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=)

o

Abstract: Glycolic acid, an alpha-hydroxy acid derived from fruit and milk sugars, has been commonly used as a cosmetic
ingredient since it was known to have photo—protective, anti-inflammatory effects, and anti-oxidant effect in UV-irradiated
skin. However, little has been know about the functional role of glycolic acid on UV-induced skin cell proliferation. It was
previously found that glycolic acid inhibited UV-induced skin tumor development in hairless mouse. As a possible
mechanism of glycolic acid on the UV-induced skin tumor development, the ability of glycolic acid to inhibit the
UVB-induced cell growth and possible mechanisms were investigated. Glycolic acid treatment attenuated the UV-induced cell
proliferation and apoptotic cell death in the skin. In vitro study, glycolic acid inhibited the UVB-induced cell growth and
apoptotic death through inhibiting caspase-3 activity. These results suggest that glycolic acid may exert the inhibitory effect
on the UVB-induced skin tumor development by regulating cell growth and apoptotic cell death.
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(TNF-a) 5 chest /\} 1E7P°‘4 AdE FuE &3

Al71m o] AL EFIRIS A9]a ZAL] 3 F4hF

o 9 gdzuSo] Fad &S o3l

AL AZUdA 8 AZALS FE519 repair,
apoptosis T AxEdd #ostm i3l Apoptosis

T AR #BFY ®igl] oz FH3] dJye 53
%J A necrosis) e &8, AlE WRd EZF3e
Az 93] MAE AEAA oY
FAAEe] wHEo 2N dojuE FFHAHI Folth
Apoptosisall A caspase familys ATAIEO A A
< 3}l+<H initiator caspase?] caspase 8, 9, 102 pro-
apoptic A1&¢l bax, bik, bak T3 73] ARto] ef-
fector caspase$] caspase 3, 6, 7 5 ZAIIAH HAX
=43 Al £4-8& Fol apoptosisE F =TT

AfAoF Aode Ae 3l WHIE FHowA
NEZA ot SAde] AP AE, Langerhans cells,
el Az, vz IS, dRotAE HIAA
X 59 ¥z g g2y dolun HAHEFHY Bdfi}iE
sun burn, sun tan, 2183 F8Herythema) 59 U343
¢l 3x3Hphoto-aging) NS 7AA o)

F 3 (photo-aging) AL A8 oubo] F Q&)
Azet oo gys &AM AwAle AME tretinoin
9 F4& ¥, 193 YF4 HHE 7AH o9 tgst
serE A S o83 &3l wtd Fof Wiol glri4] 1990
A $RERE 33 g Wy suE #ide] F
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AHAsE A1 AH9] Fdolut -f Foll EAste &
71524 glyeolic acid, lactic acid, citric acid, malic
acid ¥ tartaric acid & FHsle &ojolv}. ¥& Al
3, dE, WA F HFFG AF Fo] go] EAFY o
! 411°"‘}(fru1t acid) ]E}i %347‘131 Ae o546l
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£ odfeals AHAs &1 33E AE F 2 T
AL F3 7P Fe A2 95 AR %‘—% glycolic
acidZ T3¢ 2 zhgo] 4H UVel ¢st
o ofgt /‘ﬂ FAE At FEd AIZALE 911*10}'*2

Ag UVE AHAG f2 AFA A8 2, kera-
tinocyteoﬂ UV g@=x1g819 UV glycolic acidE B8 ]
2&teod M EAR apoptosis, apoptosis TE A2 Hca-
spase-3)E Wl FMFgo=H UVl st Tasxze
Hal AN A glycolic acid’t AW W] HEE 3h=x]

fate] AuE s w2 2§ 7Rl tiste] fHEka
2} &g ok

N

2.1, AEEE ¥ MM =AL
’“a‘féi%% THEAAAFLAA A 65789 SPF
gen free) hairless mice (female)E 74 ©]
el J1bEe MY gt A7 FETHE AW
Aol ALY AL 25 23i2°C 5 50
+10%, 12 h ZFB(AM 07:00 ~ PM 07:00)kell AM&-381
oW, AlR T mouse-d LHAIRE, &5 ATE A
ol HAANAL AHATES uR2T(HAA BZRA,
AR AT L M FAL + glycolic acid #1879
AgToz ZZF 1wy itk Uvasbe #x
UVAS 1134 ml/er’d] zAt#os 13 zAbatglon],
UVB ZAHE 0035 m/em’ 28 150t} 10%4 Z7FAA
F 53 wEqAA LY, glycolic acid 7] T2 50% gly-
colic acid®& PEG (polyethylene glycol) base cream& 2
5o}l pH 3008 HASY d3AE Al & mg«]
glycolic acidell Wels Y& AYERY) | X2 e’ ¥
2ol & FYFHd F 23F RE o, UVERAl
o5 AE—H\E-’E"J 3 glycolic acid®] MEEAGAZY
£ 2353 vlF Bz

2.2, AEME U 717
AYEAZE glycolic acidt UVE A3 o0 gly-
colic acide Sigma Chemical Co. (St. Louis, USA)oll A
ANEFI, B R E¥317] £olst=E PEG cream
—% E’Fé‘ﬂ*ﬂ A28k} PEG creame PEG 8000 (Sig-
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ma Co.)¥ PEG 400 (USB CO.)& 1:2 (w7l H&&
ZA g 20, PEG base cream DWS’Jr PEG cream®)
H&S 2:18 =ZA39c. PEG base creame] 50%
(w/v)o]l HEZ glycolic acidE 9o &347] 3 pH 30
o] HEE 17‘%0}@] AGEAZ ALE31Y

UV irradiationg 3% UV lighter F40T10 BLB 40
W UVA lamp® F40 M UVB lamp’t &4 RMX 3 W

lighter (Dong Sung Lab. Tech., Seoul, Korea)& A}-&3}
ol
AA

2.3. Immunohistochemistry

HYFEY ZAE 4% paraformaldehyde (PBS phos—
phate buffered saline, pH 74)& 24 h B<F 2A3A 7 &
20% sucrose &9 RAFAY 2AE 10 ym FAZ
cryostat section 3¢ slide Aol 4 4% paraformaldehyde
2 TAAZZ PBSel| 30 min B7FHE o 3% HOx &
A7V blocking serum solution (goat serum)&Z 30
min?t W-gAZITh Ee gy U EEelne
xylene 100%°l 5 min¥ 33 A3 F &S 100%,
B%, 80%l 5 min¥ 2 oS FHTE AFHsk] gt
A AAAEE AN F 3% HOE A7 blocking
serum solution® 2 30 minZt dHEAIF T of7)e] PBSE
sl FME 13 FAE Qojmeln AgFEFo: o
2 & 4T M overnight . FaYgoz 33 AL A
A3k 5. block serum solution®® 33| 3= 23 g
AE BojmZ| 1 37°C moisture chamberolA 30 mint
WS A7l o2 PBSE 33 A3ty ABC complex
(VECTASTAIN ABC kit)& AME 2ol ghse] &afol
= %o 83] "ojreg]3 37T incubatorel A 30 minzt
WEAIZ T oS PBSE 38 AHS & ARE A g
& substrate solution (DAB; 3, 3’-diaminobenzidine
tetrahydrochloride)2 7181 2 minzb A2 w-&A]7)51
A EFTE 338 AHs9th Counter stain® = Hema-
toxylin solution (Harry’s solution)el <F 15 sec A= B
e & FRTE A AFsHh 1% lithium carbonate
solutione] & 15 sec A= @7 ¥ Al SHTE AF
3t} ol Bh-g 809, 95%, 100%9] 5 min® AR
= o xylene 100%°] 5 min¥® 3% ¥t Mounting
media (Fisher scientific)s EBoj=#d § Awj&eo|=z

Q3 Hu)F oA Axde] Zdez dayg AL <
g5ttt caspase-3 reactive celld] #FglE &
AN BtH on active caspase-3 antibody (1
) Abgste] g1k
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2.4. MZEA(Apoptosis) BH&
TUNEL (Terminal deoxynucleotidyl transferase-me-

diated dUTP nick-end labeling) assay: apoptosis %7]
oAd] YojilrE DNA cleavaged g o)l &3 AoR
apoptosisel] &) #o1% 3-OH @éte] TdTE o] &3y
fluorescein-dUTPY TMR-red-dUTPE %A%t} TU-
NEL stainings 3 <@ol=%& Poly-L-Lysine so-
lutionS 108 &A3ted 500 uL¥ chamber slides] ¥
2 h Hell £48 AASD E¥H 33 FHFFE 33 A
Hat} 1 X 10° cel/mLE E3ted 24 h w%d § A
dEde HEsla 24 h vl wix] 250 uLE Wi
250 ul2) paraformaldehyde® WolF 1 4CoA 2 ~ 3
+ 1A PBSE AA § 01% Triton X-1002 o]
£ ol 4T 429 2 min?t incubationAlZl F-of ztzte]
Z#ho]=o TUNEL mixture 50 pyl.& €¢] 37CelA 2 h
AT Fr} 2 h 39 PBSE AAE st convert-PODZE
50 ulA Y3 37CA 1 h AT HEg b DAB
solution®.& 30 sec ~ 1 minZt HMA17] 5 cover glass
g 9u Fggn| oz AAsA )

2.5, ME=uffef

2 Ago] 8" AEFE EL krebsforschung-
szentrum YAT49 Norbert BEMAERE B wko A}
2l B A Z2(HaCaT cel)E A28

A EF2 EAL immortalized human keratmocyte cell
lineo]™, 1607t ©]4; wi%Fo] 7}53lH moused 93
& A UL ZAGH] Fonw B2 A AP-1,
reactive oxygen species, apoptosis, signaling 4 237
Zol o]gHt}h wjukHe 10% fetal bovine serum (FBS)
T} 1% penicillin-streptomycine £33 DMEM (Dul-
becco’s Modified Eagle’'s Medium), F-12 Nutrient mix-
ture, NaHCO3& AM&-3Fth oF 86%9 &% dfollA 5%
COs FF3= 37T incubator (Sanyo Co.)oll Al wj s}
At ¥UdE AEE 2~ 39 v 025% trypsin-EDTA
LA DMEME o] &3le] H¥E A #4891 v
A= LN nitrogen tanke] B8l gt.

2.6. Methlthiazoltetrazilium (MTT) Assay

MTT [3-(4 5-dimethy1‘thiazol~2—yl)—2 5-diphenyl-te-
trazoliumbromide] = AXU R &8 & vEZEzole
succinate dehydrogenase®] 98 formazangs A3kt
o] Bdo] NXW & nmEEZc=doly &4 YWAls
Axe] 4L ouistnR Axe] AELS éﬂ e 1
Hoz o]8¥ 1 Y}t 9% well plated] 1 X 10° cells/mL
o AIXE 100 ulLA sF3te]) 37T, 5% COq incubatorol]
A &R Ar a3 "o gle nARE white] 24
h o]A4% wlustdth Serum starvations 3 & A4HE
Zo] gfE dHo] gl widdom ugsted 24 h W)
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Figure 1. Effects of glycolic acid on the UV-induced
expression of PCNA in mouse skin. Immunohistochemical
staining of PCNA in SKH-1 hairless mouse skin section
(x400). A) Normal skin epithelilum B) Skin epithelium
treated with UV C) Skin epithelium treated with UV and
glycolic acid. D: Dermis E: Epidermis H: Horny layer.

4 F Az wiAE AAS & AHFAeH wAE Al
A%H7] 1 h Aol UVBE ZAEH3T.

ARE Zb welld MZE oAl 200 pL¥ golFaL
MTT (Singma Co.)& 2 mg/mLe FE= FH|3l9 30
ulA #@7hsk & 3 helA 4 h w9t S AHTh 7
Well” ANEEA 220 yLE AAsL BepdEd 30 plwt

Vakeis

pal

Y7l & DMSOZ 150 uL #7Fste] microplate mixer’d
A 10 mintt & EFste JAXAES AU F, B
well plate ELISA readerolA 540 nm &3 =2 0OD.
(optical density) & &A3th & AldAT= AX
2 wgalA] ¥ thE welldA 2AE EHEd iy

HAS kg AEEth
2.7. EAl XMe|

Sigmastat T2 (Version 2.03, ] Scientific Co)&
o]-g3te] MTT assay, apoptosis A8 ZAIHAE one-

way ANOVA 4L HA$ ¥ multiple comparison

jetaldEet e X, A 318 A 3 &, 2005

T3 - 23 - E719 - B

test (Dunnett's method)Z 2 A18ke] pgkol 0.05
AL FoA dE Ao “+"2 EASS

o]3}2)

3. AlgZa
3.1. In vivo S=:d8olM2l Glycolic Acidel UVl
olst A-I]gtxf\"’*}(ﬂcq-
% AFol e Fxg HHFES hairless moused
UVE zAlstd] %]OIW* F&4s Auna, oy @
&4 Ao zheld AL 34 Aelrt ofug Jgk
& FE A% &40l dold hairless moused] -0l
glycolic acid?t HlX & ko tiste] dolm iz &
k. UV ZFAbe] wE hairless mousedl A Lojubs= A X

Basiged, gl daiel UV BEnd 2o

B BESE

Ae #3357 9 A9F FAZ AT S5 B3
ofg} o] UVl «] 3 fred Wie e dT7AEdA
Bag #F 220% fAtsh UVel ofgh ARAzEy
< xy¢ AFF AF FA49 A= F7F Ll
M ol& glycolic acid7t ]*S} ]a proliferating cell
nuclear antigen (PCNA) ¥Ho2 #elsgivt. 1 234
UVl gjgte} #5418 g9 l lycohc acid Aol
Ae A8 adE Fdsiin

immunohistochemical staining
Az gzl vs] UV @5 AHaldtolA
© PCNA A7} 231 AX57F E4
Uve glycolic acid® Haxglsh ol
=47 FE AAH oz PCNAZE #3HE
2o v-(Figure 1).
3.1.2. Tunel Staining 2ol 28t MEAIY abaE4
PCNA #418 Eilo] UV @52 ol UVe gly-
colic acid W3 g+ EE} AMEZA ] o ZA 0101%
AR FAEHT 98-S #dty glycolic acid?} AE
Ao AR FHe At wetba e Ago= Tunel
ol st FAEAT 1“11
HEo] AEZAE
Zi% g8t UVell glycolic acid ‘33
Lo ezt FAHE £
AL B3t o=
FAE S glycolic acid ¥ 3]
(Figure 2).
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Figure 2. Effects of glycolic acid on the UV-induced
expression of PCNA in mouse skin. Immunohistochemical
staining of Tunel in SKH-1 hairless mouse skin section
(x400). A) Normal skin epithelium B) Skin epithelium
treated with UV C) Skin epithelium treated with UV and
glycolic acid. D: Dermis E: Epidermis H : Horny layer.

3.2. In vitro Keratinocyte HHIZM|ZAAS] UVBA
oot MZEES AT MIEZAY AX U 2EI|H AT
In vitro WA E -2 immortalized human keratinocyte
¢l HaCaT cell& o]&3}e] HEZ4 o] glycolic acid’}
oAt F3g A JE AEFEAA st

3.2.1. Glycolic Acidel MESA AN =2}

In vivoolAd D& glycolic acide AEFAEH7}F in
vitro Axpl| = dAsHE Aep ¢ TAAHS ZAHE1A
ATE At A AFALE wldsH JHﬂ—*ﬂiﬂ
U\/Oﬂ o8 FA5E AL FEE glycolic acid? 73]

S ) e FHRAESA 94 gl oigk gL A

A T A Eoll A wlYH glycolic acidE 0.1 ~ 100 mM
Z 783 UVB (60 mJ/em)E A § 1 h, 4 h, 24
WA AZZA4A a8 8Ae 2 43 ofEHeR
Azr3 F3%7F etz 24 htholls & %10 ~ 100

Table 1. Dose Effects of Glycolic Acid on Cell Proliferation
(% of control)

1hr 4 hr 24 hr
Con 100 £ 14
uv 4 * 6 73 * 12 61 + 21
114 £ 15 M = 21 76 * 13
121 13 112 + 13 8l £ 15
121 £ 9 114 = 16 3 +7
127 £ 4 81 * 14 53 3

ol A iz 2L 559 AES S Y
AcHTable 1). '

Apoptotic Cell &4

Z}S’V‘*"ﬂ ol &k 4—‘?— 2o EAFE7]A-L apoptosis =
Bogoixlzn gled, oj DNAY AHA &£48 F
o] apoptosis®] #HH FAAES YHAZOZH Fo
21=3

HaCaT cellsell Al B4A1E9 UVB (60 m)/emd)w &
=07 A AE, 283 glycolic acid®E FTEHEER
UVBe WaAa] sto] apoptosis?t oA walsle=xE
Tunel A<k 2 AXY 2H dAstd B2 A
A Lo glycolic acid 3EE 01~1 mMEZ A3 &
24 h B¢ MYsld AEE FFaden 437 1 h
Ao UVB (60 mJ/em)E ZAWBITE &l gadelx] o
A (chromatin)®] $%& ##3te] apoptosisd] 4
Hepon apoptotlc bodye] ZA-E Tunel Wilol 93t
dagoe] S&5o] Z3A A% F(chromatin conden-
sation)®] 3~47 AAH = AFoRZ HAASAr)

HulZgol A 2+ A8 etk AEE 1000704 Ao
apoptosis H] &< T3 23} dix+2 9 15%, UVB ©
oz Y FAAE < 55%, UVBS glycolic acid
01 mM H3 Heg wolAME oF 45%, UVBS gly-
colicd acid 1 mM ¥3 gt FollAe & 2.8% UVB
9} glycolic acid 10 mM ®& A3 FAM T 24%9
apoptotic cells #aA& 4= Uyt 1 A3} HFAE

B3] UVB @522 A3 oM E Tunel 445HE Al
IAPE 7 ASHA F7ete] apoptosis7h FEES &
o183t 3L o] 2 glycolic acid’} apoptosisE AN Z L &

Q1 & g QA Table 2).

3.2.3. Caspase-3 2t2M|z2| #3}

Zhe) el o3t DNASZ o2 {F3EE apoptosis’t &
o= A& Fo| caspase familyEo) F a3 4%L )
=4, o] oA initiatior caspase® 3H4¢] caspase 92
ggo| vj$ FoEA LS e AR dHA 9
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Table 2. Induction of Apoptosis and Effect of Glycolic
Acid on Caspase-3 Reactive Cells

Apoptotic cell (%) Caspase-3 reactive cell (%)

Control I5 02 28 £ 08
uv 55 £ 1.3 77 £ 12

UV +01 mM 45 £ 08 45 = 2.3
uv+1mM 283 41 £ 1.7*
UV + 10 mM 24 % 2« 29 £ 04*

* Significant difference from UV treated growth.

[9]. Apoptosis9] 97 @A & sl Baxe W@ cas-
pase 9 18] apoptosisHA Y} npx| 2 €121l caspase 3
o] 432 oo},

Caspase-3%& apoptosis®] ©7] ©Alel Yelus= factor
2 A cleavel caspase-9° 9l activedt AejZ F# A
t}. Apoptosis® wFAY factore! caspase-32] W] ¢
3l apoptosis® #AHE ZAl Hoh Caspase-3= UVB
olsle] DNAS) &8 we M ¥o)q 243t o] apop-
tosisE e tEA dWo| = 3l

Caspase-3 BYEFA HE £E s Zz UVBY
tEo 2 1*}?‘5} ALoE caspase-39 o] &3
2~34)) Z7ehe elstgdar UVBY glycolic acidE
g d 7390l caspase-39] wdo| xS Q‘ﬂ%}
T ARt ol= glycdlic acid’t & 9E2 02 caspase~
38 ZAaANZE BT 5 sicK(Table 2).
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{15,16].

2 UVl 93t 353k photo-aging) & MAAFIE &
A= glycolic acidell B3 Bae] 8tH glycolic acid?]
o4 EXA ZHEZ9 £3FE2 ot IR JF

ojghsbgEeta] =), A 318 A 3 5. 2005

2 F7HAIIA den,
=S AL zYshA gowA
59 A3 2o FaiAe Bue F71
A9 H(17,18). ol glycolic acid7} 5ol
o] dedtAd =d2A9 423 AA
7t obd v 71HE Bl olFod Fx U FolHe

o)7L A Bl B AFARE A9Ael 9@ 7

53 HBALZAT- XAV glycolic acid’t AAd
A Wo] &g ste Ao waHh ofF AxFH 9
A ZAP wA|= AHg 71dL g A ghoy Hi
s UVY S5Asel 9

g A ofd 7 o UV
3 tpvhwmdtlr (HZAH) 23 Az 5o HdIFS vA&
Aoz kgt &2 ATl 93 glycolic acid7t Zt
A 29 Cathepsin L-like proteinasead] &8-S &A3HA
Ax ZgEtge] g #v gvta BRoEm ri19]. A
IL-la\t TNF-a$} 3& APlEFIQIY 7P 2934 &
FEdbe APHA AzE ALt Huma gl
[20].

mN

=

Lm

B Aol UV FA#H s e H325%
I A A M E(keratinocyet) 2] 2719 vid o] BFH g
Ae] dehd Axvh 23 FEEE EET FAGEE
s B A e EFg AHU TheoAa B
TAHNAY Hxp 4450 BHEEGE ENO}F—’ A9
215 Mz FAF glojel2 FEEC) ologe dde

A3]9] 7149 hyaluronic acid® sulfated glycosammo—

glycan® Z7}3l= AL Wl Axtel Uxg oo}
7 A UVEARE B39 FAE Z7MA7Ed A
*1 UVB 24} 3 17~35 dol| f552 2ul, 443

~ 38 A& F7}8 A
44 o IFAS %E st 2-A 8 A A (keratinocyte)
£ glycolic acid7t AeS FEAZ in vitroolA @%8}
Atk Immotalized keratinocyte HWj%Aj¥ o] UVBE %
Fo] UVel thgh A=A glycolic acid7} o g

o

o

0% X 1» oR
mo M rlo o%t 2=

<& "AE B MESFFAA ATEET MEE
UVl gt JAH o glycolic acid’t UVBE 4

4 dAE Holg S Fe1strt. g apoptosis?] ?
Z4% Z3 UVB d5AH T Mxedse ZAAEe b
sto] Aol "xatA Frleted apoptosis7t FEHES
3?}01?'5 A3, glycolic acidg F=E= UVBS #IPA g

AS o) glycolic acid®) Fx=ol wel GAAlo]l 7 3o
apoptosis® AAFTE AT 5= Mk o] A= in
vivool Al WEbd @43 fARe Ao2 A AX BTd A
IAF 9 24E glycolic acidZ7F Ao 2 AAFA ¢l
AFe 78S FAES 9}5 glycolic acid?] &3/t 9
& Toles Aoa WAyt Apoptosis

geietr] ¢ste] Ao 23t DNA &

M o
2
i)
0
b i‘g
Hu rE mlo J
ol'



UVell i3t Glycolic Acid®l HF-AELS 7|AAT 2 AA g3} 225

bol whe} 2 EE caspase-39] ® %” AEFE 234
43}, glycolic acidet Wl e g Wl caspase-3
RS AZ2F7E FoH oz ase glycolic acid7t
apoptosis¥HA 9] vlx| 9 o1z}e] caspase-39] B4R o
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