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Roles of Fisetin on Skin Barier Function and Anti-aging in Epidermal Keratinocyte
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Abstract: Flavonoids are polyphenolic compounds derived from plants metabolites and are known to be capable of
controlling various human physiological functions. Among them, fisetin (3,3°, 3°, 7-tetrahydroxyflavone) is found in
various fruits and vegetables, and it has been recently known to restore the function of certain tissues through senolytic
activity. In this study, targeting human epidermal keratinocytes, control of skin barrier genes and antioxidant efticacy
of fisetin were analyzed. Fisetin increased the activity of telomerase and decreased the expression of CDKNIB. In addition,
it increased the expression of KRTI, FLG, IVL, and DSP, which are main genes that make up the skin barrier. The
fisetin also increased the expression of CerS3 and CerS4 genes, which are forms of ceramide synthases. These results
show that the efficacy of fisetin is not limited as senolytics but is also involved in various physiological regulation
of human keratinocytes. Therefore, we consider that fisetin could be used as an active ingredient in cosmetics and

pharmaceuticals.
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A=A A (bioprospecting)= A= W MIES L3S}
+ iR AEARdellA fefisks el IS B
S 2o o) SgEol| AR AR Ao v
= A=A feEfstaom, AAbA= Aol vlal
gl o3& 7R BE AMdAl A A=A o2 gt
[1]. FFgolFolr =& 4= %= lactic acid®} ceramide,
AlollA 58 4~ S alpha-cyclodextrini} surfactin C,
2o 2T = s 7FREE0|EA| A ix(astaxanthin,
(3 -carotene, ﬁlcoxanthm) So] tEAo|tH2]. E oA
T3 e AR fEe AdeEgadel oAE
(fisetin, 3,3 4 ,7-tetrahydroxyflavone) 0.2 7|, AR, 3
= 5= 3ok TiRE S50 T} Afaol] EAfek=
SehHE(flavonol)©] UFoltk.

Fisetine 3}-3} & = 2oz 2 dEA Sl=
g, o]= fisetin®| ﬂ*Pﬁ(antlomdant) AT 4835
(senoytics) 22 7FA]7] wito|oh3]. w=3l= 7L 4l
A 71s0] AP 9 ApEe] 27k Aofet 4 glon), 1w
< ABATE AEsks HEE o gle @Al A &
& 2249 o= eObA|3(senescent cells)2] B o=
P, weba] weshA|ze) S SABEALE ofn] A4
H 3 AAE S8l olF S5S 5 Atk =3A
E= BE TNEEgEA AAAHA WAgst ZiA 2]
A Ae|ekEo] L 'quO]r’]' 53] A9 A 4 7\1—1-‘4
AHRE 2] ol HIANEZE ks Ve BT
Sh, Az S m"} = TAel EHZH 2] sht
7F A2 =3t E S Qlek SEAINE WS 2] R45A]
¢l Y-S 22)0] &S SAAIA, XEAQ] Fellaa
£ FHo| 78HAl  EltH(senescence-associated  secretory
phenotype, SASP). hebA] teshHEe] Al i e
U 0] o=akS o ul oby|Zo] U S} 7ke Aw)
£ 92 7 UoHE RIS AlASKH: Zlo] el
Mze- Hefo] d 4= QIei4]. =488 (senolytics)>
oS AMHoR BRI Ads Yol
W, 22 SJOREORAS] FhsAo] BalsH ol 9l
ok ShATE olelet 4R S Tl flee Fesie
UL T2 Holu, 3 0] £ F ol 2

l

Fistn®: Ap; %, W7, 90 S| oyt A4} 3}
ol A} Fepmiwol=el UFoln] B, FAIS, F

o) &3} g-3E 53] %), A46d Al 4 Z, 2020

AT S A2 TRt oS TIAIAIRE F2R8-2 A9 gl
L Ao RuEy56]. 20179 o2 w3hE gk A

A T 1) A 3 (umbilical vein endothelial cells)THS- A8
Hog Aol WalAThT). S ofelet TS
94 2 00}1\1]__\75 ol x]u};q]__\?_oﬂ/q: "il—ﬂx] o}OL__E
fiestin> A|3Z0] F7ol Bol&Ql kagsflEdol, w2
Solge 7L ek
Fisetin>  GHAES}A|(antioxidant) = Z8-510] A=)
(free radicals)S 2AT 4= Q= o] Q= AoEE Z
A A8, 91, == LF A a=A] Fazsto] Q)
o] AkshE Holer) Fisctin®: AJE U] clos ey
W RAs mAsie, e chewt 2k TSCL - TSC
mlTOR, Wnt, ERK, PIBK, AMPKg -8 -y, lx Ba [3].
Fiseting] 2t 212120 A4 Ui vivo) B0t ol A
aieke] Aol glomo12), st AgRELy
(neuroprotective effects)o] HI1E|QITH13,14].
QAo IO fele ealge] e
TA aUigl fiestin®] THAJE 5-S HAalglon], o]
BN} SloREe] el R A B 4 ok
ol ofs ok} gk w485 FH0] Gl fiesin
)50 g5 Wl dhet ol Hio] F7letkar 9l
o, X9} Adfopa Fofl w3k Aso] IR HERl v
SIEHIS]. BIAIRE ZPAAES ko sl Sl )
Ak o], £ Aol fiesine] Helo] ol 5] 2}

AL WRr)s Wt % st B FA 0] st
2 Baslock

2. Mz A &

2.1, M= H{KMammalian Cell Culture)

Q7F EH|ZPAA|3EF9] =<1 HaCaT(Fisher Scientific,
USA) A|3Z= Dulbecco’s modified Eagle's medium (DMEM,
Hyclone, USA), 10% fetal bovine serum (FBS, Hyclone,
USA), 1% penicillin/streptomycin-- HJSE uiz|of] ofsf Hj
FEeH, 5% COE A&3A Fash= 37 °C g7
(MCO-230AICUVL-PA, PHCbi, USA) WollA SX= Ak
NEEAL X357 918 HaCaT A= 96 well plate 9]
oAl HiFE| O™, 90% ol s W (90% of
visual confluency) fisetin *|2J5}%Ic}. Fisetin  (Tokyo
Chemical Industry Co., Japan)2 48 h 59t iﬂﬂé}oﬂotﬁ
o] ufjofol-S- A #|5}al phosphate-buffered saline (PBS,



AP AEANA Fisetin®] 3749 75 Nd 2 @3 &

Eguolo, Ko 3 3] Al2sioich theo® (0K
89 (CK04, Dojindo Molecular Technologies, USA)Z- 10 uL
F71gE ol 3 h Bt 37 °CoA] W& Ak o]%
450nmof|A9] S (Infinite 200 Pro, Tecan, Switzerland)E
2agsto] Alze] AEES ARSI

2.2, UTAZ AMAEA 2 =X (Telomerase Repeats
Amplification Protocol)

1 ugmL9] fiseting HaCaT AJ3Zo] 48 h Eot A2gt &
Z=7131o] NP40 buffer (10 mM tris-HCl pH 80, 1 mM
MeCh, 1 mM EDTA, 1% NP-40, 025 mM sodium
deoxycholate, 10% glycerol, 150 mM NaCl, 5 mM
2-mercaptoethanol, 0,1 mM AEBSF)o]] 1,000 cells/ul. 5=
Al2E &3t 30 min o] 1 4Le] HEGHS- 100 ngjd
ACX(5’-GOGOGGCTTACCCTTACCCTTACCCTAACG3?), 100
ngjul. NT(5-ATCGCTTCTCGGCCTTTT3)9} HRS Al 3,
Th&2] PCR §Ego] S=afsyict. U Al aanks
& 25 Collx] 2087} SasigLOn, olF HHEES 95 C
o] 108 7+ BBAIS} Blich ofF 403]9] PR ¥HE-S
B YPELS ZZaKE (95 °C - 20 s, 50 °C - 30 s,
and 72 °C - 90 s).

2.3. SMXIE EAM(Quantitative Realtime PCR)
At AjEZe] RNAE TRIzol (ThermoFisher Scientific,
USA)ol| oJslf AlzAtellA] Hsh= WRgell sl HA|=2d

2

off
ol
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t}. o]% 100ng®] RNAZE iScript ¢DNA Synthesis Kit
(BioRad, USA)S ©]8519] cDNA 451925, TaqMen
Universal PCR Master Mix (ThermoFisher Scientific, USA)&
ol@3lo] Ak BAE). Real-Time PCR  System
(QuantStudio 3, ThermoFisher Scientific, USA)S AR5}
w, Z+ i 3734} Probe= Universal Probe Library
(Sigma-Aldrich, USA)E ARE-51%Tk

2.4, Primer NE™EE
2 ArollA] RARE FA1S] Primer A= tha 2
t}. Universal Probe Library®] #1355 B7]3}3Ick

N
o
ofm
N
I
>

Hokk

p < 0,005,

3.1, Fisetin@| MIZ=A £

Fisetin> thfet 579 2 2 Zfjaofl A AR =
2 A 7= SR s(flavonol) ] dgo|H, &2
Hl=(polyphenol) AlE-2] &4 5 Sk 0| =(flavonoid)F+
of| &3Ich(Figure 1A). Fiseting: TFF $H-3F AR50 82+= 5
71(160 ug/g)et AH26.9 ugle) 5ol o FrtstAlet 3

SAAY UPL Forward primer Reverse primer
CDKNI1A #19 CCAGCACTCCCTCTAAGCAG GCTCCGACATGTGGTCCT
CDKNI1B #60 TTTGACTTGCATGAAGAGAAGC AGCTGTCTCTGAAAGGGACATT
TERT ex2/3 #17 AAGCATGCCAAGCTCTCG CAGGATCTCCTCACGCAGAC
TERT ex7/8 #52 GCGTAGGAAGACGTCGAAGA ACAGTTCGTGGCTCACCTG
TERT ex6/9 #37 CAAGAGCCACGTCCTACGTC CAAGAAATCATCCACCAAACG
TERT ex15/16 #58 GGGTCACTCAGGACAGCCCAG GGGCGGGTGGCCATCAGT
EVPL #78 GGCGAAGCTCAACTCCAA GCCAGCCGTTTTTCCTCT
FLG #38 GGACTCTGAGAGGCGATCTG TGCTCCCGAGAAGATCCAT
KRT1 #1 GCCTCCTTCATTGACAAGGT GCTCCCATTTTGTTTGCAGT
IVL #36 GGCCCTCAGATCGTCTCATA CCTAGCGGACCCGAAATAA
DSP #1 GGAAATTGAGAAATTCCAAAAGC CTGCAGCCTTGCCTTGTC
TGM1 #1 ACATCCCTTACCATGGACATCT GTCGTTCCACACATGGAAGTT
CerS3 #19 TGTACACGATGTGGCTGACA GCGTCCATCCAGCATAAGA
CerS4 #79 CACCCCCAGGACTTGTTG GGGCAGGCCAATGAATCT
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Figure 1. (A) Chemical structure of fisetin. (B) HaCaT cells were treated with the indicated concentration of fisetin
for 48 h. Cell viability was determined based on the activity of cytoplasmic dehydrogenases. (C) HaCaT cells were treated
with 1 pg/mL of fisetin for 48 h. Images were acquired with phase contrast microscopy for morphological analysis.

PARL] 7)5o] del LA Urh3,16]. AZelA A
viel ol fisetin®] ZFAA|zol| tigt &858 B4k
QFA, QI7t 3] ZPAA|3EF0] HaCaT A 230 that 54
I fagd HY 5 I Y8 et =
fisetino]] oJ3t AlEEAS EAISIICHFigwe 1B). 48 h &
QF A2jgh A} 1 pg/mLe] 5= olslol|ii= Alaze] g3k
< 5] Yok w3k fYdRFAn|(phase contrast microscope)
S 283 AlEe] P B E Bolde iy
A e¥ekchFigure 1C). AR 10 pg/mLo] "ol 25%7}

o) &3} g-3E 53] %), A46d Al 4 Z, 2020

ol AlZAPES B 4= it wepA o]e HE A
T2 1 pug/mle] “sieof|A] ZIasioict. Mg o
Sl ATofA 20 ~ 50 uM fisetin®] A 2|(5.72 ~ 1431 u
gml)y= FoJuRt 5442 veldlal Fojulet S44e vet
WA17,18] IMRI0 Aot iEE o R sl AtollA
A Lol A 10 1M (2.87 pg/ml) fisetin®] X2]7} AJ3EEA0]
V&= A R =[7), 1 pgmlg wFAE GsiA]
o ekt Fe2 7HYsIeick



7t AP M EAA Fisetin®] I FF8 715 Md 2 w3 a5 A5 395

3.2, Fiselin®| i3t &5 24 3 B9 391 2NN Wekay SRk W

WeAY Gl @A Wekay  do] BAEH, ol 58 Ev|Z7IA Fepidermal stem

(iclomere)©] 4Ve 2ok BEtolT: WekAY o cel)o] 18} o] S0 ©J9He BIFICH2021). Fisetin
S [e)

“drtaaE A TRt S transit amplifying cell) 2} O] et} B5S LoRLr] §I8f, HaCaT M| siehes

Z/)Z] B W Ao Tolste], BAlSireplicative S 48 h He] T wekad oPrAbaAo] BAS BN A
senescence) & BN 2203t Uolo] Hei10] T B 3 25%0] B4 Z71E BT 4 AUk Figue 2A)

(A) (B)
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Figure 2. Fisetin shows anti-aging activity in HaCaT cells. HaCaT cells were treated with 1 pg/mL fisetin for 48 h.
(A) Treated cells were harvested and disrupted in non-denatured conditions. Telomerase activity was measured based
on the relative amplification of external telomerase substrates. (B) Aging-associated genes were analyzed. CDKNIA:
Cyclin Dependent Kinase Inhibitor 1A (p21), CDKNIB: Cyclin Dependent Kinase Inhibitor 1B (p27). (C) human
TERT exon junction-specific (or intron-spanning) primers are indicated. G6PD was used as a loading control.

sk

Student’s #-test revealed statistical significance(’p < 0.05, “p < 0.01, *p < 0.005, “p < 0.0001, ns: non-significant).
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thgos AZe] wshE fEsks e SR
CDKNI4, CDKNIBS] 9r&-S HAl51990)(Figure2B). CDKNIA
L p21PT (21™1 cyclin-dependent kinase inhibitor 1) THH
oL 9on, s ehEe Aol 3
AAsto] M| we3ls GEdh= 7HAICH22].
CDKNIB= p275"" (cyclin-dependent kinase inhibitor 1B) T
WS Qrasistel p21at fARRE Y B 75 ZhIck
o ThlE S Alsze7]o] W3S AAlsh FLAAIIAL
(tumor suppressor)22] 7]5o] 2 d#A JrH23]. Fisetin
o] A2l CDOKNIB We] oS fEsiglone, 7))
el Alsgrd el mEH CDK4 (cyclindependent kinase
42 Rb (Retinoblastoma) THlZl0] SHe B3 1-8}2 of
Al 7Fs7del Ieh24]. CDKNIBw= 54 A| I A  tumor
suppressor) = AF-gSHEE, fisetino]] 23t T4 7S
7S B 4 AR B o] Figwe 1BolH 43E 2
Tol| = Ale] AgollH Soldg WA 4 gl

KN
=

=P S K-

=
KR
= = 0=

32

o 3 fisetin R, o, AN, oSk SME
oo ARl 2 LA 7] diEell sig A7t Z4EA|

39| TP FrT 7heAdS W2 HorH25-30].
Figure 2A9] Zik= ToiAy AAAEAS ek
| §4Q1 TERT 737Fe] ZAL &4 571 52 A=
29 rEAs 9] SUHRE ST 4= Qi ol
517] 9Jell TERTS] thofet ZApolA(splice variants)
oS At Figwe 2C). AT Ol
3} H9)(junction between exon 2 and 3), 7/89] Ag,
15169 A3t Folt o5 7)o HiH
2] RNA o]ojut5=7|(alternative RNA splicing) 2}
izshH 12 minus § o] Wdo] S7keE AL oF 4= ok
[31]. o< 73} 82 UekAy AXARAS] 750 HHEA|
Q3 ZH(reverse transcriptase)= 71Al= F-pjolw, &
159} 162 W= TERT 57314} ZAApHOAof| 23 E] = H-9
ok Al 63} 99] HEF9= Iy IAEE A of
32491 93373 A (dominant negative form)$1 minus 3 3ol
EAE) slig AaE S fisetin®] A 2= TERTS]
FAALE 8Hl 717o] S7RAIZIAINE BAES 7FAl= mRNA
£ FusHA BAaletAl= gt wetbA] fisetin HARG
Alof|Ae] 4ol ohd ou] AHgH Uy SHAEA
o] Be 7PN, =8 =8k IRl CDKNIBS]
S Asfslz eshads AM-E 7hs7do] Atk
7] A3} Figure 2A004] Tehag] a0l 24
S71E Igt ZHEAEe] FBkE e 4= Ql=t, o=

o fo nd 1
o >~
02, o oo

w2

S
o

o) &3} g-3E 53] %), A46d Al 4 Z, 2020

] -

[¢)

#

)

il

e

TERTS] A& o] A|3E9] EA||=-S)replicative senescence or
MI senescence) =5of H2{Ql 8710]7] wiZoluf32].
ShAh Wehag SlRAbE AL RS QA oncogene) 2
2GR oFem(33], AlxEe] FdRllls F7HARl SAE
o BRsUE fisetin®] Ae|2 Ik ZPA| o] Yok
7Fs/dol W= o2 AZIET34].

3.3. Fisetine| OD|EAHY |5 =& &AM
Tjo] uplise
ez} Ajsz ko] Ad
[35]. ol FLG 3127} t&slstal filaggrin THaH=2]
& Zsabgcomification) 5] A2kl 41610) FAL FaL
PCA (pyrro-lidine carboxylic acid)t} UCA (trans-urocanic
acid) 2 RfElo] ARG T30 53] 3
oA AYSH= o} (atopic dermatitis) THAF] 50%7} FLG
A EHHolE 7L ke AR Fa%t {EAt
ofm, Z}ShA|Z(comeocyte)®] S} 9 AAL7HA]Z(lamellar
bilayer)] & 5ol FFE = ACE LA UH3T].
Fisetin®] Z|2}i= FLG 3Ak] WS 10 v ol S7HA|
Hom, Az Fa oAkl Az dupae) =
8§42 KRT19] 3 ®3F 7 FichFigure 3). VLS
2, WRgle) pad Ed

RSN

Z}FZ] =

Z4He] HFEE
2R83l= Tagh 2 ThlAQl involucring: FESlsH,

obzs] ubaT) Golulat AHIAE 71H38]. Involucrin
© TOMI $74A7) 5351 transglutaminase 1 Thaizle]
Hgom wrule s E=u39), fisctine] e
L L3 TOMI §3710) HHES 1] 3 wie 8 ) o}
S7bAZITk DSP 97141 desmoplakin THIVES: Q585
L, o) Al 7be] Ao Tofals Hzhkdesmosome)
o] o FARsol mulHEe] Hule Ak Ho]
S #o]c40]. Fiseting] A2k DSP 4-8410] WL 10
Wl ol ZTMIRoER TR EES B AL
= olAst 4= Qlek whH periplaking} 7 AEAT 2
Pl 7430 AAH TS = envoplaking: 91

S EVEL §409] Wl xjolrt glglek o)el
Ak fisetin] Helrk wRguE ek Tk 4

Ao] wrol gake mAA sito] FPH e % 7}
SAS AT B AT BARE FLG, KRT, VL 52
AR ZbA0) FaA ofahg sk whalu et A
7ko] el TP DSP U Z4WF Aol wag
Q1 TGMI 58 QFE8H51aL QIEH4144], A7) fAie

2o of

?



AP A ENA Fisetin®] 2539 75 A 2 Fwdt 25 AT 397
20
=) * Vehicle
o * % % % * % % * Hsetin
= 15} ] B
e - . ¢ ok ok K
g -E **** iL _|
[ |
® 10} :
Q * ok Kok jE
X .
ol
@ Bt ns
=
s M
O
el B | B el |
EVPL FLG KRT1 DSP TGMT
Figure 3. Fisetin upregulatess mRNA expression of genes in the skin barrier function. HaCaT cells
were treated with 1 pug/mL fisetin for 48 h. Genes associated with skin barrier function were analyzed.
EVPL; envoplakin, FLG; filaggrin, KRT1; keratin 1, IVL; involucrin, DSP; desmoplakin, 7GMI;
transglutaminase 1. G6PD was used as a loading control. Student’s #test revealed statistical
significance. “'p < 0.005, “p < 0.0001, ns: non-significant .
21959 92 % AE 71] A2 Sl BolshH fisetin 15 ,
& AL A o S faleld 9] A B o * Vehicle
T3t 2= 9k s * Kk K s [isetin
= EEkE
- - \ e 2 10} .
3.4, Fisetin®| M2i0}0|E &t =X SN EM 0 _}
"
A2kt | =(ceramide)= sphingosine™} A|HPAK(fatty acid) 0 u
o ojoll oA Ao] AAEAR MANE AEde] O E3
F8 TR 39 shuolch4s]. Aol Bsl W5t
i = = — ]
1]9] ZFPHZ(stratum corneum)of| TR EA|SH, wjHAk c
- - 1]
g el Fa s B shiR FsElE (5
(cholesterol)} R R|WFAK(free fatty acids)y} $HA <ok [* |

ghtH46). TFgES ek Alefele= 15 & &2
71 ool teHdE T ol ek ohket st
3] thFES 2P| Z(epidermal  keratinocyte) UjollA]
Jojdrh47]. o] oA Alepate|= %t}*%ﬂ_(ceramide
synthase, CerS)7} 583t - Hidsl=t), ZRFolx=
6 712] CerS AL EA 84 theket dole] A4kl
sphinganine®] 23S AATICH4). o] F H|Folx o] T
o] 7} FEYA s SAAE CanS39)t CaS42A4], 18 ~
26 7H9] &g 7= oM (acy)E AEskE 42 7
AA Hek 53] CarS39] A2 A3 o @5(autosomal
recessive congenital ichthyosis)S -$Ush= QIx} Z9o] st

CERS3 CERS4

Figure 4. Fisetin upregulates mRNA expression of ceramide
synthases. HaCaT cells were treated with 1 ug/mL fisetin for 48
h. CERS3; ceramide synthase 3, CERS4; ceramide synthase 4.
G6PD was used as a loading control. Student’s #-test revealed
statistical significance. ~p < 0.0001.

2IH|[47], o5 &3l ZHEAEol o3t Alzhte|= gdo]
5 75l ARl a4 & 4= Qlok Fisetin®
el CarS32} CarSd -SR] W2 7 wl| o|AF Z7A
nom, o= sid e Aert wRAAHT S I
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398 o] 73} -

ke A= 7H 4 e OvWIRitH(Figure 4). CERS39}
CERS4 742 A7} alshe Alztatol=9] 94d
o] Fofah= Al FARA A7 A intercellular lipid) 2
Z1720] 24 A (lamella granule)S FAISH= do]]
S8R TS FAYIHARA9]. Wb fisetins: Aol
o] Wiz Bl oL falQIA 7 AP Fofl wofdt 4= Qi

=2 A Hol= Efico|=9] UE< fisetin
2 2GR E g g ok kedgallEdolst
22 Yo] w3 EE AHAOR FHATleh= EHEA
oz R QIR 22]9] &4FE WAIE 4= Qlriarl dEA
F| o] B2 5 Wk Qlrk SEA|T fisetin®] A5~ e
2183fjol] ol WRE ofgl TRkt 79 Aol Eold
o= 2R83F 4= 9lgo] vl R AL 2016 Holl= Fuldfot
Azzo]] ZARgsto] mHEA | BgS E 4= o] A
QATHIS]. ¥ A7ro] Ext= QIzt y] A mElkS o
Ao 3o fisetin®] H5-S HASk= A0, 53] I
3} 9 o)l JEste] fisetin®] T HLAE 2
sty 2 dye Alxmdef ofigt JIAS of=
HaCaT A|3ZE ARESIGIOW, o= 2l 0] ZHEA|
3Z(normal human epidermal keratinocyte)2} 53t AJ2|5H4
Hhg-S Holx] ¢kE 7hs/do] =k wkA] ool & ¢
T FEE A FEALE Bl AA QUARlA
et 442 (normal diploid keratinocyte) @] HRS-S- 4]
slojof Bith Fisetin® 1 ugmLo] o] Fkof|A] HaCaTA|3E
O] Ao Al FakE A oot Al o] H2 ¥
3= fdelelth 4 suE7IhE 9 ZHEAE o &
Aeohs A Wokas JuAEAS] S-S ST
Fom, o= TERT xS AAHIS7I= QIgh Zo]
offe} oju] A/JE B0 FAo] T AoRE oflH
o} E3h A|Zo] =315 [-esk= CDKNIB faAke] Ha
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