Lt

Rk 30 4E
BiH EF

1/92



BI1IE IR (UVB) L DHEBEMIREE~DIEERIROFELXIALT L

T IV DI FRE oo 13
B LET  FEBRTTEE oo 17
L-1o BB o 17
1-2. FBEESEE & UVB BREE oot 17
1-3. UVB BRTEIE DHINILEE oottt 18
1-4.  UVB BRFETE DI ROS L NUL et 18
1-5. UVB IRFE% ORIEMAEPEMEYE PGE, DE & (ELISATE) v, 18
1-6. mMRNA IO E R (Real-time RT-PCR ) ..o 19
1-7. BART D/ v 7 Z T2 (RNA FHE) e 19
T =i 2 OO 20
g T 3 SRR TR 21
2-1. UVB BRFETE DHIILEE oo 21
2-2. UVB BRFEE DHINEIPN ROS L UL e 23
2-3. UVBHBRFE% D COX2 MRNA FEBL ..o 24
2-4. UVB MEEETL DO RIEMEAFEVEME PGE2 FEA (.o 24

2192



2-5. PRI AT DR DR s 24

2-6. PPARY-NIf2 3 7" F /UARBEAT I T DB oo 24
B BT BB ettt ettt ettt ettt et 25
= T I - TR 32

B2E RRGYEMHE (DPE) 1T X2 REMIREGEE~DEEREOFES L VN

NWARE RN NT VBT IVDF R oo 33
B LET BEBRITIE oo 37
1o FEBRAEE o 37

120 FHBIEEER oo 37

1-3. DPE BRTETE DHIIIISE oottt 38

1-4. mMRNA FEHODOE R (Real-time RT-PCR TE).....ooeeeeeeeeeeeeeseeseeeeseessessssnse, 38

1-5. DPE & %\ ME HO2 BEFE 4 DHINEN ROS LS/L e, 39

1-6. DPE & % M3 Ho02 MR #Z 142 D RIEMED A R A > TNF-a DiE & (ELISA %)

............................................................................................................................................. 39
1-7. RHEEs |Z331F % DPE MEEEHE DOAMMLLGE ..o 39
1-8. AR IEARTAM ..covovvcvecsecee e 39
1-9.  SafEyeta b IS L — P — BB KD BB e, 42
1-10. FIBBPY GSH LUl snesons 42
111, BIEFD/ v 7 F T (RNA FHE) e 39
112, R FHIAT oo 42



B 2 B A R e 43

2-1. DPE BEFETL DFIAEIE T oot 43
2-2. DPEIREFE% D AHR o 7 F /UREEE TR T DE0E s 44
2-3. DPE & %\ % HoO2 M EE 1% DABIEN ROS L UL e 45
2-4. DPE & 5\ HoOo Mg ida 12 DRIEMEY A R 1A 2 TNF-0L 53U o, 49
2-5. FHBEANPIERIL S AT DATHTT DR e s 45
2-6. Nrf2 3 7 F JARBRIT I T D EEZE oo 45
2-7. RHEES {23517 % DPE BEFETE 0D CPS L UL oo 50
BEBHT BB e 59
g2 T A 3OO 62

B3FE  Invitro REBEREET V& AWTCERIC K 2 REHMREGE~DIEMHEER

DE-= 0 5l N I/ SN % - 2 - S 63
BLET FBRITIE oo 65
L-1o BEBRAIEE oo 65
120 FIBEBETR oo 65
1-3. IR TE DV oo 66
1-4.  EAERRIBEZRIE T T RHEES DEFEE oot 68
15, FHAREIIRTAM ccovoovveeee e 68
1-6. AWK F OMFEAIIEHT (Protein Array 75) ... 69
1-7. RIEET A R AA 2 IL-1a DTEE (ELISA TE) i 69

4192



1-8. ERi~ NV v 7 ADNiREESE MMP-1 OEE (ELISATE) e, 69

19, FRFRHT oo 69
B 2B B R s 70
2-1. WSS TE 2 BB L 72 RHEES I DI oo 70
2-2.  WLPRRIICEEE 2 R E L 72 RHEES OMAREAIZAL e 70
2-3. RIS E A R E L 72 RHEES 206 /W S AL 5 K O HEFRAIMENT ... 74

2-4.  HEJRRITMAEE 2R E L7 RHEES OB ORIEVES A N 1A > IL-0 53 Ub.... 72

2-5.  RrIRRIRAE E A X E L 72 RHEES OR:#& L& %41 L7= NHDFs 7> 5 @ MMP-1

DT vttt 75
B BET BB 76
BB AR I e 79
B oo 80
B e 83
BIFHSTHR ..o 84

5/92



s 5 1EXA PR

Abs. absorbance

AHR aryl hydrocarbon receptor

AKGs alkyl glyceryl ethers

ARE antioxidant response element

ARNT aryl hydrocarbon nuclear translocator
BaP benzo[a]pyrene

CA chimyl alcohol

cDNA complementary deoxyribonucleic acid
COX2 cyclooxyganase2

CPs carbonylated proteins

CYP1Al cytochrome P450 family 1 subfamily A polypeptide 1
Cys-C cystatin-C

DCFDA 2’ 7’-dichlorodihydrofluorescein diacetate
DMEM dulbecco's modified eagle medium
DNA deoxyribonucleic acid

DPE diesel particulate extract

EDCEP 2,4-dicarboethoxy pantothenate
ELISA enzyme linked immuno sorbent assay
Em. emission

Episkin™ -LM Episkin™ large model
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32 IEAA PR

EX. excitation

FBS fetal bovine serum

FGF-6 fibroblast growth factor-6

5-FTSC fluorescein-5-thiosemicarbazide

v-GCS v-glutamyl cysteine synthase

Glc glucagon

GSH glutathione

H-0: hydrogen peroxide

HBSS(-) Hanks’ balanced salt solution (Ca?*, Mg?* free)
HO-1 heme oxygenase-1

IGFBP-2 insulin-like growth factor-binding protein-2
IGFBP-3 insulin-like growth factor-binding protein-3
IL-1a interleukin-1 alpha

IL-1PB interleukin-1 beta

IL-1ra interleukin-1 receptor antagonist

IL-8 interleukin-8

Keapl kelch-like ECH associated protein 1

KD knock down

LPS lypopolysaccharide

MAPK mitogen-activated protein kinase

M-CSF macrophage colony-stimulating factor
MED minimal erythema dose
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IEALFR

MES 2-morpholinoethane sulphonic acid

MMPs matrix metalloproteinases

MMP-1 matrix metalloproteinase-1, Collagenase
MMP-9 matrix metalloproteinase-9

MTT 3-(4,5-dimethyl-2-thiazoyl)-2,5-diphenyltetrazolium bromide
mRNA messenger RNA

NC non-treated control

NQO1 quinone oxidoreductase-1

NHDFs normal human dermal fibroblasts

NHEKS normal human epidermal keratinocytes
NHEMSs normal human epidermal melanocytes
NIST national Institute of standards and technology
NMF natural moisturizing factor

NR neutral red

Nrf2 nuclear factor E2-related factor 2

OPG osteoprotegerin

PA pantothenic acid

PAHs polycyclic aromatic hydrocarbons

PBS(-) phosphate buffered saline (Ca?*, Mg?* free)
PGE; prostaglandin E;

PM2.5 particulate matter 2.5

PPARy peroxisome proliferator activated receptor y
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32 IEARA R

RHEEs reconstructed human epidermal equivalents
ROS reactive oxygen species

RT-PCR reverse transcription -polymerase chain reaction
SC stratum corneum

SIRNA small interference ribonucleic acid

SRM standard reference material

TJ tight junction

TGF-p transforming growth factor-8

TNF-o tumor necrosis factor-a

TSP4 thrombospondin-4

UVA ultraviolet A

uvB ultraviolet B

VB5 vitamin B5

VEGF vascular endothelial growth factor

VOC volatile organic compounds

WHO World Health Organization
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o

(]

(RIS, BRSO ME, AR OL OS54 1280 T, [
BESD &1, ADOFERZIERIC L, UL, BMOZHL, BRRaeLx, UIBEELITE
BEELITROTZDIT, FIRICHREE, Wi Ot Zh bR 2 HEic KR S
LHTENABME SN TVDWT, AMEICHTDIERAEMRbD] LERSNLTWD, b
FESIIE, PRRIER. DURNBAILIER . PUELIER. EAER. 2 WITEEBERZR LR
Bhx RESREDS RO HILD X DTl oCT& T, 29 LIzgh A TR L7 bhedh 2 Frlo Hre
{bRESE EFRT D, TR, THEE OREREMELEESL ~ DL L HIFHIRE < o T D,

BRI~ v NOHIEOFRINEEZ MM THY | EMOMRICRRI X TH D, Mk
FCIE 2 B DR &AL, O DIFSMRIED O A& U KR8 & 73R IREE» B A U
BHEBIOHE THM#ETHS [1], SHIZ, b hORBKIIKIKE, AE. g, B XU
J@D 4 J@ire7ey FERICTIW TR, HiE L 7oMiads bl e CRARBIZR D, X
JEOHFTHEOIMINIALET 2AEIL. BNOKDEZRFFT D &L BITHRL O OMEY
M EA R IR A B ST E AR N THREZ o T D, BUBIHIE R SN2 & O f)
B ERERT) ICBRENTEBY ., 2085 R OEENREHRROBE LR ZEnH 0,
FERE LTHBONY THEDIKRTZH 2 EnH 5 [2-3].

B RGRLAR O BGITIT, SEAMRITIRE SN 2 KR, B ENICRE S WP E, b
DVNIREREOHERER LI K VFESNOIRENEET L2 LRMbNTWD, KD
TIE BT DRER F O R0 THEIME, BIERIC B ~REE SN D Z LIT KV BE
FALEMET D Z ENESMBNTEY . 20X 5 REREEIZEFER T4 U5 AEMRNE
LEIFERI L THELEERZ SN TN D 4, Lo T 1 ETITHx NEIMEH I EE
SNDERERF Th DI D 5 BRI ERE TRININD Z & TRIG~DEENK b
& S 415 Ultraviolet B (UVB) (21 H L7-, UVBIEEFEIZ L 0 R CTHEIE S D5 RIEICKT
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% Reactive oxygen species (ROS) ®DRF5-& Alkyl glyceryl ethers (AKGs) DHTAAEVEH & .0
\ZFDNEH A J1 = X BITHOWTHREE L=,

UVB ~DO NI X T, A TIERKIGROMBEIC b IEA BEE - T D, AR
# (World Health Organization, WHO) 7% 2018 4= 5 HIZHEER L7 NAIZ AL, 2016 FREA
TREIGR DB TG 72 VR CATE LT D ARIZ RO 91%Icb#EL, 24
DR THER 420 T AT LTS [5], HARIZEW T, FRITEBEOHE D & OfF 7GR
(2 & % Particulate matter 2.5 (PM 2.5) ORI L > TRERBENKIF S, FHIBEKLY
PM2.5 DFEMERA RSN TN D, 2D &5 e RQGGEIT, W59 25 Z LIz X0 Fpk
a RO EERE L KT T2 TR, BEICNET D Z LI R REDRIESCRE
BHRILE. I DITITREZLEIMET D 2 EBEFHRFAEN ST O N E o> TN D [6],
Z I TH 2 ETIE, RKGEWEICERT 2 FMREED A =X L2W] 50T 5 L&
A, MR E & LT D 12D DA DEREZATV, BEER R %2 R L7 Vitamin B5
(VB5) & ZDFFEIRIZIEH LT, TN DIEH A 1 = X LDV THRGE LTz,

S BT, FEIRPRBEIC LV B EZ T DIEERIC K > TRAET 2 EMaEHIC b IE
H L7, BIAITHRAR T, AMORIRIE TS TRIBERE & 0D, £/, EHORE
RIS RIS DT AT A b FRFCIRIRERE 28 <, 20X 5 ICFEMA@ L TRE
(MR EBREICIR IR SN D Z LIk BRI EHERELS R>TnD, Lo T, #
BRI H AU A D EALIZZE T 6TV D, ZALE TOEFTIENIZED b iRILIT A 7
— U7t NEOERECNBLOE LMD FEEE DI RN ET D Z LR L
MmElpoTWD [3,7].

L ZATHULE, ABVERZEFICEB N TIEMFERDP LS TS Z LD, DX D
IR B 7R R T BV A IO T2 EBR TSR 21T 5 2 L I3 CREETH v . (RBREE T T
AT DHBIDBIFNEFIC BN T ED L 5 REANECTHDNITHONTIE, HEV #RE

M7p\VN, & ZCH 3 3 ClE. Reconstructed human epidermal equivalents (RHEES) 3% i % #7
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S5 Z L Tinvitro R BETNVEME LT, £z, ZOET Lz AV TR EERSE
(TR S AT BUENEBICAFAE T 2 MR N ORI B2 BR B2 163 2 I8 & ROS & DB, &5
LR ZDORER O FHREIND EEERICOWTERZEZT o7,

PAb. AWFE T, BERFTH2HEIR, RRGEWE., BLOEERO =FOKF %
HLONT B R IR R S VT2 EE N C OB DISENE & ROS DB G-I OWTH e L

T OPHNEIZ SV Tigm T 5 Z &2 HRYE LT,
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%1 E B/ (UVYB) IZ X5 EEMEE~DIELERR
DELELXFIALTNLVI—NLOHFRME

HEALITRIIMNC 72 > TRIG N OWREE % 52T 72§ ITRD b5 K EELOFER TH
D NI & B BIER & IXERINC R > T D[4, BRI D FFREIR E LTk, &
NPEEFRBECIRRIEAIE & W o TeBRILERE, HOWFEE~ MY v 7 2O ZM S
BN T O ENEmS TS [8-10],

TAUFERSMROME D i LIRERIZ L 5 DNA R5X° ROS OPEAICERT 5 Z &8 m b T
W5 [10-11], T Z LIFEFREORE RN S BB O T, IR L EIRBROZME (6~80
%) CALEAL 350 NDOEBEBEDOEE & Lz Lok R, B ROZ D ) e FEEIS
20 % <, T UIR6~10 R R HBL L2 [12], S BIT, BIEH b HIA Tl < Bk
CIUNHT DERAZHE LIz & 2 A, WM OERO G T o FIERIT 4~5 fEbm<,
F o IR &R IROE RO TIX, BiA E Th 2 B A AR ESRIIPHIR TR 5
fEmORERZR LT [13], W BAERMSRIMREO M\ OHIBIZ ISV T eSO BF
JERDZ S FIEL TWD Z b, EIMRIC L 2 MG E 23 5 2 & C, AR
RV T DGR E Vo TeREWI R PIE B D IMEZINHITE 2 & B 2 B, AR OFFR A
ELTHRICHBIRSBI SN TE T [3-4],

TNETHBIT, TOZNELICRKRE SBEND Z L bEEMAENTO Normal
human dermal fibroblasts (NHDFs) HARO{ER | ZE b & LTI X BV H OIS /2 IS4 T
oo LLARRSL, RIEOMENLHE X 2 &, NHDFs ORI 3 2 0GB
Ultraviolet A (UVA) (Zxf9 %5 NHDFs HE OIS &, UVB (ZIE#E X 1172 Normal human
epidermal keratinocytes (NHEKS) /5 DL 7 v & 52 T2, & L CE DOME OIFENE

5925 Z EBRRGIHRNE NS, Tb5, ALHMOIERNREZE 21256, UVB IREERIC
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NHEKs Tl Z 2 RIENE 2l 25 2 13, BB THOBA» LI ICEETHL LE
2 bhd,

ERUTIER 22 UVB BRERIC & 2 BUEMIaGE L ROS OAKIC L~ ThlsEZsnb 2L
BEHATEY [10], ROS IFREFOGFIE, BKFEM, €L TRET 2542
EHHSNTWD [11], FZIZx9 5 UVB DBRFEIT Cyclooxiganase2 (COX2) ¢ messenger
RNA (MRNA) FE81 & | Z IS ATRES 2 SEM A FRIEMEYE Prostaglandin E2 (PGE,) DA%
JUET D Z EBMBNTWVD [14-15], F£7z, PGE2 (T —Mfbz=R L & HIZ UVBIRRICL D
B SNDABIERIC BTG T DI ENMLNTND [16], & 512, PGE2E Normal human
epidermal melanocytes (NHEMSs) (BT A 7 = ARERET 5 Z L0, MiaEbEs L O
T RIA FOMRZHIETL 2L bl SN TND [17-20], —F7. HREIZEWT PGE,
I% Transforming growth factor-B (TGF-B) 7 /LR IZ %t L TR T35 2 & Tl
FHICRBIT 227 =7 U EREMElT2 2 LnmbnTly [21]. ZO@EREICBVWTE
BRI LY U BRIE, a7 =0 R T AF ORI BRER~ N v 7 A% iR
7% Matrix metalloproteinases (MMPs) % 73ihd % & St T\ 5 [22], FEBRIZ, eI
NI 2 PGE, L~V Nl L7 B CTHIANL . Z DfER & L TEEMISN~ B v 7 A
DfRZFIERZTZENMONTND [23], L7z3-> T, UVB IR D COX2 FEBLHEM
&L ZHUTHIRET % PGE, DFEAZ IS 5 2 L 1%, BB & & i3 5 72 DI I
WWHETHDLLEEZEZDND,

35 1%. Peroxisome proliferator activated receptor y (PPARy) ™7 == A k7% COX2 mRNA
FHZIE L THRAEERAEZRT MO TS Z & 005 [24]. CA 78 PPARy ¥ 7 /L%
B IRV UHTRIEER 2779 LG &2 3L Tz, PPARy ¥ 7 ViR 2L 3 5 & UVB
BRIEIC LD COX2 RHUMEME . ZAUSHBET 5 PGE, DREAEZHIFY 2 L STV D
[25]. F7-. HAENBUER{L > AT 2% Nrf2-Kelch-like ECH associated protein 1 (Keapl)s 7'

IR L > THIBEI SN TWA Z NI MBENTEY [26-27]. Nrf2 [ZHIERLHI A RS
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Antioxidant response element (ARE) Z /1 L7=f2{t. A b L X DAMPLNSZ 25 & L CEZE ol
GRS THD [28], @E. Nrf2 [T N T OMEIERIERN 7 TH 5 Keapl LFiEAT S
ZETORIEMEZRAE S L TIAEL TV DS, Bk A F L RIZ XK - T Keapl A3 &7E LT Nrf2
PIEPEL L. 2 OIEMEAL L7z Nrf2 2MZERICAT L C ARE ICREG T2 [26-27]], BZENIZHW
T Nrf2 X, 7 /v % F 4> (Glutathione, GSH) &k d KiElESE CThdh 5 y-Glutamyl cysteine
synthase (y-GCS) 72 & OHi bE#EER T OEGFARET 22 LMo TnD  [29], &
512 PPARY (AR O FLERLBAHH S A 7 T 5 Nuclear factor E2-related factor 2 (Nrf2)
TF N EIEMAT 2 28T, BEENICKET o2 z2MH+5 2L bmbnTND
[30].

AKGs (ZT7VF VN7 Ut r— /L FEOE Fr o vl —T LG % L7z Figure
LR S 2 A L, (bR B O CIUE R EARI E LTESEHEShTWn5, 2
D AKGS [FEASND T VT NEEHEDEWNZ LY F I /L7 /Lbz— L (Chimyl alcohol, CA).,
NFAT A=) BTHXNT N T—=N7R EROPOTIPAEL TV D, T ARFIZRK
W CTIHBEKBNTRIEEM 2 AT 2 2 ENMON TV DM, AKGs NEFICEEN TN D

[31]

CH,0O(CH,),5CHj4
|

CHOH
I
CH,OH

Figure 1-1 Chemical structure of CA is shown.
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ZHETIZ, W< DOMD PPARy 7 =R FRHESNTEY, £OHFDOOESTHDL Y
J VUBRIIREOIENIET CA LT VFLVEHENIEVEIE TH D [32-33], L7ehi->T, #H
FILCA L ELRBKICLTPPARYy 7 I=A M LCTERT A2 L CHfEME RS 272, £ 2
T 1 B CTIL UVBIRER O RIEISZ T3S 5 CA DIER & Z OHLRIE A 71 = X % PPARy
TA=ZMERICESZH THRGET 22 L2 HE LT, 0B, T TIX AKGs DO H T
IR K 0 B R MR i FnfE 23 & B35 CTd - 72 CA LT DWW T Figure 1-2 IR L7277

H—F ¥ — MILIZR > Thate1T- 7o,

‘\
» UVBIEEZ % D RIEISE 3 D EH ORET
sTEP] | (ROS,COX-2, PGE,)
J
\
o FRNPIER(L S 2T Ak B R ofiEt
STEPy | (PPAR-y, Nif2, y-GCS)
/
\/ §
o siPPAR-y:E A A A FV N7 F Rk SE B
STEP3 |

Figure 1-2 Flow chart of experiment.
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Bl RBRGE
1-1. EZBRME

AKGs & LT CA IFAXZ I I AVX () LY AF L7, 3-(4,5-dimethyl-2-thiazoyl)-
2,5-diphenyltetrazolium bromide (MTT) [ZFDEHMIZET 3 (KP) LV EA L7, Neutral red
(NR) Zv 7 ~7 /W KR vyF Uy N OER) AL, Ambion® Cells-to-CT™
TagMan® Kits, TagMan® Fast Universal PCR Master Mix, Pierce™ BCA Protein Assay Kit 33
X O Alamar Blue® X Thermo Fisher Scientific ( 3 =) X v B A L 7=,
2’,7°-dichlorodihydrofluorescein diacetate (DCFDA) & Calbiochem (CA, USA) »HHIEA L7,
IL-1aEnzyme linked immune sorbent assay (ELISA) kit {3 R&D Systems (MN, USA) 7>5 A L

72, PGE; ELISAkit i% Cayman Chemical (MI, USA) 7B iEA L7z,

1-2. #EfgEE#E L UVB IREE

NHEKs (X8558 (KBK) L Y BEA L. HuMedia KG2 H5H (B#ukhfE) % AT 37°C,
5%CO, Be i T Ths#E L 7=, NHEKS |% 20 md/cm?2 ¢ UVB (TL20W/12RS lamp, Phillips, Hamburg,
Germany) % Hanks’ balanced salt solution (Ca?*, Mg?* free) (HBSS(-)) 1 CHE#& L 7=, UVB B
30y b7 4 F =D 2 & T UVB FHILISN O R DNRE S R WRIF T TITo 72,
I 5T, UVB fREITRER 2 LB CHIE L7-IBERE L © L2, IBEDORME LD X

-

DN 15300 2 53 OFAPH THEE L TIgEE L7,
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1-3. UVB IRER OGS
NHEKSs (% 2.0x104 cells/well (% FE T 96 well plate [ZHEFE L, AT EHEED CA Z2&4A LI-E
HiC 24 W7 VALER A2 U7, Peis e, HBSS(HIZAZHA L. 20 mllcm? d UVB ZBRiEE L7,
Z D%, CAZEA LI-HER TS 51T 24 REfIAR A MLEEZ L7, 1%D NR 2 &/ 7
HEGHC 2 REfEES AR L. AR EY JAA TS NR O &I, 30 %= 4 / — /L& 4 0.1 mol/L HCI
A TR . G (Abs. 550nm & Abs. 650 nm D7) ZIET 5 Z & TERE L7, Hill
AT RIT L GRBRGEUEHS OV UVB RERFE Y (Non-treated control, NC) % 100 & L 7= Index (%)

TH#F LT,

1-4. UVB BRE#% DML ROS L~UL

NHEKSs % 2.0x10* cells/well ™% £ T 96 well plate (Z#KFE L, ATEMRED CA 2 &A Lk
HC 24 REfE 7 VALBR A L7=, RIZ, DCFDA % &4 L7- HBSS(-) T 45 Z3fil A v F 2 X—
3952 EITE D FMIEANIC DCFDA % BV A £ 8 7=, Peid % . HBSS(-IZ 224 L . 20 ml/cm?
? UVB #i##E L 7=, NHEKSs (X Triton X-100 £ Phosphate buffered saline (Ca®*, Mg?* free)
(PBS(-)) THllfimZz IAfiE LaEimE (Ex. 485 nm/ Em. 530 nm) ZHI%Ed 2 Z & T, flaN ROS
% L7, [ARELZ  BCA Protein Assay Kit # W TRl D 2 X7 B &% E&T 5 Z & T,

PN ROS LUV Z BANL X R 7Y 7= 1) O eRE & L TR Lz,

1-5. UVB BREROREMSAIEFEEWE PGE: DER (ELISA )

NHEKSs (% 2.0x10* cells/well D% £ T 96 well plate |25 R L, FTEEE D CA Z &4 L2k
HiC 24 W7 LVALER &2 U7, Vel e, HBSS(HIZAZHA L, 20 mllcm? D UVB Z IR L7-,
Z D% CA ZEA LI HlE2a s i X 512 24 R t2 B & U7z, B P IZ 400 S iz PGE;,
1%, D ELISA F > & W TER L7z, [FRFIZ, BCA Protein Assay Kit % vy Tl

DR R EEZTERTHILE T, BA I Y7-0 O PGE, ilhE & L TH L,
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1-6. MRNA EHEDOEE (Real-time RT-PCR k)

NHEKSs (% 2.0x104 cells/well % T 96 well plate [Z#KFE L, ATEHRED CA Z2&4A LI-E
HECRTE DORFFALEEZ U7, # RNA Zflii#%, Ambion® Cells-to-CT™ TagMan®  Kits % ]
VT ¢cDNA (Complementary deoxyribonucleic acid) #fER% L 7=, Real-time RT-PCR (Reverse
transcription -polymerase chain reaction) /% TagMan® Fast Universal PCR Master Mix % H\ T

Step One Plus™ Real-time PCR system % fii H§ L C{T-> 7=, Thermo Fisher Scientific 2> 5 AT L

-7 A4~—DO7 vt A IDIX Table 1 IZ/;x L7=,

Tablel 7 A4 ~—®dD7 v¥&A ID

TTA~—

7 w1 ID

PPARy

Hs00234592_m1

Nrf2

Hs00975961_g1

y-GCS

Hs00155249 _ml

COX2

Hs00153133_ml

Cycloph illin

PPIA control mix

1-7. BIEFD/ v 7 F7 2 (RNA FHE)

NHEKS i3 1.0x10* cells/well D4 E-C 24 well plate (Z#%f& L. PPARy @ Small interference
ribonucleic acid (siRNA) (SiPPARy) 3L TUNT X LT —7 = ZAD siRNA #a hr—/b
(siNC) & LT Lipofectamine® 3000 # HH\WC F T v A7 =7 v a & {ToT=, D%, CA

ZEA LT e i © X 512 24 BRI AR A2 ML L 7=, PPARy @ mRNA %3113 Real-time

RT-PCR % W CRHM L 7=,
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1-8. HEEHENT
7 — 4% means + S.D. T L, MM I 2 BELLEE (2% L Cid Student @ t #7E (Microsoft
Excel 2010) % .3 #ELL E ol xf L Cid Tukey #2E (IBM SPSS ver. 1.7) %47\ > p fE 0.05

A (*p<0.050) F5 LN p fiE 0.01 A (**p<0.010) ZMEHFIICHEZED Y & Lz,
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B2 AR
2-1. UVB BRE& OMREE

FARMRFTOFER LV . CA TR AEFROIR TGO DR WRKIRE TH S 40 pmol/L
IERE & LT, £ UVB IREEITRI L2 60% LR E 705 20 milem? EEEE L C,
1 EO—HORFHEIT o7,

NHEKs OHMIAEAFHRIT UVB IRFZEIC X 0 60%FLE £ CHEICD Lz, UVBIEEIZXL D
MR AR O TIL CA 27 VALEES 5 Z & CokdE L, CA QUERJRE 10~20 umol/L TOA &
ZEIXFRO BN T2 A3, 40 umol/L TiX NC & bt U CHEICHIREFRN LA L= (Fig.
1-3), UL EX V., UVBIZX A MfaEEICx LT, NHEKs Z CA T LALHT % = & TOkE

FER D RIEZ S Tz,
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Figure 1-3 Resistance to UVB-induced cell toxicity in NHEKSs treated with CA.

NHEKS were pre-treated with or without CA for 24 h, then were exposed to 20 mJ/cm? UVB and
further incubated for 24 h as a post-treatment. Cell viabilities were evaluated using the NR assay and
are expressed as fold index (%) compared with the NC without UVB. Results are expressed as

meanszS.D. (n=4). Significance; *p<0.050, **p<0.010.
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2-2. UVB BREH% OMIEAN ROS L)L
UVB IEEITAIIEAN ROS L~ L% EREED Z EndEShTng [7], £ 2T, UVB g

24 O NHEKS [Z381F A /N ROS L~ LdD FFIZxtT 5 CA OVERAZEMM LT-, F0hk

=

. UVB IR IZ L > CTHIBEN ROS 1344 &1 B L7, UVB BEFEIC X 2HEN ROS @ 15
X CA # 7 VIS % Z & Tl L, CA LB E 10~20 pmol/L TOH BEZITRD Hiv/e

S7273, 40 umol/L TIX NC & kb L THEICHISI Sz (Fig. 1-4),

300
OUVB(-) RUVB(+)

250 ! |
% 200
9]
£ 150
(=]
S
2 100 I T
I
&
& 50 -
&

0
10.0 ‘ 20.0 ‘ 40.0
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Figure 1-4 Influence of CA on intracellular ROS levels in NHEKS after UVB exposure.

NHEKSs were pretreated with or without CA for 24 h, then were preloaded with DCFDA for 45 min
in Hank’s buffer and exposed to 20 mlJ/cm? UVB, after which intracellular ROS levels were
quantified. ROS levels are expressed as fold index (%) compared with the NC without UVB. Results

are expressed as meanstS.D. (n=4). Significance ; **p<0.010.
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2-3. UVB EEEH% D COX2 mRNA R

UVB I2#& 13X NHEKs |Z351) 5 COX2 mRNA JBLA4 EH- S5 Z LGS Tn5 [9].
% ZC, UVBHEZEH% D NHEKs (23517 5 COX2 mRNA FEHLO EHIZH3 25 CA OEF &7
i L7z, ZOfEH, UVB BRFEIZ & > T COX2 MRNA FEHLITA FICHIN L7z, UVBIEEIC X
% COX2 mRNA FHOHNIEL CA %7 LA 5 Z & Tiki# L, CA FERE 10~20 umol/L
TOHABEITRD LI o 724, 40 pmol/L Tl NC & il L CAHEICHH <7z (Fig.

1-5), F7z. UVB RIREFEICIV TS [EEROIHIE M 23R S iz (Fig. 1-5),

2.0
OUVB(-) mUVB(4)

| I

| |**

=

—
L

COX-2 mRNA expression
(RQ of NC (UVB(-))
o

0.5

NC CA (pmol/L)

Figure 1-5 Inhibition of UVB-induced COX2 up-regulation in NHEKSs treated with CA.
NHEKSs were pre-treated with or without CA for 24 h, then were exposed to 20 mJ/cm? UVB and
further incubated for 6 h as a post-treatment prior to Real-time RT-PCR analysis. COX2 mRNA
expression was normalized against cyclophilin mRNA expression and is expressed as fold induction
compared with the NC. Results are expressed as meansS.D. (n=4). Significance ; *p <0.050, **p <

0.010.
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2-4. UVB BRER ORIEMAEHTENEYE PGEEEA

COX2 X7 7% RVEH A — ROREBER THH Z LT L<MbN TS [24], UVB
WEi#E S 4L72 NHEKSs (23T, COX2 DORBUL PGE: FEAEZTLIHET 5 Z L N HEIN TN D
[25]. & Z°C. CA OHIRIEERIZOWTH BT T 57291, UVB IRFEH O NHEKS 123
\7% PGE2 FEAEIZ KT %5 CA DAEZFHM L7, Z DR, UVB BREEIZ K > T PGE, FEAR I
AREIZTUHE L7z, UVB IR IZ LD PGE FEADTTHEIX CA # 7 LVILBRT 5 Z & THEL,
CA ALPRJREE 10~40 umol/L M4 T DIREIZIHBVT NC & il L THEICIHl S vz (Fig.
1-6), — 77, AR D COX2 MRNA FEELL UVB RIBFEREIZIS VT H A BISHH S 4172753, PGE»

PEAICRB W TIE UVB REEFERE TORITERD b~ 7= (Fig. 1-6),

3.5

OUVB(-) sUVB()
3.0

| | e e ]

2.0

1.5 T

PGE; (pg/ug protein)

1.0

0.5 +—

0.0
2.5 ‘ 5.0 10.0

NC CA (pmol/L)

Figure 1-6 PGE;secretion from NHEKS pre-treated with CA before UVB exposure.

NHEKSs were pre-treated with or without CA for 24 h, then were exposed to 20 mJ/cm? UVB and
further incubated for 24 h as a post-treatment. PGE; secretion into the medium was quantified using

an ELISA kit. Results are expressed as meanstS.D. (n=4). Significance; **p<0.010.
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2-5. MIMNPIERILY 2T LITREd 5 %

PPARy [ZARIAFIIE O3 LCSIEMH], NHEKs OB 53 25 Z EAME ST\ 5
[25]. UVB MEFRIZ K5 COX2 %8l & PGE, E/EIT PPARY [Z X VI & D = & s &
TWDHZ NG [24]. FEHFITRMNT PPARy OIEMHALICIER 2 L=, 22T, ZOWRICE
WT CAMNPPARYy DU v RELTIERT S Z & T, MINPIER LY AT L& B0 5 Af
REPEIZDWT, KV EEICMRFET 21T o 72, UVB IREEIC X 5 PGE, FEAEIC KI5 CA Ol fE
F173 PPARY-NI2 & 7' F AR DIEVAL 2N LT b D TH D Z L #H LT 572012, &
#IZ PPARy 35 X TN Nrf2 @ mRNA B DUV TRl 21T - 72, & O 5, PPARy 35 X O Nrf2
@ MRNA FEHL X CAALELIZ X - THEAN L, CA MLERJR FE 20~40 pmol/L TIX A E TH - 7= (Fig.
1-7a, b), = BT, M HTERLAI L L TRIB LTV D GSH DA RRIE, HklEdR Th 5 y-GCS
(2 & D denovo BERIC L > THERESND Z ERMBILTEY [34]. Nrf2 OFEHALIZAHRE L T
EZDZENRESNTNDZ LMD [27].9-GCS @ mRNA HEBLUZSOW T bl 217> 7,
ZDOFEF, y-GCS @ mRNA JH 6 £ 72 CA LRI L~ THIM L., CA ZLEEEE 40 pmol/L T

A ETH- 7= (Fig. 1-7c),
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a) PPAR-y b) Nrf2 ¢)y-GCS
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Figure 1-7 Induction of PPARY (a), Nrf2 (b) and y-GCS (c) mRNA expression in NHEKs

treated with CA.

NHEKSs were treated with or without CA for 24 h prior to Real-time RT-PCR analysis. PPARy, Nrf2
and y-GCS mRNA levels normalized against cyclophilin mRNA expression are expressed as fold
induction compared with the NC. Results are expressed as meanstS.D. (n=4). Significance; *p<

0.050, **p< 0.010.
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2-6. PPARY-Nrf2 3 7" VR 04 % B

UVB I&#Z L %5 PGE2 FEAEITXTT 5 CA OII{EH 2 PPARy-Nrf2 < 7 /L& O 1EVE L
ENMLIZSDTHLZ LM OENTTHDIT, FHFILSIPPARy DT AT =7 Vg
\ZX W PPARy % KD (Knock down) L7= NHEKs % F\ T CA OEFA & #iiE L 7=, siPPARy
N U7 HIE D PPARY BEIIER R L E 20%FfL%E £ THEICIK T L= (Fig. 1-8a), 7=,
SINC MR T 0 FBR & [FIERIZ CAMLEZ X 5 Nrf2 mRNA FEBLO A B2 M58 5
7273, siPPARy E AL Tk CA LB X 5 Nrf2 mRNA FEH OB IERITIE ) L= (Fig.
1-8b), & 512, CA IZ siNC EAMI TILIEDER & [FFRIC UVB BBEIC L > THE SN D
PGE, s D TTHE 2 A B AZHIH L7228 (Fig. 1-8c). SiPPARy 3 AMMIEIZ I\ Tl UVB BEFZ I

Lo THE SN D PGE2 FEAEICKIT 2 EAIEAR® /e o 7= (Fig. 1-8d),

28 /92



a) PPAR-y mRNA b) Nrf2 mRNA
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Figure 1-8 Effects of CA on Nrf2 mRNA expression and UVB-stimulated PGE; secretion in

PPARYy knockdown NHEKS.

NHEKSs were transfected with siPPARy or with an siRNA to a random sequence (siNC) and were
further incubated with CA for 24 h. a) mRNA expression levels of PPARy in siNC or siPPARy
transfected NHEKS, b) mRNA expression levels of Nrf2 in siNC or siPPARy transfected NHEKS
treated with CA for 24 h, PPARy and Nrf2 mRNA levels were normalized against cyclophilin mRNA
levels and are expressed as fold induction compared with the NC. c-d) PGE; secretion from siNC or
siPPARy transfected NHEKSs exposed to 20 mJ/cm2 UVB. CA at various concentrations was
pre-treated for 24 h before UVB irradiation. Results are expressed as meanszS.D. (n=4).

Significance; N.S., Not Significance, *p<0.05, **p<0.010
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B3 BE

UVB IRFIZ L 0 FE S5 KB ORIEIL, COX2 mRNA #BLOTTHE A/ L 7= PGE, Difh
FIERIC L > THIEE Z &5 [25], UVB BE#EEIZ L 5 COX2 mRNA FBLO LI, MiaH
ROS L~L 5% KV #— & L7= p38 Mitogen-activated protein kinase (p38 MAPK) {ik14H{kiz
FoTEZZZENRINTND [35], ZiubDFFEF, MIEN ROS L~/ EHAZHZ
%2 N UVB BEMEORIEZ MG T H720EETHD Z & EEMT TS [10],

B 1ETIT UVBIRERIC LV FFE S 2 BEDORIEICKT T 5 CA DHLIIEEHIZ OV T,
MR ROS L~ LDl 21 L7z COX2 #Bl & PGE, FEALITHE ;A& 2 T THET 21T - 72,
BANZ, UVB BRFE% OAMIEEEIZS LT CAILEMIER Z A L7z (Fig. 1-3), UVB BRFZZ
XY NHEKs OHifgN ROS UL 3 A EIC EH L7223, CA Tz AEICIE L7z (Fig.
1-4), &5 CA X, HMAEN ROS (2 & 0 FEOTLHE L= COX2 Ml 5 Z & T, PGE; FE
st LCTHIIER 27~ L7 (Fig. 1-5, 1-6), £ 7=, CA |L UVB RIEZEREICHB VL TH COX2
WL EHBICHED S¥ 72 (Fig. 1-5), ZNODOHEEELRAETSH L. CAIZUVB ICRES N
B DRIEWE ZHHIT 5 Z LAURMBE NI, FE, FE DO I NV—TBLURNAT - 72 H
FTIE. B N TORRKRBRIZI N T CA RAERAIOBMIZEY UVB BE#EHE O Minimal
erythema dose (MED) 1% 7"7 & AREA| & btz U CHEIZHA L7z (Data not shown),

Z I T, FHILPPARY ICIHEHRZ L CEHITHETZ D D Z & T, CA DFRIEFEHIZ O
TEOFEMARA D =R LZHOENCTDH I E L LTz, PPARy 7 3= MIPIRIEIEM 27~
TLERRESNTEY [32]. &5 UVB BEFEICL D COX2 ¥Hl L PGE, FEAD L%
PPARy M L TV 5 2 E S RE STV D [24], %, UVB BEFEIC L 5 COX2 mRNA &
BOBNIENF«B & 7 VKA N L TR Z D Z E0NMm5N TV 5 [36-38], PPARy D7 =
= MZ L BIEMEIIX, Lypopolysaccharide (LPS) < Interleukin-1 beta (IL-1B) (Z &% COX2
FEHPENMIE UTHIMBENAEN U, EERRIC Nrf2 & 7 Vi b iEE k45 2 &

5 [30]. #F# 1L CA @ PPARy 3 L N Nrf2 [Zxf T HEHIC DWW TG &2 7=, @&, ROS
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(2R 2 MRANBLEE o 2 7 2 iE, FLERLAIC GSH B LU 4 7 —ED L 9 2iERIZ L - T
HONTWND, ZHLDEEFIEINSR O NRICFET 22 LBMOENTVND Z b, &
F 1L PPARy B L UNNrf2, & HIZZ O FHIZAFAAET % y-GCS mRNA FELZ %95 CA DIEH
ZRHi L7z, ZOfE%, CA X PPARy 35 X OVNrf2, y-GCS @ mRNA FEHL L~ % BN S+
7= (Fig. 1-7), 2 HOHRERIL, CA 23 UVB IRFEIZ X 2HHEN ROS L~ LD ERZIK T &
HHEWVWIFEFELE —FHL TV (Fig. 1-4), %2, CA @ PPARy IZXI 3 DAEM &2 MGEET %
HHEYT siPPARy EAMALZ FHWZMREEFEBR 21T o 72, £ DOHREE, siPPARy MM TIL,

Nrf2 &5 %545 CA OFEIZIES LT- (Fig. 1-8) = &7n b, CA OFIRIEMEMICKT 5 &
B A=A E LT, PPARY-Nrf2 & 7 UREOTEMAL A S L TW\Wb EE 2 bz

(Fig. 1-9),

UVB

X Phospholipids

ROS )Y PLA, \l,

AA —> PGH, —> PGE, —> Inflammation
T — COX-2 —

¥-GCS <— Nrf2 <— PrARy (P

Intracellular defense system

Figure 1-9 Scheme showing the anti-inflammatory effects of CA : involvement of PPARy

activation.

ROS; Reactive oxygen species, PLA;; Phospholipase Az, PGH>; Prostaglandin H, PGE;
Prostaglandin E», COX2; Cyclooxygenase 2, CA; Chimyl alcohol, PPARy; Peroxisome
proliferator-activated receptor-y, Nrf2; nuclear factor E2-related factor 2, y-GCS; y-Glutamyl

cysteine synthase.
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BHAE E

B1EORFELD . CAIXUVBIZXL % COX2 3H L PGE, sEAD LR IIHIT 52 & T
MIREEOEMER 2RIt 2HOE Lz, &5I12, CAIZ PPARy DU T FE LT
Nrf2 o 7 F VR 215 M L U TSN GTER (L > A T L& @ 5 2 & T, UVB IRERIZ X
JaN ROS L~b o BRI L TMHIfER 2R Lz, Z0fERE LT, UVB IRFERIC L 5 —if

DR SRS R T % = L 2D E L,
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®2E RRBELWYE (DPE) 12 & 5 KREMIAEE~DIEH
BEOFLELIIINAT NIV N UVBZFLORER
3

P TIIRRIG GO RKGREOBIC IERNEE > T D, RRIGYDE LT < b5
W . AEREY R ORI BRY . EERWE L UTIIBEBE, KOFEEIT. BEHE. B
W7 EOPREE, KUK X DM, IR 72 S HOROKIIRE (PM). EE, &
BEZ2 E3Hk D —RR b BB b (RS2 &), SRR (CRMbERR L)
22 EOPEH T A | ALK & BRI EPHALFORE R Z L THEL DAYV (03) R
LR IF RV AKZE (Polyeyclic aromatic hydrocarbons, PAHs) 72 & DAk EA o &0 |,
PRBEC A T G 72 & OIS 72 &SR O FEMEA (LS (Volatile Organic Compounds,
VOC) 72 EDHEH H A « PR 1, S0 TR 72 ERH RO AR 72 E ORI+ s T
W5 [39]

HARTIIREB G EEIC LY . 20 DZ I MEHOMG L 7> Tk Y | PriLnES
MEDBNDREDKRPHFE L LN T WD, LNLARBL, RHRWEICE L T, Tk
FEEND AARICEERERE SN TS 2280, MARLALMELE Y 5ob b, B, KK
GBI E TITIERB O R TH DR FIRWE & LT THBEYED X Dok FIRYE |
PIRE SN TEY | RHABEER Tl IRWED THERYET 2 OhORH-RWE ) (I
BRELTHNBR TN,

I B RKIGYDFIK & S D HE A2 OALZEWE K OVER S e ORI R E R A 5 2
WD DHZ NG, MEREBRICHTLIEENAGHEONTE R, LirL, EEIXERC

BT OERANBOIEARTH O FIHFUTBR SN TV D Z & D, FERERSR & FAfkIC, K5

GeDJF R E B AR 2 WTREME A AERIICAH LTV D, FRCRITEDEEIITEIZ L - T
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REAGREN X2 BFEREREDIK TG S TW5D, o, REIGYWE O F B

' Td 5 PAHs 7’ Aryl hydrocarbon receptor (AHR) + 7 F Uik &4 UL CRIEMEA T 4 =—
B—HFHETH 2 LRWE STV [6, 40-41], PAHs IZFEHIZ @V BRI A > T AHR
I E L. AHR Uy FEEERIIERA~EBIT L. FERRICKEZENEGR T (Aryl
hydrocarbon nuclear translocator, ARNT) & #&&3 %, PAHs X AHR iEME(L, EENBITE LY
AHR-ARNT # &K% % i U T, Cytochrome P450 family 1 subfamily A polypeptide 1
(CYP1AL) % & T AHR AR - DIEBUIIMN 2 5] S 23 [42], #FE 472 CYPLAL 13,
PAHs O—ffC& % Benzo[a]pyrene (BaP) O R+ 2 Z & TREMOmWTRF T N
MOWA—NTRE Y PEEETER L, TS EHEIIC DNA 2655 LT, BRAMEERT
[43-44], T 72 b, AHRIEMALZ I L7z CYPIAL OiFE L, & X ITHEN ASCRIEINE &
FHET D [45], T 21T, CYPIAL OBRIFEH A MGT 5 2 L1, PAHs L W EFE S
D EMRE E L2 T 2BANOIEFICEETH L B LD,

F7o. AHRTEMKIZ L 550 & L TROS EEA B ON TV D [46], B 1ETHLE AL
W AR LS AT A0, Nrf2- Keapl ¥ 7 VREEIC L - THIFI S T 5 [23-24],
Nrf2 [3IEZNIZ 35V T GSH Ak DAL SE v-GCS 35 K T Heme oxygenase-1 (HO-1), Quinone
oxidoreductase-1 (NQO1) 72 & DHiffb P # B in A IS ¥ 25 L @G ST\ 5 [26-28],
PLEE D RETGGEIT AHR TEPEL & ZAUSHREYT 5 CYPLAL ORI, 70 b MR
fEA b L2 Ko TRIGITR UGl E 25| & Z T ArRErE s RIS 115,

EFHNT RKIGIRE D2 THUAEIERITIEH 280 TS PM25 12 H L7z, PM25
LA =R =T 1 7 )V & ZRIUTATFE LTz PAHSs, 727> T % Diesel particulate extract (DPE) 73
ZDEL B EHOTNDZ LD, RRIGEWE D NI+ 2 EICET 208 TITET
MEEH & LT DPE B—IICHW B TWS, £ 2T, 5 2 B Cld DPE & VT R&IF
YWBIC X 2 B E G E A~ OIEMERBEOTF G2 MAET 2 Z L2 A E L, 612, K

BB X 5 RS HEEOREMAZ B L LT, 20 FELL FolbEYo A7) —=1

A
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PR EIT o4 R, VB & LTH SN TS Pantothenic acid (PA) 35 X OV 0 ik
2,4-Dicarboethoxy pantothenate (EDCEP) BHERMEM AR L7 Z LD, T HITDONT

Figure 2-1 IZ/ R L7c 7B —F ¥ — MZ LD > TR Z1T-o 72,

« DPEMREE 1% D AR 519 % VR Mt
STEP1| (AHR,CYPIAI, ROS)

o FIBANBUER(L > A T AI2KT B MR ORE
STEP2| (Nrf2,y-GCS, HO-1, NQO1, GSH)

« RHEEs % H\ 72 /EH o #iEt (CPs)

STEP3

o SiNrf2i8 A 2 FH 7= BREESERR
STEP4

Figure 2-1 Flow chart of experiment.
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Figure 2-2 |Z PA 3 X (ONEDCEP O fb#ffiE & /R L=, PAIIKIEMEE X I v O~ Th D
VB5 & LTLLALNTEY, KECBWCTRIBEM, FLEER, BLXOERERZR
FTZENMESINTND [A7], LOL2RDB S, /N BT UERITZENERR BRI ME M
ZLmb, FEHEOOWNIGEZ V—TILERINEN © 2 < B OFFE(ATH S EDCEP % & Ak
L. AahI v,

0O

on /\o/u\o ’
H /><'\IrN O
N OH (o) (o)
Hofxl\gr \/\g/ N \g/ I \/\for

Figure 2-2 Chemical structures of PA (left) and its derivative EDCEP (right).
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Bl RBRGE
1-1. EZBRME

Xy v T g B U T A Hydrogen peroxide (H202) . MTT, <A Y —~~ F & U AR,
BLORZA T Y ITFEHEETE (KIK) L VA L7, PAHs DIERE¥ To 5 DPE (X7 £
U A [ESTAEUERATAFZEFT (National Institute of Standards and Technology, NIST) (MD, USA)
7> 5 Standard reference material (SRM) 1975 & L THE A L 7=, Ambion® Cells-to-CT™
TagMan® Kits, TagMan® Fast Universal PCR Master Mix, 33 &2 T" Pierce™ BCA, Protein Assay
Kit, Alamar Blue® . Alexa Fluor® 488 goat anti-rabbit IgG(H+L). FITC rabbit anti-mouse 1gG(H+L)
IZ Thermo Fisher Scientific () & Y A L 7=, DCFDA (% Calbiochem (CA, USA) 7> 5 A
L 72 B2 48K -0 (Tumor necrosis factor-a, TNF-a) ELISAKit {Z R&D Systems (MN, USA)
MHHEA L7, MEE CRYO COMPOUND (F~A 7 axvy (KM) LVBEALTL,
Fluorescein-5-thiosemicarbazide (5-FTSC) (% Anaspec (CA, USA) 75 Ml A L 7z, Hoechst33258
TFEAET (BBAR) 2BIEA LT, ~ U 7 — i3l b () 22HIEA LT,
Polyoxyethylenesorbitan monolaurate (% Sigma-Aldrich (MO, USA) 725 lEA L7=, Anti-AHR
mouse monoclonal IgG antibody (A-3) 3 JL T anti-Nrf2 rabbit monoclonal IgG antibody (H-300)
I% Santa Cruz Biotechnology (CA, USA) 7 bl A L7z, Can Get Signal® Immunoreaction

Enhancer Solution Solution 1 (B EERS (KFK) 7 HREA L7,

1-2. MkaEE
NHEKSs |Z A5tk (kB) & v A L. HuMedia KG2 £ (Afkhfg) % Hv\T 37°C,
5%CO, 7 [ CHi#& L 7=, % 7= RHEESs % Episkin™ large model (Episkin™ —LM, EPISKIN) %

fEA L. B oE: A -V T 37°C. 5%CO0, Babs T TH:%E LT,
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1-3. DPE IRFE# OMilEE

NHEKSs [ZATERE D PA & EDCEP, 3 X O'DPE (5 mg/mL) & &4 L7-E T 24 B AL
L7, 0%, 0.2mg/mL © MTT 2 &8 3 255M1C 1 FEfEEE L, $5HiaFRE Lz, MTT
DB L > TER LN O 7 v —R L~ HF o idA Y Fasx ) — L THIH L. WogE
(Abs. 550nm & Abs. 650 nm D7) ZHETH Z & TEE L, MlaAmRix, Ktk X

0" DPE #/LERAAE (NC) % 100 & L 7= Index (%) T# L7,

1-4. mRNA B DEE (Real-time RT-PCR )

NHEKSs I3 &% o PA & EDCEP, 33 X U'DPE (5 mg/mL) & % % Ha0, (500 pmol/L) %
A LM T EORFMALE A2 L=, NHEKs 2 5# RNA % fiti . Ambion®
Cells-to-CT™ TagMan® Kits % F > T cDNA % £k L 72, Real-time RT-PCR % TagMan®  Fast
Universal PCR Master Mix % 1\ »"C Step One Plus™ Real-time PCR system % {# ] L CT{T > 7=,

Thermo Fisher Scientific 25 AF L7727 F A4 ~—D7 v A IDIX Table 2 IZ/R L7=,

Table2 "I A4 ~—D7T &A1 ID

TIA~— 7 vEA ID
CYP1A1 Hs00153120_m1
Nrf2 Hs00975961 g1
v-GCS Hs00155249 m1
HO-1 Hs0110250_m1
NQO1 Hs1045993 g1
Cyclophillin PPIA control mix
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1-5. DPE & %\ \iZ H0: BREEH DM ROS L~)L

NHEKSs |3 ERRIED PA & EDCEP % &7 L7145 T 24 el 7" L AW % L 7-% ., DCFDA
ZE A L7z HBSS(-)T 45 3l A v F aX—Ta 352 L2k v, #MIaNIC DCFDA % B
DiAEHT=, £D#%, DPE (5 mg/mL) & %\ E H0, (500 umol/L) % &4 L7z HBSS(-)% 1
R[N EE L 7=, NHEKS (X Triton X-100 &4 PBS(-) Tl Z /Af# L dr YeiR L (Ex. 485 nm/ Em.
530 nm) ZHIET L Z LT, Ml ROS #E = L7z, [ARFIZ, BCA Protein Assay Kit & Fu»
THlfaD Z R E&ZEET HZ LT, MIaN ROS LU EHALZ X7 E X720 Ot

YerhpEE L LT LT,

1-6. DPE & 5 \\ME H0: BBEERORIEMEY A A >~ TNF-o ODERE (ELISA
i£)

NHEKSs X7 E )% > EDCEP % &4 L /-85 #C 24 5[] 7" L 4LEE & L 7-#% . DPE (5 mg/mL)
& 5T Ha02 (500 pmol/L) % &4 L7- HBSS(-)% 1 Wifijigi&E L7, = D%, EDCEP =& H
L7272 R5 M C X 512 48 IFHIZR A MLELA U7-, BEiIc /e S iv7z TNF-a 1%, HiRO
ELISA & v & HAWTER L7, [AfIZ, BCAProtein Assay Kit VW CHilnD % o378

EERTHIET, BN Z U RTEL7-0 O TNF-o R E LTER L,

B

1-7. RHEEs 28} % DPE B2E% OMIEE

RHEEs (I Af1%, MEOEHT 24 BEHBULAAT o7z, T O%, Blf 75l s fi L,
1%EDCEP & A #4158 L O 7 v R 8HK % RHEEs OB LM L, 48 REREEE L7,
RHEEs % {ci%1%. 10% Alamar Blue® & A E:#IC 2 Wefiih52E L 7=, Alamar Blue® |Z K-> T
RHEEs 7> b B 2 il S /=40 (Ex.544 nm/Em.590 nm) % HIE L7=, HIfEAIF=RIX

75 & R A L7~ DPE RBE#E D RHEEs [2%3 % Index (%) T L7=,
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1-8.  MERRFHOTHAR
1-8-1. BRAHEI R DOVERK & )
AR AR AR E O RHEES 1% PBS(IZ T L7212, 2 FIL T =2 0 o RiZ

TR ISR TR LA 7 vy 7 2B LIz, Tha, 774422 v MZT6 um

JEIZHEGI L, AT A4 AT AZAED 7=,

1-8-2. HAMROTEREFAR (HE Yufa)
MG R 137 & F oAz 2 oEEER, ~~ bF T U R T 15 4. 0.5% A 2 IR TC

10 ygeE ATV, R I BB TRIZE LT,

1-8-3. ERfbZ LR B OFE (5-FTSC )
HREY) A1 0.5 pmol/L 5-FTSC &4 100 mmol/L 2-morpholinoethane sulphonic acid (MES) #%

B (pH 5.5) T 15 ZrfE%ua 217 9 Z & T Carbonylated proteins (CPs) % 4uf4 L 7= [48], &
U729, CPs ITHOGCEEMEE (Ex.492 nm/Em.516 nm) THIZ L7=, &5, CPsicH¥KT 5
#OGIREE | Adobe® Photoshop 7.0.1. 4 FHV N CTHREEEARIT 24TV, 777 & AN 4 H L 72 DPE

KB % D RHEES (2%F9 % Index (%) T# L7,
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1-9. fafiufs L IbE L —F—BEMEIC L 288

NHEKs (4 7 AR N AT 4w ¥« ([CHRE L7, AHR Ye@loxt L Cid, ArERED PA &
EDCEP % &4 L 7=k T 24 W] 7 L ALEE % L 7=, DPE (5 mg/mL) % &4 L 7= HBSS(-) % 1
KPR L7z, € D%, PA & EDCEP Z & A LB 725 T & 512 3 Rl AR X MMupl %
U7z, Nrf2 Yetalxt U CiX, FTERRED EDCEP & A L7- 8T 6 REMALEE 2 LT,

NHEKS |/ A % 7 —/LC 10 3 fEE L721%. 1%BSA &4 0.1% Polyoxyethylenesorbitan
monolaurate PBS(-) (PBS-T) T 1 W7 v v %2 7' %17 - 7=, NHEKs 1% 1 %&kFifke LT, L
AHR HL{K (1:100) & 5 idbt Nrf2 HLik (1:100) % Can Get Signal® Immunoreaction Enhancer
Solution Solution 1 THIR L7=¥AHRIC T 4°C T—HA »FaX—T 3 % L7z, NHEKs X
PBS(-)IZ CHaifr#%. PBS-T TAR L7z 2 IRFUAESHRIZ TR T L IFfllA o F a2 — 3
% L7=, D%, 1 ug/mL Hoechst33258 %A PBS(-)IZ TR TS A v FaX—ra %
T5 L ClaRE A Y th LT, SEY AT o 72 NHEKS 1%, A L — W —BAfMEE 2 Ay

THIZZ L7- (AHR or Nrf2: Ex. 493 nm/ Em. 517 nm, Hoechst: Ex. 353 nm/ Em. 465 nm),
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1-10. #MERIAN GSH L)L

NHEKs IXFTE WL D EDCEP % &4 L7- 51T 48 R~ L AW A L=, # GSH &I,
GSH reductase recycling assay [49] % FVNCREf L 7=, [FIFRFIZ, BCA Protein Assay Kit & Fu»
TR DS X7 ERETERT D2 T, Ml GSH L~/ WTHNLY 87 B0 O

GSH & LT#E LT,

1-11. BEFD/ v 7 X T (RNA FHE)
NHEKs 1% 1.0x10% cells/well D% T 24 well plate (Z#5FE L . Nrf2 @ siRNA (siNrf2) 3 L
FUH L —T 2 ADSIRNA 22 hra— b (siNC) & LT Lipofectamine® 3000 % >

ThIVAT =T v ar&iTol,

1-12. WEEHAENT
T —4 | Imeans = S.D.THF L FFHRHTIZ 2 B Lb# 2% L CId Student @ t# € (Microsoft
Excel 2010) % . 3 FELL LD HLlE 2% L Tl Tukey #iE (IBM SPSS ver. 1.7) Z4T\>, p fiE 0.05

Aiifi (*p<0.050) I L O p fE 0.01 KJii (**p<0.010) ZHFHFHICABEED Y & LT,
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B2 MR
2-1. DPE BRE#OMIEE

TAERFTORER L V. PA 3 XY EDCEP IMlaA 17RO F 3588 DAL W KIRIE T
&% 5 mmol/L 3 X O Immol/lL ZZZhikmiEE L LT, £7- DPE IXRFERICBBLE
60% AR L 702 5 mg/mL A BRERIRAE LR E LT, 52 EO—#HOMR &7 > 72,

NHEKs OffiiaA: 17313 DPE IE#IC L Y 60%FE/E £ CTHEICH L7, DPE IBZEIZLD
HIRRAAF RO T IX PA B XL OVEDCEP % 7' LALEE G5 Z & Cdc® L PA JLELE E 2.50~5.00
mmol/L 33 £ O EDCEP |FALEEEE 0.13~1.00 mmol/L 4= C DO FEMIZIV T NC & bl LT
AEICHIRAGEN EH Lz (Fig. 1-3), YL EX V| DPE 2 L 5 MlafsE 2k LT, NHEKs

% PA B L OVEDCEP CTHLEEd % = L CTOREFERA N /RIE S 7= (Fig. 2-3),

140 140

| ODPE(-) mDPE(+) | DDPE(-) mDPE(+)

120 | e ™ 120 | e B T ke
~ [ ] ~ 1
100 | T T = T : =100 | = ™ M -
2 z
a a
o 80 - o 80 - -
z Z
e e
(=] =]
£ 60 - S
= =
2 a0 - £ a0 -
- -

20 - 20

0 0

063 | 125 | 250 500 013 | 025 | 050 | 1.00
NC PA (mmol/L) ‘ NC EDCEP (mmol/L)

Figure 2-3 Recovery of DPE-induced cell toxicity in NHEKS treated with PA or with EDCEP.

NHEKS were treated with PA or EDCEP with or without DPE for 24 h.

Cell viabilities were evaluated by the MTT assay and are expressed as fold index (%) compared with

the NC without DPE. Results are expressed as means£S.D. (n = 4). Significance; **p < 0.010
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2-2.

2-2-1.

DPE IR D AHR ¥ 7 FUREIT T 5 5
DPE 2% D CYP1A1 mRNA 3 E

AHR ® U H> RT&H 5 PAHs 1%, 24 % TIZ NHEKs I231F %5 CYP1AL i&{sF O I 5&E,

EHFETLIENRMESNTND [42], SHREKIGEMWE DT M e L THWIE

DPE O %57 1% PAHS ODIEEM TH 5 Z L 75, PA 3 L TVEDCEP 78 AHR 3 7' /LR H&

T 9 5 Z & CDPEBRFEIZ L 5 CYPLAL i FIFHEE 2 W92 il 2 1T - 72, & Ofk 5.

DPE B2#%(Z & > T CYP1AL mRNA FIBUIA I L7-, DPE BE#RIZ X 5 CYP1A1 mRNA

FRELOHNNIL PA 33 X OVEDCEP & LEEd 2 Z & CTHI S 1. PA ALBEJEFE 2.5~5.0 mmol/L 33

X OVEDCEP #LEE#2E 0.5~1.0 mmol/L TIE NC &l L CTHE Th - 7= (Fig. 2-4),
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ok £ EE

_ 40 T
8
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4
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=
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Figure 2-4

CYP1A1 mRNA expression

50

40

(8]

ODPE(-) mDPE(+)

ok L o

B

NC | 050 | 100
NC EDCEP (mmol/L)

Inhibition of DPE-induced cytochrome P450, family 1, member A1 (CYP1A1)

up-regulation in NHEKSs treated with PA or EDCEP.

NHEKSs were treated with PA or EDCEP with or without DPE for 24 h then subjected to Real-time

RT-PCR analysis. CYP1A1 mRNA expression level normalized for cyclophillin mRNA expression

is expressed as fold induction compared with NC. Results are expressed as meanszS.D. (n = 4).

Significance; **p < 0.010
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2-2-2. DPE BRE#% D AHR BN TICH T A 25
PA 3 L OVEDCEP 78 AHR o 7 F VRIBIZxf T A A D = R A EH LN T B 7-DI0. I

%77 1X DPE WR#E 1% O AHR OENBAT 2 71l L7z, Z OfER, NHEKSs (23t L T DPE % W&
T2 2 & T, MIREICHE L TV AHR HOROFREOEOGIIEN~ L BT L, MlasZ bk
DHEEDOENDRELE —B LI=Z L )35, DPE BEFHED AHR OBNBATZEE S5 2 &N
HOhERolz, ZD&E, PA ZBE L7 HIl Tld DPE BRFZIC X 2 AHR ENBATIZRT
DR IRERD AL o 7273, EDCEP #AWBi§ % Z & C DPE B2 L - TH AHR (Ml
BIZRIEL TW=Z &6, EDCEP 13 AHR OBNBITZILET 5 Z & 23R S 7= (Fig.

2-5),
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Without DPE

With 5 mg/mL DPE

Sample

NC

PA
25

mmol/L

EDCEP
0.5
mmol/L

AHR + Hoechst33258

AHR + Hoechst33258

Figure 2-5 Influence of PA and of EDCEP on AHR translocation in NHEKS after exposure to

DPE.

NHEKSs were treated with or without EDCEP for 24 h, and then were exposed to DPE for 1 h.

NHEKSs were further incubated with or without EDCEP for 3 h, after which the distribution of AHR

labeled by immunostaining was observed by confocal laser scanning microscopy. Scale bars: 20 mm.

Green; AHR, Blue; nucleus.
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2-3. DPE & %\ i H20. BREE# OMIEA ROS L)L

CYP1ALl % & de AHR & 7 ViR B DTEMEALITMIIN ROS LNV & B &5 Z L35
NTWDZ &N, FHHILPA R LV EDCEP @ DPE IEFE# OMIEN ROS L~ LZxd 5
VER % 3H4fi L 7=, PA 35 XU EDCEP C NHEKSs % 24 R[] 7" L ALEE L 7= %%, DCFDA CHLEL L
T DCFDA VAL E72, £D%. DPE & %\ T H0- IR FR I X 2 #laN ROS L~/LdD
TAb % fesd Uiz, T OfEF:, EDCEP (D473 DPE BRI L W 8 I b ROS L~ E5-
FAHBICOH Lz, 610, —MROISHN ROS L Ex ERSELZ LML TN
FRf A b L AGEEA] Ha02 MREE (63 2 2 b [AARICAHI L 72 & 25, EDCEP D #7Y H0;
BRERIC L VBEE S5 ROS LV ERZAEICHHI LIz, —77 T, PAIZROS L~ Lz
T LAHIMSELHER L2257~ (Fig. 2-6), ZH 575, PA & EDCEP & 3R H1EH A A
= AL %[ D AHEMED RE S 41, EDCEP [THEfaN Ll b o 2 7 L & 58+ %5 Z & T DPE

(2 & Mg E OREFIER 27”3 rTREMEAVRIR STz,
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Figure 2-6 Influence of PA and of EDCEP on intracellular ROS levels of NHEKS after

exposure to DPE or HO..

NHEKSs were treated with or without PA or EDCEP for 24 h. Cells preloaded with DCFDA were
exposed to DPE or HO> for 1 h. Intracellular ROS levels were then quantified. ROS levels are
expressed as fold index (%) compared with NC without DPE or H.O». Results are expressed as

meanszS.D. (n = 4). Significance; *p< 0.050, **p < 0.010
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2-4. DPE & %\ X H20: BREH ORIEMY A MU A ¥ TNF-0 533

KIZ DPE BEFE%IZ NHEKS B3 EN 5% A R A AACHOWTHRE 21T o7, FHIE
MM ROS L ~L BEFUZ K0 WA T S 3L 2 RIEMEY A R U A T, S HITHIKAA ROS
Lb D EFIZHBIRT S TNF-a l2% H % LC [50-51], EDCEP OHUAAENER & 3F4fh L 7=,
DPE 35 KL Uf H202 1% (3 NHEKs @ TNF-o 732 22 A &7, £7-. EDCEP DR
(2 & > T DPE BEFR(C & 5 TNF-a D3t 2 i35 2 L MiEsd S /e, & 512, EDCEP
DIIRIZ L5 TH021Z £ 0 B L7z TNF-a O3 W THE b A BEICHHI 5 2 L 3R S 7z

(Fig. 2-7),

5.0
ONon-irritation mDPE(+) @H202(+)

4.0

3.0

2.0

TNF-a (ng/mg protein)

1.0

.
.

0.0

NC EDCEP (mmol/L)

Figure 2-7 TNF-a secretion from NHEKS treated with EDCEP after DPE or H,O, exposure.

NHEKSs were treated with or without EDCEP for 24 h, and then exposed to DPE or H,O, for 1 h.
NHEKSs were further incubated with or without EDCEP for 24 h. TNF-a secretion into the medium
was quantified using an ELISA kit. Results are expressed as means£S.D. (n = 4). Significance; *p <

0.050, **p < 0.010
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2-5. HIRNHERIL Y 2T ATk B 5
2-5-1. HRAHERILY 2T LAREBETF D mMRNA RREH
PA 35 L TN EDCEP OfEM A L 0 3EMICH 52N T A 72012, Nrf2 & 7 UK I B¢

% a1 2Rl L7, PA 35 X OVEDCEP CHLEE L7= NHEKs % i\ C Nrf2 & Z 0 FiRicfF
fE9 % y-GCS B LU HO-1, NQOL IZ oW Takli&z4T - 7=, & DfkF:, EDCEP I 3 Kk
FOv6 HEEALEE & H 12, Nrf2 B8 X0V y-GCS, HO-1, NQO1 ZH BTN & E7/=a, —FH T

PA TIZW T ORI TH Z 40 mRNA OJEHBINNELRD Bz -7 (Fig. 2-8),
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e) D g) h)
i) ) k) D
m) n) 0) p)

Figure 2-8 Induction of mMRNA expression levels of factors related to the intracellular defense

system.

NHEKSs were treated with or without PA or EDCEP for 3 or 6 h then were subjected to Real-time
RT-PCR analysis. a—d) Nrf2 mRNA expression, e-h) g-GCS mRNA expression, i-1) HO-1 mRNA
expression, and m—p) NQO1 mRNA expression. a-b, e-f, i-j, m-n) mRNA expression after PA
treatment and c-d, g-h, k-I, 0-p) mRNA expression after EDCEP treatment. a, c, €, g, i, kK, m, 0)
mRNA expression after 3 h treatment and b, d, f, h, j, I, n, p) MRNA expression after 6 h treatment.
MRNA expression levels were normalized for cyclophillin mRNA expression and are expressed as
fold induction compared with NC. Results are expressed as meansS.D. (n = 4). Significance; *p <

0.050, **p < 0.010
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2-5-2. RN GSH L_)UZxPd 3 2
EDCEP % Nrf2 o 7" /Ui 2 i PEAL L. GSH &k O L% SR v-GCS D mRNA FEHL ¢ 1

MER-Z D, KRIC EDCEP Ol GSH &l xt+ 2 1ER 28 Mt L=, & DOf55%R.
HMAEN GSH & %1% EDCEP ALPHIC L » THIN L. EDCEP L2 E 0.50~1.00 mmol/L TIZH

B Tho7 (Fig. 2-9),
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Figure 2-9 Intracellular GSH levels in NHEKS treated with or without EDCEP.

NHEKSs were treated with or without EDCEP for 48 h. Total GSH levels of lysates of NHEKs were
guantified using the GSH reductase recycling assay. Results are expressed as means+S.D. (n = 4).

Significance; **p < 0.010
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2-6. Nrf2 37" F BRI 5 B8
2-6-1. Nrf2 ¥ 7 FIIVRBKIZ /T D B~ DO RRIEERR
DPE B2#% 2 X % EDCEP O MuEEFEFIVER 23 Nrf2 o 7 VR & OIEMAL Z M L= 6 D

WERHGNZT D7D, FEHIESINR2 DN A7 27320280 Nif2 2 KD L7
NHEKSs % f\»C EDCEP O 1E Z IRGE L 7=, siNrf2 238 A L 7= fliia > Nrf2 38813345 X % 30%
FEE F CTHEICE T L (Fig. 2-10a), F7-. siNC E AFMIEIZI3\C EDCEP | DPE B 1
DN R DIBFIVER 7% L7225, siNrf2 B AAIRE Tz OFBFERIZI % L7 (Fig.
2-10b,¢), =512, siNC EAHIIIZ B W CTHIFIN GSH D& BUEHEEAILRRD =23,

SiPPARy S AGfIE Tl GSH & RUREE RO B ivZeh- 72 (Fig. 2-10d, e).
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a) Nrf2 mRNA b) Cell viability (siNC) ¢) Cell viability (siNrf2)
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Figure 2-10 Effects of EDCEP on intracellular GSH level in Nrf2 knockdown NHEKS.

NHEKSs were transfected with siNrf2 or with an siRNA to a random sequence (SiNC). a) mMRNA
expression levels of Nrf2 in siNC or siNrf2 transfected NHEKS, b—c) Recovery of DPE-induced cell
toxicity in siNC or siNrf2 transfected NHEKS treated with EDCEP. NHEKS were treated with
EDCEP with or without DPE for 24 h after transfection. Cell viabilities were evaluated by the MTT
assay and are expressed as fold index (%) compared with the NC without DPE. Results are
expressed as means S.D. (n = 4). d-e) intracellular GSH levels from siNC or siNrf2 transfected
NHEKS treated with EDCEP. NHEKS were treated with or without EDCEP for 48 h after
transfection. Total GSH levels of lysates of NHEKs were quantified using the GSH reductase

recycling assay. Results are expressed as means%S.D. (n = 4). Significance; *p< 0.050, **p < 0.010
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2-6-2.  Nrf2 ENBITICXT 2 &

Nrf2 & 7" F Uik 2 TEVE(b 3% 2 & ¢, EDCEP % DPE I L D MG E 2 fEfm+ 5 2
EPTRBEENT-Z LD, Nif2 ¥ 7 F VR 2 EHAL DR A DISE Th D Nrf2 ENAT %
A L7z, NHEKs (2% L C EDCEP % 6 RFfHjf L% Z & T, M ITA/7E L TU 7z Nrf2
HSRDOFEADOEINIIEN~E BT L, MIZEROFEOBMORIEE —H LIzZ &hb,
EDCEP %% Nrf2 OFNBAT A ARHE S5 Z E R B2 & 72 572 (Fig. 2-11),

INOOREREZRET H &, EDCEP (ZFR{L A b L ZITxE LT N2 & 7 ViR D iE AL,

Z9 U GRSt L > 27 DA R 5 2 L DR Sz,
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Nrf2 Nrf2 + Hoechst33258
i

NC

EDCEP
0.5
mmol/L

Figure 2-11 Influence of EDCEP on the nuclear translocation of Nrf2 in NHEKS.

NHEKSs were treated with or without EDCEP for 6 h. The distribution of Nrf2 labeled with
immunostaining was then observed by confocal laser scanning microscopy. Scale bars: 20 mm.

Green; Nrf2, Blue; nucleus.
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2-7. RHEESs {281} % DPE BREE#% D CPs L)L
BT, BIERIEN OIRE SN RRIGRME OB R T 22 L2 AL LT,

RHEEs # W THET &2 1T o 72, #BREUEHE L CAJEMIA S 1%EDCEP BdA fifl & 5 it~
TR ARRF 2T Lz, £o. THHDORMICK LT DPE BRER & RIBEBEIE 2k, 48 Iy
M558 L7=%. RHEEs O FR L CPs L~YLICH T H1EA 25 L7z, 77 & R
Z# M L7z RHEEs Tl DPE BREZIZ K » TR EAF RN A EICIR T L7223, 1%EDCEP il &
HF 238 1] L 72 RHEEs T3, DPE B (2 X 2 Ml EFROIE TR O biighole, £z,
DPE B &R Tl 1%EDCEP fid & 44 43 F L 72 RHEEs Tl 7" 7 & AR Al & bl U-Cia/E
FRNERICHEM L7 (Fig. 2-12a), £7-. MEAOBEGER D 77 B RRA 28 Lz
RHEEs TiX DPE W#Z(Z & > T CPs L'~V DEE 72 EH-DGRO HALTZh3, 1%EDCEP fil &
Fl % H L7z RHEEs Tl CPs L~ ERIFERO b/ dr o7z (Fig. 2-12b), 7=, CPs L
SOV EBEERNTIC E DB L7 2 A, ZROOREZMIL T TR A Z# A L
7= RHEEs "¢ DPE BEfEIC L % CPs L~ LA &7 -5 & . DPE BR#EEE Tl 1%EDCEP fid
A8 %@ ] L 7= RHEES TO CPs L~ L DA & A3 vz (Fig. 2-12¢),

UIEDZ Lt AEAIT LD & LTz B = IRouhiE 2 A9 % RHEEs (23 T % NHEKSs
Hig 173 % & [FRIC L C EDCEP ALERIC J - T DPE BREEtk DML E L LA N L 203k

MEND ZEBHLNE ST,
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a) Viability b) Histology
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Figure 2-12 Changes in RHEES treated with a Placebo or 1% EDCEP with or without DPE.
RHEESs were treated topically with a Placebo or with 1% EDCEP for 48 h with or without

DPE.

a) Viabilities were evaluated by the Alamar Bluel assay and are expressed as fold index (%)
compared with RHEES treated with the Placebo without DPE. b) Histology of RHEES treated with
the Placebo or with 1% EDCEP with or without DPE was observed by confocal laser scanning
microscopy. Scale bar: 20 mm. HE stain (blue; nucleus, red; cytosol or SC), 5-FTSC stain (green;
CPs) c) CPs levels were quantified by image analysis of the fluorescence intensity of 5-FTSC stain.

Results are expressed as means+S.D. (n = 3). Significance; *p < 0.050, **p < 0.010
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B3 BE

T4, DPE Z B BRELH R OFIKME N, BIEDOEART P E—MERJER &V o T
DA RE b2 b T LG SUIRH TV D [6, 41, 52-55], REOFER LV KKIGHWE
DET LAY T % DPE O EEHEIA 1 CTdh % PAHs 1% CYP1AL © mRNA B4 3 L <
FHE L, 72 AHR 7 LR 418 U T NHEKs (281 A #IEN ROS L~ % ERH- &85
ZEDRHBMNE o7, ROS B L UNROS IZ L VSR I D RIEICE I~ 7§ b7 71
DRI H—=LR2DZERWEINTND [10], HIT, ROS b £7- CYP1IAL OFBL % L 5H-
SHDHZENMBNTWD [56-57], CYPLAL X, PAHs O—FETH 5 BaP O\ & 1EiEd
5L TREMEOBONT AR Y REOVA— LR E Y FEEZER L, 2B EENIC
DNA #EETHZ LT, BRAMZRTZENMESN TS [58], ZHHDHEEMND,
CYPIAL DERIT AHR o 7 Vit s & Z OB OIEPEALIZ &> THEAE S D ROS O IC
Ko TRADHEESIEDEL TWDAREMEZ R L TS, L7chi> T, PAH (2 & - TiEE
fbEd AHR 7 VRIKIZ X 5 CYPLAL & ROS DFEAZIIHIT 5 Z L3 FD R A A
AL A LR H ETHFICHELZEZDBND [45],

AFETIE, DPE 2> THEMAILEN D AHR &7 FURIKICIIT D PA L 2 OFFE K
EDCEP OfEMIZ DWW T, CYPLAL & ROS OFEAIZIEH L CaHliZ 1T o 72, &I, EHIX
DPE (2 X DIl E Cxl LC, PA & EDCEP MNEEE ZREMIEA 22 L2 AH L
(Fig. 2-3), £7-.CYP1AL ¥ HLX DPE (2 L ¥ 3% L % 30 (5FefE & T EH-9 573 PA & EDCEP
X2 OWWFIEE 2 A BEICIET D 2 L AURE T (Fig. 2-4), ZiuH 75 PA & EDCEP [#ifk
A% DPE IC X D MIlUGEZ T 2 Z L b E /o7, F32, EDCEP 1% DPE |2 &
STHEEIND AHR OENBITEZILET % (Fig. 2-5) Z &2, EDCEP (X DPE Ik - T
FHE I D CYPLIAL IZx L C AHR & 7 /U RAFROICHIE L T\ 5D 2 L ARIB S D,

X 51T, DPE X NHEKs (231 2 HildN ROS L~L% R w2573, ifEfl7: ROS pEAIC

%I L C EDCEP [ ZHHIENCA/EA T2 — 5 T PAIC X 2MEMERITZE® S /e ho 7= (Fig. 2-6),
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MMz T, —MREREMEA N L ADFHEHITH 5 H0212 L5 ROS FEAIZRT LTI, PA XA
BICHINE W72 (Fig. 2-6), ZAU 5005, PA TN IR LY AT LA DOBEFRIEA N 720 &
BEZBILVEFEPAIINA & 7 F VRRBE OIEPEAIT S L T H A KT S 720> 72 (Fig. 2-8),
XHRREYIZ, PA 13 DPE (2 K 2 MG E (63 28 EH 2R L TW\WD 2 &b DPE B
K DM EICk9 5 PA & EDCEP OfEAIE, UHIDOEEDO FRICK LT, BEWIEZRS
ZEas T I ERHLNE o7, PA DIERIA I = X LIZHOWTIEA LI 72> T
Wb HDON, ZUTOWTITAROMEL L, AEITIZEDCEP IZERZH T, &
DICFEMIR R 21To 2 L & L,

% 2 THAIT EDCEP OHRRILIEM &L €D A D =X LIZHER 2 Lic, RIEVEY A B A >
Td % TNF-a 1% ROS EAICATHET 2 KIEICEICHEE T2 Z En3mbitTund [50], EDCEP
OHEAIER 2 EET 5 72512, DPE & 5\ T Ho02 12 Lo THE S5 TNF-o 20Uk 5
HDVER & G- L7z, Z DR, EDCEP (X DPE & %\ T Ho02 12 & » T &5 TNF-a 47
WEMHIT 2 Z ENB L IZR Y (Fig. 2-7), & 512 RHEES IZ8WCIX DPE 12X 5 CPs L
LD EFHEZWEIT D Z LRSS o7z (Fig. 2-12b, €), CPs [TAMfE 28R 5 & /]

JBEIZEENDTNAX=R) DX 9T I 7 R EREOBEBLIc L > TAELL TV
T & NMEEMBBIST 5 2 & CHRE LD, EDCEP DL F#iE &84 CTH . ROSIZx LT
HHEANCHER T 5 Fr o b B3 S22 L avh . EDCEP (flamHiie(l s 27
LEHR LTV D ST 72,

WE . ROS (2R3 2 HIMEANHIE L > A T 2%, HIBRLAIC GSH o 4 7 —F¥ D X 5 72
FILoTHbRLTWS, 2D DR TIE Nrf2 & 7 F /UREEO FIICHFIEL TWD Z &
5. FxiE Nrf2 mRNA 288125195 EDCEP OfEH ZFFM L, Nrf2 BELZBMEE5 2 &
R U7 (Fig. 2-8). Nrf2 OTEMEALIE PAHs BREEIC X 2 MG B A B3 5 Z & A S
T [59-60], EDCEP DE A 1 = X AIZHONWT, & SICEEMICHFTT 5729012 Nrf2

2T TR D FIRICIEET D y-GCS 3 LT HO-1, NQO1 @ mRNA FEEUZ T H1EH &
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Bt L7 R, W bR FA RS EBLOBMSFE0 b 4L (Fig. 2-8), GSH A RRICH LT
HAEEER 2R TR S E 72572 (Fig. 2-9), 512, Nrf2 2 KD LMk nwC o
A5 EDCEP OERIZIHAT 5 Z & 23Ed8 S 4u (Fig. 2-10), % 7= EDCEP % Nrf2 ONBAT
HIEHET 5 2 &S S 7z (Fig. 2-11),

I B DR RA S EDCEP % DPE BRHEIZ L Ml ROS L~/bd 5125 LT Nrf2 &
7 F IV I 2 G MG TR AR G D S MBI % 2 L 23or o 72 (Figure 2-13), — 77 C

PAIZIBWTIE, Nrf2 & 7 F U BRIk 2 83580 b ivigino T,

DPE

R\

AHR —> CYPIAl —> ROS —> CPs
ANEA T T

@D Nii2 —>1-GCS, HO-1,NQO1—> GSH

Intracellular defense system

Figure 2-12 Scheme showing the anti-pollution effects of EDCEP : involvement of Nrf2

activation
AHR; Aryl hydrocarbon receptor, CYP1A1; Cytochrome P450 family 1 subfamily A polypeptide 1,
ROS; Reactive oxygen species, CPs; Carbonylated proteins, EDCEP; 2,4-Dicarboethoxy
pantothenate, Nrf2; nuclear factor E2-related factor 2, y-GCS; y-Glutamyl cysteine synthase, HO-1;
Heme oxygenase-1, NQO1; Quinone oxidoreductase-1, GSH; Glutathione
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BAR NE

2 mOREE LY, EDCEP |X DPE IE#EIC KX 5 AHR ¥ 7 1 LRIE DR ME(L & CYPLAL %
BoTuEZ T2 2 & THIIGE ORFIEM 2~ 2 L 2 b & Lz, & b2, EDCEP
13 Nrf2 & 7 T Vi s 5L U GIIIENUIR L > AT Lz %5 2 & T, DPEBRERICZ L S
AN ROS L ~L o EFIT L CHIfifEM Z2/r Lz, £OfER & LT, DPEBREEIZ L 5—

HOBEA NV RAINEEZIHITHZ 2L E Lz,
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3 In vitro BEREEBERET TIN5 AV EERIC X A &R
EE~DEEBEOFELER~ N v 7 A~DOEE

VURREEICBIT Db o & b —RIER E L T—RICH RSB SN TERY . #
DFEFRANRERELLLLETLERTH D L EDILTND, 2011 4F 7 HiZid M &
DN T AN T %) L E D ED 56 FH OB ORI & L TBIEKRE S
M, EBIT2016 FFITiE TPV EHET D] LWVWIUSTHREY—7 > b & LIcARIS
BT ERIREAMR WD TRRBE Sz, 2o Z b b, @bz > HaAEICE W
TEALTUHNIER 22N EE DOERIZ R 5o H D,

BEJENFER & 2 WP G DKy &EIE. RO K SRR KO Y THREIC L -
THIE & TE Y . Natural moisturizing factor (NMF) [61] 3 L N Mg /EIEZE DT 2

M3t [62]. FEFCHEKIIE O Tight junction (TJ) [63] DEEAEZIT 5, T D OEREITEEMR

I

RIBEREICL VLT 2 e dE SN TS, ZNOHEEEOEIT, KFREIZIBW TR
T & RTS8 & B & FETA 2 I 2> & 70 2 JLERREE O ELIV, 70 b K OILRS
FEGMAR T, %IEDOH & W o T BB L 2 1 5 REBEILO R & 72 5,
AZEORIMEREN RN ZS S E T EERALNTVDRN, EBRIZAFOE b
B2 W C I S AT AFTRIC KA, Mg Sl U7z IL-1ra/ IL-1o b B3 @E ST D
[7]. £72. KBEEE FI2BWTIE IL-lo OOWMNTTET D Z ENmE S TW5 [64],
S HIZ, AFEDOMAJETIL CPs OHMABILEE I D [65], ZiLH O IL, AZFOREEIIC
BWTHIIRIER S NIF LA P L ARFHEEI N TV D ATREMEZRE L TV D, FEERIZ,
ZOXI BRI IR CTHE AL I TS, DFED, ~T LAY U ZAERRERE T
THETDHE. ARBEBROIRT2ROWNNIT AT RT  OBDICER L CTHEREE AU T

HRERFE DR O DAL, MRk e L TR Z s S EZ T2 LRI TWD [66].
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W KEORRI N T OFRICEET 2, £, REORBIEL, SEIEREE b
FINDFRE 2D ZLBRHMENTWDR, ZOWMERTET » AFTHES LT,
MR RERN U EZIE T 2 Z e nE2 60, ZhaR— 32287020
— ORI ERKOABIZB W TRIBEN TO D RIEWY A F I A > IL-1o DFEATLIEE
Thd, IL-la DEKZ~ M) v 7 ZAOMEKRKD Th D a7 —57 2 05 fiREEFE (Matrix
metalloproteinase-1, MMP-1, Collagenase) FEAZFHFET L Z N OLNLTWNWDH I L6,
IL-lo DEAITEE~ N v 7 AEEOEMEEZ S VIR ENET 5 L @G Sh T
[67]. LoxL72dn, BUFEHERZERICRB W TIEWERP LS N TWDH 2 LD, KE
DFLMEE ROS DAL, & 51T IL-lo # L= > VB O BIfR % KA 2 2 & 1XR
HCTHDH, T ZTHI3ETIL, RHEEs Z A Cinvitro HR R EET V2B L, #Ric X
D RS E~ORB L IEHMBEOF G EZA LT H E L HIC, in vitro HREETT
JVIZNHDFs Z il 8t 5 Z LIS Ko TGO L YU IRROBREH SN 22 L

FHBE L,
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B1E ERBRFIE

1-1. EBRE

PRk DAL v U NMIEEART: (KR) KVEA LT, 7Ty I VE XL AL DI
A L7z, Alamar Blue® 35 X T Pierce™ BCA., Protein Assay Kit (% Thermo Fisher Scientific (3R
) LVEALT, a7 47 LA % b Biotin label-based Human Obesity Antibody Array1
I% RayBiotech (GA, USA) mBIEA LT, A Y —~~ b F VU VIRRB L O AT Y 1T
FYCHME T (KPR) L VEEAL7-, 5-FTSC (% Anaspec (CA, USA) oA L7z, ME
CRYO COMPOUND (I~A4 7 rxT v (KBK) LYVMEA L7z, IL-la ELISA % v MBS XU
t b MMP-1 5itfk (AF-901). $1¥ ¥ IgG-HRP #ifk (FKA14) % R&D Systems (MN, USA) 7>

SHEAN LT,

1-2. HEfarE®

NHDFs (X B 80khiE (KPk) LY MEA L. 5% Fetal bovine serum (FBS) # & A L7-
Dulbecco's modified eagle medium (DMEM) E%#h (Thermo Fisher Scientific) % F»T 37°C,
5%CO, Bilii F CTH;# L7-, %72, RHEESs I% Episkin™-LM (EPISKIN) Z i A L. [tk

Z AT 37°C, 5%CO, Bl F T L7,
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1-3.  FLBRRIBEERE O 1ERR

RORRINACEE N, KRR RHEES O R\ 2 R EBREE FICRoZ & A 4E L, Bhoik
DAL N T DEFTE LT o TIVEZ TOREJEE L7k, 12 well plate (A& L7
RHEEs FiBIZPAZERAE CR%{E L7z (Fig. 3-1a), £7=.7 7V & RHEEs A 154795 12 well
plate DEEFETIALIZHATY B Y 2 HWTHEM L7 (Fig. 3-1b), % % © RHEEs O R 1
i = MROATRELE BRIZTOME Lz [68], &7 ¥ 7 /VE O 1 Aafn S
WIRIZE VREE LTz, 3725, 20°C OBREL FTliX KzSO4: 97%, NaCl : 75%:35 L X MgCl»

33% A& 4EIE L L7= (Fig. 3-22),

(b)

Figure 3-1 A CaCly-filled ampoule for preparation of dry conditions at the surface of RHEEs.

These images show the CaCl.,-filled ampoule used in the study.

(a) Details about each part of the CaCl.,-filled ampoule loaded on a RHEESs. (b) RHEESs with the
CaCly-filled ampoule cultivated in 12 well plates. The name of each part is as follows, 1: culture
well, 2: culture insert, 3: RHEES, 4: medium, 5: RHEES culture kit (1-4), 6: ampoule, 7: CaCl,
(desiccant), 8: cotton plug, 9: small culture insert, 10: silicon tube, 11: CaCl,-filled ampoule (6-10),
12: culture plate cover, 13: through hole and 14: vaseline.
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(@ ¢ + il (b)

Standard solution

atmos- | Giow | Nacl K
e i gCl,.ss. aCl.ss. 250,.5s.
\ P ampoule
3 33-75% <33% 33% 75% 97%

Figure 2 Humidity measurement in the loaded CaCl-filled ampoule. Humidity in the loaded

CaCly-filled ampoule was measured.

(a) Details about each part of the humidity measurement device based on the dry instrument. The

name of each part is as follows, 1: ampoule, 2: saturated solution of standard or CaCl,, 3: small

culture insert, 4: culture insert, 5: silicon tube, 6: mesh, 7: CoCl, paper and 8: slide glass. (b) CoCl;

papers in loading CaCl; and standard solution-filled ampoules
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1-4.  ELISRIESH T T D RHEEs O

RHEEs % 24 BBk L7214, NC & L Tk 548 & fikie L 72 RHEES 36 X Oz il s &
R iE L7z RHEES Z (i U 7, AR ITH] | BB OAERFES i C i B IS BRI AZHA 22170 37°C
5%CO, Bilii N T 6 HI#E5# L7z, RHEEs Z¥Eif+#%. 10% Alamar Blue® &7 5511 T 2 Ryfiks
7% L7z, Alamar Blue® (2 L > T RHEEs 7> & Es A (2 ik S 7= 80t (Ex.544 nm/Em.590 nm)
ZRE LTz, MIEAFRIX, NCIZxtT 5 Index (%) T L., HEfRIC K 2 Hla e »s i

WZ EEERR LT,

1-5. AR FERYFEAT
1-5-1.  BRAEEDR DOYERK & #E)
AR A7 2R EH O RHEES 1% PBS(IZ T L7721, 2 FIL CHfEH 2> o o R

TR, IR THR LA 7 vy 7 2B LIz, Thae, 774422 v MZT6 um

JEIZHEIL, AT A R T ARV AT 5 2 & THFY R 2B L7z,

1-5-2. HARROTZREFAR (HE L)
MG R 137 & F oAz 2 oMEER, ~~ bF v U URIKT 15 4. 0.5% A v VIR TC

10 4y e 24TV, AR (CBEMEE TRz LT,

1-5-3. Efb& 7 B OFE (5-FTSC 4ufa)
FHAREI A% 0.5 pmol/L 5-FTSC &4 100 mmol/L MES #&f#ii#% (pH 5.5) T 15 434t %17

) Z & CCPs ZYeta L7, @il L7-%., CPs [T M EE (Ex.492 nm/Em.516 nm) CHIZL

77
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1-6. HWARF OMERELIEYT (Protein Array 15)
R & 24 W4 £ CToOREE RIEAEIR L, ko7 w7 A 7 LA % v | Biotin
label-based Human Obesity Antibody Arrayl (RayBiotech) %z fWC. D7 1 a it~ T

i L7,

1-7. RIEMEYA S AV IL-1a DEE (ELISA 1)
FLEERNE N5 7 H B E TORE REZRFICEN L, 8538 BEHRIcoi Sz IL-la

1%, HIR® ELISA %~ &2 AW TER L, RHEEs =& Ot &0fEMmE LT L,

1-8. ER~ MY v 7 AD5EEER MMP-1 OE&E (ELISA ¥%)

48 W MR B 4 3% & L 7= RHEES O %#% Li% % NHDFs (Z 4 A [FJALEE L 72, NHDFs
e BiEHIC oMW S MMP-1 1%, ik b MMP-1 Hifk (AF-901) 3 X Wi ¥ 19gG-HRP
YA (FKA14) #HWehy RA v F ELISAJETER L7, [RIKFIZ, BCA Protein Assay Kit
ERHWCHIRO Y R E&EEET DI & T, BALY V37 Y4720 O MMP-1 53 & &

LT#E L,

1-9. MEEHAEMT
7 —%Xmeans £ S.D.TFH L MEHENTIZ 2 BEHLEZ I L ClE Student D t# 7 (Microsoft
Excel 2010) % .3 BELL E Dl io skt L Cld Tukey #iE (IBM SPSS ver. 1.7) %47\ p fi 0.05

A (*p<0.050) 35 LN p M 0.01 K5 (**p<0.010) Z MM HEZEDH Y & Lz,
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B MR
2-1. BLIRHIBCEEE # B L 7z RHEEs RE OB EE

YRR DAL T V2D b A FEHE U T RIS TE Tl faRE b~ 7 2 2 U LI S
L7722 L2 XY 33%LL FOMREEBREEICR - TV DRI F O b = S0 MR & il LT
EVRWEAZR L (Fig. 3-2), L72ii> T, BRLROME I AT 7 2 FRlE U 7z #ilgf]
W AR ET D Z L IC L W A7 < & b RHEEs & 13 33%LL F ORI B FIofr7=h T
W EEZ DD, Ik, BiE 6 A E CIERzEfiiiciiE 2% 89 5 2 LT K A HIuAAF

PADEITF O b7/ 7= (Data not shown),

2-2. BLMHIBCEERE %3 E L7z RHEEs OMRRZEHZE(L

WIS B OB IC L D WBE P O 0NIT 572010, MBI A i Uiz, w2l
FCEEE 258 & L 72 RHEES Tl ~~ b2V - v U Yefall X 0 RO ZfE M 2358
oL (Fig. 3-3a, b), & 6T, HIBAIEELE ORRE L7z RHEES & b FE &L OEAEMEA
R8I 272812, RHEEs @ CPs Zjufa L7z, R 2 3R B 92553 L 72 RHEES
@ Stratum corneum (SC) Tl& CPs D HHITBIEE A7 0o T2 3 Rz Rl s i 2 5% & L

72 RHEEs TIXH 57372 CPs skt e @izt S vz (Fig. 3-3c, d),
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Figure 3-3 Histology of RHEEsS after cultivation under dry conditions.

Representative histology of RHEEs without the CaCl>-filled ampoule (a, ¢) and RHEEs with the
CaCly-filled ampoule (b, d). A representative image of each staining is shown (a, b: HE, c, d: CPs).

Scale bar: 50 pm.
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2-3. HLIRSAKCEEE & 3R 1B L7z RHEES 2> b 43 & 5 R F D MR fEHT
HLRRICEE T DR IEIZ K 5 RHEES (ZXf 92 0B 2 W BN 572010, FOBRRECEERR
& 24 REE % O BiEE2 7 a7 A o7 LA L, WIS A A VD VES 8T
BORIEZIT > T, FpBiBEEE OREIZ LY RHEES 72> 5 LU T QR O 53 W INAGED &
A7z s 1l-la, IL-1ra, 3 X TN Interleukin-8 ( IL-8). Matrix metalloproteinase-9 (MMP-9), Vascular
endothelial growth factor (VEGF), Macrophage colony-stimulating factor (M-CSF). Insulin-like
growth factor-binding protein-2 (IGFBP-2), Insulin-like growth factor -binding protein-3 (IGFBP-3),
Galectin-1, Cystatin-C (Cys-C), Fibroblast growth factor-6 (FGF-6), Osteoprotegerin (OPG).

Glucagon (Glc), Thrombospondin-4 (TSP4) (Fig. 3-5),
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(a) (b)

Cys-C
FGF-6 e FG_F-G
Galectin-1 : Galectin-1
. IL-1ra
16EB:2,3 OO O I8 IGFB-2,3
M-CSF O MMP-9 M-CSF
OPG | OPG OPG

(c) Array map

1 2 3 4 5 [] 7 8 L] n 1 1 13 14 15 16 17 13 19 20 n 22 pi] pI} 25 26 27 18 Fij a0 |
1| Pa | Pab | Plc | Blmk | Bank | NEG | NEG | Blamk | ACE |ACE (ACTH | ADFP |Acpsl | Blask | Hamk | P21 | Pb | Pc | Blmk | Bk | NEG | MEG | Blamk | A9 | PR (AnPRad dmyim |77 i
e v
2| Pa | Pab | Pdc | Blank | Bank | ¥EG | NEG | Blmk | ACE |ACE? |ACTH | ADFP |Acpdt | Bk Bk | 22 | P26 | P2 | Bk | Bak | 526 | 5EG | Bk [ piiey,| AePR [AnEPEa] e Ca s a’a\_.r"fl
3 | Dlask | Blask | sk | Blask | Blank | Blak | Bleok | Bk (45 ocrm | avirmns| avorna|oeriis| Blask | Bk | Blak | Bk | Bk | Sk | Bk Blak a1 |BDNF | bFGE | BAR2
4 | Blank | Blask | Hask | Blsuk | Blank | Blank | Blank | Blank [385E5 ncrru| woema| A¥Geria |worris | Blask | Blank | Blssk | Blank | Blak | Blak | Bk Blaak Azl |BDNF | BFGF | BAMP2
B 7| B3| B 15| FMEFE- | EAFE. NGE |l CDL37 Crs- {F ndenkis b
§ |BP3 |y pp | BAPA| BARS | BMPS| BAR LS| g L g [FMEET] BNGE |ty Blask: | Bl | CART | 2 | €036 |Chusir] €¥TF f Eva s Fadophinl,
EAP. = - | EnrR (BUER ooF | 137 © . b b i
6 | Bup3 | iE | BAP-4| EMP-5| BMP-5| BA-7| BMPS|EMP1s| PRV LV EMDET) BNGE | Cudetq| Blask | Blmk | CART (55 | €086 Ui CNTF T [Eva. 75 [Enfopbiny, leciin
7 | ET1 |FaBP4|[F2 Api-1| FGE.10 H}‘-ﬁﬂ E GLP.1 | Blask | Bk Glutl | Gist? | Ghudd | Gl GPOa | HCC4 | HGF | ESDA [ICAM| IFNe | IGF-L [IGT1:R
5 | £T1 [rases agor1| FGE-10) Pﬂ'{ﬁr_:l:ld o GLF-1 | Blamk | Blank Gl | Gl | G | G [ GPOa | HCC4 | HGF | HSDA fIcany| Iivg | 1671 [IGT1 R
0 | Blsnk | Blask | Bask | Bk | Bank Blsak I {1 K1 | Blask | Blank | Blsnk | Blank | Blank | Blik | Blank | Blank | Blask | Bk
10 | Blank | Blask | Biask | Bluk | Bk Bl I I R) | Blask | Blask | Blaok | Blak | Blank | Blick | Blak | Blask | Blask | Bk
11| IC1a | ICI6 | HC1 | Bk | Bagk | NEG | NEG | Blask | IL-10 | 11 | IL12 (sasiik| OVSL3 | Blask | Blak | P3a | P3b | P3c | Bluk | Bask | NEG | NEG | Bk nl];
12| 1C1a | ICI6 | IC1e | Bk | Bagk | NEG | NEG | Blask | 10 | 11 | IL12 (ssiLi0k| INSL3 | Blask | Blak | P3a | P3b | P3¢ | Bluk | Bk | NEG | NEG | Bk |DVSER I.n:lhn%'c’;hl,g Leptin
13 | Blagk | Blask | Bask | Blsmk | Bank | Blak | Blank | Blask | LOX |Ussiecs|nicR] | MCP3 Blask | Blak | Blsmk | Blank | Blank | Blak | Baok | Blank | Blask | Bank | AIF | AP-1af Marpoas vrpss
14 | Blagk | Blask | Bask | Blsak | Bank | Blak | Blank | Blank | LOX [lssec|MCP-1 | MCP3 Blask | Blank | Blssk | Blank | Blank | Bluk | Baok | Blaok | Blask | Blank | MIF | MIP-1a| MIP15 [ MIP 36
REY [ e
15 pOr1g MEHs | MEPa (Myowsis| NATP [KeuraD] NGER |Maroperd| (te | Oren AlOrezia B Blask | Bk i RUAEN PARC | PDGF [P -l LPDCFD PEDF (Powui] 1o
dey) |
Y |,
16 MAP1q MEHs | MSPa | Myssatis| NATP [NewraD]| NGER |Nearsgerd| ‘et |Oresiz lOrerin B| O | Blask: | Blank v el PARC | PDGF |Gk dDGE.A CIPDGET) PEDF |Poneasi {0 Bref 1 Pralscd
@y [
Tiue
17| PYY RANTE] BEP4 |RELAS|Reictin| S100 [simasu|SHOAN)| 544 | SDF |SEM 3| Blask | Blank | TACE [TDAGS] TECK | TGF-a| TGFb [mpete{ %= o 63 S} TOP. 1| TIVP.2{ TOMP-3| TOMP4| factor | TLRZ | TLES
! (CD147)
Tisue
18 | FYY FANTE{ BEP4 |RELAS Ressin| 5100 | saa |sDFL Blask | Blak | TACE [TDAGS] TECK | ToFa| Tazs Jiesersis B 4 FY TOP 1| TOMP-2| TIP3 TOVP-4 | facwr | TLRZ | TLEA
! (D147
[ aa v
19 | Blagk | Blask | Bask | Blsak | Bank | Blak | Blank | Blask |TNkalts INF-RITNIED] TSG§ | TSH | Blask | Blauk | Vaspin [VCAMD 71 |NEDAR] Blank | Blask | Blank | Blak | Blask | Blank | Blask |Blwk | Blask | Blask
20 | Blank | Blask | Biask | Blsuk | Biaok | Blak | Blak | Blauk |Mralpta INF-RITNISED] TSG6 | TSH | Blask | Blauk | Vaspin [VCAMI <™ | xepas] Buank | Bask | Blauk | Blauk | Blask | Blank | Blauk | Blank | Blask | Blask
21| P4a | P4b | Pic | Blsmk | Bank | NEG | NEG | Blauk | Blsuk | Blank | Blok | Blak | Blak | Blask | Blak | Blask | Blank | Blak | Bluk | Bk | Blask | Blask | Bsok | NEG | NEG | Blank | Blak (102 | IC2 | IC2
22| P4a | P4b | Pic | Bk | Biank | NEG | NEG | Blmk | Blaak | Blaak | Bliok | Blask | Blaok | Blask | Blak | Blask | Blaok | Blak | Blak | Blaok | Blagk | Blask | Bk | ¥EG | ¥EG | Blaak | Blak (102 | 102 | 102

Figure 3-5 Secretion profiles of cytokines and proteins.
To identify cytokines and proteins secreted from RHEESs cultured under each condition, mixtures of
conditioned media from 3 different RHEES after 24 h culture were examined by the Biotin
Label-based Human Obesity Antibody Array 1 kit. Array images are shown in (2) RHEEs without
the CaCly-filled ampoule and (b) RHEEs with the CaCl-filled ampoule. The array map is shown in

(c).
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2-4, ELMHIBSEEE 2B Lz RHEES @6 @ IL-0 D434

RCPRFITCARE ORREIC K D RHEES (CX 2 B A2 50T 572010, Folgfilice Ek

B D 7 HHETOEE ETIC WS IL-1a 2OV THRET L 7o, £ OfER, wo il

. 9 BERIN D 24 BE ORIZ IL-1a D WTTHENFERD BT, 24 R LA T IL-1a 20

DOFEFEAIE, NC & b U CRzgiilfgdE s 2 5% L7 RHEEs TH RIZHEVMEZ R L7z (Fig.

3-4),

100

[L.- 1o integrated value (pg/RHEEs)

—=-NC
—8-Dry

b2

E 2

Oh 3b 6h 9h 24h 48h Day4 Day7

Figure 3-4 Time-dependent profile of IL-1a secretions in RHEESs after cultivation under dry

conditions.

RHEEs were cultivated under dry conditions for 6 days. IL-1a secretions into the medium were

quantified using ELISA Kit. Results are expressed as means=S.D. (n=3). Significance; **p < 0.010
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2-5. RCARHMIEEE A FRE Lz RHEEs OE#E EEEZ M Lz NHDFs 25D
MMP-1 4394

LRI B OB 12 & 5 RHEES 0 NHDFs 7> 5 0 MMP-1 2332563 2 5228 4 B & 7\
T A2, FERAEC E & B 72 RHEEs O}5# 1754 NHDFs [ZALEE L, NHDFs 7225
TWEILD MMP-1 DLV 25 Al U7z, R E 4 3R BT 12828 L7z RHEES DR
7 FIE A ALER L 72 NHDFs 7> 5 0 MMP-1 434 51X 4.7 ng/ug protein T o 7223, Hz s
& % %8 L 7= RHEEs D153 i % AL L 72 NHDFs 7> 5 ¢ MMP-1 43 ¥4 &:1% 5.5 ng/ug protein
EHBEREMMARED b (Fig. 3-6), Z OFSFIX, woufliE 4 3% & L7- RHEES 2> b4y

WS DA 5 2OYE 75 NHDFs 7> 5 0 MMP-1 43 2 it L T 5 a2 7R L T 2,

8.0
7.0

6.0F T

5.0r

4.0

MMP-1 (ng/ug protein)

1.0

0.0 Control Dry

Figure 3-6 MMP-1 secretion from fibroblasts cultured with conditioned media of RHEEs.

NHDFs were cultured for 48 h with conditioned media from RHEES cultured for 4 days with or
without a CaCly-filled ampoule. MMP-1 secreted into the medium was quantified using a sandwich
ELISA system. Control: conditioned medium from RHEEs without the CaCl.-filled ampoule, dry:
conditioned medium from RHEESs with the CaCl,-filled ampoule. Results are expressed as

meanszS.D. (n=3). Significance; *p < 0.050
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B3 BE

B DR IR ERE TICRHIBIBR I NS Z LI Lo THIEEZ SN DD, IRIBEER

BTSN BEOREOISEIRIZHF SN E o TRV, RIFFRTER L. KEOW
BNER~ N v 7 ADOELEFET 20008 20O T, FRfilgEEE 2 3% @& L T
RHEEs 0 % [ K10 EEBR BT (S5 Z & Tinvivo b bR E 2 31 L 7= in vitro #2155
FETNVEMAL THRHETTo 7,

CTHIVE TIC AR B BR BT TICHR S M7 RO FOR O A Jg 1 Tl IL-1ra /IL-1o0 EEZR 2SN HE 0
THERESNTWD [7], ZAUTIEK, T E CORIEEY A N4 2 IL-1a OEFE 5y
WE 2D IL-la WA LIET 572012 IL-Tra EEANTTES LD O LIRS T\ 5 [64].
— 7., WP 2 % B L 72 RHEES 14, IL-la D TR S 4L, invivo & M AJE T
B2 2BG L OEEGENRE LN, EHIT, AFHBIEICB W TRE SN TV S MAJE CPs
O [7]. RS E 2 3% & 7= RHEEs DALk O CPs oI & BATF72—En
ST,

T B ORERIE, in vitro EBERE TV invivo b MEEEE CTHE STV DS L
FRILTWD Z e 2mmie L TR, ZOURET VEMWTEE Y MY v 7 AITE(RICH
KT D REELE OREME LTZE#REITO LIRS Th L EEL LN,

in vitro B2 ET A B WS LA IRF & LT IL-1a 3 KOV IL-1ra, IL-8, MMP-9, VEGF,
M-CSF. IGFBP-2, IGFBP-3, Galectin-1, Cys-C. FGF-6, OPG. Glc, TSP4 M4y Uit N e
WENTz, Invitro FERR T T VORI CPs @ ERIE, #II4IC X 5 ROS O£ Uit

IZHBRL TV D Z &3 B 2 B, MMP-9 O3 TIHEIC B\ T ROS DR E-A23E ST
%o CPs XN ETREH L& DIZ ROS LIEHE & DRALSISIC &V ARSI D TR =)L
ke 2 R EDOT I BRI L VRSN E o NVEO—HTH D [69].
VL EDFERMN G | RN Tlx ROS FEAE N L STz EoRIB SN D,

B~ M) v 7 20K 70 BEHEKR T2 2T —7 URHEI A E DD NRT v A gD 2
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ETHERF STV DA, B OIS T MMP-1 ORBEI NS Z 52 L1k > T, 2
DNNT L APHRES D, 22T, BEOHRAERE LTEEY MY v 7 AEORE N
2 Z 2 ATREMEIC DT, B O REIEIRAE S MMP-1 ORI /3 & A L 22 77— 7 v 3 i {12
T2 LD EL T, ORI EMFET 272, in vitro HiR KT T L O8# L%
NHDFs |24~ % Z & T, NHDFs 725 D 27— 47 L 43 fiRl Sz MMP-1 4336 % 3l L 72,
Z OfER. in vitro BRR BT TV OREFE L1E 2 AP L7 NHDFs 7> b3 &% MMP-1 O
HMAHEGR STz, 2O MMP-1 OHIAINE, R EEERED T THeM L7- NHEKs 72630 S h
AN PDRFBELIF~EIB LR EEBEZ BN, B~ N v 7 A0 Th
BT = B S LT B ATREME 2RI LTz,

HIRERE N~ Y w7 ADBEMATFEST D L) Fx OIGEEIE, LT O#MEICE -
THLXFFEN TV, @5, IL-la 83X VEGF, ROS X MMP-1 AL 5 2 & 3
HEANTWD [67, 70], AlEl, 70T A T LA &> TN SN RO
MMP-1 FEAZRET 2 IL-la & VEGF BNEENTW=Z b, TRHDRTFENLT
NHDFs 725 0 MMP-1 53 WA 23 B8N L 7= FIREMEASRIR Sz, S BIT, IL-la 1347 HERERIA
T THDHIL-8 ZFHEET L ENMESINTWD [71], L7=2-> T, IL-8 OFFEIT4FFERD
HEA~ORMERETHZ LT, BERTTIRAF U T 7 AN—5RRBIOT 2 Vo34
T Llcad—rr 0 MMP-1 I X 50 RieD LRSS 5 rRENEx bnd, AT,
MMP-2 R MMP-9 |3 S IEIE DR Th DT I =25, AT IV BLOZ A7 VI
AT =S U EGRT LI ERHREINTND [72],

VL EOFERMN G | RGO ENTICI VT ROS FEAZTTHE L, EOR5E. HRHE

R 5T Doy R 2 TTHET 2 Z LT L 0 REEL 2 RE S D E N RE S vl (Fig.3-7),
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Figure 3-7 Scheme showing the epidermal-dermal cross-talk after cultivation under dry

conditions
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BHAE E

{EFEZESFUC BT 2B EEREE L O [A 252 1T, ZAUE TIZ in vitro 552 % TITHEEO X
O TR BRI K DB AT 5 Z L IINEETH o7, BB 3 EOMIR LY . RHEES D%
J 2 1 2 AR BE BREE T ICHERF L. RHEEs 2 RIS E vTRERIEE AP L7 Z LIT kv BJE
AP R E TR OB A RTE T D Z LN AREL R o Te, Fio, IEMERER AR LT
DEOMDIRT A—HIZBNWTARICHBE LI MNEBLRARROBIRZFHELL T\5 Z &
BHER SN2 &b, Ty —nE LTORMMEEZHGNE Lz, EHIZ, in vitro #)E
REET AN FWMISNTERFICRDER~ MY v 7 AENRBENTZZ LNE T3

DA B =R RNERRIETH Y —L e LCOR ARSI,
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BIE

BB I3H % b FOFEDORINAEZH MM THY . EMOMFHIARTIRTH D, KED
PTHIRBIMINNE ST DAL, KNOKRGZREET D & & HITHRDN DL DMLY
B el A B S EEE R N Y THERE A o T D, BFITIEFHNZANH D ORI (B
BRT) ICBRENTEY . 20X REROERP R EHEOBEGEZH 2 EB8H Y | R
ELTHBONY THEDIR T2 Z N D, £ TR TIE, BERTFTHLE
SR, RRGEWHE. BLOHRO ZFOR T2 H0I2, KR ICBRE S - BFHE T
OO AN & IEVEEEFRTE (ROS) DOBHAZ DN TH BN L, ZOBLEIEIZ DV Tl
THZEEAMLE L,

51 ECIEEESMR (UVB) I2HEH L, IEF b MREAMIE (NHEKS) %8R L CTHF5t%
iTolze £, TAXAT VY LZ—T VI (AKGS) OFLRIE(EM ZFls& LT, UVB
HRIER I L o TA U 72 NHEKS SIS 2 Ml R & £ O A 71 = X KOV TRGE L 72,
FOREFR, AKGs D 1 D THDHF I /LT /)La—/L (CA) . UVB IZX 5 cyclooxygenase 2
(COX-2) FELL T A H /5P B,y (PGE,) BEED LI A T 5 Z & T NHEKs O
BEEZFEMLTND I L, 5, Zhb EBfRL T, peroxisome proliferator activated
receptor-y (PPAR-y) @7 ==X | & LT nuclear factor erythroid 2-related factor 2 (Nrf2) + 7
TR AEPEL S 4, UVB BREEIC K % NHEKSs flfld N o> ROS L~ bR F2f§
(NHEKs) ZIEISE 242 2 L 2Mbnne L,

52 ETIE, RRIGYWE (DPE) ISR 5 B & ROS RAEDBEMEZI 5
ITT D LI, MREGELZSGET DO DA DR EZIT o7, AETILATETH
/= NHEKs & =WRcifEsi e hREET /L (RHEES) IR L THIZEZ T -7, I L (T,
v 4 2 2 B5 (VB5) L O DOFFERN DPE (25425 NHEKS DRIEICK L CHEE e 2h R %
RLTEDT, WIZ, TN OMEDORIIENER A 1 = X LDV TREE L 72, T DRER, VB5
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FHERD 15T 5 ethyl 2,4-dicarboethoxy pantothenate (EDCEP) 73, DPE (Z & % & R AL,
KFEZHFIK (AHR) & 7 F VR % i PE{L L. cytochrome P450 family 1 subfamily A
polypeptide 1 (CYP1A1) FELOTUEAIH T 5 Z & TS EEZEMT 5 Z &, 51T, Nrf2
IR A TENE(L U TRl StIR b > AT LA TS 5 Z & ¢, DPE HEFEIC X DM
N ROS L~L D EF—HOMRIEA b L ASE 2 Wil 42 2 & 7p &% [ LT EDCEP (Z
B SRS Bkt D AW RN D Z & Ao LT,

%5 3T TIE, £9 RHEEs 2K ALBREL FICHERF L T ORIz RefikiBIC L, 7ot D
RHEEs Z# BRI # C& DB A% Lz, I, Z%EE % VT Tin vitro #2845 €
V| EWESL LTz, E D%, 2O invitro B2 EE T MAZBW T VR =L & 237 E (CPs)
DEADBRBDOOND ZEEMER LT, 6T, 2O in vitro BREEET NV ETEFE FEK
FRAEZEMAL (NHDFs) % F W TR BRI L2 S 4072 NHDFs O 081 & ROS F84E & DB
PIZOWTHE L7z, T OSBRSS 0804 O 58 % MGE T & 5 ATREM: S
bHLZEEREM LI, S, REEKS S Z LT, 2O in vitro B EET VBT S
ROS Z M LT HEOND/NRT A =L 3 WL - ThlERI SN e MNUFTH LI
HINTA—=H DN ONEFEL TNV LD, 2O in vitro & T T L 13HT T2 707
filiy—n& LTHIMTE 5 alaettE a2 R LT,

FCIZ, BERETELWEEAHERFT 2 720IZIL ROS & U 41— & L7zl st ot A
FLADBENEETHD Z ENWESNTVD, FMHFIC, SRR LDEE~D
FEITOWTEIROS DT HNREWVERL K OFRLTRINT WD, AWENS . KR&TE
Qe BEowc 72 & OO BRELR T2 OV T B [AERIZ ROS AN G L TV D Z LAVRIR S
Nl BRI DOWIZETIZ, T —F A g EEARUSN O ICRIRER I X - T BUEED
TROS WAL L Z ENWMEINTND Z &b, Foxr N A EIICETE L 5 DMhOBRE
KFH&E A b LR IZxh LTH ROS HADHITEN AR TH 5 WREMEN IR S 11D,

PLb, ARBIETIHRERNFTH L5, FAR. RRIGEME., B I OHBRO =fICERZ
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b TTRIGEHADBEIZOWTRRE LICAER, AR Z RKIGRIEIZ K> THM
FIPN ROS L~V R4 5 Z & & BITIEW TN OBREER T ORI LT b Ao
GEIED DI, BEA NV ADFEERET HICE T,

F7o, RBFEIC L 5T, CA X EDCEP 23\~ BREER 712 LV 5] L = 5 B iials
FERRNE & P 28 o I a2k oy & 72 D AReMEZ R LTz, <& T, in vitro Fz8 T
TIVIEREIRIC X D B IRE 2 G T 5 72D OFHIY — L & L CH A %A TE 5 alfetE %

R~LUTe,
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P

AWFFEITER LT, i IRO)72 ZHREZR DN THIREZ 1 0 £ L7z, IR0E K735 -
JEAEPATIEE  EOTRRREHE R R R, O TRRZEISH AR - e

BAFE= IEAR (= ZURICRERLI#EZERLET,

£, KimSHERRICH T2 THoR & TR Z TS 5 L7 RZ2552ED - SR 1E 1 =2 0F
FEE RINMERREHEEA M SR HR. MR - AMAREORE [l
M 2= iR, B X ORI - BRI A s A&

AR BRI Bk, WK - B LEOEE BlE L e BdR. Wou

R « ABALESEE Bl P L BdRICL IV E#HOEZRLET,

FARGOWEE 52 CTHE E LISt aAERT 7= ¥ — RIE ®—
BICESELB L EFEY, S5, BrWIXE, ZohscEE L HfE wEF
BOTEAK R BR. B OEREICLIVELE R L BT ET, . AROKEE
HEx TESVWE LTEERASHa RERT 7 =t o & — D& 2 FRICRS L L BT

£7,

R, ARESCERRICH =0 ZHEE ZWH . £ L CGRPWEIE L2 THE £ L7EFRIZ

DEVEHEH L BT ES,
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