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Purpose: Ultraviolet (UV) radiation, specifically ultraviolet A (UVA), is known to
induce photo-aging of human skin by promoting the aging phenomenon, such
as skin elasticity reduction, wrinkle formation, and retardation of wound healing.
Effects of P7C3, a small molecule neuroprotective drug candidate, were studied
on the collagen, type |, alpha 1 (COL1A1) and matrix metallopeptidase 1 (MMPIL)
production in normal human face derived dermal fibroblasts (NHDFs), as a raw
material of cosmetics. Methods: Cytotoxicity of the UVA on NHDFs was determined
by cell counting kit-8 (CCK-8) assay. COL1A1 and MMP1 mRNA expressions were
confirmed by two types of polymerase chain reaction (PCR), reverse transcription
PCR and real-time PCR. In addition, wound healing assay was performed to

demonstrate migration activity in P7C3-treated cells. Results: Increased
COL1A1 production was observed by real-time PCR and COL1A1-enzyme linked

(=] [m]

immunosorbent assay (ELISA). The MMP1 expression was reduced by using UVA (5

T J/ecm?)-treated NHDFs. Furthermore, a scratch wound healing assay showed that
P7C3 enhanced the migratory properties of UVA-irradiated NHDFs. Conclusion:
. The effects of P7C3 in improving aging skin were demonstrated in the cell efficacy

[=]¢

test, and P7C3 is expected to have a value as an effective anti-aging material for
functional cosmetics.

Keywords: P7C3, Ultraviolet, Collagen, Matrix metallopeptidase 1, Aging

Introduction

= QA9 S Adfiche i ARk $lalE dols
Aol Hor|@oe g ool ), 3tshy, AHESHA A
715& osaL b Wt opg} chfgh 9 ajlut HEsiar
Q7] Tl £ARS W) 4ti(iee ef al., 2007: Yoon et al., 2013).
F2 2EHA QI uBES] WA nNHR|, LIEH, AelA
T dEAR] A2 E 5= jloH o] 89152 S ikaF(reactive
oxygen species)& A3/gsto] T A|2] £ T2 APEE {Ed)
T R3S ST HKim et al., 2011; Yoon et al., 2013),

Qo] 29 AEHA A} F ALK (UV)Z mge] Zolof wt
2} UVA (3114, 320-400 nm), UVB (Z3F%, 290-320 nm),
UVC (@113, 200-290 nm)2 FEETHKIm et al., 2011; Lee et
al., 2007). §83] UVAE 95 W 2193570 =dg6te] dotAl
o Fwesks skl Wy 3 wEARe WA R QI3 i
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@ 4, 5 4, 3YyA], gRY 52 AL 5 otk
gk UVA 2AF & Au)5-9] S/data S71eh dfotlze] 13 =
2Hl(collagen, type 1) T30 2 B 7| AF&IHES a2 1
(MMP®] F7F2 gt Freste] Fxo] B vt IthCha &
Kim, 2015; Talwar et al., 1995; Yoon et al., 2013).

& 295l EAeks AdRotllze S FE9) AlE2A 4
AxAof| 2 9 AR 22 A7 S Bdehe I8
Gttt Aot 7e-S s Ae = AR 22
9] 223} HATA ol 4] Exfeh= AR fEie wi- Aolst
th= B 317} QItKDriskell & Watt, 2015), 912 S Aol £A)5}
= AfoEe iy feEiY AR AR E WAE, £S5 A
Z&oll EAsk= AdRorle 5T gl A=, $H F
Fof| 2Afet= AgotlEs IS SEgchFernandes et
al., 2004; Jinno et al., 2010; Ohtola et al., 2008; Rendl et al.,
2005; Wong et al., 2006), Tl-8SHoA B2 AAtEe] 71 T4
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Figure 1. Structure of P7C3.
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S Bl 71578 3P A et Szt e gk Aol

A73A Agke] AR B4 0 WIS flsf Aol dnke] S
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£ E3) P7C38R= A1 B $.9] a3} 9)= aminopropyl carbazole
< YA Hebert et al., 2004), PIC3= 1< AF|mdo]
Al aake] AR Ao =22 3 st mEE REske
7%= T3l HE/dolHA AARE FEliAE YA 71F
< FPstar A 0 & o9 At E4 R g A drh E3E &
Zof| 2Ask= AHE7IMEZY F41S F=8] Kb AlZAd
AHapoptosis)& A MZAPES XA T =5 37t
A7l 985 sto] SFUEY 9e] Fe £4= g8 L
(Naidoo et al., 2014; Pieper et al., 2010), T34 24435
Ad AP FEAA Hpol] EAfsl= Fewds Bt A

Table 1. Gene name and assay ID number in real-time PCR analysis
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Figure 2. Cytotoxic effects of UVA irradiation on COL1A1 and
MMPZ1 expressions in NHDFs.

(A) Ultraviolet A (UVA) irradiation was administered at various
dosages and cell viability was measured by cell counting kit-8
assay. Realtime PCR was performed for collagen, type |, alpha
1 (COL1A1) (B) and matrix metallopeptidase 1 (MMP1) (C). The
results are presented as meanzstandard deviation (M+S.D.) of
the percentage of control in triplicate. “p<0.05; NHDFs, normal
human face derived dermal fibroblasts.

Symbol Gene name

COL1A1 Collagen, type |, alpha 1

COL3A1 Collagen, type lll, alpha 1

TIMP1 TIMP metallopeptidase inhibitor 1

MMP1 Matrix metallopeptidase 1

GAPDH Glyceraldehyde-3-phosphate dehydrogenase

Assay ID
Hs00164004_m1
Hs00943809_m1
Hs00171558_m1
Hs00899658_m1
43333764F

PCR, polymerase chain reaction.
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B 4= ke B glrk ofejol ATt ot Hrls
o] ZEjot o WA, WA Sl H8o) 7Fsd BEE
7|51 Qiek(Kemp et al., 2015) (Figure 1), SPAIRE 94 3/<llA]
1,000 ¢} g=stolv] AFE SRS Iz & T A
A AAFE, D71 SollA S-S Elshetl Aot
Aleprid=e) xgjo] Fake Adejolet, shARE SHAlefl A= PTC3
o] gt A=A FAst a5 S7HIA AT A
& A=l A7t FE3] IABHL UrHKemp et al., 2015:
Naidoo et al., 2014).

H|=/Jo| A QPR BER H7FE= PIC37F AEA 29 -2
P o] A= AfordlEelA st a5o] YAl et
A= AR Aot & AFollAe PIC39) 33t Aot
dsto] Rl MMPre] Aol mX| e FRFE Eels) 2, 2}
P AL Sfsf g AfotMlES] AAA SEo] PTC3e]
s BlES=A Yokt gt ol T3l HiEAdolH tiatE L
2 bzt PIC3e thaet A9 5 Wiest SPE A=A
&} 7Fs/4& AXstaLA} gt

Methods

1. HEIZHE Y MIZEHHQF

AR 2= 98% PTC3 (Sigma—Aldrich, USA)2 2, P7C3+= &
of -§3i=A] ¢k7] wizell dimethyl sulfoxide (Sigma—Aldrich)e]
Bafiet 3 Aol ARgstGiTh & A ellA= 0.5 pMe| PIC3E A
gJste] A XPstaint.

A G2 217t 9 A-FobA|E(NHDFs)= Cell Applications
(USA)OlIA] afjste] ARgatglom | AlZujgRs £t Dulbecco
s modified Eagle’s medium (DMEM), fetal bovine serum (FBS)
= Lonza (Switzerland)oll 4], 334 (penicillin/streptomycin)-&
Invitrogen™ (Thermo Fisher Scientific, USA)o|A] G-5}e] AR
stgich AdfotlEZE 8 Al ol Ml2E ARESIE e
o, 37, 5% CO,, 100% &-SH 7oA il Fat i,

2. Xj2lM =AL

UVA ZALZ QIFH AfobH|Z 9] 1315 g1} flsiA UVAE
51719} 22 24 02 At Ao =7t eidEaL 9= 35
mm 22 FH Ao phenol red7} 7HEA] ¢ DMEMS 1 mL
AE3t T 2ol ZAPYA| (Bio—Link; Vilber Lourmat, France)S
ARg8to] 5 J/em?®] UVAE ZALSHAT,

3. Mz MEE =3

A2 BEEL CCK—8 (Dojindo Molecular Technologies,
Japan) 24%H& o8ttt 3x10° cells/welld] A-f-obA|2E
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Figure 3. Cell viability of P7C3 in NHDFs.

NHDFs (3x10° cells/well) were seeded in 96-well plate and
treated with indicated concentrations of P7C3 for 24 h. Cell
viability was measured by cell counting kit-8 assay. The results
are presented as MxS.D. of the percentage of control optical
density in triplicate. "p<0.05.

£ 96—well ZAE{FHA FHEBL 24 h iRt & UVA 5 J/
cm’E RARGITE UVAZF 2AHE AfotMIZ2E 48 h vigFet &
OCK—8 Al9F A71sto] 2 h B3t 37T, 5% CO, Hij7]olA |l
o5}tk ELISA reader (SPECTRAmax® PLUS™! Microplate
Spectrophotometer; Molecular Devices, USA)S AR&3o] 450
oA FFEE S, AlZE H7IekA] g wjARt ¥
< 279 FFEE VIS0 R A AESS ARSI PiCs
o] AEfs=E Al 13 B e T o E Al

AEES AESITL

4. RNA F& U AR TR SEiE A HAHES(real-time PCR)
TRIzol reagent (Thermo Fisher Scientific)S ARE3}e] RNA
£ FE3Uth. mRNAY| =9 RA4E A260/A280 nm H]
& 34S 33l Ik e, mRNA 582 Epoch Microplate
Spectrophotometer (BioTek Instruments, USA)E ARSI 260
oA SFE2 2A5HE, AR A7 —70CollA] RS
t}, &3 RNAZRE cDNAQ] T2 SuperScript III Reverse
Transcriptase (Invitrogen™, Thermo Fisher Scientific)S AME
sto] st on, ARotHlE #AQIAHY] TE-E vl SHs)
7] $13}0] real—time PCR (Applied Biosystems™, Thermo Fisher
Scientific)& 3Pt TE TagMan® Gene Expression Assays
(Applied Biosystems™)oll AMSEl 57 714+ 2= Table 13
1t A= glyceraldehyde—3—phosphate dehydrogenase
(GAPDH)&] =kl thgh A Al adzko & Ailsigirt,

5. Collagen, type I-ELISA
P7C37} 18 E=ple] Wdo| njX= g3 dopE 7] $lste]

3x10° cells/well®] -G0S 60 mm ZA|FHAlof HZEs}
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Figure 4. Characterization of P7C3 treatment on UVA-irradiated NHDFs.
Effects of P7C3 on the markers of NHDFs such as collagen, type |, alpha 1 (COL1AZ) (A), collagen, type lll, alpha 1 (COL3A1) (B), TIMP
metallopeptidase inhibitor 1 (TIMP1) (C), and matrix metallopeptidase 1 (MMP1) (D) were confirmed by real-time PCR. Values represent

M=S.D. of three independent experiments. “"p<0.01; UVA, ultraviolet A.

11 24 h B3 37°C, 5% CO, vieF7|ol|A] vieket &, AkeH AP
£ E9) 5 J/em2d] UVAS RARIITE A 3 0.5 uM P7C3E
75k 48 h F<t vjoFsksict. Procollagen Type I C—Peptide
(PICP) EIA Kit (Takara Bio, Japan)E o]-8-5}] A|ZAR] WhHE
w2} vk o] 13 Feplle] & Skt

6. Scratch wound healing assay

ArotHIES 6—well BiFFAIl 2x10° cells/well2 HF5kL
80-90%7}A] kst Phenol red7} H71E)A] g2 DMEMO.2
v A E wekstar AfobAaof] UVA 5 J/em™E ZARE &, 1
mL So|slg e 2 HioFHAIE Fol AAE WA B FRA
+= 22} phosphate buffered saline® 2 A5k &84 DMEM
o 0.5 uM P7C3E #7135l 48 h <t vieict, P7C32] A A]
& 2= 3RIEl) 9151 0, 24, 48 hulth 2 =7 ¥ 59 9%
of @u|7 o7 ARIEGE STt

7. SHEN
EAAE e LYl B4R (one—way ANOVA)E o833

om {0 £2&0.05 (p<0.05)Z ko] AAFIHTE
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Results and Discussion

1. UVA ZARO| 2 MFOtM=e| M=S0} MF0M|ze
HEX|QIX} e 2N

L=310] AP 22} 7|80 3T 875 ARA
4] 23t @Ato|th(Kirkwood, 2005), 3] Q1A skt 9]¢l
A wsdjmFog Fusho| ot wji e w=3h= o gy
A4, 29 71 AR EY A|A Fol A Eol=t & &=
QUTHKim et al., 2011; Yaar & Gilchrest, 2007),

ABIAEGAE FHUsH A FollA UVAE UVBRK:= T2
A w5 Kwe] 71 7] B = Sl Ao THLee et al.,
2007; Yaar et al., 2007; Yoon et al., 2013), w2hA] o) ZajZ
o] =Esto] Peohs FUSHE UVAE AfotdlE =3t ¢
3k QAR ST UVAZE Afobal|ze] ujzl= 544 dot
B7] $18l, AoblZel 242 1, 3, 5, 7, 10 J/em’Z UVAE XAt
3F3leh o] 24 h B3t uiFEt F, OCK-8 assay® Aot Z 9|
AEEE B33t CCK-8 assay+ tetrazolium©] AoQ)E= Al
Z9| nEZEdol a4 O3 formazan &2 HIZEE= AL &
Aotz BRIt} 7 J/em? o] UVAZE 2AHE AdrotA|aze|
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Figure 5. Effects of P7C3 on collagen synthesis in NHDFs.
NHDFs were seeded in 60 mm culture dish and treated with
P7C3 for 48 h. Medium of the cell was collected and analyzed by
procollagen type | C-peptide (PICP) EIA Kit. The data represent M+S.D.
of three independent experiments. “p<0.05.

A 50% o1AFe) AL 215t rHFigure 24), ©1F 1, 3, 5.J/
em?] UVAS: ZAR A1 S] COLIALZ MMPIS) & AN
A YA QSO AT Ak, COLIAIS B3, 5
Jfemte] AHSIA 2ol SJ3) 914 9l o] T (Figure
2B), MMPIS) 799l 5 J/emre] 241514 BA3] 37K 2
QIsteirFigure 20). 919] ABE o HRopLe] wahz
A B3] 9180 5 J/eme] UVA 241968 A1t

2. P7C3 SE'H HROM|Ze| MEE 24

ZgotAaze] gt PTC39] AMEEA 0] thet kS Elalr]
9l5ted CCK-8 assays AAIBHATE R A2E A EstA] o
kL, P7C3E= 0.1, 0.5, 1, 5, 10 uMe] =2 Aajste] A P&
£ S5thFigure 3). 5 uM o] FE=E A3 of AH-Hot
Az o] BEEo] o4 A A48, 0.5 uMe =2 A
Aoz ARotrze] Ego] FoA A F7HEE ERiste &
Aol A= 0.5 uMe] PTC3E A2jate] AdS Aysict.

3. XM ZALR} P7C3 X2lof M2 FOMZ 2| mRNA L

Aot Za 5 J/em?2] UVAE 3 21 ZAE & 0.5 uM
P7C3E Agste] Ad-golAxe] ®AQ1AM COLIAL, COL3AL,
TIMPI, MMPI9] T&eg AN A7 S8a4 A 5
sto] glstoict. mola FekAe 18 Fehlo] 80-85%, 3%
Zehlo] 15-20%5 AAeH 18 F=HAle 3719] ofulieit A&
2 925 heterotrimer2 ZA5}3 YrHDalgleish, 1997). =37}t
Y= 18 Z2bAe] mRNA Walo] 7has 1 ujiel 280 g
Aol FFFS v THFurth, 1991; Martin et al., 1990; Stewart
et al., 2006). A)A AL olsf AHfotNlEE FAEE i
COLIAL, COL3AL, TIMPI 53} 222 E0]2¢] A gobdZ %291
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el Z=ALofl 2lsh L=ghE Q1ZH MFOIMIZOIM P7C32| &lledt S5

Ao} o] Zastal MMPIO| UE-E F7I3te), PIC3E A st
I AN AR SEAEL ANRSS Foto] dfotalze] ®
A7 IS 2RI A, ZF)A X2t tie] COLIAIS] Ed
o] 100%, COL3A12] ¥&o| 125% 71§ Z7Fshe &3S Bt
(Figure 4A, 4B), ¥ zpejA Ze]o) ofsf ZhA=d TIMPI]
W PIC3 A2]of o3f SlEEE aak= RolA| dtrHFigure
40), AL)A Aol gl 7= MMPIL] IE-2 PIC3e]| 2
3l 65% #adhe ATE ERISIHTHFigure 4D), @A A=52
AKX T 22 ookt g7 A2)9F Festko] 7 Foll A
45]= all-trans retinoic acidi= ZEHS] AX8/d7F MMP19] X
A AAJol| Zrgohe AR 2 defA Yk (Griffiths et al., 1993
Shim et al., 2012), ¥ A3 £33 P7C37} all—trans retinoic acid
O ARG IS Kol Z& ERlskglaL PrC37t gl fte] 33}
B5o] Yl AR AT

N

4. Xf2lM ZAI} P7C3 X2|of WE 18 S21 4d

13 Z2Hl AAES Bd3 USRI (ELISA)S AMS5}
of S7stsirhFigure 5). AHAT FA2 tH] A2 AL
ofsl} 45% 71 /o] A 13 E2tllo] PTC3] Ao 9
3 UVA #|2] div] 60% 71 S7Feke eIstin. o2’ 23}
£ v o= PICy7L E2h T S S7HI71AL A
doll G A= AS = AlmETh

5. P7C32| AXixIQ Eat

PTC37} AHelAlo] ZARE A foPAES] ool G mX|
A Fl3l7] 915kl AAA G BARE ANSIE, FA cho)
Ap)xlo] ZALE A gob L o] v]s) A Axe] o]
Fol aslo] G Ho| WolHL SHeld 4= glgiek, el
PTC3 HelRol i AfobilEe] ool BA3| Z7hulol el
o ol 248 AEL] of5-& 312471 SHISHATHFigure 6A),
HRoLAIEY o)l oJgk AN S Blme SAek] $iste] 1
mL SolHY O 2 Fol X7 FUE 27 WS 24t 42t
o AP0 48 h oo F HF WAL Zsle] wAEs) o
ik, Apoilo] 2AHE M fobEE ol uls) A7t o] 53t
W] 70% 71 Aot PICSE Held B¢ 66% 2715t
& BIskFigure 68), ok PICHH A4oMEe) o158 %
AT AR $E SEE B} Y ol

Conclusion

w3jo] of8) Wi SAYATL 80| BT @ 50| &
Apo] e Eirk, AjejAdsh 22 o)5 ggmar opet A
A%e) o) HS-S Ba) TR w8} 25T 73] Wy
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Figure 6. Increase in the migration of UVA-irradiated NHDFs by P7C3.
Scratch wound healing assays were performed using P7C3 in UVA-irradiated NHDFs for 48 h. Images were obtained at O, 24, and 48 h

(magnification: x100) (
of three independent expenments. “0<0.05.

A Eth(Kim et al., 2011; Talwar et al., 1995), T3, =3h= 4
A W EABRs ME] A T2 7lsAstel SJaf A<l
71%6< 3 4 7]'55 1A Z5HA ErhJones &
Rando, 2011; Kirkwood, 2005).

2 Aol AfrotMlzel A PrC3e] AEe w5
I 4= AL, 0.5 uMe] FroflA= A2 HEeS o
3 Al 7 5= 52 Figure 304 EIsk¢it. COLIAL
COL3AIS] 5741 Wk 577} COLIALS] Thild Hhel S04
PIC37} fold SIAl AFejAde] ofsf e UdS 3jEA7|= 2
IE HERITHFigure 4A, 4B, and 5). MMPI] E& S04
& PIC37F Akl Adof| osf) S7He WS A 4= e 2o
FUcHFigure 4D). F7H4 22 PIC3= ﬁ%ow;u HZo| %
< =8l AAE AEATIE TR0l S 1T o A
(Figure 6), ©Ji= P7C37} =& T} lcEPH SHEARA 7}
/3 HolEt PIC3e 22 Al a9 AldAlIZ o] Al==k
BALE AAeh ABAIEY F7HE REA7]E W S40] gl
THY S I G HEE AR HEE 5ol A8
2 5 Qe Aok Ed s JAE el PrC3e] wjiies} i &
IS ERIRE ks & A7t Fx2, 35 9 n|gof ddAoe

2989 4 9n RS oI 5 Qi TR ANE 2
set AlgE, 5 PTC3et 1 S=A) olw 7 Ho R el

o] oJ8) w=3t= nHE F|A5H=X]o tjdl =rtdaTe} Ax Q=
ATt 2ag Ao R wWlr}
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