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Screening System Establishment for Potential
Anti-Aging Agent Using UVA-Induced Aging
of Human Dermal Stem/Progenitor Cells

Joong Hyun Shim*

Department of Oriental Cosmetic Science, Semyung University, Jecheon, Korea

Tissue specific stem cells were identified in adult stromal tissues. Ultraviolet (UV) radiation induces photo-aging on human skin. Because
of UVA irradiation, it is thought that aging phenomenon such as skin elasticity reduction, wrinkle formation, and retardation of wound
healing were occurred. In the present study we found that reduction of human dermal stem/progenitor cells (hDSPCs) functionality by
UVA irradiation. We enriched hDSPCs from normal human dermal fibroblasts. To develop the screening system for potential anti-aging
agent using hDSPCs, we treated UVA in the hDSPCs. To evaluate whether the stemness of hDSPCs is down-regulated in UVA treated
hDSPCs, we measured the expression levels of SOX2, NANOG, and S100B, which are well-known representative dermal stem/progenitor
cell markers. We observed that UVA-irradiated hDSPCs had lower expression levels of those markers compared with non-treated hD-
SPCs. Furthermore UVA irradiation reduces the multipotency of hDSPCs to differentiate into adipocytes, chondrocytes, and osteoblasts.
In this study, we suggest that chronic aging model by UVA treated hDSPCs can be used for new screening system for anti-aging agents.
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ESE 225 A1) =7 A 3E(Human dermal stem/progenitor cells)
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MATERIALS AND METHODS

o

M ZHY R oS 7|4 20 &

Q1Ztml L Hu] -2l Ad-f-oFHI*E (normal human dermal fibro-
blast)i= Lonza(Sweden)ol| 4] uia}o] ARE-5151 0™, A2 v
< 93 Dulbecco’s modified Eagle’s medium(DMEM), fetal
bovine serum(FBS)+= Lonza(Sweden)©l| 4], & YA (Penicillin/
streptomycin)<= Invitrogen(USA)oll A F-J o] ARg38}5ct, &
Ao A AREE oM EE 3A] AlThulek o2l Azt
ARg-5F3ITE.
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156 Tissue Eng Regen Med 2015;12(Suppl 2):155-161

AgstA =W RujE7| M 2s Yy
R E 7N o] viF
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UVA ZAFR QI3 M9 E7|A| 32 0] w3} W E7|Hj24 e
£ 2RIsk7] S84 UVAE sh719F 22 2 o= Ak
29 A9E7|HNZE 2% 10°7)/2 mL7} E1 %= phenol red”}
A7HEA] ¢-& DMEMS AR8-5F0] 351 HydroCell B3 Al o]
A& & 2] A F AR (BioSun, VilberLourmat, France)S
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2x10°71/2 mLA Aﬂi% 5 —t,i UVAE 2ARI UVA7}
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RNA & QAN RARZ U2 A QS
(Real-time RT-PCR)

AmbionAte] TRIzol Reagent(USA)E AM8-310] RNAE &
kL) &3 RNAZEE cDNA2] 342 Superscript 111 re-
verse transcriptase(Invitrogen, USA)E ARE-5}0] §H-AJ5}191 0.0,
R E7)H| 3L 0| Blo] QupA} XA, ZoA|E, &AL
Hlo| Qu}7| o] uhalL v w2 A5}7] 91519 Real-time RT-PCR
(Applied Biosystems, USA)= Z13)3}3t) Ao A8-H E4

Tagman gene expression assay+ Table 13} 2t}

A E7|H T hts BILE 9% 2o
2ol A E7|NZ ] ARAE, AZAE, SopER ]
R MG E RS P ETE B
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Table 1. Gene name and assay ID number in real-time RT-PCR analysis

Symbol Gene name Assay ID

SOX2 SRY (sex determining region Y)-box 2 Hs01053049_s1

NANOG Nanoghomeobox Hs04260366_g1

S100B $100 calcium binding protein B Hs00902901_m1

OGN Osteoglycin Hs00247901_m1

OCN Bone gamma-carboxyglutamate (gla) protein Hs01587814_gl

PPARG Peroxisome proliferator-activated receptor gamma Hs01115513_m1

LEP Leptin Hs00174877_m1

ADIPOQ Adiponectin, C1Q and collagen domain containing Hs00605917_m1

FABP4 Fatty acid binding protein 4, adipocyte Hs00609791_m1

ACAN Aggrecan Hs00153936_m1

COL2A1 Collagen, type I, alpha 1 Hs00264051_m1

GAPDH Glyceraldehyde-3-phosphate dehydrogenase 43333764F
DMEM®] 10%2] FBS®} 0.5 mM| 3-isobutyl-1-methylxan-  (FlE2] 0.2 F1=5hof I3k 9)35.0] 1l o] gheld i,
thineUBMX, Sigma, USA), 1 uM®| dexamethasone(Sigma, 52| 57} A4A 3&E2] XA Fo| a4l EHolzt & 4=
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oMM 229 L35 918k9] Lonza(Sweden)AH] human me- UVAE UVBSRE w27 o 7-30u] o) 212 5714 £k
senchymal stem cell osteogenic bullet kitS AF&3}o] 3571 Hj Qa1 AsE AEAS SHElY] 315 SHbsl= ¢lxjo|t) [13],
pstict, 4 4] Sl Tk UVAC] o) S7Helo] A
ATM|ZRZ 29}417]7] 218l hMSCChondrogenic bullet kit E=5/d& Feitial ejA] Qo mbA v Juj 5ol =g

(Lonza, Sweden) 357+ A1) 27 4|22 vjops} ot S0l Fieshe SUISHe UVAS AalE7|H1E s} $28 9
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AL 70% oet-Z= A|AskL PBS
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B oA 5EE g3 & ALP FAA| R 37T ol 4] 3087t

QAT o5 3% ZRAE 347 AT 5 AulF o B
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RESULTS

UVA ZAH30] 42 ATS714 20| YES 2
5l 2B 03 /el B A5 B
Zael ofgt @AolTt [12], &

gk QAR AAEIGITE UVAZE J9E7|A| 20 v 545
ootr 7] QJ8f, Ao =R e e {-457]"1]:5 | 22+
15, 3,45, 6,75 J/cm’® UVAS ZARFYLE 0% 297k -5
Hj kL $F & CCKS8 assay =2 A3 Z7]A|329] *”*Eg A5}
T} CCKS8 assay+= tetrazolium®] Aroll= A|3Eo] n|EZE
gjo} &Aoo 23t formazanC 2 HBtE = AL 245l B

ok, 6 J/em? 014k2] UVAZF A1 25 & 714|014 50%
o|Fe] Naz5AdS ERIeTt (Fig. 1). 18]al HujE7]A| 2
£ T uigstAl 33+ 2] SH(Sphere)E B/ 5HA =]
6 J/cm? ©)AFe] UVAZF ZAF § AT Z& 7| A2 s HEou)joke 51
Hehe A15 BAd5HA] Fokal Mu) E7141 28 £ oA &
th(Fig. 1B and C). $12] A7HE vigro 2 Wul&7| M 29| =3}
A& d-sh7] el 4.5 J/em?e] 2ARFS A skeict. 2]
Z7|A1Z 45 I/em’e] UVAS ZARBH= sl #)|2F ahy o
= (1) 4 (Acute) =312 d! (2) TH4(Chronic) k=3l dl o] F
7HA AR A2 sl MRS skl (Fig. 2.

UVA ZAp7}H R & 7141 2 vt0] Ut o) EHof U)X = §F
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SOX2, NANOG, S100B9] 93 oF2 AAT AR =g asdd
Hg-S Falo] BRIsct. 1l %mﬂzsq 34 =

=) st o]
A= X E7|A| 29 vio] @upA o] Wi o] tf o] H] sl 12
A Ql= zJolE HolA] 9ketH(Data not shown). BHH A-G-01A
oA {4 ZIAEE 225k 1.5 J/em?] UVAS ZAlS}
3, F7he 24 vid RRRRE A 15 J/em?’e] UVAE ZAKSH
% 37| (+ UVA ZAFF 45 J/em?) 2] UVAE 2ARE 21957
12 -
n L 1
.
2 08
£
S 04 -
0.2+
Control 1.5 3 4.5 6 7.5
A UVA irradiation (J/cm?)
UVA: 4.5]/cm? UVA: 6 J/cm?
z 5
B = c

Figure 1. The effect of the UVA-irradiation on the viability of hu-
man dermal stem/progenitor cells. hDSPCs were treated with 0,
1.5, 3, 4.5, 6, 7.5 Jlcm? of UVA (A). Representative images of
UVA-treated (4.5 J/icm?) hDSPCs (B) or (6 J/cm?) hDSPCs (C)
(magnification: x200). Values represent the meantstandard de-
viation (SD) of three independent experiments. *p<0.01.

Ao A Z7|H3EA (Stemness) = AolH 2le FAS SHolgh
T ATk E7IMZA Y dAQ] EAC R, MuE7 M2
SOX2, NANOG, S100B 53} 22 E0] &3l &7| A2 vio] u}
AL FAstaL §lr}, v kestn doj A= AA AR
2AHRRS-E S5to] ot thH] SOX29| W& o] 58%, NA-
NOG2] & o] 63%, S100BL] Hr& o] 59% {Fasdh= avts B
Atk (Fig. 3). & AHE 53l RE7M2] UVAE 2ARE
Tt o] oA SHEAS HAT 4= Sl Al
B3 A 0 E A 9 7Ha e EelsHA

o

UVA ZAPZF R E7|4 2 0] 2350 X = ¥
AAE7IMES] E o2 EAL oY 712 A22 2318 4=
U= ThEdks(Multipotency)= A1YaL ltk= Zolet [1,2]. %
HE7|HEZE AFAE, FotEZ, ATAZEI 22 SHY
AMIZER B3PL s B ofuet Al A et -2 <fui A
M2 B3P} 7hssith= Zlo] Bars vt ok 2m]E7A]
3ol UVAE ZAKSH st dl S 285191 ujo] X19]

hDSPCs isolation Analysis
Day 0 Day 1 Day 2
A UVA: 4.5 J/cm? X X
hDSPCs isolation Analysis
1 1 »|
Day 0 Day1 Day 2
B UVA: 1.5]/cm? 1.5]/cm2 1.5 J/cm?

Figure 2. Scheme of the acute (A) and chronic (B) aging model
of hDSPCs.
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Figure 3. Characterization of UVA-irradiated hDSPCs. Real-time RT-PCR analysis of the hDSPC markers, SOX2 (A), NANOG (B) and
S100B (C). Values represent the meantstandard deviation (SD) of three independent experiments. *p<0.01.
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Figure 4. Adipogenic differentiation of hDSPCs after UVA irradia-
tion. hDSPCs and UVA-irradiated hDSPCs were cultured in adip- E

ogenic-inducing medium for 14 days. Relative expression of
PPARG (A), ADIPOQ (B), LEP (C), and FABP4 (D) were deter-
mined for each sample. Oil Red O staining was performed in
each sample (E, x200). The data represent the meantstandard
deviation (SD) of three independent experiments. *p<0.01.

71429 thHtdls2 gl s it UVAS 2ARE X9 &
7\NES AEA|E, ZotA|E, AIA|ZR 77} .t;gé R
= wopf Aol wiokatle o ot thv] E3kasol 4
13T} (Figs. 4 and 5).
277 N E7 M 25 AAI 2R 2315 23 3 AARE
TR ShRLAYNESS Foto] B3} =S Felgt Axt
2t thu] UVA AR W2 R & 7| A Zo A ZHA| 229
Hlo] 9 u}# ¢l PPARGE] W&l o] 86%, ADIPOQ2] W&l o] 72%,
LEP?] "t o] 86%, FABP42] W& o] 43% 1HAHS E¢la}

|

ol
32

Figure 5. Multipotency of hDSPCs after UVA irradiation. hDSPCs
and UVA-irradiated hDSPCs were cultured in chondrogenic or
osteogenic-inducing medium for 21 days respectively. Relative
chondrogenic marker expression of COL2A2 (A) and ACAN (B)
were determined for each sample. Real-time RT-PCR analysis
revealed down-regulation of OGN (C), and OCN (D) in UVA treat-
ed group. Alkaline phosphatase (ALP) staining was performed in
each sample (E). The data represent the meanztstandard devia-
tion (SD) of three independent experiments. *p<0.01.

t} (Fig. 4A-D). 37} 2.2 Oil Red O @S S3ff thx o
H| UVA ZARE W2 Z10)&7| A 22] AgA |2 By e s &
l5k5itt. Oil Red O AA ok AHA|29] A5 Sol& o
B2 AASk Alofe g A2 E SIS uf ARE-E]= Ti3EA]
Q1 AJefoltt, UVA 2ARE BE2 X9 E 7] A 2= d2wte] Hls)
A A 2RO 3} mgo] At HE dAS ol T &
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7+ kA
2 i olgk Ax}, ozt tiH] UVA ZA¢
£ k2 A E7 Mz A AZA 29| vlo] enbA Sl COL2A2
o] ukgo] 54%, ACANS] W&ol 79% 7F4dhe: sheldt 4= 9]
2ith (Fig. 5SA and B).

3FN A E7NEE SoH| 2R 2315 fE5 & AT

2 8] UVA AL 98 Q0] E7| A Zoj| A ZolA _—‘7594 u}

o] 2m}7]9] OGN2| Wlo] 72%, OCN2] W#o] 56% 7HagHe
2Ho15FAT} (Fig. SC and D). 37H8 22 ALP GAH-S 53
Z tjH] UVA 2ARE B2 A9 E7| 4229 2A| 233}
H=g 215t ALP Q42 Fot| 7}k A1 alkaline ph-
osphatase EAE Eo|z o g JMsl= 2|slsledlm oz it
OFA|3Z 9] Bo1S Qo) AT A o] A|ekolt) UVA A}
£ e A Z7|HEE Y2gto] vls) ZotERe] Bola

O

o] 4SS AL F) 22 & 5= AUt Fig. SE).

o] AES uberoz UVAZH A S7|M 2] S7]4E4
o] ¥z A1el E49 X5 E7|4E vo] 7] o] Wl chis}
58 F2A17E Bl 4 9ot
DISCUSSION
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Bl E>d s 3} | 5]“5 AAR 7 HE A, E&*Pol
E Z7|NZ7} 3
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A&7 |2} e sh= WA ARIEA} 9 A 02 4T}
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TAIA MRS 53+ TR EZAAM (3) Wk Ao E (Me-
lanocyte)& -85t tjul e Q1) 7H/L°4 g 5o oeEd

Aol g Elo] FREA 0| BB ool Stk
2 A7 Aol A A Bhol A9EE 7
S5k} (Fig. ). Apel4lo] Am 27142 A)
FE 71X A ST 4 E ] Z7IHEA o
RROIA AV ARSI, WA e
4 850] ool Ofgt why wohmelS A
S, Al oI 4 sl ) k2
o1 (1) A 27| 4 Z vo] onpA o]
3) @ Ani714e chEsksel o

T v O ] ===
o Qe B e R 7%—“ = EOE]-ZA‘% Ol %‘7}‘?3% 3l
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