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Effects of Curcumin on UVB-irradiated Inflammation in HaCaT
Keratinocyte Cells
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Curcumin is a natural phytochemical present in turmeric, the ground powder of the rhizomes of Curcuma longa.
Curcumin has been described as having antioxidant, anti-inflammatory, and anti-carcinogenic properties. However, it is
still largely unknown whether curcumin inhibits the UVB-induced inflammatory reaction in HaCaT keratinocyte cell lines.
In this study, to confirm the photoprotection properties of curcumin, HaCaT keratinocyte cells were irradiated by UVB,
and then treated with curcumin. UVB irradiation induced the increased expressions of IL-18, TNF-q, IL-6, IL-8, and
COX-2 in HaCaT cells. These increased expressions of cytokines (IL-18, TNF-a, IL-6, IL-8, and COX-2) were
down-regulated by curcumin treatment in UVB-irradiated HaCaT cells. In addition skin of hairless mice were damaged
by UVB irradiation, which were evidenced by atrophy of epidermis and decrease of collagen in dermis. However, these
damages were protected partially by co-treatment of curcumin. Taken together, this data indicate that curcumin may
be a promising photoprotection agent, when used in massage pack or sunscreen product, to reduce cell death in
UV-damaged skin.
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cytokines © 2 tumor necrosis factor (INF-a), IL-1, IL-6, IL-8, %
cyclooxygenase-2 (COX-2)7} &2 A AT o]= L= FH
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1. Curcumin
E AA AE8 Curcumind Sigma-Aldrich Co.3] A}
A Fhsk 10, 20, 40 yM TEZ ARE-3TH

2. AEF E AE ek

A YN EFL] HaCaT MEFE 10% fetal bovine serum
(FBS)#} penicillin/streptomycin (10 0/m)S 37}k Dulbecco’s
modified Eagle’s medium (DMEM, GibcoBRL, Braunschweig,
Germany) HI XS AM&-3}o] 5% CO,, 37°C A ) 710l A Bl %k
A Ayl AFgsATh

3. Ak9) A B A

A9 2L ZAME 310 - 315 nmE 7HE AEHA WESH
+ UVB lamp (290-320 nm, Westinghouse FS540 sunlamp,
National Biological Corp. Twinsburg, OH, USA)E A}8-3}912
), UV F3F2 Waldmann UV meter (Waldmann Lichttechnik,
Schwennigen, Germany)2 783t Hth A& AL 5% AE
7y Az HA FA E7 %ﬁ}oiphosphate—buffered saline (PBS)
2 mE AE wF HA ¥ F A9XE 72 A% E (0, 100,
200, 300 mJ/cm’)E ZA}sF T

BE AL QY G 2L AE 5 1Y

AZ WFRAAA AT B FAL AA @ F PBS G0

rr

o3

MZE 23] Al¥ (washing) 3}l crystal violet @4¢F (Sigma
Co., St.Louis, MO, USA)S A E sjFg o] thAl A7} &1a 10
B 9A ARt 9" AEE PBS €9 (10 m)oZ 23]
washing @. 1;1r.0_ oi/\ﬂsl x{]}_y_oko du]ﬁog _1,}71- -3].3;\1;}.
AE AE L crystal violet 1 mbE AF§-3he] 5E3F A
PBSE AM8-314 33] washing ¢ ¥ &to =2 AEAE I
£ #E3Th

B

5. DNA 4 d719% 4%
Curcumin®.2 A3 AEE 5 mM
EDTA, 05% triton X-1007} € ¢4E59<
At &3E &AS FES| P 3;7—,
2 2087 AR AT. A5 5L °k«] tris-saturated
phenol (pH8.0) (Sigma, USA)S %1l 12,000 rpm £E2 10&7F
L4 EsA G5 el FY3 49 phenol : chloroform :
1soamy1 alcohol mixture (25:24:1) ¥ 31 12,000 rpm HE2 10%
7 A4 EEE AT AE Aol Yg F9 chloroform : isoamyl
alcohol mixture (24:1)& 23 12,000 rpm =2 1083 44
289t 4599 1/10 volume?] 3 M sodium acetate$} 2
B ool 100% &L Wi 70T 1 AIRF FAT 4T,

12,000 rpm &Zol 2087 A4 st 4FAS M TE
buffer$} RNase (1 mg/ml)S 37C) 303t W27 ¥ 1.8

o2
ol
o

% agarose gelol #7]

6. RNA #3g] % RT-PCR 7|

RNAE Ao = } g F 24 A+ Holl TRIzol Al
(Biotecx Lab., Austin, TX, USA)& AM&-38o] A|<FALe] A A
w2t Eestah Yed ‘ﬂi o 1 ml 9 Trizol AloF& ¥ A
EE AA el 5 B3 WAT F, o47]d 02 me
E33 13,000 g 2 10 27+ 94
3t #2¥E RNAE diethyl procarbonate (DEPC)7} 3
FHF &M F 260 nmoll A FFEE S T
gFstel Ao A&tk (DNA 42 1 ug oligo-dT
ZAAF &4 (MMLV-RT, Promega Co., Madison, WI, USA)
AHg-ted 343t th PCR Taq polymerase (Takara Co.,
Otsu, Japan)9} Z47te] o] primerE ©]&3te A@sPoH,
Ao A1-E-F primer 8714 G2 Table 13 2t}

chroloform< 37} &tx 2+

d
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Table 1. The primer lists of this study
forward; 5-CGT CTT CAC CAC CAT GGA GA-3

GAPDH reverse; 5-CGG CCA TCA CGC CAC AGT TT-3'
g forward, 5~ AAA AGC TTG GTG ATG TCT GG-3
reverse, 5-TTT CAA CAC GCA GGA CAG G-3'
L6 forward, 5-GTG TGA AAG CAG CAA AGA GGC-3
reverse, 5-CTG GAG GTA CTC TAG GTA TAC-3
e forward, 5~ ATG ACT TCC AAG CTG GGC CGT G-3
reverse, 5-TAT GAA TTC TCA GCC CTC TTC AAAA-3
N forward, 5-CAA AGT AGA CCT GCC CAG AC-3
reverse. 5-GAC CTC TCT CTA ATC AGC CC-3
cox2 forward; 5-TTC AAA TGA GAT TGT GGG AAA AT-3,

reverse; 5-AGA TCA TCT CTG CCT GAGTAT CTT-3
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7. Western blot 7]
ZZ & lysis buffer [10 mM Tris-HCl (pH 74), 5 mM

EDTA, 130 mM NaCl, 1 % Triton X-100], 02 M
phenylmethanesulfonyl fluoride(PMSF), 2 proteinase inhibitor
cocktail (0.02 mM aprotinin, 2 mM leupeptin, 5 mM

phenanthroline, 28 mM benzamidine-HCl)ol| &35l #3)| 3} %
t}. o] o] 30 &7t & F 12,000 rpm, 4CollA L4 &3}
o F5AE HF F, Biorad Y £4 71ER FF FHEU
40 pgol @l AS 12% 6.5%<] sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE)°l| A 7] & 3}
o] nitrocellulose paper (Milipore, USA)Z Holalth Ho]x
membraneS p38, ERK, JNK (Calbiochem Co., CA, USA)dl| tj
& Zzte] Az FAES ARES WA

2 go
= 27

-
EE

& enhanced
chemilluminescence kit (Amersham Pharmacia Biotech, NJ,
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8 sEAY
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4 ZARE 310-315 nmE 7§ stA WEs= UVB lamp
(290-320 nm, Westinghouse FS40 sunlamp, National Biological
Corp. Twinsburg, OH, USA)E AM&3IHeH, UV d#gFe
Waldmann UV meter (Waldmann Lichttechnik, Villingen
Schwennigen, Germany)2 Z33tdth d¥8s5=E F9 5
S 4 FYHOE o), tEE, A9 B BE
(10 M) &5 =X, 24 B A & curcumin EXE A3}
Atk A9 B 2AF Al AREE A 5ol 100 mJ/em’ o} HAFo
2,39 402 A599 2 8, F 93 24T A%E 4
A5E F9 £4& H&E ¢4 9 u948S FA3l= Masson

Qawe APaied Ase BEs,

%A}, curcumin

ZA
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1. Curcumin®] ZHAFAGAEF] g HNE 54 a3
Curcumin®] HaCaT ZRAIAAEFY ANE SAHETH=
Fig. 1%} 2t} Curcumin 10, 20, 40 tM =5 I E2F
o A X|3ked 24 A7k Wl F T crystal violete 2 AXE FA st
inverted microscopes A3t AT EFS #F T i

a8 MY Zto] A dv EES 3 ME E°] curcumin 20 yM
T A FE AE Abo]l7t AR WA, AE | Zto] Alehi o
M FEAXNE AZY 717 AAEA ARG LFOZ A
3} th(Fig. 1A). Curcumines TE=¥E A3t
B AE AL J2Y AFE g & 2,
1 AEAE A Mgt 50% 24, 40 M T
723 th(Fig. 1B). W&kA Curcumin % 20 uM

ool e AP AR NEFY 77t Yeld Aoz &
GEY curcumin 10 tM F =AM E AX SAH a7 Ao
Ao 2 Arg "L

GH - HYe
A

Curcumin ©

Curcumin =
B.

Curcumin 0 uM 10 UM

Curcumin

20 uM 40 uM

Fig. 1. Effects of curcumin on viability of HaCaT cells. Cells were
treated by cucumin (0 -40 uM) for 24 h and cell morphologies were observed
under inverted microscope (A, x 400), and survival colonies were stained by crystal
violet (B).

A.
B.
Curcumin 0 uM 10 uM
Curcumin 20 1M 40 M
Fig. 2. DNA fragmentations and nuclear morphology of

curcumin-treated HaCaT cells. DNA fragmentations (A) and fragmented
nucleus (B) were clearly observed above 20 uM curcumin treatment in HaCaT cells.
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2. Curcumin %] 3t 223
Curcumins HaCaTZ}
3} 20 uM °]49] &

o oeL
ot
oX
)
f1
N
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NN
DNA laddering assay 2 3 =& #3st= PIL 4 S A8
3ty 89tk Curcumin 20 uM S E52E A A1E o #2E
A% 2AE DNAZH B2 0w (Fig. 24), o+ PI 89
AN E F3lstA B2 tkFig. 2B).

3. A9 B ZAF 7 A5 A cytokinest ol P& T

k2] d B ZAF 7F 454 cytokinesd @ el A= Fig 39
2ot v dE HaCaTHAZZAEF] 294 BE 429 A=
(0, 100, 200, 300 m]/cm*) .2 ZA} 24417+ ¥ IL-1B, IL-6, IL-8,
TNF-a, COX-2 mRNA®] & oAHS RT-PCR 7|H O & Hlw
A&tk IL-18 mRNAS] 28 2494 100 mJ/em’F-E 23
o] Z7}atgon, IL-6 mRNAS &L 200 mf/cm’, IL-
mRNA &< 100 mJ/cm?, TNF-a 2 COX-2 mRNA &
200 mJ/em® AFo]HHE wFo] Friateh

o F{E

rlo

uvB
0 100 200 300 ml/cm?

GAPDH

IL-18

IL—-6

IL—8
TNF—a

COX—-2

Fig. 3. Increased expressions of IL-13, IL-6, IL-8, TNF-a, and
COX-2 mRNA expressions in UVB-irradiated HaCaT cells by
RT-PCR analysis.

4. Curcumin®] 2] B =4 954 cytokines &do] v
c 9%

Curcumin®] #}2]4 B =4 #9543 cytokines & w X
A= Fig. 49} 2t} Curcumin®] #He]4 B ZApol| 9]3}ed
Ho] F7h3le 954 cytokinese] LES JA & F J=A
dotr iz, 2]l BE HaCaTZAAZAY AMEFo] XAL &
curcumin 10 pM FE7} £9] = A XujgA oz 7143
]:TL_% 24 A7+ W Fstith 28al RNAE #23t IL-1B,
L-8, TNF-a, COX-2 mRNA9] &3 A4S RT-PCR 71H Lo
=2 ﬂlL 4319t 200 mJ/em2 AF 29X BE ZAMS
HaCaT A|3XF9]A IL-1B, IL-6, IL-8, TNF-a, COX-2 mRNA2]
o] F7135l9 oM, curcumin 10 M =5 A3 Ao
A49] Bo| oJ3te] wdo] FrhE IL-1B, IL-6, IL-8, TNF-q,

otk

ox, mE rr
o

_
-
c\_>r.

rr

3

ofk

COX-2 mRNA®] #&o]

B
@
B
p‘L
38
T

UVB 200mJ - 4+ - +
Curcumin 10 ¢kM - - + +

TNF—a

COX-2

Fig. 4. Inhibitory effects of curcumin on IL-1(3, IL-6, IL-8, TNF-q,
COX-2 mRNA expressions in UVB-irradiated HaCaT cells by
RT-PCR analysis.

5. Curcumin =X¥7} A9]A B ZAF we Zn Az Awmzz ¥
stoll g &}

FEAF G A4 BE 100 mJ/em’ A#Fo 2 dFUd 2
W, & 22t ZAIEA curcumin (10 uM)S -3 &4 29
4 .

SENEES T F IR EENTELREREFEELE

vl h
H3lo] et curcumin §H9 EHE Lol 3T 9
W %22 H3le ndde 98 u AFE3FE Masson trichrome

< AHESAT dixTdl Histe A9l BE @5 AL & B¢
HI = grolA WA, 213 W] Masson trichromed A3} F4o]
A} o]E 29 ZAL oate] mPAe o] HAdASS
AlAbste), 1y 2ke]d B 2AF ¥ curcumin §9-& =X $ 4

2

3 }wwi 2 @ B9} WAL S9e W Ele] g}

9 23 ) 392 P20t i oA S ACkE. 5)
UVB (100 ml/em?) — 2 - +
Curcumin (10 M) - + +
H&E

- A f (‘"‘;, /et

b 7

« Tk e (Y
~ LSt B N
S VL P

UVB (100 mJ/cm?) - + = +
Curcumin (10 ¢M) - - + +
Masson- :

Trichrome

i (e
Fig. 5. Effect of solution containing curcumin on UVB-induced
photodamaged tissue on hairless mice. The tissues were stained by H&E
and masson trichrome stain and then examined by light microscope and epidermal
and dermal thickness were marked using yellow and black arrows, respectively. (x
200).
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