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T Abstract i

Serplytic Drugs arePotential Skin

L ightening Agent for Aging Pigmentation

Cutaneous aging process is an imporfantor which modifies the pigmentary system.
Given that cellular senescence is a fundamental aging mechasasscent fibroblasts
accumulatd at thedermisareinvolved inmelanocyte differentiatiomia stromatepithelial
interactions during agingdoth ABT263 and ABT737, which are well known senolytic
drugs, led apoptosisof senescent cells accumuldtan tissues.Senolytic drugs induce
apoptosisonly senescent, but natormal cells. In this study, hey did not affect melanin
synthesis of melanocytes, however, melanocyte§ pigmentation was decreasedvia
regulation of senescent fibroblasts apoptddigerefore senolytic drug, especially ABT263
and ABT737, induoca apoptosis in senescent cell and reguldbee skin pigmentatioin

the elderlyAs a resultwe improved skin pigmentation.

Key words: Senolytic drug, lsn pigmentationaging senescent fibroblasts
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|. INTRODUCTION

There is increasing evidence of a crucial role of senescent fibroblasts in skin
pigmentatiorvia secretingsenescencassociated secretory phenotg{@ASPs)Kovacs et
al., 2010 Salducci et al., 2014 During the skin aging process, senesddmbblastsare
accumulatedn dermal compartmen{®line et al., 2008Coppé et al., 2010v/elarde et al.,
2016 Ghosh et al.,, 20126 Skin lesions related with aginguch as senile lentigo or
melasma showed increased numbers of senescent fibrqdastset al., 2018Kim et al.,
2019. Crosstalk betweesenescent fibroblasesmd melanocytes plays an important role in
the stimulation of melanogenesis and in subsequent -agiated pigmentatioifYoon et
al., 2018. Up to date, several kinds of senescent cells targeting drugsrigdamoptosis
were developed. However, these drugsked on cellsare working cell type dependent
mannerand the senolytic action mechanisme differentamongdrugs (Kirkland, J. L. et
al., 2017). Therefore, at first, we screened well known senolytic drugs for which drugs

could target the skin dermis sstent fibroblasts.

Based on this backgrounde focused on targeting senescent fibroblasts in the dermis.
In our previous study, we observeddpigmentation of skin as removirsgnescent cells by
radio-frequency techniqu€Yoon et al., 2018 Senescent fibroblasts were replaced by
young fibroblasts resuftg in improvedskin pigmentation Yoon et al., 2018 However,
this techniqueequires invasion whicls not eag to accessTherdore, we tried to develop
a novel and nosinvasive technique toemove senescent fibroblasts from dermis of the
elderly. The hypothesis is eliminafj senescent fibroblasts inhibits aging related skin

pigmentation.



Il. MATERIALS AND METHODS

Materials

ABT263, ABT737 were purchased from Selleckchem (Houston, TX) and the Dasatinib
was bought from Cayman Chemical (Ann Arbro, MI). Quercetin, Ginkgo biloba extract

and resveratrol were purchased from Sightdrich (St. Louis, MO).

Cell Culture

Normal humanfibroblasts were isolated from skin biopsies (AJIBBIR-SMP-17-
438).Fibroblasts at passages’3 wer e mai ntained in Dulbecco
(DMEM) (Gibco-BRL, Grand Island) supplemented with 20 FBS. Primary human
melanocytes were purchased from Thermo Fisher (#C1025C, Waltham, MA). These cells
were cultured in Medium254 (M254) supplemented with Human Melanocyte Growth
Supplement (HMGS) (all from Thermo Fisher). For the experiments, melanoggtes
used at passages from 2 to 5 and maintained in F12 medium supplemented with 10% fetal
bovine, Ligobutytg-rhethilxarg@hine, 40 nM 1D-tetradecanoyl phorbol 13
acetate (TPA), 0.6 ng/mL basic fibrerbl ast
toxin (all from SigmaAldrich). Primary melanocytes were seeded at the bottomved|b
plate and fibroblasts were seeded into inserted Transwell chambers(SPL Life Sciences Co.,
Korea) in each case. After 48, the Transwell chambers were translocatetb

melanocytes seeded intengll plates and maintained for 5days.

In vitro Model ofSenescentibroblasts

Primary fibroblasts were prepared and maintained in DMEM (GiRRGQ)
supplemented with 186 FBS (GibceBRL). For senescence induction, fibrobtastere
treated with 8methoxypsoralen 810P) at 25 ng/ml with fresh media for 16 h. The cells
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were then irradiated with 5 J/cm2 UVA (wavelength 380 nm, maximum peak 350 nm)
using a LZG1 photoreactor system (Luzchem Research Inc. Ontario) and mathtiain
DMEM for 7 days.

Cell Viability Test

Normal humarfibroblasts and senescent fibroblasts (Pxd6ll) were seeded in 24
well plates and aftewo days were treated with ABT263, ABT737 (2% ¢ M, dasatinib
(50-500 nM) combinatedwith quercetin 20 M) Res v-£00a MY o Gimkgo2 5
biloba extract (28100 g / fot threedays. Then, the cells were washed with PBS and
replaced with fresh medium containing #methylthiazolyldiphenytetrazoliumbromide
(MTT) solution. Cell vability was determined by measuring the optical density at 570 nm

using an ELISA reader.

ApoptosisAssay

Normal human fibroblasts ars&nescent fibroblastgere treated with dasatinib (&8D0
nM) combinated with quercetirkQ e M) Resvdratrol (28,00 & M.)After three days
floating cells were fixed and the DNA was
(SigmaAl dri ch) and 200 €L of propidiumGli odi d
population was analyzed by flow cytometry ushdp CS Di va soft ware on

Il system(BD Biosciences, San Jose, CA).

Caspase 3/Activity Assay

Young or senescent fibroblasts were seeded iwé@#plates and aftetwo daysthey
were treated with ABT263, ABT737 {25 ¢ M for two days. Then, we collected cells

from suspended culture media and analysadpase 3/7 activity using a Synergy 2



luminometer (BioTek, Winooski, VT) according to the luciferase reporter assay system

instructions (Promega, Madison, WI).

Melanin Content andTyrosinaseActivity

Melanocytes were lysed with 0.1 M phosphate buffer (pH 6.8) contairiad fiton X-
100 and a protease inhibitor cocktail (Roche, Basel, Switzerland). The protein
concentrationri the supernatants was measured using a Lowry assay system. Pellets were
solubilized in 100 eL of 1 hNat 0@ and the hy dr
absorbance was measured at a wavelength of 490 nm. The melanin content was calculated
from a standard cue using synthetic melanin (Sigs#ddrich). For the assay of the
tyrosinase activity, each sample was incubated with 2 mIMOPA (SigmaAldrich) in 0.1
M phosphate buffer (pH 6.8) for 90 min at 37 °C. After incubation, the tyrosinase activity

was measuredt a wavelength of 495 nm.

Reattime PCRAnNalysis

Total RNA was extracted using an RNeasy Mini kit (Qiagen, Valencia, CA) and the
first-strand cDNA was synthesized using the SuperStrifit reverse transcriptase kit
(Invitrogen, Waltham, MA). Quantitative retime PCR was performed using SYBR

Green SuperMix (BieRad, Hercules, CA). The primer sequences used were as follows:

human Ml T F ;-AGAACAGEGAHCGCGCAAAGAAC-3 N;j, - 5N;j
TGATGATCCGATTCACCAAATCTG-3 Nj, human Tyrosinas
CACCACTTGGCCTCAATTG3 60, -AASGUGICAAACTTGCAGTTTCCAC-3 Nj, and

human -CBETACEAFATCCAAGGAA3 Nj;GCEGHAATTACCGCGGCT3 Nj.



WesternBlot Analysis

Cells were lysed in RIPA buffer (1% NFO, 150mM NacCl, 10 mM TrisHCI at [H 8.0,
1 mM EDTA) with a complete protease inhibitor (Sigmldrich). The proteins were
separated by SDfolyacrylamide gel and transferred to PVDF membranes (Millipore,
Billerica, MA). The antibody against MITF was purchased from Abcam (Cambridge, UK),
and the antibodies against tyrosinase was from Santa Cruz Biotechnology (Dallas, TX) and

Actin was from Abclone (Woburn, MA).

StatisticalAnalysis

Data were presented as the mean #dsted deviation (SD) of more than three
independent experiments. Statistical analyses were performed using theAManay U
test (SPSS 25,0BM Corp., Armonk, NY). A value of p < 0.05 was considered significant.



lll. R ESULTS

Specificity ofSenolyticDrugs for Senescentibroblastsof the Skin

Firstly, the efficacy of senolytic drugs on dermal senescent fibroblasts was screened.
Quercetin/dasatinib combination was not effective on dermal senescent fibroR ktbist
the drug ombination induced cell cycle arrest in dermal young fibrobldsigufe 1).
When we treated resveratrol or gingko biloba extract to young and senescent fibroblasts,
these drugs were not effectivé&igure 2, 3). Moreover, esveratrol induced young
fibroblasts apoptosisF{gure 3). However, interestingly, ABT263 and ABT737, which
were well knownBcl2 inhibitors {Tse, C. et a).2008 Oltersdorf, T. et al., 2005 could
induce specific apoptosed senescent fibroblasts depending on dragcentratior(Figure
4). The @ll number was decreased by ABT263 or ABT737 treatment in senescent
fibroblasts. Furthermore, caspase 3/7 activity was increased after treatment of ABT263 or
ABT737 in senescent fibroblasts but not in young fibroblaBigufe 4D). Thesedata
suggested that not all senolytic drugg ABT263 and ABT737could induceapoptosis of

senescent fibroblasts and damusedhs potential drugfor skin whitening.
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Figure 1. Effect of Quercetin/dasatinib Combination on Skin Senescent Fibroblasts(A) Old
fibroblasts and young fibroblasts were treated with the indicated concentrations of
guercetin/dasatinib combination for three da§B) Cell counting (C) MTT assay (D) FACS
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ABT263/ABT737Decreasedkin Pigmentation in vitro

To investigate the ABT263 and ABT737 as potential possible drugsfizoving skin
pigmentation we investigated the effectiveness of ABT263 and ABT737 on primary
human melanocytes. The numinércellsand MTT assay data showed that these ddidjs
not influence on human melanocytes viabilitiFigure 5A, 5B). Furthermore,the
expression level ofmelanin synthesis related gesmesuch as MITF and tyrosinase in
melanocytes was not significantly changed by ABT263 or ABT737 treatmewitro
(Figure 5C). These data showed that senolytic drugs ABT263 and ABT737 did not
influence on primary melanocytes. Next, esaluated ABT263 and ABT737 as potential
drugs forimproving skin pigmentationWe established eoulture system using primary
melanocytes and senescent fibroblagtigyure 7A). UVA-induced senescent (UVAIS)
fibroblasts were established and timeelanocyts were co-cultured with senescent
fibroblastsusingtranswell plates(Figure 6). The melanin content and tyrosinase activity
in primary melanocytesvere significantly increasedultured with senescent fibroblasts
compared to a control (shaimadiated fibroblasts) which wasonsistent withprevious
report Kim et al., 2020. In addition, the mRNA and protein expression levels of MITF
and tyrosinase were significantly upregulatéay(re 7, 8. Melanocyte proliferation was
unaffected by the senescent fibroblagtgre 9). The effect of senolytic drugs ABT263
or ABT737 on senescent fibroblasts in pigmentation was further evaluated usingetans
study. The melanin content and tyrosinasgvity were significantly down regulated with
senolytic drugs treatmenFEigure 10). These data suggest that ABT263 and ABTa8Y

potential drugs foimproving skin pigmentation

12
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Figure 6. UVA-induced Senescent (UVAIS) Fibroblasts ModePrimary human fibroblasts were
irradiated UVA (5J/ &) and cultured for seven days. Cellular senescence was analyzed according
to Senescencassociated betgalactosidase(SA-b-Gal) staining and the number of positive
fibroblast (arrow)waspresented as a percentdg#{om). Data are presented as the mea8D (#p

< 0.001vs.Cont,p value, ttest)
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Figure 7. ABT263 reduces Skin Pigmentation in vitro. (A) Scheme of the coulture model.
Melanocytes wereo-cultured with young (Sham) or senescent fibroblasts (UYB).The mRNA
expression levelsf MITF, tyrosinase (TYR}reatedABT263 for three daysiere analyzed byeat
time PCR.(C) Protein expression levelBar = 100em. Data are presented as the mea8D (p

value, ttest)
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Figure 8. ABT 737 reduces Skin Pigmentation in vitro. (A) Melanocytes wereo-cultured with
young (Sham) or senescent fibroblasts (UMrdated ABT737 for three dayéB) The mRNA
expression level oMITF was analyzed byeattime PCR.(C) Protein expression leveBar = 100

em. Data are presented as the mea®D (p value, ttest)
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