havetheir movementimprovedbyup to 48Êmovementin aone-
yearfollow-upstudy[15].

Theuseof photobiomodulation-basedtherapiesasatreatmentoption for DD isapromis-
ing alternative,whichhasnot beenappliedto thisday.Visiblelight couldmediateits therapeu-
tic effectviatheinteractionwith endogenousphotoreceptors,chromophoressuchas
porphyrins,cytochromec oxidase,nitrosatedandflavo-proteins,opsins,andion-gatechan-
nels[16,17],dependenton thespecificcharacteristicsof theirradiatedtissue.

It hasalreadybeenshown,thatbluelight, dependenton thewavelength,intensity(irradiance)
andradiantexposure,hasanti-inflammatoryeffectsin keratinocytes[18] andsuppressesdendritic
cellactivation[19]. In rodentsbluelight inhibits skin tumors[20] andimproveswoundhealing
[21].But,in thecontextof DD, bluelight isparticularlyinteresting,becausemitosisandprolifera-
tion of culturedcellscouldbeinhibited [22].Furthermore,theproliferationandinduced��-SMA-
expressionin humandermalmyofibroblastscouldbediminished[23].Thesepreconditionscould
rendertheirradiancewith bluelight (�� = 453nm, intensity38mW/cm2) aninterestingtool for
thetreatmentof Dupuytren'sfibroblasts.Therefore,thetherapeuticbenefitof bluelight (with
theseparameters)on Dupuytren'sdiseasewasevaluatedin thepresentwork.

Material and methods

Patients

Studyapprovalwasobtainedfrom theEthicsReviewBoardof theMedicalFaculty,Heinrich-
Heine-UniversityDuÈsseldorf(StudyNo.3634).Of the23patientswith Dupuytren'sdisease
(DD), 3 werefemaleand20weremale(averageage62years),all of whomunderwentfasciect-
omyat theDepartmentof TraumaandHandSurgery,UniversityHospital,DuÈsseldorf,Ger-
many.Patientswhosufferedfrom carpaltunnelsyndromeservedasnormalpalmarfascia
control (NPF).Their tissuewasdissectedfrom thepalmarfasciaandservedascontrol group,
if it hadto beremovedanyway(n = 24;16womenand8 men;averageage52.5years).The
usageof humanmaterialwasin compliancewith theDeclarationof HelsinkiPriniciples.
Informedwritten consentwasgatheredfrom all patients.During surgery,tissuespecimen
weredepositedin PBS(1%penicillin/streptomycin)andcooledto 4ÊC.Sampleswerepro-
cessedwithin 24h. All datawereanonymizedprior to analysis.
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Isolation and culture of the cells

All chemicalswereobtainedfrom Sigma-Aldrich,andcellculturematerialsfrom Cellstar
(Greinerbio-one),if not mentionedotherwise.

Mincedtissuewasincubatedat37ÊCin 10ml collagenase-solution(0.1M CaCl,0.005M
Glucose,0.1M Hepes,0.12M NaCl,0.05M KCl + 1.5%BSAand0.2%collagenasetype1) for
45min, filtrated througha100nm nylon strainer,centrifuged(1200rpm, 5 min at4ÊC)and
thepelletresuspendedin 30ml 0.9%NaCl-solution.After centrifugation(5 min at1200rpm
at4ÊC)thepelletwasresuspendedin standardmedium(RPMI 1640Medium Biochromwith
10%FBS,1x NEAA,1%penicillin/streptomycin,1 x sodiumpyruvate)andincubatedat37ÊC,
5%CO2.

Irradiation and TGF-β1 treatment

FibroblastsandNPFwereusedin passage3± 8.Cellswereseededin 3× 104/6-Well andirradi-
ationwasstartedafter24h, sothatprocedurewasstartedundersubconfluentconditions.
FibroblastsandNPFwereeithertreatedwith 2 ng/ml TGF-��1(ImmunoToolsrh TGF-��1),
irradiated(0±80Joule/cm2), treatedandirradiated,or neitherof those.Theirradiation was
performedin PBS.Theappropriatecontrol cellswereput besidetheirradiation unit andincu-
batedwith PBSequallyfor thesametime.After that,PBSwasreplacedbyculturemedium.
Temperaturewascheckedwith athermometer,andtheachievedmaximumtemperaturewas
37ÊC.Cellswereharvestedbycell-scrapingandthe��-SMA proteinexpressionwasmeasured
with WesternBlot Analysisasdescribeddownbelow.No technicalrepeatscouldbeperformed
dueto limited biologicaltissuesamples.

Blue light irradiation

All irradiation experimentswereaccomplishedwith aprototypeof anarrow-bandlight-emit-
ting diode(LED),whichemitslight of thewavelength�� = 453nm (16.7min). Thepowerden-
sitywas38mW/cm2. Thecellswerecontinuouslyirradiatedfrom abovein PBS,in 6-Well-
Plates.60(6× 10)LEDswereequallydistributedoveratotalof 10±12cm2. Thebluelight-
emittingdeviceusedin our experimentswasprovidedbyPhilipsGmbH,InnovativeTechnol-
ogies,Aachen,Germany.

Cell viability test (metabolic activity)

Fibroblastswereirradiatedwith differentdoses(5,10,20,40,60,80Joule/cm2). Then,effects
wereanalyzedwith CellTiter-BlueAssay(Promega,Madison,USA/G3582).CellTiter-Blue
usesanindicatordyeto measurethemetaboliccapacityof cells,asanindirect evidencefor cell
viability.CellTiter-Bluewasaddedataratio of 1:20into themedium.After anincubationtime
of 1h, thefluorescence(540EX/590EM) wasmeasuredin a1420MultilabelCounter(Victor3,
PerkinElmer).

Western blot analysis

In orderto verify thedifferentiationfrom fibroblaststo myofibroblasts,the��-SMA protein
expressionwasmeasuredwith WesternBlot analysis.Proteinconcentrationwasdetermined
with thePierceBCAProteinAssayKit in line with themanufacturer'sinstructions.10μgpro-
tein weremixedwith theLaemmlibuffer(4× Tris-glycin-SDSsamplebuffer,252mmol
TrisHCL pH 6.8;40%Glycerin;8%SDS;0.01%bromphenolblue+ 20%mercaptoethanol),
denaturatedfor 5 min at95ÊC,andseparatedon a12%sodiumdodecylsulphate-polyacryl-
amidegel(SDS-PAGE)).Separatedproteinsweretransferredto anitrocellulosemembrane
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(25V± 1.0A± 30min) in atrans-blotsystem(BioRadTrans-BlotTurbo).Successfultransfer
wasverifiedbyPonceauredSstaining.Themembranewassaturatedwith 5%BSAin TBST
for 1 h (RT) andimmunolabeledwith mouseanti-human-��±SMA(Abcam/ab7817)(1:1000in
3%BSAin TBST)overnight at4ÊCandmouseanti-humanGlyerinaldehyd-3-phosphat-
Dehydrogenase(GAPDH) antibody(BioRad/#12004167) (1:6000in 3%BSAin TBST)for 1 h
(RT).After washingwith TBST,themembranewasincubatedwith horseradishperoxidase
(HRP)conjugatedgoatanti-mousesecondaryantibody(Dako/P0447)for 1 h (RT).Bound
antibodiesweredetectedusingClarity TM WesternECLSubstrate(BioRad/#170±5060)and
analyzedwith theQuantityOne1-D AnalysisSoftwareVersion4.6.5(BioRad).

Reactive oxygen species (ROS) detection

24h afterseeding3× 104 cells/6-Well,ROSdetectionwasperformedusingDihydrorhoda-
mine123(DHR123;Sigma-Aldrich/D1054).DHR123isoxidizedto its fluorescentderivative
Rhodamine123byunspecificROS.In order to triggerastrongreaction,theirradiation
setup wasfirst conductedwith 60Joule/cm2, andthenfibroblastswereincubatedfor amini-
mum of 30min in DHR123(10μM) in standardmedium.Cellswerewashedwith PBS,
andfluorescencewasmeasured(485EX/535EM) in the1420MultilabelCounter(Victor3,
PerkinElmer).

Measuring apoptosis

FibroblastsandNPFwereeithertreatedwith 2 ng/ml TGF-��1,irradiated(40Joule/cm2),
treatedandirradiated,or neitherof thoseoverthecourseof 5 days.After that,fibroblastswere
treatedwith staurosporine(STS)(Sigma-Aldrich/S5921)(0.075μM) for 18h. Cellswerethen
harvestedandcentrifuged(1200rpm for 5 min). Thesupernatantwasremoved,andthepellet
resuspendedin 500μl FACSbuffer(cellwash+ 3%FBS).Cellswereseton ice,fixedwith 70%
EtOH for 20min andcentrifuged(1200rpm for 5 min). Pelletswerewashedtwo timeswith
FACSbufferandstainedwith 200μl propidium iodidesolution(20μg/ml TBS-T;Sigma-
Aldrich/P4170).Cellswereincubatedprotectedfrom light for 30min (RT) andmeasuredwith
FACSCalibur(BD Biosciences).

Statistical analysis

Statisticalanalysiswasperformedwith two-tailedt-testor two-wayANOVA andMann±Whit-
ney-Utest,respectively.Thedatawereexpressedasmeanvalueandstandarddeviation(SD).
Thelevelof significancewasconsideredto bep� 0.05.

Results

Cell viability (metabolic activity)

Asanindicator for cellviability,metabolicactivitywasanalyzed(CellTiter-BlueAssay).From
thebeginningmetabolicactivityof DD fibroblastswashighercomparedto all NPF(normal
palmarfasciacontrol) fibroblasts(Fig1).From60Joule/cm2 on,metabolicactivitywassig-
nificantly reducedin NPFfibroblastsandin DD fibroblastsmetabolicactivitywasnotably
reduced.From80Joule/cm2 on DD fibroblastsactivitywassignificantlydownregulatedand
in NPFfibroblastshighlysignificantlydegraded,comparedto their appropriateduntreated
controls(0 Joule/cm2) (Fig1).Becauseof thisaradiantexposureof 40Joule/cm2 wasusedin
our subsequentexperiments.
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Irradiation-based modulation of α-SMA protein expression

In unstimulatedDD andNPFfibroblastsbluelight causedno significanteffecton ��-SMA pro-
tein expression(Fig2A and2CandFig3).TGF-��1treatmentsover72h andbluelight (40
Joule/cm2)decrease��-SMA proteinexpressionin DD fibroblastssignificantly(Fig2BandFig
3).Theeffectwasevenstrongeraftera120h incubationtime (Fig2D andFig3).

A bluelight irradiation with theintensityof 38mW/cm2 andwith aradiantexposureof 40
Joule/cm2 with anarrow-bandLED,whichemitslight of thewavelength�� = 453nm downreg-
ulated��-SMA proteinexpressionsignificantlyin DD fibroblastsafterTGF-��1-treatment.The
��-SMA proteinexpressiondecreasesthelongerthetreatmentcontinues.

ROS expression after irradiation

Fromthebeginningon DD fibroblastshavegeneratedmoreROSin tendency.AbsoluteROS
increasedafterirradiation in both fibroblasts'groupsNPFandDD. Control DD fibroblastsas
wellasirradiatedonesgeneratedmoreROScomparedto their appropriateNPFcontrols(Fig
4A).So,ROSexpressionmeasuredwith DHR123rosecontinuouslyover24h. TheROS
expressionof irradiatedNPFfibroblastswassignificantlyenhancedafter24h, comparedto
irradiatedNPFfibroblastsafter0.5,1,and2 h. After 24h irradiatedNPFfibroblastsshoweda
significantlyhigheramountof ROSin comparisonto not irradiatedNPFfibroblasts.

Furthermore,theuseof bluelight appearsto elevateROS-especiallyin DupuytrenÂsfibro-
blasts-.

The apoptotic potential of DD fibroblasts

In untreatedDD andNPFfibroblastsapoptosisratewassimilar.Sameeffectcouldbeshownif
fibroblastsweretreatedwith STS,evenif therateof apoptosiswashigheroverall.If cellswere

Fig 1. Cell viability (metabolic activity) after 24 h is shown. Fibroblastsof DD (n = 3±6)andNPF(n = 5) wereirradiated
with differentdoses(5,10,20,40,60,80Joule/cm2). � p� 0.05;��� p� 0.0005.Barsrepresentmean± SDof individual
experimentsindicated.

https://doi.org/10.1371/journal.pone.0209833.g001
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treateddailywith TGF-��1,therateof apoptosiswassignificantlyhigherin DD fibroblasts,
comparedto NPF.Overalltheresultsdemonstratedthat thetreatmentwith bluelight did not
induceapoptosis.And thetreatmentwith bluelight andanadditionalapplicationwith TGF-
��1slightlyreducedapoptosisin NPFandDD fibroblasts.So,in conclusionthetherapeutic
benefitof bluelight isnot regulatedviaapoptosis.

Discussion

Partialfasciectomy,enzymeinjection,andneedlefasciotomyaretodaystreatmentoptionsfor
Dupuytren'sdisease(DD) [24]. Dueto thelimitationsof thesetreatmentmethods,researchers
andcliniciansareforcedto searchfor bettertherapies.Theusageof photobiomodulationstrat-
egiesmayprovideasolutionto thisproblem,becausethecombinationof intensity,radiant

Fig 2. Relative α-SMA protein expression of resting or TGF-β1 stimulated and irradiated (40 Joule/cm2) NPF compared to DD

fibroblasts. Irradiation hadno significant effecton ��-SMA proteinexpressionof restingDD andNPFfibroblasts(Fig2A and2C).
TGF-��1treatmentover72h andirradiation (40Joule/cm2) declined��-SMA proteinexpression in DD fibroblasts(Fig2B).Theeffect
wasslightlystrongerafter120h incubation(Fig2D).A The��-SMA proteinexpressionof restingandirradiated (72h) fibroblastsof
NPF(n = 8) andDD (n = 7) B The��-SMA proteinexpressionof TGF-��1stimulatedandirradiated(72h) NPF(n = 8) andDD (n = 7)
C The��-SMA proteinexpressionof restingandirradiated(120h) NPF(n = 8) andDD (n = 6±7)D The��-SMA proteinexpressionof
TGF-��1stimulatedandirradiated(120h) NPF(n = 8) andDD (n = 6±7).Proteinexpression wasmeasuredandnormalizedto the
housekeepinggeneGAPDH. � p� 0.05;��� p� 0.0005.Barsrepresentmean±SDof individualexperimentsindicated.

https://doi.org/10.1371/journal.pone.0209833.g002
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exposure,wavelength,andtheir specificinteractionwith theabsorptionpropertiesof thetarget
tissuecanhaveatherapeuticeffect[25]. So,bluelight (50mW/cm2; 15,30Joule/cm2; �� = 420
nm) hasalreadybeenprovento inhibit TGF-��-induced��-SMA expressionin differentiated
humandermalfibroblasts[23]. Especiallyin Dupuytren'sfibroblasts,theincreasedandpatho-
logicaldifferentiationof fibroblaststo myofibroblasts,isassociatedwith anelevated��-SMA-
expression.Hence,in thisstudythetherapeuticbenefitof bluelight irradiation on Dupuyt-
ren'sfibroblastswasanalyzedfor thefirst time.

Dupuytren'sfibroblastsandnormalpalmarfascia(NPF)fibroblastswereirradiated(with a
wavelengthof �� = 453nm andanintensityof 38W/cm2), andasthemostpromisingradiant
exposure40Joule/cm2 wasusedfor thesubsequentexperimentalprocedures(Fig1).Sincethe

Fig 3. A representative western blot analysis showing α-SMA expression of DD fibroblasts with TGF-β1 stimulation

(+), without stimulation (-), with (+) or without (-) irradiation at 453 nm (either about 72 or 120 h). TheuntreatedDD
controlharvestedafter24h C ��-SMA expressionwasmeasuredandnormalizedto GAPDH.

https://doi.org/10.1371/journal.pone.0209833.g003

Fig 4. Analysis of ROS in DD compared to NFF. A ROSgeneration of irradiated(60Joule/cm2) or restingNPF(n = 5) comparedto DD
fibroblasts(n = 5).Measurement after0.5,1,2,4,and24h with DHR123.AbsoluteROSexpressionof fibroblastsincreasedafterirradiation.
Bothirradiatedandnon-irradiatedfibroblastsof DD alwaysrevealedthehighestROSexpressioncomparedto irradiatedandnon-irradiated
NPFfibroblasts(Fig4A).ROSexpressionroseover24h continuously.Nevertheless, theROSexpressionof irradiated NPFfibroblastswas
significantly enhancedafter24h comparedto irradiated NPFfibroblastsafter0.5,1,and2h. TheirradiatedNPFfibroblastsshoweda
significant boostafter24h comparedto non-irradiated NPFfibroblasts.

https://doi.org/10.1371/journal.pone.0209833.g004
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irradiation with 40Joule/cm2 hardlyinhibited thecellviability/metabolicactivityof Dupuyt-
ren'sfibroblastsandespeciallyof NPF,which is requiredfor atherapeuticapplicationof blue
light in DD.

Up to 60Joule/cm2 irradiation,metabolicactivityof Dupuytren'sfibroblastswasincreased
comparedto NPF(Fig1).Thisresultissupportedbyseveralresearchgroups,demonstrating
that theproliferationof Dupuytren'sfibroblastsiselevatedcomparedto control cellsby the
activationof theTGF-��/SMAD-andextracellularsignal-regulatedkinase(ERK)signaling
[26], andanautocrineregulationthroughepidermalgrowthfactor(ERBB)-2andinsulin
growthfactor(IGF)-1receptors,aswellasAkt-signaling[27].

Furthermore,it couldbedemonstratedthatafter24h cellviability of Dupuytren'sfibro-
blastsappearedto beconsiderablyhigherthanNPFfibroblastsviability (Fig1,0 Joule),
althoughin bothgroupsthesamecellnumberwasseeded.This isaremarkableresult,because
ªcellviabilityº wasindirectly determinedbymeasuringmetabolicactivity(CellTiter-Blue
Assay).TheseresultsandtheelevatedROSamountin Dupuytren'sfibroblastscomparedwith
NPFfibroblastsshownin Fig4 indicate,thatDupuytren'sfibroblastshave,bynature,ahigher
metabolismthantherespectivecontrolsfrom patientssufferingfrom carpaltunnelsyndrome.
And thismaybeanexplanationwhyDD fibroblastsweremoreaffectedby thebluelight irra-
diation,thantheNPFfibroblasts.Thisassumptionissolidifiedby thefindings,that theexpres-
sionof thehousekeepinggeneGlyerinaldehyd-3-phosphat-Dehydrogenase(GAPDH) is
increasedin Dupuytren'sfibroblasts(datanot shown)treatedwith TGF-��1comparedto NPF.

It couldbeascertainedthat theexposurewith �� = 453nm doesnot change��-SMA expres-
sionin neitherrestingNPFnor in Dupuytren'sfibroblastsafter72h and120h (Fig2A and2C
andFig3).(It hasto beconsidered,thatonly onedonor causesthosehighstandarddeviations
of irradiatedDupuytren'sfibroblasts.)Furthermore,to tightenstandarddeviationisdifficult
in Dupuytren'sresearch,becauseit isamultifactorialdisease,andtissuespecimenwerenot
classifiedin regardto secondarydiseaseslike diabetes,alcoholabuse,smoking,or just relapse.
And to exacerbatetheseissues,theamountof tissuespecimen(quantityof Dupuytren'stissue
specimenis low,but quantityof NPFtissuespecimenisevenlower)isnot sufficientfor techni-
calreplicates.But interestingly,if NPFwerepretreatedwith TGF-��1andirradiatedwith blue
light, ��-SMA proteinexpressionwassignificantlydiminishedafter72h, andthiseffectcould
befurther enhancedafter120h (Fig2Band2D andFig3).And specialattentionshouldbe
paidto theobservation,that in TGF-��1pretreatedDupuytren'sfibroblasts,��-SMA protein
expressionissignificantlydecreasedby thebluelight irradiation (Fig2Band2D andFig3).

It wasassumedthat theeffectof thebluelight irradiation ismediatedby thegenerationof
reactiveoxygenspecies(ROS),suchassingletoxygen[28] or hydrogenperoxide(H2O2) [23].
And it waspresumed,thatphotonsinteractwith endogenousphotoreceptormolecules,such
aslipofuscin[29], cytochromec oxidase[30], or flavin-basedphotosensors[31]. In fact,
Taflinskietal.determinedthatanirradiation with bluelight (420nm) ledto anincreased
amountof ROSaswellas��-SMA reduction,andtheinduction of intracellularoxidativestress
wasthoughtto bethecausefor that [23]. Thesefindingsintriguedthepresentwork to examine
ROSin Dupuytren'sfibroblastsaftertheexposureto bluelight. It couldbeassured,that
Dupuytren'sfibroblaststendedto producemoreROS,whichwasdetected(after24h seeding
thesamecellnumber)with DHR123,anunspecificROSindicator (Fig4).Asmentioned
before,thismight bedueto ahighermetabolicactivityof Duypuytren'sfibroblasts.And the
irradiation in generalinducedincreasedROSformation in DD andNPFfibroblastsin ten-
dency(Fig4).AspostulatedbyTaflinskietal.,weassumethat repeatedsmallerdosesof blue
light irradiation inducesubtoxiclevelsof intracellularoxidativestress(asshownherein Fig4),
whichmayinduceenergy-consumingcellularresponsesagainstoxidativestress,whichmayin
turn resultin aproliferationstopandinterferewith myofibroblastsdifferentiation[23].
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Theexcessiveproliferationof myofibroblasts[32], combinedwith thediminishedcapability
to undergoapoptosis[3, 4] in theproliferativeandinvolutionalstagesarefurther characteris-
ticsdeterminingthephenotypeof DD. In orderto proof, if thebeneficialeffectof bluelight is
mediatedviaapoptosis,andto investigate,if photobiomodulationmakesDupuytren'sfibro-
blastsmoresensitiveto apoptoticsignals,theapoptoticcapacityof (Dupuytren's)fibroblasts
wasanalysedafterfivedaysof irradiation andTGF-��1treatment.To inducecelldeathstauros-
porinewasused.Interestingly,it wasmeasuredthat in Dupuytren'sfibroblastsincubatedfor
fivedayswith TGF-��1,apoptosiswassignificantlyhighercomparedto NPF(Fig5).Buteven
moreimportant is,thatbluelight irradiation with awavelengthof �� = 453nm, intensityof 38
mW/cm2, andaradiantexposureof 40Joule/cm2, doesnot reinforceapoptosisin neither
Dupuytren'sfibroblastsnor in NPFfibroblasts.

Thepresentstudyhighlights,that theapplicationof bluelight couldinhibit thedifferentia-
tion of Dupuytren'sfibroblastsinto myofibroblastsandtheaccompanied��-SMA expression.
Our datasuggeststhat,especiallyin theproliferativeandinvolutionalstages,or aftersurgery
whenTGF-��concentrationis increased,anirradiation with bluelight couldbebeneficial.
Consequently,bluelight therapycouldbeapromisingtherapyoption for DD, andespecially
for relapseprevention.Our resultssuggestthat theusageof bluelight isapromisingtool for
therapeutictreatmentfor further fibrotic diseasessuchaskeloids,hypertrophicscarring,and
scleroderma.

Fig 5. DD fibroblasts reacted with a higher rate of apoptosis compared to NPF fibroblasts. Especiallyapoptosisof stimulatedDD fibroblasts,whichweretreated
with 0.025and0.075μM STS,wassignificantly enhancedcomparedto therespectiveNPFfibroblasts.Relativeapoptosisrateof normalpalmarfibroblasts(n = 4±7)
comparedto Dupuytren'sdiseasefibroblasts(n = 4±6)with or without stimulation of TGF-��1.Cellsweretreatedwith 0.025and0.075μm Staurosporin (STS),except
thecontrol cells.FACS-Analysisdatawerenormalizedto theunstimulated controlof NPFfibroblasts.� p� 0.05barrepresentmean±SDof individual experiments
indicated.

https://doi.org/10.1371/journal.pone.0209833.g005
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