


Seeing the light at the end of the Dupuytren’s disease

betweerproliferative involutional,andresidualstagesin the proliferativephase, -SMA-
expressiornncreasesiueto the uncontrolledproliferation of myofibroblastsleadingto nodule
formationinfluencedby localmediatorssuchastransforminggrowthfactor- 1(TGF- 1).
During the progressiorof Dupuytren'sdiseasenyofibroblastsynthesizen elevatedevelof
-SMA, collagenll andfibronectin[7]. So,theinvolutional stagds markedby an elevated
proportion of collagenll, resultingin the formation of the characteristicordsandan
increasecdextracellulamatrix deposition.In theresidualphasenodulesand myofibroblasts
decreasand -SMA andcollagenll werediminished[8], andreplacedy scartissue.

Furthermore TGF- 1seemdo playasuperordinateolein theformation and maintenance
of DD, especiallypecaus@ GF- linducesthe expressiorof -SMA, collagenll andfibronec-
tin, andhasbeenshownto increasehe contractionof myofibroblastg9, 10]. So, TGF- is
localizedn myofibroblastsn all phase®f DD [1]. Thisis not surprising,sinceTGF- lisan
abundantpro-inflammatorycytokine,involvedin pathologicakcarringandfibrosis[11].

Onetherapyoption for advancedD is the partial fasciectomywhichis unfortunately
accompaniedy significantrecurrencerates[12]. This surgicatechniqueremovesnvolved
tissue and containsextensivalissectiorof diseasetbngitudinal cordsor noduleswhich are
removedfrom the surroundingfascig13]. Needlefasciotomyor enzymeinjection ascollage-
nasd14] wereperformedasalternativemethods andat least88%of the collagenase-treated
patientswereobservedo havetheir movementmprovedby up to 48Emovementn aone-
yearfollow-up study[15].

Theuseof photobiomodulation-baedtherapiesasatreatmentoption for DD is apromis-
ing alternativewhich hasnot beenappliedto this day.Visiblelight could mediateits therapeu-
tic effectviatheinteractionwith endogenouphotoreceptorschromophoresuchas
porphyrins,cytochromec oxidasenitrosatedandflavo- proteins,opsins andion-gatechan-
nels[16,17],dependenbn the specificcharacteristicef theirradiatedtissue.

It hasalreadybeenshown thatbluelight, dependenbn the wavelengthintensity (irradiance)
andradiantexposurehasanti-inflammatoryeffectsn keratinocyte$18] and suppressedendritic
cellactivation[19]. In rodentsbluelight inhibits skin tumors[20] andimproveswound healing
[21]. But,in the contextof DD, bluelight is particularlyinteresting becausenitosisand prolifera-
tion of culturedcellscouldbeinhibited [22]. Furthermore the proliferationandinduced -SMA-
expressiofn humandermalmyofibroblastsould bediminished[23]. Thesegpreconditionscould
rendertheirradiancewith bluelight ( = 453nm, intensity38mW/cm?) aninterestingtool for
thetreatmentof Dupuytren'sfibroblastsThereforethe therapeutidenefitof bluelight (with
thesgparameterspn Dupuytren'sdiseas@vasevaluatedn the presentwork.

Material and methods
Patients

Studyapprovalwasobtainedfrom the EthicsReviewBoardof the MedicalFaculty Heinrich-
Heine-UniversityD&sseldor{StudyNo. 3634).Of the 23 patientswith Dupuytren'sdisease
(DD), 3werefemaleand 20weremale(averag@age62years)all of whom underwentfasciect-
omy atthe Departmentof Traumaand Hand SurgeryUniversity Hospital, DisseldorfGer-
many.Patientawho sufferedrom carpaltunnel syndromeservedasnormal palmarfascia
control (NPF).Their tissuewasdissectedrom the palmarfasciaand servedascontrol group,
if it hadto beremovedanyway(n = 24;16womenand8 men;averageage52.5years).The
usageof humanmaterialwasin compliancewith the Declarationof Helsinki Priniciples.
Informed written consentwasgatheredrom all patients. During surgery tissuespecimen
weredepositedn PBS(1%penicillin/streptomycin)and cooledto 4EC Samplesverepro-
cessedavithin 24h. All datawereanonymizedprior to analysis.
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Isolation and culture of the cells

All chemicalsvereobtainedfrom Sigma-Aldrich,andcellculture materialsfrom Cellstar
(Greinerbio-one),if not mentionedotherwise.

Minced tissuewasincubatedat 37EQn 10ml collagenase-solutiof®.1M CaCl,0.005M
Glucose(.1M HepesP.12M NaCl,0.05M KCI + 1.5%BSAand0.2%collagenase/pel) for
45min, filtrated througha 100nm nylon strainer,centrifuged(1200rpm, 5 min at4EC)and
the pelletresuspended 30ml 0.9%NaCl-solution.After centrifugation(5 min at1200rpm
at4ECYhe pelletwasresuspendeih standardmedium (RPMI 1640Medium Biochromwith
10%FBS1 x NEAA, 1%penicillin/streptomycin,1 x sodiumpyruvate)andincubatedat 37EC,
5%CO..

Irradiation and TGF-f1 treatment

FibroblastandNPFwereusedin passags + 8. Cellswereseededh 3 x 107/6-Well andirradi-
ation wasstartedafter24h, sothat procedurewasstartedunder subconfluentonditions.
Fibroblastand NPFwereeithertreatedwith 2 ng/ml TGF- 1(ImmunoToolsrh TGF- 1),
irradiated(0+80Joule/cn), treatedandirradiated,or neitherof those Theirradiation was
performedin PBSTheappropriatecontrol cellswereput besideheirradiation unit andincu-
batedwith PBSequallyfor the sametime. After that, PBSwasreplaceddy culture medium.
Temperaturevascheckedvith athermometerandthe achievednaximumtemperaturevas
37ECCellswereharvestedy cell-scrapingandthe -SMA protein expressiomwasmeasured
with WesternBlot Analysisasdescribeddown below.No technicalrepeatsould be performed
dueto limited biologicaltissuesamples.

Blue light irradiation

All irradiation experimentsvereaccomplishedavith aprototypeof anarrow-bandlight-emit-
ting diode (LED), which emitslight of thewavelength = 453nm (16.7min). The powerden-
sitywas38mW/cm?. The cellswerecontinuouslyirradiatedfrom abovein PBSjn 6-Well-
Plates60(6 x 10) LEDswereequallydistributedoveratotal of 10+12cm?. Thebluelight-
emitting deviceusedin our experimentsvasprovidedby PhilipsGmbH, InnovativeTechnol-
ogiesAachenGermany.

Cell viability test (metabolic activity)

Fibroblastsvereirradiatedwith differentdoseg5, 10,20,40,60,80Joule/cn?). Then,effects
wereanalyzedvith CellTiter-BlueAssayPromegaMadison,USA/G3582)CellTiter-Blue
usesanindicator dyeto measurehe metaboliccapacityof cells,asanindirect evidencdor cell
viability. CellTiter-Bluewasaddedat aratio of 1:20into the medium.After anincubationtime
of 1 h, thefluorescencé540g,/590:),) wasmeasuredn a1420Multilabel Counter(Victor?,
PerkinElmer).

Western blot analysis

In orderto verify the differentiationfrom fibroblaststo myofibroblaststhe -SMA protein
expressiomwasmeasuredvith WesternBlot analysisProteinconcentrationwasdetermined
with the PierceBCA ProteinAssayKit in line with the manufacturer'snstructions.10ug pro-
tein weremixedwith the Laemmlibuffer (4 x Tris-glycin-SDSamplebuffer,252mmaol
TrisHCL pH 6.8;40%Glycerin;8%SDS0.01%bromphenolblue+ 20%mercaptoethanol),
denaturatedor 5 min at95ECandseparatedn a 12%sodiumdodecylsulphate-polyacryl-
amidegel(SDS-PAGE))Separategroteinsweretransferredo anitrocellulosemembrane
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(25V+ 1.0A+ 30min) in atrans-blotsystenmBioRadTrans-BlotTurbo). Successfutansfer
wasverifiedby Ponceaued Sstaining.Themembranewvassaturatedvith 5%BSAIn TBST
for 1h (RT)andimmunolabeledvith mouseanti-human- +SMA(Abcam/ab7817§1:1000n
3%BSAin TBST)overnight at4ECand mouseanti-humanGlyerinaldehyd-3-phsphat-
DehydrogenaséGAPDH) antibody(BioRad/#120041671:6000n 3%BSAin TBST)for 1 h
(RT). After washingwith TBST the membranewasincubatedwith horseradistperoxidase
(HRP) conjugatedyoatanti-mousesecondarantibody(Dako/P0447¥or 1 h (RT). Bound
antibodiesweredetectedisingClarity ™ WesternECL SubstratéBioRad/#170+506@nd
analyzedvith the Quantity One 1-D AnalysisSoftwareVersion4.6.5BioRad).

Reactive oxygen species (ROS) detection

24h afterseeding x 10* cells/6-Well ROSdetectionwasperformedusingDihydrorhoda-
mine 123(DHR123;Sigma-Aldrich/D108). DHR123is oxidizedto its fluorescenterivative
Rhodaminel23by unspecificROS.In orderto triggerastrongreaction theirradiation
setup wasfirst conductedwith 60Joule/cnd, andthenfibroblastswereincubatedfor amini-
mum of 30min in DHR123(10uM) in standardmedium.Cellswerewashedvith PBS,
andfluorescencevasmeasured485:,/535zy,) in the 1420Multilabel Counter(Victor?,
PerkinElmer).

Measuring apoptosis

Fibroblastand NPFwereeithertreatedwith 2 ng/ml TGF- 1,irradiated(40Joule/cn?),
treatedandirradiated,or neitherof thoseoverthe courseof 5 days After that, fibroblastswere
treatedwith staurosporingSTS)Sigma-Aldrich/S5921(0.075uM) for 18h. Cellswerethen
harvestedind centrifuged(1200rpm for 5 min). Thesupernatantvasremoved andthe pellet
resuspendeth 500ul FACSbuffer (cellwash+ 3%FBS) Cellswereseton ice,fixed with 70%
EtOH for 20min andcentrifuged(1200rpm for 5 min). Pelletasverewashedwo timeswith
FACSbufferandstainedwith 200yl propidium iodide solution (20 ug/ml TBS-T;Sigma-
Aldrich/P4170) Cellswereincubatedprotectedfrom light for 30min (RT) and measuredvith
FACSCalibur (BD Biosciences).

Statistical analysis

Statisticahnalysisvasperformedwith two-tailedt-testor two-wayANOVA and Mann+Whit-
ney-Utest,respectivelyThe datawereexpressedsmeanvalueand standarddeviation(SD).
Thelevelof significancenvasconsideredo bep < 0.05.

Results
Cell viability (metabolic activity)

Asanindicator for cellviability, metabolicactivitywasanalyzedCellTiter-BlueAssay) From
the beginningmetabolicactivity of DD fibroblastswashighercomparedo all NPF(normal
palmarfasciacontrol) fibroblasts(Fig 1). From 60Joule/cn? on, metabolicactivity wassig-
nificantly reducedn NPFfibroblastsandin DD fibroblastsmetabolicactivitywasnotably
reduced From 80Joule/cn? on DD fibroblastsactivity wassignificantlydown regulatecand
in NPFfibroblastshighly significantlydegraded¢comparedo their appropriateduntreated
controls(0 Joule/cnd) (Fig 1). Becausef this aradiantexposuref 40 Joule/cnf wasusedin
our subsequengxperiments.
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Fig 1. Cell viability (metabolic activity) after 24 h is shown. Fibroblastof DD (n = 3+6)andNPF(n = 5) wereirradiated
with differentdoseg5, 10,20,40,60,80Joule/cm). * p < 0.05;** p < 0.0005Barsrepresenmean: SDof individual
experimatsindicated.

https://da.org/10.1371durnal.pon®209833.g0D

Irradiation-based modulation of @-SMA protein expression

In unstimulatedDD andNPFfibroblastsbluelight causedho significanteffecton -SMA pro-
tein expressiorfFig 2A and2CandFig 3). TGF- 1ltreatmentsover72h andbluelight (40
Joule/cm24ecrease-SMA protein expressionn DD fibroblastssignificantly(Fig 2Band Fig
3). Theeffectwasevenstrongeraftera 120h incubationtime (Fig 2D andFig 3).

A bluelight irradiation with the intensityof 38mW/cm? andwith aradiantexposuref 40
Joule/cnt with anarrow-bandLED, which emitslight of thewavelength = 453nm downreg-
ulated -SMA protein expressiorsignificantlyin DD fibroblastsafter TGF- 1-treatmentThe

-SMA protein expressiordecreasethelongerthe treatmentcontinues.

ROS expression after irradiation

Fromthebeginningon DD fibroblastshavegenerateanore ROSin tendencyAbsoluteROS
increasedfterirradiation in bothfibroblastsgroupsNPFandDD. Control DD fibroblastsas
well asirradiatedonesgenerateanore ROScomparedo their appropriateNPFcontrols(Fig
4A). S0,ROSexpressiomeasuredvith DHR123rosecontinuouslyover24h. TheROS
expressiomnf irradiatedNPFfibroblastswvassignificantlyenhancedafter24h, comparedo
irradiatedNPFfibroblastsafter0.5,1,and 2 h. After 24 h irradiatedNPFfibroblastsshoweda
significantlyhigheramountof ROSin comparisorto not irradiatedNPFfibroblasts.

Furthermore the useof bluelight appeargo elevateROS-especiallyn DupuytrenAgibro-
blasts-.

The apoptotic potential of DD fibroblasts

In untreatedDD andNPFfibroblastsapoptosigatewassimilar. Sameeffectcould be shownif
fibroblastswveretreatedwith STSgvenif the rateof apoptosisvashigheroverall.If cellswere
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Fig 2. Relative a-SMA protein expression of resting or TGF-p1 stimulated and irradiated (40 Joule/cm?) NPF compared to DD
fibroblasts. Irradiation hadno significart effecton -SMA protein expressiorf restingDD and NPFfibroblastyFig 2A and2C).
TGF- 1treatmentover72h andirradiation (40Joule/cn?) declined -SMA protein expres®n in DD fibroblastgFig 2B). Theeffect
wasslightlystrongerafter120h incubation(Fig 2D). A The -SMA proteinexpressiomf restingandirradiated (72h) fibroblastsof
NPF(n=8)andDD (n=7)B The -SMA proteinexpressiomf TGF- lstimulatedandirradiated(72h) NPF(n=8)andDD (n=7)
C The -SMA proteinexpressiomf restingandirradiated(120h) NPF(n = 8)andDD (n = 6+7)D The -SMA proteinexpressiorof
TGF- 1stimulatedandirradiated(120h) NPF(n = 8)andDD (n = 6x7).Proteinexpres®n wasmeasuredndnormalizedto the
housekeping geneGAPDH. * p < 0.05;"** p < 0.0005Barsrepresentmean+SDof individual experimensindicated.

https://da.org/10.1371durnal.pon®209833.g0D

treateddaily with TGF- 1,therateof apoptosisvassignificantlyhigherin DD fibroblasts,
comparedo NPF.Overalltheresultsdemonstratedhatthe treatmentwith bluelight did not
induceapoptosisAnd the treatmentwith bluelight andanadditionalapplicationwith TGF-

1slightlyreducedapoptosisn NPFandDD fibroblastsSo,in conclusionthetherapeutic
benefitof bluelight is not regulatedviaapoptosis.

Discussion

Partialfasciectomyenzymenjection,and needl€fasciotomyaretodaystreatmentoptionsfor
Dupuytren'sdiseas€DD) [24]. Dueto thelimitations of thesereatmentmethodsyesearchers
andcliniciansareforcedto searcHor bettertherapiesThe usagef photobiomodulationstrat-
egiegnayprovideasolutionto this problem,becauséhe combinationof intensity,radiant
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Fig 3. A representative western blot analysis showing a-SMA expression of DD fibroblasts with TGF-B1 stimulation
(+), without stimulation (-), with (+) or without (-) irradiation at 453 nm (either about 72 or 120 h). TheuntreatedDD
control harvestedfter24h C -SMA expressionvasmeasuredandnormalizedto GAPDH.

https:/Hoi.org/10.13¥/journal.pon€209833.g003

exposurewavelengthandtheir specifidnteractionwith the absorptionpropertiesof thetarget
tissuecanhaveatherapeuticeffect25]. So bluelight (50mW/cm?; 15,30Joule/cnt; =420
nm) hasalreadybeenprovento inhibit TGF- -induced -SMA expressiorin differentiated
humandermalfibroblastg23]. Especiallyn Dupuytren'sfibroblaststhe increasedndpatho-
logicaldifferentiationof fibroblaststo myofibroblastsis associate@ith anelevated -SMA-
expressionHence,in this studythetherapeutidoenefitof bluelight irradiation on Dupuyt-
ren'sfibroblastswasanalyzedor thefirst time.

Dupuytren'sfibroblastsand normal palmarfascia(NPF)fibroblastswvereirradiated(with a
wavelengtlof = 453nm andanintensityof 38W/cm?), andasthe mostpromisingradiant
exposuret0Joule/cni wasusedfor the subsequengxperimentaproceduregFig 1). Sincethe

ROS generation
0.20- , * ,
| __* :
0154 | ' *k I
’5 L} * L}
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] NPFirradiated
Il DD not irradiated
DD irradiated
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Fig 4. Analysis of ROS in DD compared to NFF. A ROSgenertion of irradiated(60Joule/cr) or restingNPF(n = 5) comparedo DD
fibroblastgn = 5). Measuremet after0.5,1,2,4,and 24h with DHR123 AbsoluteROSexpressiorf fibroblastancreasedfterirradiation.
Bothirradiatedandnon-irradiatedfibroblass of DD alwaysevealedhe highestROSexpressiortomparedo irradiatedandnon-irradiated
NPFfibroblass (Fig4A). ROSexpressiomoseover24h continuously Neverthelesshe ROSexpressiorof irradiated NPFfibroblastsvas
significartly enhancedfter24h comparedo irradiated NPFfibroblastsafter0.5,1,and 2 h. TheirradiatedNPFfibroblass showeda
significan boostafter24h comparedo non-irradiated NPFfibroblasts

https://da.org/10.137 1§urnal.pong®209833.g00
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irradiation with 40Joule/cn? hardlyinhibited the cellviability/metabolicactivity of Dupuyt-
ren'sfibroblastsand especiallypf NPF,whichis requiredfor atherapeuticapplicationof blue
lightin DD.

Up to 60Joule/cnd irradiation, metabolicactivity of Dupuytren'sfibroblastswasincreased
comparedo NPF(Fig 1). This resultis supportedby severatesearctgroups,demonstrating
thatthe proliferation of Dupuytren'sfibroblastss elevatedomparedo control cellsby the
activationof the TGF- /SMAD-andextracellulasignal-regulatedinase(ERK)signaling
[26], andanautocrineregulationthrough epidermalgrowth factor(ERBB)-2andinsulin
growthfactor (IGF)-1receptorsaswell asAkt-signaling[27].

Furthermorejt couldbedemonstratedhat after24h cellviability of Dupuytren'sfibro-
blastsappearedo beconsiderablhjhigherthan NPFfibroblastsviability (Fig 1,0 Joule),
althoughin both groupsthe samecellnumberwasseededT hisis aremarkableesult,because
acellviability® wasindirectly determinedby measuringnetabolicactivity (CellTiter-Blue
Assay)Theseesultsandthe elevatedROSamountin Dupuytren'sfibroblastscomparedwith
NPFfibroblastsshownin Fig 4 indicate that Dupuytren'sfibroblastshave by nature,ahigher
metabolisnthantherespectiveontrolsfrom patientssufferingfrom carpalttunnel syndrome.
And this maybean explanationwvhy DD fibroblastsveremore affectecby the bluelight irra-
diation, thanthe NPFfibroblasts This assumptioris solidified by the findings, that the expres-
sionof the housekeepingeneGlyerinaldehyd-3-phosphat-Dwdrogenas€GAPDH) is
increasedn Dupuytren'sfibroblastgdatanot shown)treatedwith TGF- 1comparedo NPF.

It couldbeascertainedhattheexposuravith = 453nm doesnot change -SMA expres-
sionin neitherrestingNPFnor in Dupuytren'sfibroblastsafter72h and120h (Fig2A and2C
andFig3). (It hasto beconsideredthatonly onedonor causeshosehigh standarddeviations
of irradiatedDupuytren'sfibroblasts.}Furthermore to tighten standarddeviationis difficult
in Dupuytren'sresearchbecausé is a multifactorial diseaseandtissuespecimerwerenot
classifiedn regardto secondaryiseasekke diabetesalcoholabusesmoking,or justrelapse.
And to exacerbatéhesessuesthe amountof tissuespecimer(quantity of Dupuytren'stissue
specimeris low, but quantity of NPFtissuespecimeris evenlower) is not sufficientfor techni-
calreplicatesButinterestingly if NPFwerepretreatedvith TGF- landirradiatedwith blue
light, -SMA proteinexpressiomwassignificantlydiminishedafter72h, andthis effectcould
befurther enhancedafter120h (Fig 2Band 2D and Fig 3). And speciahttentionshouldbe
paidto the observationthatin TGF- lpretreatedDupuytren'sfibroblasts, -SMA protein
expressions significantlydecreasetly the bluelight irradiation (Fig 2Band 2D and Fig 3).

It wasassumedhatthe effectof the bluelight irradiation is mediatedby the generatiorof
reactiveoxygenspecie$ROS),suchassingletoxygen28] or hydrogenperoxide(H,05) [23].
And it waspresumedthat photonsinteractwith endogenouphotoreceptomoleculessuch
aslipofuscin[29], cytochromec oxidasg30], or flavin-baseghotosensorg31]. In fact,
Taflinskietal. determinedthatanirradiation with bluelight (420nm) ledto anincreased
amountof ROSaswellas -SMA reduction,andtheinduction of intracellularoxidativestress
wasthoughtto bethe causdor that[23]. Thesdindingsintriguedthe presentork to examine
ROSIn Dupuytren'sfibroblastsafterthe exposureo bluelight. It couldbeassuredthat
Dupuytren'sfibroblastsendedto producemore ROS whichwasdetectedafter24h seeding
thesamecellnumber)with DHR123,an unspecificROSindicator (Fig 4). Asmentioned
before this might bedueto a highermetabolicactivity of Duypuytren'sfibroblasts And the
irradiation in generainducedincreasedkOSformationin DD andNPFfibroblastsin ten-
dency(Fig4). As postulateddy Taflinskietal.,weassumehatrepeatedsmallerdosef blue
light irradiation inducesubtoxiclevelsof intracellularoxidativestresgasshownherein Fig4),
whichmayinduceenergy-consumingellularresponseagainsoxidativestressywhich mayin
turn resultin aproliferation stopandinterferewith myofibroblastdifferentiation[23].
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Fig 5. DD fibroblasts reacted with a higher rate of apoptosis compared to NPF fibroblasts. Especiallapoptosiof stimulatedDD fibroblass, whichweretreated
with 0.025and0.075uM STSwassignificarily enhancecomparedo therespectivéNPFfibroblasts Relativeapoptosisateof normal palmarfibroblass (n = 4+7)
comparedo Dupuytren'sdiseaséibroblastgn = 4+6)with or without stimulation of TGF- 1.Cellsweretreatedwith 0.025and0.075um Staurosprin (STS)except
thecontrol cells FACS-Anaysisdatawerenormalizedto the unstimulate control of NPFfibroblags.* p < 0.05barrepresenmean+SDof individual experments
indicated.

https://da.org/10.1371¢urnal.pon®209833.g0D

Theexcessivproliferation of myofibroblast432], combinedwith the diminishedcapability
to undergoapoptosig3, 4] in the proliferativeandinvolutional stagesrefurther characteris-
ticsdeterminingthe phenotypeof DD. In orderto proof, if the beneficiakffectof bluelight is
mediatedviaapoptosisandto investigateif photobiomodulationmakesDupuytren'sfibro-
blastsmore sensitiveo apoptoticsignalsthe apoptoticcapacityof (Dupuytren's)fibroblasts
wasanalyseafterfive daysof irradiation and TGF- 1treatment.To inducecelldeathstauros-
porinewasused Interestingly jt wasmeasuredhatin Dupuytren'sfibroblastsncubatedfor
fivedayswith TGF- 1,apoptosisvassignificantlyhighercomparedo NPF(Fig5). Buteven
moreimportantis, that bluelight irradiation with awavelengttof = 453nm, intensityof 38
mW/cm?, andaradiantexposureof 40 Joule/cnd, doesnot reinforceapoptosisn neither
Dupuytren'sfibroblastsnor in NPFfibroblasts.

The presentstudyhighlights,that the applicationof bluelight couldinhibit the differentia-
tion of Dupuytren'sfibroblastsanto myofibroblastsandthe accompanied -SMA expression.
Our datasuggestthat, especiallyn the proliferativeandinvolutional stagesor aftersurgery
whenTGF- concentrationisincreasedanirradiation with bluelight could bebeneficial.
Consequentlybluelight therapycould beapromisingtherapyoption for DD, andespecially
for relapseprevention.Our resultssuggesthat the usageof bluelight is apromisingtool for
therapeutidreatmentfor further fibrotic diseasesuchaskeloids,hypertrophicscarring,and
scleroderma.

PLOS ONE | https://doi.org/10.1371/journal.pone.0209833 January 11, 2019 9/12


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

Seeing the light at the end of the Dupuytren’s disease

Acknowledgments

Datawereprovidedfrom the doctoralthesissubmittedby Annika Borgschulzemnanufactured
in the Departmentof TraumaandHandsurgeryin the Facultyof Medicineof the Heinrich-
Heine-UniversityD&sseldorfGermany We thank JuttaSchneiderChrista-Mariawilkens,
and SamiraSeghrouchnfor technicalassistancéVe alsothank Prof. Dr. MatthiasBorn and
Dr. rer. nat. J&g Liebmann(Philips GmbH, InnovativeTechnologiesAachen Germany)or
providing the prototypeof the bluelight-emitting deviceusedin our experiments.

Author Contributions

Conceptualization: Tim Légters VeraGrotheer.
Data curation: BenitaSahlenderyeraGrotheer.
Investigation: BenitaSahlender.

Methodology: JuliaKrassovkaAnnika Borgschulze.
Supervision: JoachimWindolf, VeraGrotheer.

Writing - original draft: VeraGrotheer.

References

1. Picardo NE, Khan WS. Advances in the understanding of the aetiology of Dupuytren’s disease. The sur-
geon: journal of the Royal Colleges of Surgeons of Edinburgh and Ireland. 2012; 10(3):151-8. Epub
2012/02/03. https://doi.org/10.1016/j.surge.2012.01.004 PMID: 22297148.

2. Shih B, Bayat A. Scientific understanding and clinical management of Dupuytren disease. Nature
reviews Rheumatology. 2010; 6(12):715-26. Epub 2010/11/10. https://doi.org/10.1038/nrrheum.2010.
180 PMID: 21060335.

3. Jemec B, Grobbelaar AO, Wilson GD, Smith PJ, Sanders R, McGrouther DA. Is Dupuytren’s disease
caused by an imbalance between proliferation and cell death? Journal of hand surgery (Edinburgh, Scot-
land). 1999; 24(5):511—4. Epub 1999/12/22. https://doi.org/10.1054/jhsb.1999.0251 PMID: 10597921.

4. Meek RM, McLellan S, Reilly J, Crossan JF. The effect of steroids on Dupuytren’s disease: role of pro-
grammed cell death. Journal of hand surgery (Edinburgh, Scotland). 2002; 27(3):270-3. Epub 2002/06/
21. https://doi.org/10.1054/jhsb.2001.0742 PMID: 12074617.

5. Wilutzky B, Berndt A, Katenkamp D, Koshmehl H. Programmed cell death in nodular palmar fibromato-
sis (Morbus Dupuytren). Histology and histopathology. 1998; 13(1):67—72. Epub 1998/02/26. https://
doi.org/10.14670/HH-13.67 PMID: 9476635.

6. LuckJV. Dupuytren’s contracture; a new concept of the pathogenesis correlated with surgical manage-
ment. The Journal of bone and joint surgery American volume. 1959; 41-a(4):635—64. Epub 1959/06/
01. PMID: 13664703.

7. Tomasek JJ, Schultz RJ, Episalla CW, Newman SA. The cytoskeleton and extracellular matrix of the
Dupuytren’s disease "myofibroblast": an immunofluorescence study of a nonmuscle cell type. The Jour-
nal of hand surgery. 1986; 11(3):365-71. Epub 1986/05/01. PMID: 3519746.

8. Bisson MA, McGrouther DA, Mudera V, Grobbelaar AO. The different characteristics of Dupuytren’s
disease fibroblasts derived from either nodule or cord: expression of alpha-smooth muscle actin and the
response to stimulation by TGF-beta1. Journal of hand surgery (Edinburgh, Scotland). 2003; 28
(4):351-6. Epub 2003/07/10. PMID: 12849947.

9. Vaughan MB, Howard EW, Tomasek JJ. Transforming growth factor-beta1 promotes the morphological
and functional differentiation of the myofibroblast. Experimental cell research. 2000; 257(1):180-9.
Epub 2000/06/15. https://doi.org/10.1006/excr.2000.4869 PMID: 10854066.

10. Roberts AB, Sporn MB, Assoian RK, Smith JM, Roche NS, Wakefield LM, et al. Transforming growth
factor type beta: rapid induction of fibrosis and angiogenesis in vivo and stimulation of collagen forma-
tion in vitro. Proceedings of the National Academy of Sciences of the United States of America. 1986;
83(12):4167—-71. Epub 1986/06/01. PMID: 2424019; PubMed Central PMCID: PMCPMC323692.

11.  Border WA, Noble NA. Transforming growth factor beta in tissue fibrosis. The New England journal of
medicine. 1994; 331(19):1286-92. Epub 1994/11/10. https://doi.org/10.1056/NEJM199411103311907
PMID: 7935686.

PLOS ONE | https://doi.org/10.1371/journal.pone.0209833 January 11, 2019 10/12


https://doi.org/10.1016/j.surge.2012.01.004
http://www.ncbi.nlm.nih.gov/pubmed/22297148
https://doi.org/10.1038/nrrheum.2010.180
https://doi.org/10.1038/nrrheum.2010.180
http://www.ncbi.nlm.nih.gov/pubmed/21060335
https://doi.org/10.1054/jhsb.1999.0251
http://www.ncbi.nlm.nih.gov/pubmed/10597921
https://doi.org/10.1054/jhsb.2001.0742
http://www.ncbi.nlm.nih.gov/pubmed/12074617
https://doi.org/10.14670/HH-13.67
https://doi.org/10.14670/HH-13.67
http://www.ncbi.nlm.nih.gov/pubmed/9476635
http://www.ncbi.nlm.nih.gov/pubmed/13664703
http://www.ncbi.nlm.nih.gov/pubmed/3519746
http://www.ncbi.nlm.nih.gov/pubmed/12849947
https://doi.org/10.1006/excr.2000.4869
http://www.ncbi.nlm.nih.gov/pubmed/10854066
http://www.ncbi.nlm.nih.gov/pubmed/2424019
https://doi.org/10.1056/NEJM199411103311907
http://www.ncbi.nlm.nih.gov/pubmed/7935686
https://doi.org/10.1371/journal.pone.0209833

Seeing the light at the end of the Dupuytren’s disease

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.
26.

27.

28.

29.

30.

Gudmundsson KG, Arngrimsson R, Jonsson T. Eighteen years follow-up study of the clinical manifesta-
tions and progression of Dupuytren’s disease. Scandinavian journal of rheumatology. 2001; 30(1):31—
4. Epub 2001/03/17. PMID: 11252689.

Shaw RB Jr., Chong AK, Zhang A, Hentz VR, Chang J. Dupuytren’s disease: history, diagnosis, and
treatment. Plastic and reconstructive surgery. 2007; 120(3):44e—54e. Epub 2007/08/19. https://doi.org/
10.1097/01.prs.0000278455.63546.03 PMID: 17700106.

Badalamente MA, Hurst LC. Enzyme injection as nonsurgical treatment of Dupuytren’s disease. The
Journal of hand surgery. 2000; 25(4):629-36. Epub 2000/07/27. https://doi.org/10.1053/jhsu.2000.
6918 PMID: 10913202.

Stromberg J, Ibsen-Sorensen A, Friden J. Comparison of Treatment Outcome After Collagenase and
Needle Fasciotomy for Dupuytren Contracture: A Randomized, Single-Blinded, Clinical Trial With a 1-
Year Follow-Up. The Journal of hand surgery. 2016. Epub 2016/07/31. https://doi.org/10.1016/j.jhsa.
2016.06.014 PMID: 27473921.

Karu TI, Kolyakov SF. Exact action spectra for cellular responses relevant to phototherapy. Photomedi-
cine and laser surgery. 2005; 23(4):355—61. Epub 2005/09/08. https://doi.org/10.1089/ph0.2005.23.
355 PMID: 16144476.

Wang Y, Huang YY, Wang Y, Lyu P, Hamblin MR. Photobiomodulation (blue and green light) encour-
ages osteoblastic-differentiation of human adipose-derived stem cells: role of intracellular calcium and
light-gated ion channels. Scientific reports. 2016; 6:33719. Epub 2016/09/22. https://doi.org/10.1038/
srep33719 PMID: 27650508; PubMed Central PMCID: PMCPMC5030629.

Shnitkind E, Yaping E, Geen S, Shalita AR, Lee WL. Anti-inflammatory properties of narrow-band
blue light. Journal of drugs in dermatology: JDD. 2006; 5(7):605—10. Epub 2006/07/27. PMID:
16865864.

Fischer MR, Abel M, Lopez Kostka S, Rudolph B, Becker D, von Stebut E. Blue light irradiation sup-
presses dendritic cells activation in vitro. Experimental dermatology. 2013; 22(8):558—60. Epub 2013/
07/25. https://doi.org/10.1111/exd.12193 PMID: 23879817.

Ohara M, Kawashima Y, Kitajima S, Mitsuoka C, Watanabe H. Blue light inhibits the growth of skin
tumors in the v-Ha-ras transgenic mouse. Cancer science. 2003; 94(2):205-9. Epub 2003/04/24.
PMID: 12708498.

Adamskaya N, Dungel P, Mittermayr R, Hartinger J, Feichtinger G, Wassermann K, et al. Light therapy
by blue LED improves wound healing in an excision model in rats. Injury. 42(9):917-21. https://doi.org/
10.1016/j.injury.2010.03.023 PMID: 22081819

Gorgidze LA, Oshemkova SA, Vorobjev |A. Blue Light Inhibits Mitosis in Tissue Culture Cells. Biosci-
ence Reports. 1998; 18(4):215-24. https://doi.org/10.1023/a:1020104914726 PMID: 9877234

Taflinski L, Demir E, Kauczok J, Fuchs PC, Born M, Suschek CV, et al. Blue light inhibits transforming
growth factor-beta1-induced myofibroblast differentiation of human dermal fibroblasts. Experimental
dermatology. 2014; 23(4):240-6. Epub 2014/02/19. https://doi.org/10.1111/exd.12353 PMID:
24533842.

Feldman G, Rozen N, Rubin G. Dupuytren’s Contracture: Current Treatment Methods. The Israel Medi-
cal Association journal: IMAJ. 2017; 19(10):648-50. Epub 2017/11/06. PMID: 29103246.

Niemz MH. Laser-Tissue Interactions: Fundamentals and Applications: Springer; 2007.

Krause C, Kloen P, Ten Dijke P. Elevated transforming growth factor beta and mitogen-activated protein
kinase pathways mediate fibrotic traits of Dupuytren’s disease fibroblasts. Fibrogenesis & tissue repair.
2011; 4(1):14. Epub 2011/06/30. https://doi.org/10.1186/1755-1536-4-14 PMID: 21711521; PubMed
Central PMCID: PMCPMC3148569.

Kraljevic Pavelic S, Sedic M, Hock K, Vucinic S, Jurisic D, Gehrig P, et al. An integrated proteomics
approach for studying the molecular pathogenesis of Dupuytren’s disease. J Pathol. 2009; 217(4):524—
33. Epub 2008/12/18. https://doi.org/10.1002/path.2483 PMID: 19089850.

Oplander C, Hidding S, Werners FB, Born M, Pallua N, Suschek CV. Effects of blue light irradiation on
human dermal fibroblasts. Journal of photochemistry and photobiology B, Biology. 2011; 103(2):118—
25. Epub 2011/03/283. https://doi.org/10.1016/j.jphotobiol.2011.02.018 PMID: 21421326.

Boulton M, Rozanowska M, Rozanowski B, Wess T. The photoreactivity of ocular lipofuscin. Photo-
chemical & photobiological sciences: Official journal of the European Photochemistry Association and
the European Society for Photobiology. 2004; 3(8):759-64. Epub 2004/08/06. https://doi.org/10.1039/
b400108g PMID: 15295632.

Karu T, Pyatibrat L, Kalendo G. Irradiation with He—Ne laser can influence the cytotoxic response of
Hela cells to ionizing radiation. International journal of radiation biology. 1994; 65(6):691-7. Epub
1994/06/01. PMID: 7912719.

PLOS ONE | https://doi.org/10.1371/journal.pone.0209833 January 11, 2019 11/12


http://www.ncbi.nlm.nih.gov/pubmed/11252689
https://doi.org/10.1097/01.prs.0000278455.63546.03
https://doi.org/10.1097/01.prs.0000278455.63546.03
http://www.ncbi.nlm.nih.gov/pubmed/17700106
https://doi.org/10.1053/jhsu.2000.6918
https://doi.org/10.1053/jhsu.2000.6918
http://www.ncbi.nlm.nih.gov/pubmed/10913202
https://doi.org/10.1016/j.jhsa.2016.06.014
https://doi.org/10.1016/j.jhsa.2016.06.014
http://www.ncbi.nlm.nih.gov/pubmed/27473921
https://doi.org/10.1089/pho.2005.23.355
https://doi.org/10.1089/pho.2005.23.355
http://www.ncbi.nlm.nih.gov/pubmed/16144476
https://doi.org/10.1038/srep33719
https://doi.org/10.1038/srep33719
http://www.ncbi.nlm.nih.gov/pubmed/27650508
http://www.ncbi.nlm.nih.gov/pubmed/16865864
https://doi.org/10.1111/exd.12193
http://www.ncbi.nlm.nih.gov/pubmed/23879817
http://www.ncbi.nlm.nih.gov/pubmed/12708498
https://doi.org/10.1016/j.injury.2010.03.023
https://doi.org/10.1016/j.injury.2010.03.023
http://www.ncbi.nlm.nih.gov/pubmed/22081819
https://doi.org/10.1023/a:1020104914726
http://www.ncbi.nlm.nih.gov/pubmed/9877234
https://doi.org/10.1111/exd.12353
http://www.ncbi.nlm.nih.gov/pubmed/24533842
http://www.ncbi.nlm.nih.gov/pubmed/29103246
https://doi.org/10.1186/1755-1536-4-14
http://www.ncbi.nlm.nih.gov/pubmed/21711521
https://doi.org/10.1002/path.2483
http://www.ncbi.nlm.nih.gov/pubmed/19089850
https://doi.org/10.1016/j.jphotobiol.2011.02.018
http://www.ncbi.nlm.nih.gov/pubmed/21421326
https://doi.org/10.1039/b400108g
https://doi.org/10.1039/b400108g
http://www.ncbi.nlm.nih.gov/pubmed/15295632
http://www.ncbi.nlm.nih.gov/pubmed/7912719
https://doi.org/10.1371/journal.pone.0209833

Seeing the light at the end of the Dupuytren’s disease

31. LosiA. Flavin-based Blue-Light photosensors: a photobiophysics update. Photochemistry and photobi-

ology. 2007; 83(6):1283-300. Epub 2007/11/22. https://doi.org/10.1111/j.1751-1097.2007.00196.x
PMID: 18028200.

32. Rayan GM. Dupuytren disease: anatomy, pathology, presentation, and treatment. The Journal of bone
and joint surgery American volume. 2007; 89.

PLOS ONE | https://doi.org/10.1371/journal.pone.0209833 January 11, 2019 12/12


https://doi.org/10.1111/j.1751-1097.2007.00196.x
http://www.ncbi.nlm.nih.gov/pubmed/18028200
https://doi.org/10.1371/journal.pone.0209833

