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2 ok zL)MHE RAR] 2EH 2 AFRAAR Z85te] Al AP GA| LA reactive oxygen species
(ROS) &} m|EA I=EES A Z=2EEE AN IE §42 114 —hydroxysteroid dehydrogenase
type 1 (113 -HSDD) 9] ¥d B &4E& S7MAIT & Qloh =3 ROS7F F7Hd 9] oA s 95 %
i Ao E7RIF G5 w7l 1Ake] Wi o] FUhE o] ARH o2 HFHHES oA HE Wlle] Ak &

NA= Z-AFAHAAEZ(HaCaT) oA 11 4 —HSD1 HAA7F ROS £ &4 2] catalased] A4S QE/\];"loﬂ X]'
¢kale], 11 3 —HSD19 ¢3S Asdtat A o] ROSERE FEHE dF k2SS AR5t AR A5
2312 Stk 1 F A FEES I EYES 747 11 4 -HSD19] #d3 ROS A4 Z71E A8k,
354 Al EFIRIQI tumor necrosis factor (TNF)— «, interleukin (IL) -1 a, —1 3¢ &dE JA|3A}
w3t 2Ll o FEEE F9F w7/ AAR] cyclooxygenase (COX)—2, inducible nitric oxide synthase
(iNOS), prostaglandin E» (PGEz)-/] A3E Asletatt. mEtA 2 A7 ARERE 4 FE2EE Y O 2EEL
11 4 —HSD19] TdS AT A ROS 93] s 27 95 TS axZ o= &g gl

Abstract: Ultraviolet B (UVB) irradiation induces both production of reactive oxygen species (ROS) and glucocorticoids
(GCs)-mediated stress responses such as an increase of 11 3 -hydroxysteroid dehydrogenase type 1 (11 3-HSD1) activity
in skin. In addition, ROS-induced inflammatory mediators and proinflammatory cytokines trigger skin inflammation. In
this study, as 11 4-HSD1 inhibitor recovered a decrease of catalase expression, we investigated whether Trapa japonica
(TJ) extract and its fractions could inhibit 11 8-HSD1/ROS-induced skin inflammation in HaCaT keratinocytes. TJ ex-
tract and its fractions inhibited expressions of 11 8-HSDI as well as the increase of ROS in UVB-exposed HaCaT
keratinocytes. Moreover, proinflammatory cytokines such as interleukin (IL)- @, - 8 and tumor necrosis factor (TNF)- @,
and cyclooxygenase (COX)-2 and inducible NO synthase (iNOS) as inflammatory mediators were also inhibited in both
mRNA and protein levels. Finally, prostaglandin E; (PGE;) produced by COX-2 was inhibited effectively by TJ extract
and its fractions. Taken together, these results suggest that TJ extract could be a potential anti-inflammatory ingredient
to inhibit UVB-induced inflammation in skin.
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ozl A7 = 3l
MEE AASEL 3 FAZITH4]. olH g FAAA ¢
SHAEE e 2oy MEZE AAS] 3]
AZE 8 Al E7IRIA A5 mizRQIAbe) 22 vk
Bl EHIRITH5-8]. o]9} o] A2 A
g R Ao 2RE JAE BIdh=
< AR olejgt HA o] MEHAY A
735 o Fof 2x1A Q1 &4 AE U
ot} A& S0] AL &l og AFHES FA oA
A3 E TR cyclooxygenase (COX)-2, inducible nitric
oxide synthease (iNOS)= 22} prostaglandin E, (PGE,)
9} nitric oxide (NO)E A3t =2 &4 9 FH=}
Hol|E o3} FAol[9-12], I ol EAsh= &
ol Aol §e ARE Bsliste] d5uksel 9%
Fxsks FXIAH13].

FAMEZE AL o 95 H WY 9k
of 4% eHlo| He MEFEN 954 Aol E7F
Q1 EF miAJIAES LAAIZITH14]. o]2g =4
So| AAFHAE HolA L= Ao &4
“ A~ (reactive oxygen species, ROS)S Y| £k Thokgk
A AARS0] A= AL BB T15]. ROSOI= O
(FH2), HO, (F4iHstr4), OH (Blol=54 2
Zh o] Ao, A o FoAes FhetotA)
ol ol £ AHAE Fole AT, HIA G EHE &
7V 75, 919 oy X, 783 DNASS
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A "Ao16]. UVBOl w=Ed IR o]z
ROS Aol F7letAl =HH 54 d58Es do7)
+ o] FTH17].

HZ 2EY X TE2EQ FZEE YA 2 A4S
Z-3sl= E4FA 11 B-hydroxysteroid dehydrogenase
type 1 (11 3-HSD1)< EFASZ sh= AW X5 U
gk A7 W F LT 18,19]. Ttoi 52 ARe] Aol 2

a &4 we AR PP AN 11 4-HSDIS]

E AEstas "W EF4 Al EZIRIS Tdo] 1ha

< ERIsFATH20].

A, B A2 T2 ALl 9% IR dF
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-HSD1 S AA|7} UVBel &5 Z+A% catalased] &

W L

==X O

AN
52 (Trapa japonica) F=E< w935t 7t B =HE
Ao 2 FrEH ROSS B4 F7F 9 HF whgl
T VEFS FRIFoEN I G52 2=
LA Z=A G o] ThsAdol thall dotrR At skt
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4 FEFEL Ux¥ FHE #EhE(Methanol;
=9}

R
h &¢F 253 FE3}43L o] & 33

gk & 7 St & A3t 26.5%] FEE
At T3, FEES SR A7  AlESH
T wet F3e] WEil ZE2ko] E(Methylene

Chloride; MC), ol &o}AE o] E(Ethyl Acetate; EA), F
EH-&(n-Buthanol; n-BuOH)< 717} 334 FE3to] &
g3t 3 A} w55t Wigd S2o|=F, ofgo}
A0 ES, FE&5S g 53] 2 MC £, EA &
%], n-BuOH Y2 & 3t A tix E2=EA 11
B-HSD1 E-©] SJAAIQl PF915275 (PF)E AH&-31SITh

2.2, M= HHQ¥
At A A M EF2] HaCaT-2 Cell Lines Service
(CLS, Germany)°ll Al 7331 2™ 10%9] Fetal bovine



A EANA ROSE FEH §=

O\N

serum (FBS)2} 1%2] Antibiotic/antimycotic (AA)= 3
7Fet DMEM (Hyclone, USA)S ©]83}] 37 T, 5%
CO 218 AFHlolE ol A v st ATt M3 ‘C‘Hok Hl
A= 48 holth 22 WA =2 WASR L, 2 - 39 7
Ao At S ATt

2.3. XM ZA}L

A ZAR= 302 nm 2] UV Crosslinker
(UVP, USA)Z ©]-&3}e] UVB 15 ml/em’S At 22
PAA ol ZAFEATE

2.4, MTT 242 0|88 M= MEE =H

A FE2E 4 £¥E9 HaCaT cellol] tig 54
BH7HE 98] MTT assayE 333+ TE HaCaT cell-
96well plateol] 2 x 10* cells/well 2 E-F3}Fo] 24 h 5o
HAPAA WA= wg & 7o) F2EH Y&
< 1, 10 ug/mL A 3AY, UVB 15 mlem’Z *] €]
T Z7te) FE2EH BEES 1, 10 ugml 23}k
24 h wjFsIHATE o]F 0.5 pgml FEL MTIT
(Sigma, USA) £ 20 uL-& Z47+o] welloll Z7}skar

4 h < AA3}Ist T dimethyl sulfoxide (DMSO, sig-
ma, USA)°ll &35+ 540 nmollA $35E SA3IRT-

2.5. mRNA 2481 ZAKReal time RT—PCR)
At ZHEA P XA EQ] HaCaTS 6well plateol] 4 x
0° cells/well HF3t] 10%2] FBS2}F 1%2] AA7}F 3
ﬂﬂ Hi A& o]8ste] 24 h viYetdith 11 ¥ UVB
15 ml/em’E ZAVS L 54 25 2 B8 ES FBS
2

7} A7HEA ke Aol 3

gk & 24 h B F7F
ksl ATE Total RNAES FE3H7] {3l 2 welloll

RNA iso (TAKARA, Japan) 1 mL& H7}slal €8 9
oA 5 minS Wx|5ke] A|EE 8§31 A7] 3L chloroform
200 uLE 718+ 14,000 rppmol A4 15 min 5<F A
stk Asds FHotel MEL tubeoll #7131
22 %9 isopropanol & 3 7}3 % 14,000 rpmel A 10
min Y4 E2 5] RNAS SFATE 99% ethanol S

0|83t 7,500 rpmoilA] %ﬂ%ﬂ ste] 23] Al Hstar
7] FollAl AZAIZ] T diethylpyrocarbonate (DEPC)
water®l] =Tk Nanodrop 2000 (Thermo, USA)E- ©]-8-3]]
RNAE A #3193 total RNA 2 uge DEPCS} 7

70 CollA 5 min &<t 7FEAI1Z] T Reverse Transcription
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Premix (ELPIS-Biotech, Korea)oll ¥ 3l #F F-3]7} 20
uL7t F| == 3 Th 42 T oA 55 min, 70 TollA 15
min ¢t WEEAA DNAE 443t polymerase
chain reaction (PCR)°ll AH8-3tth. Aozl cDNAZEH-
B catalase, 11 3-HSD1, TNF-¢a, IL-1 a, -1 3, COX-2,
iNOSS ZZA)7]7] $13l 58] 8|4 AI1Z] cDNA 2 ulE
primer 1 g, DEPC 6 ul, SYBR Green master mix (Invitrogen
Life Technology, USA) 10 uL®} ¥4 StepOne Plus
Real-Time PCR system (Applied Biosystems, USA)< ©]
83t PCRE A8 ¥E-8 22 50 C 2 min,
95 C 10 min® A ¥+§ 95 C 10 s} 60 C 1 mine
403] WHEsl] FHAIAY. SFHstaAt ke A
=] primer €714 E2 Table 13 2T}

2.6. Enzyme—linked Immunosorbent assay (ELISA)

A 3 M E2] HaCaTS 12well plateol] 2 x
10° cells/well FZF3+] 10%2] FBSS}F 1%2] AA7} 3
71e HiA]E o]&35led 24 h WidsIATE 1 F UVB
15 mlem’ 2 ZAFHL 54 55 9 £35S FBS
7V H7FE A o5& A 3AM% 24 h B F7
Hj F3tA T HjFo] B iR FJEHE o]83to
BAATHYG TS PGE, ELISA kit (R&D system,
USA)9| Alg & ARg-3te] Al8gE - 450 nmoll A &4
sFA T

){«

}1‘

2.7. Western blot

A ZHEAP XA EQ] HaCaTS 6well plateol] 4 x
10° cells/well E3t] 10%2] FBS2F 1%2] AA7} 3
7He ¥R S o]83te] 24 h F<F WisiTE 1 F
UVB 15 ml/em’Z ZAS}1 54 FE55 4 2329
2% FBS7L A7HE A &2 wi A S AR8-SFe] 24 h -
72 h B9k F7F BT MR AEE 355k
ripa bufferg ©]&3ste] @ dS FZ3Th F=
SN A-S Bradford assay Wl wel A
Sodiumdodecylsulfate-polyacrylamide gel electrophoresis
(SDS-PAGE)3te] Eelstgith. 2719% ¥ wjae
gelo| 4] PVDF 202 transferdt ¥, A5 2335t
B wAe EA53 A gk

2.8. Fluorescence microscopy
A ZHA A A 2] HaCaTS glass slideol] 2 x 10°
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Table 1. Primers Used for RT-PCR

N
s
rQ
AN

G Directi S (5°-3") Size
ene irection equence (5’-

(bp)
Forward AGCTTAGCGTTCATCCGTGT

Catalase 210
Reverse TCCAATCATCCGTCAAAACA
Forward AAGCAGAGCAATGGAAGCAT

11 3-HSD1 108
Reverse GAAGAACCCATCCAAAGCAA

INF- & Forward AGCCCATGTTGTAGCAAACC 135
Reverse GGAAGACCCCTCCCAGATAG

1 Forward TGGCTCATTTTCCCTCAAAAGTTG 171

) Reverse AGAAATCGTGAAATCCGAAGTCAAG

118 Forward GTCATTCGCTCCCACATTCT 105
Reverse ACTTCTTGCCCCCTTTGAAT

COX2 Forward TGAGCATCTACGGTTTGCTG 158
Reverse TGCTTGTCTGGAACAACTGC

INOS Forward CATGCTACTGGAGGTGGGTG 197

i

Reverse CATTGATCTCCGTGACAGCC

8-actin Forward GGCCATCTCTTGCTCGAAGT 312
Reverse GAGACCTTCAACACCCCAGC

cells/well HF3t 10%2] FBS}F 1%°] AA7} A 71
A& o] 83t 24 h B<F vitsidch. 1 & 54 F
== 9 28 ES AAEE FBS7F H7FEA] &2 vl
A& AHg-ste] 20 h F<F Bk UVB 15 ml/em’2
ZAFSFAL 3 h 39 ROS detection solution (Enzo Life
science, USA)<S 0.5 uM2S F7}3le] 1 h &< F7H)
FlA . glass slide2] AlZE2S washing buffer (Enzo
Life science, USA)E AFE-3F] M3 T cover glass=
aHste] PFAnH o R FFsATh

2.9. SAIXZ|
RE SARXNL restS AASI] Hristnh
Fo] zpolof ofgt BAA A F pakel 0.05 o3t

x4
B5-E SARLE ouSlE Ao} dvkaL A

LN =
54 MeOH FZ=E(M), Methylene Ch10r1d =3
(MC), Ethyl Acetate ¥ E(EA), n-BuOH &3 &(nB)

m{n

ekslaEsta) 2], Al 4149 A 1 F, 2015

2, n-BuOH &8-S Zd & Aol A
A = 1, 10 ug/mLoll thalA AZ =4
A gkom, M, MC, EA2] 7-¢- 23] zon
o7 AAYPPAE S4S SAs

=
FZEE MC 3, EA
o
=

N
=
W
?
&

l

o]o] UVBE ZAH3F 3 MeOH
3], n-BuOH E—Q—% ﬂalé}ﬁi
UVBell ofaf 7Has
EHS E%U}(Flgure lb).

3.2. Catalase MM 3|= 1}
WA UVBO 23l AT+ catalaseo] )3t 3=
2= B7] al, UVBE AR A Z A A2 11
B-HSD1 AL PF152759} &4 MeOH FE&
M)S 2|3} catalase2] THFS SH3ATH
2+ g A 3Eol tigk UVB 5/‘}7} catalase®] Hd
< Tl ZAaAFS R8sk o]0 PF915275
1 M M-S 10 ug/mLe] F5 2 24 h A 2]8tgS o,
catalase®] mRNAS} T oA zje]/dof 2|3t
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Figure 1. Effect of fractionated TJ extracts on cell proliferation. (a) HaCaT cells were treated with 1, 10 ug/mL of fractionated

TJ extracts for 24 h. (b) HaCaT cells were exposed to UVB (15 ml/em?®), and then were treated with 1, 10 ug/mL of
fractionated TJ extracts for 24 h. The cell viability was measured by MTT assay. M: MeOH extract 1, 10 ug/mL, MC:
methylene chloride fraction 1, 10 wg/mL, EA: ethyl acetate fraction 1, 10 pg/mL, nB: n-BuOH fraction 1, 10 ug/mL. *p < 0.05,

**p < 0.01 indicate a significant difference from the control (CTL) (a) or UVB-exposed control (b).
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Figure 2. TJ extracts inhibited the decrease of catalase in UVB-exposed HaCaT cells. (a) mRNA and (b) protein levels of
catalase were measured by real-time RT-PCR and western blot respectively. HaCaT cells were exposed to UVB (15 ml/cm?),
and then were treated with 10 ug/mL of TJ MeOH extracts for 24 h. *p < 0.05, **p < 0.01 indicate a significant difference

from the UVB-exposed control.

1 gaE 3EAZLS BAY (Figure 2a, b).
3.3. 11B—HSD1 &rsd AAx| s}
UVBel 2|3 7)== 11 3-HSD1ol| tisk =4 &

= B7] 918l UVBE AR A A A 2ol 54
MeOH FZEE(M), Methylene Chloride +2&(MC),
Ethyl Acetate 8 &(EA), n-BuOH #8E(nB)<S *12]

3te] 118-HSD19] &S AT

24 gA 2ol tigk UVB ZA} 11 3-HSD1
mRNA 2 @il m % fofsiA F7A7E Selst
At oo Z+ A8 MR 10 ygmLe] FEF 24 h A
2]3+9& o, 11 8-HSD12] mRNAS} Thil ] S=2of A
A9l o3k ¥ 712 A A7) B Th(Figure

3a, b). 53|, MeOH ==, FA 3, n-BuOH £& 9]
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Figure 3. Fractionated TJ extracts inhibited the increase of 11 5-HSD1 in UVB-exposed HaCaT cells. (a) mRNA and (b) protein
levels of 11 4-HSD1 were measured by real-time RT-PCR and western blot respectively. HaCaT cells were exposed to UVB (15
ml/em?), and then were treated with 10 ug/mL of fractionated TJ extractsfor 24 h (mRNA) or 72 h (protein). *p < 0.05, **p <

0.01 indicate a significant difference from the UVB-exposed control.

¥ ¥ PF
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Figure 4. Fractionated TJ extracts inhibited the increase of total ROS in UVB-exposed HaCaT cells. Total ROS were measured
by fluorescence microscopy. HaCaT cells were pretreated with each extract (10 wg/mL) for 20 h, and then were exposed to

UVB (15 mJ/em?) for 3 h.
A 118-HSDI & oA &3} &4 vepgrh

3.4. ROS ANMS
UVBel 9J3ll S71=]= ROSel tg &A% &1l
3171 9l3l, 54 MeOH SZ%(M), Methylene Chloride
£ E(MC), Ethyl Acetate +8E(EA), n-BuOH &
mB)= A g AP A E UVBE ZAEE F flu-
orescence microscopy= 53l ROS &A% =H3I3ch
7t M ol tisk UVB ZA7F ROS B8-S 5

ekslaEsta) 2], Al 4149 A 1 F, 2015

7%1% S RISHATE ol ZF A5 FE 10 ug/mL2)
2 20 h 8392 w], ROSQ| A2 Alef )3 A
*é S7He AAAZ S B A HFigure 4).

3.5. E5Y AO|EFIQ! & AX| 0t

UVBell &3l Z71E= A58 Aol E7IIS] &
A7 A5 dotEr] S8l 5 AR A4y
M Eol 54 MeOH FZE(M), Methylene Chloride -
2 E(MC), Ethyl Acetate 2 E(EA), n-BuOH #3 &
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Figure 5. Fractionated TJ extracts inhibited the increase of (a) TNF-a, (b) IL-1 @ and (c¢) IL-13 in UVB-exposed HaCaT cells.
mRNA levels were measured by real-time RT-PCR. HaCaT cells were exposed to UVB (15 mJ/cm?), and then were treated with
10 pg/mL of fractionated TJ extracts for 24 h. *p < 0.05, **p < 0.01 indicate a significant difference from the UVB-exposed

control.

s

(mB)= A3t TNF-a 9 IL-l1a, -18° o
mRNA FdFS A3 A
UVB ZAte] ol TNF-a 9} IL-1 @, -1 42 mRNA
T S7HE SR, 4 Alg 25l el 9%
g Aol ETIRIS S7HE skl AAIAZ S YER
Th(Figure 5a, b, c).
3.6. BSONZHRIX} &t AX| S2t
o2 Ape) el o3l EgstE = dF iR
o ol = FFS 1] 9ldl, UVBE ZARE 2
AggAFo] 52 MeOH FZE(M), Methylene
Chloride ¥-3E(MC), Ethyl Acetate ¥3E(EA), n-BuOH

EmB)S A g5k COX-2, iNOS2} PGEyol thsh
g SAST

UVB FAbe] W} COX-2, iNOS EFoll A
mRNAS} @i o] id F7HE 818ty A,
RS04 UVBOl 23 COX-29} iNOS9| Z71= fo
SHAl AAAF S UERI TH(Figure 6a, b, c).

A, COX-290 o8l SVt & oF 945 8 54
Q1 PGEy[16,17]°1 thal| A Tl =l o] e &S ELISA™
< o]&3to FrletAt. 1 A, coX-29] HAS
TYS PHoE = FdH A 3AHE BRIAT
(Figure 6d).
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Figure 6. Fractionated TJ extracts inhibited the increase of mRNA levels of (a) COX-2 and (b) iNOS, and protein levels of (c)
COX-2, NOS and (c¢) PGE; in UVB-exposed HaCaT cells. mRNA levels were measured by real-time RT-PCR. Also protein
levels were measured by western blot (COX-2 and NOS) or ELISA (PGE,). HaCaT cells were exposed to UVB (15 ml/cm?),
and were treated with 10 ug/mL of fractionated TJ extracts for 24 h. *p < 0.05, **p < 0.01 indicate a significant difference

from the UVB-exposed control.

Eg 2 Aol ofa &
HZg S=F]
14] o] Brekdt 71
= U, AW A A5 sl oAl &
HE2EE0 R HSETH18-20]. o] A
B-HSD12 EFZz=2E| 10| =2 &4 5l v&
Y& 7 HH, o7 A= 2Ed 2 o)
A Bl Aol Trtste] AW ZEEES I=HE
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ZE|E9 o] A=A FUHEWE ke A S
S 7] o] H7|= gtk B So] mRoA= 114
-HSD19] Ido] 3 =3let dF whgol Tosi,

o5 PE 2HAE FEFS vty Rt
[20-23]. 53] Itoi 52 A AAZAHAZAA 1148

1A

-HSD1°ll 9% FEEE v ZHo| A4 AlE
71R1e] Wdol & vtk AAE gRlgro=H
ZEg 2o o3t A2 I dF wWAUSS At

3FTH20].

S, T Rol A 11 4-HSD19 & 2 &4 ==
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22107 AHdE & T Uth AAle ==H A7
oA 113-HSD1¢] &d E &X4o] F7l=EAth= 2
I7F B EAem22], AL, 53] UVBO| A
o] Z713te] ule} 11 B-HSD19] T3 o] Z7}3the=
Abdo] FR1EATH24]. ol H g A= A4ej4do] 118
-HSD19] e W 4 UM EZN 2L
oJgt I F Wl JFS vHTE ASs TS
ROSE 714 Ak Y] FAbEE4 A 4k
2EHAE 58 A, @d DNA 59 42
U o 7]= dQlo] Huh25]. Aol 718 ROSE 2
A U A FAE 950 catalaseo} 22 F 4ol 9
& 23 AkARE Bi)Ee AHS AXA =HA9 A4
o] A=A Y ST A5 dofuA HE
ol MAA FHof AA el etFeFS v XA Hrh26].
FFo| 4] ROS A S7He o F g7 9] A=l w
ghA F7FsHA H et E3), ALlAdS vkt a7 4
= BRI AR ¥4, =4, B N, i =3
e Yo= TFHA Wdo] HuH26,27]. =3
UVBel =% ¥&+E= ROSO 3 FEjel cox-29
NOE A3t 95 dF w82 wi7/lE4 ] PGE©
S FTHAIA A2 Adol o7 FRE B SPkg ERt

A B FAaA Sk 1 Fk S0l A9

-HSD1 5] Aa|A|2 PF9152750l 2|3 Fw=3} wk-3-
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