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PRG3R DIAE 2 78 5 ik TH 0 | SRHURDIRA, KRR O] DERRIRIHE )

O DORGERRER £ < DREIZH ) Z ENMBILTW D, KEEMNRT 2. ol

il & FRRICIGISR AU D 2 & THRA RN S 727 (1-4), F7o, (RIEER & HaeE L

TR Y BT — 27 BFEIE L, WIRERF I3RS - B L L TREICBIN D, LTzi-> T,

LSRRI T ABNTIEARL . 1 ODHBRLE LTIAAZENTX S,

IESZ - T, B, b L IEBEMRGE OEFEENME T30 & a8 o7

EBIEE T, BRICIZ. G, L, 72545, I (BAMNEEIREZET) 7 ERE

fEL, BT 72220 o BIRWHAEAD TS (5-10), A OHKREIR FIZIRS 2L A D

= R BCEARRARBOD, Feb FEEOEVAME T, S8 (UV) 12X HREEA

FLATHSDZ ERNFBENTIND (1), M ORILT KL% —RBTER S 2 IEHER

FLIIBNC, UV ICRTE SN BSHMEN TlE, 3o/ 102, 027, Ho0,. « OH 5D iEM: iz

FHE (ROS) BAER IS (12-15), FEMMBN TAERINS 25 ROS X, ¥ /N7 HE,

JEE. BE, BRIk L TIE A L A2 B RIET 2 & T, —EAUE MR OBEREIR T, &4

/

&
iy

R, RIEH L ORIEICENLH EEZ HNRLTWD (16),

PURREANT, UV RENT & 2 BRBERED IR T ~DFBh, & L <Idiaka HigE LT

ahs (17,18) (Figl-1),
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Fig.1-1 BATD UV 5%

UV IZRT 27713, R&EL 2050, AEEOIMUE . WRITZEDORRITIEN R D,
BJgOIMAITIE, UV BILEAZ AW TRE, WINT 52 &I1I2X0, UVICKDEAF A —Y
BT 5, — 7. AEREORNMAITIE, TROS O, THRE S A — s ), [9AE ORI
ZHME Lo R e Shvd, TROS O CTiE, UV ICERT % ROS KT 5 2 &%
HHJE LT, ¥ IV CEHOHMILE # I X, N-acetylcysteine (NAC) 5 D HLILWE
DIERANZET HILD, THgkY A —UHiE] Tk, B2 I ABRHNSR, UVICE-TH
HBLIEREEZ B E T2, [RIEOBE] TiX, 7 axX¥ Y —LEDORT a1 ML
JERIZAAV LI, UV 2R E LERERE O L2 B L 5,

PR LANCE R S D E7eE & LCiE, JRig, B 42 F 4 (GSH), B4 2

Y C, E¥IVE, a7 /A RBFEETD (19, oD H b, JREEEOPIERIEmE &

LT, E¥IVE, a7 /A RPSDEI L, MBI 5088 A A4 v Ofi{biER %

T (19), KBEMEOHIRBEWE E LT, EZ I C., RBlE. oM7L F 4 (GSH)

SYES . MlER KO, MlSMEIC R T S HRLER 2777 (19), UV 1T X 2% Btk

IR TOERY A Z7KF28 ROS THAHRHIE, ZbiEbAIzIX, UV BEZICR O

DFEAR HERR, AOIER & W o THERZ 2RSS L 5 213 TH D, Ll BEfFD
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PURRALAI T2 T2 DO W PR - SBCEERNHEGRR ST, UV IIRICEI S EZ &5

VUL U HEEGROREEZAGERPETT S, £ 2T, UV IZKDEEEEDIK T %,

RN THI. b L <IHTBIRT 27201213, SUBRAEIERTIZY Tl <. S 2REREZ R -

TeHEHNDORBENLETH D BRI,

—G T, BEEAZESANRFO 21T, MK EE TARR S D SR L EY

(Advanced glycation endproducts: AGEs) 23581} 5415, AGEs (34 > /37 BEo—EDNEHE

KR U CIEABRM 72 BB I ik & 5| & 2 Z 7M1, AGEs 52 214 (Receptor for AGEs: RAGE)

%41 L T, Nuclear factor-kappa B (NF-xB) f%X & 215 M(b9 5 2 & TRIENE 2 ERLT 5

(20,21), AGEs [ZEK D7y ZF v, BREOMu~ N 7 ZAZEE L., VUK EERE

HIREDREEEREZ ISR FTLEZONTND (22,23), £7=. REALMITIX

RAGE OFHNPFEINTEY ., AGEs ICEXARIEIENERZ D ENHLNER> TN

5 (24), FEE ORI 2B REIZ LY ERT D5 AGEs 13, HECBEIBROMKEIR T 25 &4

ZEMD, NIRMEOREER & L THREEL TWAD Z ENRINTE T (25,26),

BUSHBERE DO—>Th 2 BT, BUREH L AT LTINS 2 SO S

RENTEY, BETARITMHE &SI L - T, AERME— A 2

=0

DIRTERE THD
(27) . ER-MEEROMIEE TR SN2 BT, BEBRTERIND T T a— b
Sonic hedgehog (Shh) & Platelet Derived Growth Factor (PDGF)DFELINE Z 5 Z & T, H &kt

EREBIIH~MEFET S (28), MEFE S BFEMILIL, Noggin ZFH L, L&

4\\

Soa O HE%E 2 BHEE L TV % Bone Morphogenetic Protein (BMP) 4 Zfi#fx9 5 Z & CTEIFE



RRANET L. BEER LR MT O S (Fig.1-2) (29,30),
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Fig.1-2 AEBICRB T 2 EFOBHRA I =X A

~ 7 A4 145 B B OGRS T- 7T 22— R Tk, £ THRI4 % Edar, Wnt &
7 F IO &% -0 B2, Shh & PDGF OB = 0 BEREHEIIC/ER L CEILE
~DOoAbEFHET D, b LB FLIE T Noggin DRHENFHEIND L, BMP4IZLDHT T
a— RO FREMROEEENFER SN D, TORE., 77 a— RO EEAROE? R Z
52 & T, BEOEHRMNEIGIND,

BARIZ BN T HRAEBEO S FHF 0 RSN TV D A RN RRS TN D N

(31). NIUIRFTH D AGEs NADBARE R OE FIZ ED X 5 IZET 2 D) T

SN2 TR,

T AR N 2T 2 FEIMER 2R LG O RE 2 B e L7z, S EBAL 48

R LICEY, A ZIr SZRVEEBEARAER T 2 2 L TE D, KwDH 1 BT,
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UV BHHNZ L % ROS OB E LT D REEOHEIIZEE Uiz, UV IHISEBE & L

T filaggrin (FIg) & A& L. Z OEAnF O IEBFE 2t L T, RIF D Z B8 288

& & LT fucoxanthin (FX)Z L L72Z LW TIRRD, RWT, 2 ECTiL. KE

FEEE O—2>ThHEEIZK LT, AGEs ®D—>TdH 5 Ne-(carboxymethyl)lysine (CML) %

BARE L= ABRIERA~DRBIZEH LT, CML 2 ENERNT 5 Z Lk > THbEh

TBEIZBT DL T LIEREA N M3, Shh DB FRIANMK T2 Z LIZKRAR, HEL

s D HAN R L= {E o7 e 7 VAR LT,



®1=

SARBENC X 5 A BETIZx 5 fucoxanthin DIRFE - IEEEIR

1-1.5%S

E N OREIE, SMYET T H D RREC, ALFWEIC K DG L TRIRAHR LM 2

ol NY THEEZ A L TR Y, ARPEICI T 2 NIIEREE L ANBRRE L O EE 5N &

LTHEREL T D, BEND 7 O EREREFRIT, REDOERINEIFET SAETHY | A

JEIIZE D £ TITIE, BER EICHFET 28N 67 7 F /94 bkt sh, HAH

MBOHIE L & BRI BE~ L lEE SN DEREEZED (32), WEE, HEEZEFL L

T, AWUE. BRI 20T, MIEA~BE L, O THE 2K DM~ T %

(33), AETIL, MM ER L= ZF /A 2, 10-20 J@&E/ 5 2 & THHELH) 724k

HBREE & DEER AT Z & TRE AN T2 L TWS (32),

Flg 1%, FJERY 7 OFRICEE 2 &E 2 57 LT\ 5b (32), Flg X, ORI EHM

JANTTr 7 470 & LTIFEELTEY (32,34), AEZEOIEER T Flg ~ &zt S

I, A TOr 7 F MR 2 (32), HIZ Flgldnfshs Z & T, RARRIEA

F L LTAEOKDREERE L S Z ERWMEIN TS (32), Flg ORZE Y T HEEE~

DOEFEMET, Flg #ETFOXKEET L~ 2 &AW ERTEIESN TS (35), Flg i

o ORI K> TR & | ROBUEDBIZ SN D Z b MERRITZAIC & % BE /N Y

THEREDIR T 2GR0 b iz, BT, FUREZRITEIESED 2 LT, BERJE~DIRFENBIE

SN2 L, Flg BInFORBITEENY THEOMGHEZ 5| S 32 LavRrahiz



(36), ZHHIFERERIRNS, Flg BEENY 7 ORBICHEREZE 2 R TnWDH Z &

ASMNE 2o TUND,

KEUZFI L TS Flg 13, MBI U, BF§ ORI RO RICHFEG T 52 &

DS STV D (37-39), MNIZ K 2 K3 2O RIT, g EAVIEIR TH HZFEHE, v 7.

FADKFIZENS (40,41), —F., KEBLONNERTH S UV BEIZBWTH, Flg

DO L FEEZR. ZEiE, VU, S ARBERIND (42), FE~D UV BEHET, ROS 2/ L

7= NF=xB 7 F Lz RIEISEZ R L, BEOMMBMENEES| & 27 (42,43), £Z

WZBTDEENT T ORMERERTH D Fig 23, UV IBEHZ Lo TZF 2820 TH]

HE TR o TR,

X IR CERBINA I aT A4 RO 1-5THY ., FiEsbfEHS 7 e 2 3I A

RIER 72 EOABNEM 2RO EEZ TS (44), ITHEOHETIE, UV BAHZ L 5HE

B DB EFHEREIR T ICRI 42 FX ORGEMEH G ST\ 5 (45), FX OREIREEH

X, UV #FHMED ROS Ikt 3 25t bIEM & A& BHAEIC K 2 Mk & U7z BE~ D5 5%

HAGREENS B G- L T D EHEZRE S TWD (45), TOMMOIEM & LTiE, miLEREICE

B IE N~ 2 Z 7 —BHEER (45) \ROS OIEEIEH (46) . BB 1EA (47) .

B MAHEE DUGEIET (48), A 2RV v 7 v Fa—LOfEMEM (49) & ST,

ZIEREMZ BT 5 2 LR LNV 5055, L, UVIRHICK 2ERKEZETORK

BN THEBEDZALIZHOWNWT . FX B RIETTEER . 2O THFFIZOWTIEARB 2 S

VY,



51 B TIX, UV BB K0S ERE T2 RE L, £ UVICE D ABTOIRE T
B - GRS 2B ERR Uiz, BEtoRiR, FX 28, UV BT > TSR Z Sh D
JE DFEIRIEIRA~D T, I8 L OVREIREZ R L, BEANY THRBEOIR T 28572 2 L 2D
Mmolz, Eio, UV BEHT, REEITHFET 2 Flg OBE LB FRIMET 2Rl FX 28
IhaEmflT oA Sz, —F T, BEFEOHBATHD N-TEF L AT A (N-
acetylcysteine: NAC) 1%, IR EMKAFHI 2B LIEYEZ R L7223, FX TRIZE ST S OFIR
R, Flg OFBUK T OMBIERZ A3 2 L idthskenotz, HiZ, FX OFEHIZRS 1
AT =X L ERRE LIRS, Caudal related homeobox (Cdx)1 O ¥ BiHEsE % /1 L 7= Flg iz
BOWEMALIER 28 Lz, YLEORER G UV ST X 2 BB O N IZIX, NF-«B #%
B a2 LTI A N A NS K D B8 O R RIGHETZ1T CTlide < | Flg ORI
ZI LT RBJE DB RGN ) THBEDIR TIERIDFE L. FXACRHICBRE RSGEEI R H 2 2

LRI R LT,

1-2. EBR Ik
1-2-1. ¥E#E0> 5 OHHE X O HE

R (fESR) CTERER S iz Seaweed (Undaria pinnatifida)DFE AT EHE (FREEEE) Dz
HEEEY 2kg) Z 50CH A% /7 —/v (3L) 12 1 KFlIRTE L Caliarfit L. A = R
L—Z—C X 0BG LT, BRGoEfEY (7929 %2577, Zhz n~FV | HigcT

b (AcOEt) BILOWIKICE Y Bl L, HEH L=l (7727 a > Fr) Z0BELT,



#3895 Oxygen Radical Antioxidant Capacity (ORAC)7 vt A4 26, AT 2 Hili{b

EHEREO N2 b, ZRHD Fr ZREG L, IBA Fr (589g) 2 U BTN T L7

o~ k2777 ¢— (Wakosil C-200, WAKO Pure Chemicals, Osaka, Japan) (ZX > THK 77 7

g A HEER R L 7= BAREIZIE, ~3F 2 AcOEt (10:0) (Fr.1). ~H > : AcOEt (8:2)

(Fr.2) . ~%% > : AcOEt (8:6) (Fr.3). ~F% > : AcOEt (6:4) (Fr4 : #kfa. Fr.5 : ¥R

), ~FH o AcOEt (5:5) (Fr.6 : fkfa). AcOEt (Fr.7. Fr.8) B LU MeOH (Fr.9) O&

Fo7I 7 vay (Frl~ Fr9) #4537, AX ) —N~%T77 7 ar (Imgml) Z8MEL.

ZEh 1yl & PF254 U 7 L— k (WAKO Pure Chemicals) (ZAKR > LT, #gs o

~ "7 4 =X VP, BRRIL, ~F P AcOEt (1:1) W=, EBRit%. 7L

— NS, =X ) — VIR LT 5% (wiv) U 'Y 75 VBRI & ROG S T2, Fr.7

L& 51T silica gel 60 7 7~ 2 F 7 ¢ — (Silica gel 60, C Corp. Hayward, CA) Z L ¥ JER

L. EfliE FX 2R L7, BARHIZIZ, ~F V> 78 b 3:1) (Fr.7-1: fkfa, Fr.7-2 :

), ~FYr o T Ry (2:11) (Fr7-3 : R4, purified Fr.7) . MeOH (Fr.7-4) ODJIE B

M L, 4 W\ =157 (Fr.7-1~ Fr.7-4),

1-2-2. ORAC (BB T VA NRINEE) 7 vt&A

ORAC 7 v EA1Z.22-TVERX Q-AFLTFub’For7IVr) IEEEE (AAPH)

WL THEREINTZANAR LN T OV ERET DHBILELZRETRHE L, 74

Lt A > (WAKO Pure Chemicals) ##7m—7L L THEH L, 7L LEA O

10



DFERIT, ANV FAFINTIHNEDZDORISIZ L HHEREOHEREE LMLz, U >
FeiRfi A Fa gk (PBS) FICT7 A Lv Ay F N DA AERMT S Z k- T, 7
WA LA VR IR  3uM) 2 L7z, 74 LA VIR (doul) & A% ) —
Jb (10ul) HICVEfR LT=%7 7 7 v a > & OIRA#R%Z . PBS Tl L 7= 400uM AAPH 50ul (2
VR L CIg R S 72, RUSTRAH % 96well plate (Thermo Fischer Scientific, Inc.,Yokohama,
Japan) O 7 = JVIZ AL, ¥ A 7 v 7 L — |~ — & — (Corona Electric model: SH-8100lab, Ibaraki,
Japan) |Z X > THOEHALZ 5 3R CHIE L2 (Ex=480/Em=520), ¥ /L FF ¥ R/LE~Xy
N2 AW T AAPH i 2 0TI L, OGSz BRse S E 7, i bwE (Bt i) &
LT, luyM hu w7 A (Sigma Chemicals, Saint Louis, MI) %, [&Mfid & LT PBS %
Weo K7 T 7 v a BT 2P IR, IREE SRR N RS (AUC) % Image] v
7 k=7 (NIH,Bethesda, MD) Z MWW CTHIE L, EMEXHRO AUC 2 5H 5 Z &ic X

ST, K777 v aZxiead b AUC & LTEH L,

1-2-3. EMmEBRES
ARECEMTHIEWEFER L7 0 ha— U3 AR OEH - LTEBY.

SRR R EBREMGIE RS (BKC2013-017) OARA ST CTEM LT,

1-2-4. AN ROS - A AR

IR R IR IE, E15.5 ~ U ARFREE =/t L. 0.1% (wiv) 277+ —8 /0.1%

11



(w/v) N7 VSRR CRERALER LT t%, Ml i 2 B A S L—F— (70um A v ¥
=) (T L7, 3 o cfifld, 2R 2ozt Lz, B FEGRMESF I (Human
Dermal Fibroblasts:HDF) %, TakaraBio Co.Ltd (Shiga,Japan) 7>HEEA L7, Wil
% 10% (v/v) AFRefFiiiE (FBS) & HtAEW'E % 5 T Dulbecco's Modified Eagle Medium (DMEM)
(Wako Pure Chemical) |2 TH;# %17 -7, HDF % 3x10* #Hfa/well D¥2JE T 96well plate (245
L, 10% (v/v) FBS # & A9 % DMEM 512 i\ Ca v 7 b s MR 5 £ TR LT,
B i #2117 DMEM 51 (SF-DMEM) (CfE & #iz | R\ T, Ml 100uM 0 2°,7°-3 7 1
nYt R 7AdbtA 77—k (DCFH-DA) (WAKO Pure Chemicals) & & %1 1
BER A o F 2 _— | L7z, #lfd% SF-DMEM C 5 [EIVEH L. ImM @R (bkE (H0,) #i&
E£720F, UV (365nm: UV-A, 2.7)/em?) 12 &V HilEH L7z, HDF (Z31F 2 MEA ROS EEA LT,
WLl 74 7t/ L—¥—7FF A % — (Nano Entek, Seoul, Korea) % F\ T, H,O, lEFZ1% 24
Rl E=4 U 795 Z & CPHfat 21T -7, KIZ, 50ul @ Passive lysis buffer (Promega,
Madison, WI) % HWCHl 2 87 LTz, HOEER, #~A7n71L— ) —%—%H
V>, Ex:480nm/Em:530 DR TRIE L7,

AR ERIT, A — I — B EICE V. BhsE & Cell Count Reagent SF kit (Nacalai
Tesque, Kyoto, Japan) % FHWNTHIE L7z, flfdzd WST-8 &322 FFff]l A »F =2 _X— L7z
%, MlaEfFEE~A 7 a7 L — U —4%— (model 680, Bio-Rad, Tokyo, Japan) (Z T 450nm

DPF THOLERIE L7,

12



1-2-5. UV fREEBR

FA 7V a— LB ERTHRERZ VT, ddY R~ 7 A (11-15 @, M. n=6)

DEMEERE LT, TR A WKAET 5 EIT, UV BE (365nm:UV-A) @ 4 HEZ, &

oMzt v (R 2%m L, ATV EY UEHFOFX 2 1 B 1A, #ERm L

72o UV L 1 ERRE] (2.70/em?) CHREF L7-, SHBAFEE LTU R Y id, AEBRSEMAICHBWT

mRNA IV~ 2GR ORBRIZ 2 JE S o T, IR EZBGEET © ER

1. UV BBE % 4 AR T 72/, 5 H BIC FX OB ARG LUT=, UV BBE O 2 %, R

7 4 > AF A za—7 (COREFRONT, Tokyo, Japan) % AT UV IZ & 5 &R REBEL

776

1-2-6. FERRSRAT

FRIERHEZ v —F 7 Lk, ~ U ABEMBEE R LT, 1557z BUEREHE,

Tissue-Tek OTC = > /3t7 o RIZTHIHE L -20°C TO i D% . -80°CIZ THHIRIE LT,

BoNRHE 7 v Y 713, A Qopm B) Z{ERL7-, 2ok, YA % 1 kUK

ELT. 7 4727V UHifk (M-290, 1:500) (Santa Cruz Biotechnology, Inc., Santa Cruz, CA) |

F7Ibie YV 7 U R (AF-62,1:500) (Covance, Berkeley, CA) % U, 2 kbifk & LT,

~ 7 ZAHL T Y X IgG-FITC (sc-2359, 1:100) (Santa Cruz Biotechnology, Inc.) & &k St7=,

MR EARIZB T K5 T OFRH % — 1%, EVOS FL BLA A — 73 25 I (Thermo

Fischer Scientific) % W\ TF~7z,

13



1-2-7. RGNV T T vkA

FEANYTT A HIC ZEE 1% W) ZLF LA A YFFHT T %— b (FITC)

-7 ¥ A 7 (FD-4 ; Sigma Chemicals) % AT 5Vt U T3 RFELE L=, KIZ,

BERE L. 4% (vv) RIEBENVLT AT e RCTHEE L, KRIZ, 7 U4 A%~ ~ (LEICA

CM1850, Tokyo, Japan) % VT 10pm BAEEI A Z1ER L, EVOSFL /LA A —T 0 7T A

7 DI & o TR LA RAT L 72,

1-2-8. A 7 a7 LA kT

~ U AYEMB G~ 4 B UV RS 20 U 7= BORSHRR & BRI L T2, 15 D L7 Bt

I, Sepazol (Nacalai Tesque) % H\ T total RNA ZfifH L, cDNA G kE1T-> 7=, alkEHI,

Agilent ¥4 7 a7 LA 7L — ML, AF¥F¥ =07 L THH L7 (Bio Matrix research

Center, Chiba, Japan), f§ 672> 7 /ViEE | Excel VY 7 b7 =7 & HWTHNT LTz, i

HORER., B IAALTT EMAES T2V T, Real time PCR 2 Cf#EHT L7= (data not shown),

1-2-9. Real time PCR &7

lug @ total RNA % ReverTra Ace cDNA &% >  (TOYOBO, Osaka, Japan) % HV»T

WHRE G %1T > 72, Real time PCR |E, 5ul ® 2xKAPA ¥~ A% —=3 v 27 A (Nippon Gene,

Tokyo, Japan) & cDNApool, X 0.5uM OEFET T 4 ~—LIREG L TRISIKE LTc, AR

B FREY OFENEIX. Piko Real PCR 3 A5 A (Thermo Fisher Scientific Inc.) % FAVN CHEAT

14



L7z, #lBRiT 5 B D cDNA pool DFARIANL 2 FIV TR B 2 1ERL9- 2 B By &2 VW C

Fht U7z, BT iE, WEMEE & LT~ 7 A Gapdh  L<1X, & b B-ACTIN %

AWTHERE L2 L, CtE bz T o7, AEIT4T 4 BI%E L7,

FERTFA~—

mGapdh-F 5-TGCACCACCAACTGCTTAG-3'

mGapdh-R 5'-GGATGCAGGGATGATGTTC-3'

hACTIN-F 5'-AGCCTCGCCTTTGCCGATCC-3'

hACTIN-R 5'-TTGCACATGCCGGAGCCGTT-3'

mFlg-F 5-GCGAGCTCTTACAAGCAGCATGAGGTAG-3'

mFlg-R 5'-GCCTCGAGAAGACTGAATCGAATGCAGC-3'

mCdx1-F 5'-CTAGGACAAGTAGCTTGCCCTCTT-3'

mCdx1-R 5-TCCAACAGGCTCACCACACA-3'

mCdx2-F 5-CGATACATCACCATCAGGAGG-3'

mCdx2-R 5-TGGCTCTGCGGTTCTGAAAC-3'

mCdx4-F 5'-GAGGAAGTCAGAGCTGGCAG-3'

mCdx-4-R 5'-GGCTCTGCGATTCTGAAACC-3'

hFLG-F 5-TGAAGCCTATGACACCACTGA-3'

hFLG-R 5'-TCCCCTACGCTTTCTTGTCCT-3'

15



1-2-10. VA& 7y MEN

Sodium dodecyl sulfate (SDS) -10% (w/v) AU T 27 VLT I RFVESKKENC LD %>

RIBERERLE, “raR) 7ok =05 (PVDF) ATV AZEEL, AT L

VEETIRARLE LT, UK H T 4 77 ) UHUE (1:1000) . 7Y F$HT actin Pk (1-19,

1:1000, Santa Cruz Biotechnology) . ¥ ¥$Him U 7 U Hifk (1:1000), ©HFHu Cdxl FHifk

(abl11611, 1:1000, Abcam, Tokyo, Japan) Z VT A ¥ 2_— k L2, 2 kPR E LT

AT —BREEERIT Y XS L <I3HY ¥ IgG Hifk (Santa Cruz Biotechnology, Inc.) & X

i T2, fBZFEF LT 7 ) 11X, Chemi Lumi One Plus Reagent (Nacalai Tesque) & i &,

LAS2000 > A7 2 (FUII film, Tokyo, Japan) (ZJ > T L, NIHImage Y 7 h 7 =7 % H

WTEENE LT,

1-2-11. VR—F—T v&A

Flg 7’0E—4 —fIO L R—%—7 vt A D7=HIZ, Xhol A ~ (CTCGAG) Z&Eie

forward primer &, Bglll %1 &~ (AGATCT) % & ¢ reverse primer % 1T, 2000bp @ Flg &

faf- 7 aE—%—fEiKDO PCR EWMEIER LT, S 57 PCR EWE pGLA.10 N7 X —

(Promega) % Xhol-Bglll & W THIIREERLEE L, 7 A 7 —3 =2 > %17 > 7= (FIg2000-luc) ,

TESL L 72 F1g2000-luc % #7212  F1g2000-luc A F89 2 BRIZ IV Belll A k235 T reverse

primer &, Xhol %A k%% ¢e forward primer % Flg 7' 1 & — & — & 1200bp & 500bp O

WA RIZ72 % L D IZiGEH L PCR EEMAER L7, b L [FERIC, 55472 PCR EY) &

16



pGL4.10 N2 Z —|Z Xhol-Bglll & AW CTHIMREERLF L T 1 7 — 3 > %17 - 7= (Flg1200-
luc, Flg500-luc), HIZ, fF 547 PCREMIZXE L, Bglll %A k& Flg 7' v & — & —fHEikiC
1T % Pstl fEISk CHIPREEFR LI L, PCR Wrf 2 157-1% . pGL4.10 X727 &% —~~ Bglll-Pstl 77
T b TAF—va kT2 (Flgl20-luc).,

—F. b T AF S uEe—F —FHEDO LR —F—T ¥ A 121, Kpnl (GGTACC)
WA k%G Te forward primer, 35 & OV HindIll (AAGCTT) YA k% & ¢e reverse primer % >
T, 25kb & h=F 2F > (ELN) 7' mE—% —fEik® PCR EEW # ERL L 7=, #5417 PCR
PEM L pGL4.10 X7 % — (promega) % Kpnl-HindIIl % N CHIMREESRLEE L, T A 7 —
2 v %{T>7 (ELN-luc), 7 v hal8H18=aZ—%5 (Collal) ' mE—4 —fEkA &l
~ 7 % —{%, B.de Crombrugghe {&1: (The University of Texas, Houston, Texas) £ ¥ $#&fk% %
F7=, ZHE, Xhol 1 M XV iH{EL., pGL3 X7 % — (Promega) (%77 va— kL
7= (Collal-luc),

ERLL 7= Z—1, 02ug DAY 7 =T —Fa AT 7 &, 0.002ug @ pRL-CMV
(Promega) & LIZHIfI~—i@MEIC b T A7 =27 2 3 LT, Dual-Luciferase® Reporter
Assay System (Promega) % Ty 7 = 7 —BIEMHEZFME L2, Vo7 = T —BIRMI,
T/ TD20/20n /L' X / A —# — (Turner BioSystems, Sunnyvale, CA) % FAVCTHIE L7z,
CMV 7a =X —HlHll T T I A XNy 7 =27 —BiEalE L, SonfiRiEN
MR LCHWD Z & T, LA T o T,

FERTFA~—
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+ F1g2000-luc ff > PCR PEM)1ERL

Flg promoter-F 5’-gcCTCGAGTTACAAGCAGCATGAGGTAG-3’

Flg promoter-R 5’-gcAGATCTAAGACTGAATCGAATGCAGC-3’

* Flg1200-luc ¢ PCR PEM{ERL

Flg1200-F 5°- gcCTCGAGTATGATGCATGCATAAATGT-3’

Flg promoter-R 5’-gcAGATCTAAGACTGAATCGAATGCAGC-3’

+ Flg500-luc ™ PCR PE#{ERL

Flg500-F 5°- gcCTCGAGATCAAAATTAATGTGACCAC-3’

Flg promoter-R 5’-gcAGATCTAAGACTGAATCGAATGCAGC-3’

+ Flg120-luc ™ PCR PEM{ERL

Bglll-Pstl 77 > b A T A —va AL VR LTz,

- ELN-luc ® PRC pEY){EHL

elastin promoter-F 5’-gcGGTACCCTCGAGAAGAGAGGGGTCCA-3’

elastin promoter-R 5’-gcAAGCTTCTCGGGGAGAAATGCCCCAG-3’

1-2-12. Choromatin immunoprecipitation (ChIP) assay

~ 7 A Flag-Cdx1 F8l~7 % — : pRC/CMV-Flag CdxI |%. JohnP.Lynch {#+: (University

of Pennsylvania) & ¥V flt 5. TV /=, Flag-Cdxl 8~ ¥ —% =L 7 huRlL— 3 (Bio-

Rad, Gene Pulser Xcell, 250V, 650uF) 2 &> THUEEE L EMIBIC N T A7 =27 ar L
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oo NTZUAT v ar®d 3 FEEEIC FX A ~2EE Lo, FX ORBELH 48 R4
W2, M E 4% (viv) /XT RV LT VT B RCHEE LB L7-%, BERAEA)E L, 700bp
DOW i RIZ72 2 X 912 L TDNA DK fi{b 217> 72, ~ UV AHiFlagM2 Hiif& (Sigma Chemicals)
ZHWT, HO X /37 E-DNA HAEEREZRZLREIC L > THEEL/Z, ChIP ©=a kR
—VHURIZ, ~ 7 A HA Hi{K(sc-805, Santa Cruz Biotechnology)% iV, Dynabeads & 7 Ui
~ 7 A IgG Hifk  (Invitrogen, Tokyo, Japan) % T, LA 1T -7, ¥ 2737 E-DNA
BAEKIE, o7 07 —F KAEBLOT =/ —/L7 aafv A&7 R 7 Bk
EL, =& 7 —/WILERIZ L 0 K3 DNA Wi 24572, £ D%, 155472 DNA WAz 20T
Real time PCR (Z & Y it L 7=,
ERSTA~—
Flg-Chip F 5’-TAGAAATAGGAGCCTGGATG-3’

Flg-Chip R 5’-ATATTTTAATGCCATATATA-3’

1-2-13. #EFHLHE
T =%, 2 BEHHEIZIH VT Student's ttest (280, 3 BEMLL EOHERIZI VT
One-way analysis of variance (ANOVA)IZ X D #E L, $fiEl + IRMERRGEE TR L7z, BRIEDRS

. PAEDS 5%LLT & 72 2 HelsR B RIS W THE L HE LT,
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1-3. & 5%
1-3-1. b7 77 v a VORE

AMFFETIL, mW b 2 s s il oy DR R 2 B2 L bl 72, 1556
NI A 2 ) — AN SR NT47 7 7 > a &2 W T, ORAC IEMEOfENT 23
Bl A AXV T T v a b EWIEEERD T (Fig2-1A), FIIRT T 7 v =
YEVIANTNIaw NI T T 4—IZLY 9 ODOT T 7 v a B L (Fig2-1B), £D
YLD TEROZ T 7 ar (Fr7) kb mWitEbiEtE 238072 (datanot shown), ##
L7z Fr.7 ® UV A7 MVIENT (Fig.2-2) . BE&ESHTENT (Fig2-3) 726, BRI L7 Fr7
1%, fucoxanthin: FX (CASN0.3351-86-8) Td 5 Z & NFAE Iz, Lo T, LRI Fr.7

&, FX &35 (MifE>95%) (Fig.2-1C),
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Fig.2-1 Antioxidative characters of seaweed extracts and TLC analysis of separated fractions
from hexane residue.

A, Antioxidative property of extracts from seaweed by ORAC assay. 0.1% (w/v) Respective extracts
and 1puM trolox in methanol (pure solvent). AcOEt, ethyl acetate; BuOH, butanol; aqueous, dH»O. B,
TLC analysis of hexane fraction from seaweed. 1mg/ml respective fractions were served to TLC plate.
Fractions and detection procedures were described in “Materials and Methods”. Fr.7 detected as
similar band from pure fucoxanthin (FX) (Santa Cruz Biotechnology, Inc.). C, Quality check of FX.
purified FX was served to TLC plate.
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Fig.2-2 UV spectra of FX in methanol (pure solvent).
UV spectra of were recorded by UV-Vas mode using NanoDrop 2000 (Thermo Fisher Scientific Inc.).
FX was freshly isolated from seaweed by silica gel chromatography.
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Fig.2-3 Purity of fucoxanthin.

We compared the purity between commercial FX (A, C) and purified Fr.7 (B, D). Purified Fr.7 from
seaweed was analyzed by high-resolution-electrospray ionization-mass spectrometry (HR-ESI-MS,
Waters UPLC Q-TOF premier). Purified Fr.7 was subjected to Waters ACQUITY UPLC BEH C18
column (2.1x100mm, 1.7um) with 0.1% (v/v) CHOOH in CH3CN at a flow rate of 0.4ml/min. The
molecular formula of purified Fr.7 was determined to be m/z 657.4124 [M-H] (Calcd. For C4Hs70s:
657.4155).

FX @ ROS IR A2 EtT 57912, HDF IZ31F 5 ROS FFE &2 MEF L7, 1m

MH202 (2 & % ROS #FHESMIZBW Tk, M~ 15 0 LINIZHIIEAN ROS O it d

HOMAA T, B 1 FFBLIANIZ, DCFH-DA O ETR MR 2 (2855 L= (Fig.2-4, 2-5A),

—J7. UV IBEHZ L 5 ROS #FESLMETIE, UV RS 1 B, M ROS OFFE )N oK

L., ZD#% 6 K% £ T DCFH-DA O GIEMEITHERF S 72 (Fig.2-5A), 156472 ROS

FHEMEEA S LI, FX OIEMZFEHhi L2 & 2 A, UV BB 1 BRfEI% O ROS DA | R
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RIS 5 2 E R0 btz (Fig2-5B), KICTH20: b L <IE UV BBEHZ X Dz
M &7z (Fig.2-5C), H202 %55 3 Wi H 2> B ARG RITA BT L, 55% 24 FiE H
FCTENLL LM TRITERNL > TBIE S 2o 7o, — 5, UV RBEIC K > TiE,
faEEMEITRR D DiLa o7z, HaO2 % 3 WeHBER L 7CBROMIIEFIET 6 LT, FX I3 R A

AR E 2~ L7z (Fig.2-5D),

60 (min)

Fig.2-4 Time-rapes imaging of intracellular ROS production by H>O».
After exposure of 1mM H>0> to HDF cells, the intracellular ROS production was monitored using

DCFH-DA. Similar results were obtained from triplicate experiments.
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Fig.2-5 Intracellular ROS quenching assays in HDF cells.

(A), Intracellular ROS levels with H>O, and UV irradiation in HDF cells. Cells were exposed to H>O»
(open column) or UV irradiation (closed column) for indicated times after incubation with 100 mM
DCFH-DA for 1 h. Relative fluorescence units (RFU) are shown as arbitrary units. *P < 0.05, 1P<0.05,
vs control. n=16. Similar results were obtained from quadruplicate experiments. (B), Effects of
fucoxanthin (FX) on H>O-induced ROS production. Cells were treated with indicated concentration
of FX (gray column). 30 min later, cells were exposed to UV irradiation (closed column).
Representative data were shown. (C), Effects of H>O» or UV irradiation on cell viability. Cells cultured
in SF-DMEM were exposed to H>O> (open column) or UV irradiation (closed column) for indicated
times. Cell viabilities were measured as described in “Materials and Methods”. *P <0.05, **P <0.001,
vs control. n=8. Similar results were obtained from quadruplicate experiments. (D), Effect of FX on

H,0»-induced cell toxicity. #P< 0.05.
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WIZ FX LIS OFERLAL A DIEHEIZ DV TRET A 1T o 72, ORAC IETHRHIT O #EF ., FX
. N-7TB2F /I AT A (N-acetyleysteine: NAC) & [FIEEIZ, JRFERIFAIIC ROS OHHITH
PEZ R LI, LT /A U (RA) IIXFRBRDIEED 727> 72 (Fig.2-6A),

RICHDF (Z31F % UV BEHIC K-> THHE S N 55/ ROS 12 &IF 3 52% 4 DCFH-DA
ZRAWTHARZZE 25 (Fig2-6B), FX & NAC IZEERFHC UV I X HHIKEAN ROS FEA

ZHH L7225, RAIXFERROIEMIIR S o Tz,
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Fig.2-6 ORAC assays and intracellular ROS quenching assays in HDF cells.
A, ORAC assays were performed as described in “Materials and Methods”. T, trolox. B, FX and NAC
elicited ROS quenching activities in HDF cells. Indicated concentration of reagents were added 30

minutes before the addition of ImM H,0,. *P<0.05, **P<0.01, vs 1uM trolox. n=4. Similar results
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were obtained from quadruplicate experiments.

1-3-2. BERBEICXT 5 FX OBHEER

UV BN X 2 R EHEEIL. Bttt RIEICRNT 5, Z0=, UV BETEZ OIS

ZALZRERNCIRNT 92 2 13, BEHEG2SET 2R EZRET 2 L CHRICHEETH S

EEZLND, I T, UV BHEZDOLERELEIET 72012, v~ 7 a7 LA iz

Fhi Lz, £0E. ~ v 2AOEEEE~, UV 27/ em?) z 4 AR (1 8fH/A) F#E L. I

Aa—=TEHWTEFIREZBIE L, ~ U AEROFZ UV RO 0 L TR — 1

PRIC, BRHERTTR & LC oI 2R T T, 2 OREER, UV BRSH L7ain o T BRI L

T, UV B 21T 2R3 R 2 2 LT (Fig2-7TA), REMET T, REBICKEEY 7L

R L7, ~A 7 a7 LA b2 5250 L7, BRI UV I 20 L7z~ 0 A5 R

L. UV IERREENS, TnENEONTEERIZONWTT —F~A =0 T EITo 2%, &

HELEF 12DV T Real time PCR fi#MTIC LB A7 ) —=2 7 %%T7->7- (data not shown), %+

DFER, Flg 2 UV I L D UIHISEEE & LCRE L, UV B2 6E L 7= 588 Cid Flg &

5 FORBLEDFKRAIZHED LTV L REREZG7 (Fig2-7B,C), FfiZ, UV EHIZL - T

P2 J§ OMERRAES AR CRAMCTE 24 RA LY bR 1 B BIZBW T, Flg B F

FELDOPE R T O MR ST, ARERIL, UV B b 72 &3 B GG 0 91 B b A4

L9 DT iHMli~— T —272 b B 27,
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Fig.2-7 UV-sensitive gene, Filaggrin (Flg).

We examined gene expression profiling in skin with UV exposure (2.7 J/cm?). (A), UV was exposed
for four days (1-h/day) and skin conditions were monitored using a “skin scope”. Dorsal skin was
shielded on one side from UV irradiation. Non UV control (Non-UV), UV-treated (UV). n=5. (B, C),
UV irradiation caused downregulation of Flg mRNA (B). Flg expression levels were decreased by UV
irradiation (closed circles) compared to without UV irradiation (open circles). The value without UV
irradiation at day 0 was defined as 1, and relative values are shown. Values are expressed as the mean
+ SEM for six mice. Similarly, Flg protein levels were downregulated by UV irradiation (C). *P <
0.05, **P < 0.005 vs UV irradiated samples. For immunoblot analysis, dorsal skin samples were lysed
and homogenized with Laemmli buffer (62.5 mM Tris-HCI, 10% (w/v) glycerol, 2% (w/v) SDS), and
were applied to the gel (50 mg proteins per lane). Reproductive data from three mice are shown. Non

UV control (Non-UV), UV-treated (UV).

KIZ, FX, NAC BELORA OARET /L TOFRHATHEMZMRFET 272012, in vivo 125

WTEALEWD UV FHRMEOBFHEEICRET Bz R L, v~V AEBELREL,
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UV Fa5 30 20 A aR o E a2 R e 2 i E LToutv U v 28A L. AM% 0.5%

(wiw) FEX E87 k) TR LT, UV RE % 4 ARl L C. REHREEZFE L, D

FEERL05% (wiw) EX G877 ) TR L7ZRE 1L, UV RO R EHEE Ik L T

IR R EIREN R SRR ST (Fig2-8A, B), BT, B A RN L., S brietaic K

LRI AT o7& 2 A, UV BRENC X 2HERE T, Flg ORBUIBILZ I N2> 72D

% LT, FX Zffi L7- B g Tld, BEE FX OB HR SN (Fig2-8E, F), —J. 10%

(wiw) NAC £721%0.5% (w/w) RA ZRFRICLEL L 7= & 2 A, UV BBEHZ L 5 EJEEED

REERIIMEER ST (Fig2-8C, D, I J), Flg DRE LD N2> 7- (Fig.2-8G, H, M,

N), Bz i AT A REFRRIEFKTH 5 0.05% (wiw) 7 2% —)L (Dermovate®)

IZOWTh, UVICK D REHEEOE#EETI IR SN T (Fig2-8K, L), Flg DIEHLt #

L7220~ 7= (Fig.2-80,P),
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Fig.2-8 Effects of compounds on UV-induced skin damage in in vivo.

FX protected skin from UV-induced sunburn. 0.5% (w/w) FX (A-B), but not 10% (w/w) NAC (C-
D), 0.5% (w/w) RA (I-]), or 0.05% (w/w) clobetasol (K-L) were applied to dorsal skin. Treatment with
the respective materials was performed 30 min before UV irradiation. Immunohistochemical and
immunoblot analysis.

Dorsal skin was fixed with 4% (v/v) paraformaldehyde in PBS for two days and specimens were
prepared as described in “Materials and Methods”. For each individual sample, 10-20 specimens were
exposed to antibodies d representative images are shown (M-P). Some of the skins were cut into 5 mm
squares and dissolved prior to fixation, with storage at 85 C until needed for immunoblot analysis (Q).
Only FX restored the expression of filaggrin, whereas NAC, RA and clobetasol had no effect.
Representative data are shown from each of 6 mice samples. The expression level of proteins without
UV irradiation was defined as 1, and the relative expression levels of proteins are shown. Vaseline

control (Vaseline, Vas), fucoxanthin-treated (FX), N-acetylcysteine-treated (NAC), retinoic acid-
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treated (RA), clobetasol-treated (Clobetasol). n=5.

BV CL UV B O RFHREIZ L5 3 THEREOIK FIZ W T FEX OIE 2 gt L7,

~ 7 AGER L E~, 4 AR UV 25 & FX O#EHaA 2 i L7-% . FITC TF 2 7 4L

AT o0, BRSOV CRERSFIIfNT 21T 5 Z & T, FITC T A b7 Ot s

FEL7mE A, KB THAU Y A L7ZKETlX, FITC 7% A b7 0%, A& -

T JgZ B L=, FX @A & L7 T, AROAGEEEZRDT- (Fig2-9A, B),

FITC % A b T 0%, WTINOBHFMHICBWNTHEEZB~OREIIMR SN2 o7,

KRS, UV BRENZ K 2 BEHEEG THGHE L 723D 7HReZ . FX I3 RN SET 5 1F

MERT L EPRgINT,

Vaseline

S

-.-.'.T'...-.....'e
. .
.
(T
AT

D

Fig.2-9 Permeability assay of FITC-dextran

(A, B): Histochemically analysis by FITC-dextran. Skins were irradiated UV for 4 days, and the
treatment with or without FX was performed until day 8. Then, skins were treated with vaseline
containing 1% (w/v) fluorescein isothiocyanate-conjugated dextran (FD-4; Sigma Chemicals) for 3
hours. Then, skins were isolated and fixed with 4% (v/v) paraformaldehyde, and frozen sections were
obtained and analyzed. S: stratum corneum, E:epidermis, D: dermis. FX-treated skin slightly
immersed to epidermis, while vaseline-treated skin immersed to dermis of FITC-dextran across the

epidermis.
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1-3-3. pAHuT Lol

WIZ, Flg a7 BE—H—ZT D FEXBLO BT v ORBERL 72012,

F1g2000-luc % BN F T v A7 =7 v » LIRS R S~ FX BX O p T

v RPE L. (Fig2-10), ZORER, Flg 8577 1T —& —{HMHEIL FX 12 X > TREKSF

ISR L7223, B rT UKo CUIEL =T 2 o7 (Fig2-10A), in vivo IZ8NT

BT %, UV HURIC X 2 REHED O OREEM. 7212 UV IT X D Flg DRI

flz kT 52 LIXTE D) o7 (Fig2-10B-E),
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Fig.2-10 B-carotene failed to protect against UV-induced sunburn and to induce filaggrin
expression.

(A), Reporter analysis of FLG p2000-luc. Luciferase vector transfected into primary skin fibroblast
cells. FX or B-carotene (0.1uM, 1uM, 10uM) were treated after three hours of transfection. Veh:
vehicle control (DMSO). Data are presented as mean + SEM of four wells. Similar results were
obtained from an additional four experiments. *P < 0.001 vs DMSO control. (B-E), Effects of -
carotene on UV-induced skin damage and Flg expressions were analyzed immunohistochemically.

Vaseline control (Vaseline), f-carotene-treated (B-carotene). n=5.

B, vl 7 ) rORBIZHOWVWTIEL, FX 21X U, SRIAWEHEEYE . HiRIELK
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AN L BT D S/ nyo 7= (datanotshown), TV DFERNL ., FXIZIX, v s /

A RETHD BT UITIEERD B2 Flg BT OFEMER RO b,

1-3-4. Flg BB THEREEE

UV BREHT K 2 B HRGOHISE & LTI S5 Flg A5 058 B RS 2 51~

A=, TF —F 7 7o A (http://www.cbre.jp/research/db/TFSEARCH.html) % AW

~ 7 A Flg Bis {7 1 E—%—2000bp fHIKD in silico fitizt1-72, 7 7 AX—{LL7= 3

OO RAJGEMET L A > b (Cdx FEAENL; AL A/TTA/TATAG) 2R Sz (Fig2-11),
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TACATTATGT
AGTCTAACTT
GACTCTGAAA
CAATTTGAAA
TATGGTTGGT
AGGAGTCTCC
AATACCCATT
GGTGCCTCAG
CCAATAAGCT
ATTTTGAAAA
ATCAATACTT
ATAGCTAAAA
TACATACATA
GGTCAAATTG
CCTTTCATAA
AAATCCAAAT
AGTTGAGAAG
TGGATCTGGG
TCCTCCCTGG
GTACCCAGCT

CTCTGAAATA
AGAAGTAATG
ACAATAGAGA
AAAGACACAA
AAAAGAAGAC
CTAGTAGTCT
ATTAAAATAT
ACCTGATTTG
AACAGGATTC
ARACAAACAA
AAGCTAGTGT
CTATGCACAA
AACTGAGAAA
GACTTATTTC
GCTTGAAGGA
TAAAGGAATT
TACAAGCCGA
CAATTGACAG
AAGAATGAGC
GACATAAGCA
GAGGTGTTTA
GATGGAGTAT
CAATATGGAC
TTAGCATACC
GCTATATTTT
CATGCCTGCT
AGCAAGATCC
TGTATTCCTA
ATCAAAATTA
ACCTTGTAGC
CAGAATATGA
ACTTTTCTAG
GAAGCTACAA
AGACCCTTAC
TTGGAGCTTG
TAAACATATG
TTTGGTTAAG
ATGGACTTAC
AGCTCCTTCA

Fig.2-11 The Cdxs binding site in the mouse FLG promoter region.

The red character indicates predicted Cdxs binding sites.

— Cluster 1

— Cluster 2

_ Cluster 3

T LA NMIFEAT 5 EHEE S NDREER T Cdxl OFBLEIZOWT, invivo T E

1Tolze D AE T 0y MENTOREE, Cdx1 BHILFX ORI X > THIE L7=2, RA T

XoThHE LZen-7 (Fig.2-8Q),
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I, Flg BAR T RBL~ DR B2 SE I INT 9 25 7o 012, IUREG R B S fa 2 V- UV

REHC LD FEBRET V255 Le (Fig2-12A) . fRNTOFEE. invitro TO 1 FffE] O UV B

1. Flg 5 TR A B IS T S 0108 L, FX 27075 & Flg B85 T RBROE T2

Pl &7z (Fig.2-12B), L L. invivo IZBWTIE, UV BBE 26 S 7204 F Tl FX

\Z X% Flg B~ BIIMR ST, UV BHEKHICIHSWTOAR, Flg Bl FHRILOKT

D S D RERE1572 (Fig2-120), T HOFEEMNS . FX OFFD Flg ~DOF 21X, UV

FRIRTIRFIZ 35 1T 2 Rp RGBT o 2 WTREMEDNVRIZ S 72, 7eds, #IRER 2 B iiads L OY

HDF fifalZ %32 UV BEEHE, M FEEIC w2 %2 /R & 720> 7= (data not shown) ,

T, FIREFE EEMIL~D UV BEHZEIT D Cdx o+ 7 7 X U — ORI

DWT, FX OB % FH~7- (Fig2-12D), UV BHHZ K> T, 9 TO Cdx Efs 77V

—IX. FERRETSR & LB L TR 10% RNV L7~ (data not shown), FX OWLEIZ L -

T, Cdx Bt 77 IV —Tbhb5Cdx2,4 1%, UV BHESIHIZBWT, FERETSMEE el L

TRIZFRBRA~DZZBENRBO b2 o7, —J7, Cdxl BIZFIZHOWTIE, BHIEK T O

HERR R E D BT,
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Fig.2-12 The effect of FX on FIg gene expression.

(A), In vitro culture model for evaluation of FX action. Embryonic skin fibroblastic cells were plated
in 6-well plate. After confluent, cells were exposed to UV for 1 h from an indicated distance, and then
cultured for 24 h with or without FX. Cells were harvested, and gene expression levels were analyzed
by Real time PCR.

(B), the effect of FX on Flg gene expression in vitro. Values are expressed as the mean + SEM of 6
wells. *P < 0.05, ***P <0.001 vs vehicle control (DMSO) in non-UV condition, #P<0.01, vs vehicle
control in UV exposed condition. Similar results were obtained from an additional two experiments.
(C), the effect of FX on Flg gene expression in vivo. The effect of FX on Flg expression levels in
dorsal skins were analyzed under the conditions shown in Fig.1-7. n=5. *P < 0.05, vs vaseline control
in non-UV condition, 1P<0.05, vs Vaseline control in UV exposed condition. The expression level of
Flg mRNA without UV irradiation was defined as 1, and the relative expression levels are shown (B,
C). (D), The effect of FX on Cdx family genes in vitro. The expression level of respective Cdx gene
mRNAs with UV irradiation was defined as 1, and the relative expression levels are shown. Values
are expressed as the mean + SEM of 6 wells. *P < 0.05, vs vehicle control (DMSO) in UV exposed

condition. Similar results were obtained from an additional two experiments.
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FX IC X > TFE S5 Flg BIn - RBOMEHEREZ T 572012, Flg 7rE—4

—® deletional construct Z{Ef L7 (Fig.2-13A), @& OGRS T Tld, Flg2000-luc OF

PENHR < M S =Dz LT, Flg1200-luc O LR — & —{EEITE T4 5 2 ¢ 2 R LT,

5T, PR EMIICI VT, Flg 7 ot —4% —fEiko, -2000~-1200 fEik £ T FX

(23 LTS &R LT, Cdxl 2 RIFE B U 72 A2 B Aa 3, Flg OFEEHMA TR &

#ulz (Fig.2-13B, C), ChIP 7 v A OfER, Cdxl 78 Flg 72— —fERIZBIT 5, 77

AL —1fEEkE . EBRICHAEERT S Z L2 /R L7z (Fig2-13D, 2-11), LLEDORERNS

FX @ Flg Bia - RBEOFEEMEIZIL, Cdxl 2N LR CTH L Z EE2HLMNT L,

A DLA (ratio)
ChIP-F 0 10000 20000 30000 40000 S0000
->
Flg2000-luc { ] veh ———w
. crﬁo-a e FX -+
‘ veh O
Flg1200-luc luc il o
veh O
Flg500-luc luc FX
veh O+
Flg120-luc '@ FX mm
B 120 C 50 | D 150
Cdx1 Flg
100 0 = *
3 &
80 c
§ g 2 E 100
® 0 w0
2% 20 g
o 8 40 © 50
2= £
o 10 °
w i 20 E
0 0 0 —_— i ——
MOCK Cdx71 MOCK Cdx71

HA Flag HA Flai;

MOCK Cax1

Fig.2-13 Direct interaction between Cdx1 and FIg gene promoter.
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(A), Flg promoter activities regulated by FX. Cells were transfected with indicated Flg-luc constructs
(left panel). Three hours after transfection, cells were treated with or without FX. Flg promoter
activities were specifically potentiated by FX in Flg2000-luc, while FX had little influence on other
deletional constructs (right panel). Values are expressed as the mean = SEM of 4-8 wells. *P < 0.05
vs vehicle control (DMSO). (B, C), Overexpression of Cdx1 promoted Flg expression. We tested Flg
gene expression levels in both MOCK and Cdx1 overexpressed cells. Real time PCR analysis was
performed as described in “Materials and Methods”. Values are expressed as the mean £ SEM of four
wells. (D), The interaction between Cdx1 and Flg promoter by ChIP analysis. Fragmented chromatins
of MOCK or Cdx1-transfected cells were immunoprecipitated by FLAG M2 beads. Amplification
input DNA was constant. Immunoprecipitated DNA-derived amplification by Flag-M2 beads was
detected only in Cdx1-transfected cells. *P < 0.001 vs MOCK control. Similar results were obtained

from an additional three experiments.

1-3-5. in vivo IZB 5 FX DIGESE

BT, UV BEHIC X 5 R EBE~D FX OIBEDREZT-, ~ 7 25 ANz, UV R

Fta 4 BRlET 2 & T, BREREAZHE L (Fig2-14), B S BEND, UV RS L 61T

LT, 05% (ww) FX & 4 ARE LT7-, ZOREE. UV BRI L 2 BEHRENSGE LT

(Fig.2-14A,B), #BR& THECTH D UV IS 8 B BICERE L=V 7 v & VW,

MR LSRR OMT &, V=22 T ay MENT 21T 570, TORER, UV BT Lo TR

L7z Flg ZEELA, FX WEIZ L > TRIET S Z & & L L7 (Fig2-14C-E), S 512, Cdx1 @

FHELBEFICAETLZ L2 RHE L (Fig2-14E), T OOREENS, FX X, UV BEIC

£ B BEREGEOFHERZT TER MEDIRBALTND ZLIREhi,
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Fig.2-14 Restoration of UV-induced damaged skin by FX.

(A, B), FX treatment cured sunburn. Skins were treated with 0.5% (w/w) FX from days 4-8, and UV
irradiated from days 1-8. (C-E), Immunohistochemical and immunoblot analysis were performed. FX
restored Flg expression that was decreased by UV exposure; Cdx was also restored by FX. The
expression level of proteins without UV irradiation were defined as 1, and the relative expression

levels of proteins are shown. Vaseline control (Vaseline, Vas), fucoxanthin-treated (FX). n=5.

1-4. %22

s B2 23N T, UV BREHC L A LD HBET ThIVUTREHREITE R EEIC

BN D AREMEIZIR WV, LsL, 7 LR —MEil g (50). 7 e —MR g% (51),

NEIRPERZ G (52) ZfE-T-REDGE L. & DIEIR 2 Bl X8 2 AlRErE N ijE ST

Do BURTRNZ LT, ZRHDRBDONTIUTBN TS, KA AL Lz UV 7w

b 2= )L THEZ R T AN OFE R NRTH D (53), UL, Az 4 354 o

FEMZ2AERBEF IOV TIAMAZREA L, S B, UV BN 28883, 4

iy & FIEEIC K> TRRDIITTHD (54), Dl & bREFREETIZ. KaWHKAT S

TR T, BN TOWETHLHEEZ LN TS (55,56), AT, UV K
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MBI FZ2RE L. £ OBGTOKEREZZRT 2LEWERRT L2 L

U7z, Bt OfE R, FX 23 UV BT X 2 BRSHE Clid L7z Flg O s 3Bk LT,

RWSEIRZAT D 2 L AREDT,

UV OB OB FE2, ~A 7 a7 LA L > TERBELTIZE Z A, UV BB

WK DS M 2 "B & LT, Flg Z[AE L7z, S 612, FlgEa i, FXIZX

TEEFREBEDER TR SN2 &, UV BEIC KD REHEELZEE L2 &b,

I O KR EHR R &2 4 D R EIE ThH D 2 L VRIR S T,

FX O Flg ~OVEHEF ZRFES 5 72012, in silico &2 HIWTZfEHTIC L - T, Flg @1

F7uE—X—NO Cdx BI& 17 7 2V —0OEEM %2 TH| L7 (Fig.2-11), Fig.1-8Q I/~

L7189 . UV BBEIZ L o TRENIH Sz Cdxl i Z & o THREEAIZIE B 23

R T~ in vivo THER S 7= FX O Cdx1 ~DEMAIL, #IfNESE B & 2 723k

BRIZ Z > CTHRBEORE R 21572 (Fig.2-12B), LrL., UV BN Z i S 22V i56 O FX OFF

HIZI, invitro & invivo IZEB W GEWDFERD B AL, invitro T, Flg #EBLZ FX 23

L7=DiZxt LT, invivo Tid, FX OBAIZ L - T, Flg BIUTHEZ R X 7o 7= (Fig2-

12B.C),

Invitro TlX, 1BH OEREM T TH W Flg BioFOFEEEN/EZ 2 2 & T, FX OIF

PEDSRH LIZ < < 722 TV D A[REMEDN RIE STz, in vitro & in vivo DZEFIT OV TR

EBBIIE, ERDPFRBLETHS ), Flg BIATIE, BPIC L - TR D BT

Ca— REARTHEY ., il LIEET 7 0 e — 2 — RS STV, LR T,
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Flg BARF~DISEMET B DO M TRR DS E T D ARMENE L 5D, Lol

AEF BTz~ 7 AET L TO FX O Flg ~OERABEF 1T, D7 < &b EiEICI VTR,

Flg BE T OIEHAL 27T 2 E B BN E o T,

~ U ZAB Lt D Cdxl, Cdx2 3B L Cdx4 1%, FIHIFAE D BRI 5 (RihEkE

LA — TR T AR E LTHE SN TV (57), & HIZ Cdx BaF1E

FREALR S L ORI AR O J8 4 2 JET L. B OIEE L RN A O RIEICIB W TE

EARKFLE LTHIK ZENAGMMERSTNS (58), LvL., KEIZHBITH Cdx EisF

DEENAI AR RN L L KED Flg Bis 2+ 5K F L LT Cdx Bl FIZER

Lo ideny, RETIE, MIUERAFEHIINICI W T Cdxl 23 Flg B+ OFiHik + &

L CTHEBE U722 & 241D TS L=, FX 2% Cdx1 #58%, Flg @i 2k %

7~ L7z (Fig.2-13A-C), Cdx1 X Flg 7" 0 & — & —fiik & M EEA T 5 2 & T, 272l

&b invivo TiX, Cdx1 12 K o THEEEIZHHET S 41TV 5 AIREMED R~ S 4v72 (Fig.2-13D),

ROS IZXL - THIEEZ ENHMIENADEREA b L AL, REELEETSED Z

ERMBENTWVWD (59), UV ITHIFRIZISIT D ROS OAKEIEET 5720, KgE{bidid

LUV RS & OBE TRET SN D (59), IFEOHZERETIE, AnT /A4 FO—HETH

5 U ar iz, ROS IZHERKNT HEMEA N L ADIKEZ T Uiz, Mt ER NS5 SR

TW5 (60), RMCLIaT /A4 RThHDFEX L., A7 ROS OIEFIER L. UV BB %

THREER 2R L2 (Fig.2-5,2-8), L/ L. # /172 ROS OHfAITH 5 NAC i, UV

FHZ & 2 R IGEA~OREER T RN e d o To, PURLIERIE, BT 7R
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AxHrFo VavrolihhuaT /A4 ROEEE L TR IS MBI TWD, FX
X, HFRGEM T CHRARIEBMER 27T 2 ERAHE SN TWD (44,61), 4D FEERS:
HaEBET D L. UV REHNIRT 2 FX OERIE. RS TIZR 1T 5 ROS ORI I
BHELTWRNZ ENRIBIND, LovL, UVIRINPEDFEEC L 528 G PR L &
W EDTD, RIERED TR Y A VKT Th D UV-A (315~400nm) (Zxf LT, FXIZ
KD WU % TR L Te, 2 OFE R FX 1 UV-A OWRINE % 7R & 727> 72 (datanot shown)

AFERNPS, FX OBRIT, UV RIUZ LD bOTE RN bRl shiz, AT, b
N ELN, BXTU'Z v | Collal 7'mE—& —{EMN, FX OREKFMICTEEILIND Z
EERRH LT, TRODORERNSG, FX T, Flg B#E5 F ORI, W< Oho

B2t U CR SR 2 TE b2 72 b3 et 2 B 6202 L7z (Fig2-15),

ELN-luc Col1a1-luc
A 8000 * B 2000 <
* [ = ™
_ 6000 4 _ = 1500 4 [ ]
2
e 4000 - 1000 -
g 2000 - 500 -
0 T T T 0 r T r
Veh 01 1 10
Veh gli ] 10
FX (uM) FX (uM)

Fig.2-15 FX stimulated human elastin and rat collal promoter activities.
HDF cells were transiently transfected with ELN-Iuc (A) or Collal-luc (B) with pRL-CMV. 3 hour
after transfection, cells were treated with indicated concentration of FX. *P<0.05, **P<0.01, vs

vehicle (Veh) control. n=4-8. Similar results were obtained from triplicate experiments.
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ZHNODOERIL, FX TR SN 7-DITx LT, RA TliX UV BHHIZ X 2 K EHEE.

BLOFlg BT ORBUK T ZMfl TX oo 7z72% (Fig2-81, J, M, N, Q). UV FHIC

X35 FX ORG#EMEMN RA BREH L1385 Z LAVRaNTZ, FEX X, a7 /A KD

—HTHY., p AT EENREUEE AT S, L, p a7 id UV ST

LD B ERGOREEMNPHER TE T, Flg BRI LW, Flg BfaF7 01— —0OiE %

BIFERD B2 -7 (Fig2-10), ZHhODOFEREEET D L. PilbAlITH D NAC IZ

BWTH, UVICHT 2 EREEREZA L T2 EBNEESND (Fig.2-6).

INETORENS, B IaT JEEARNZICEX I A IS ND Z EnH

LRTWD (62), ZEICKREGT DI LT, p AT MIEMEMEICERS LD, Ll

BUSIAMB S B v T R, WIRIC K 2RI &3 R 722 285 TIE- 3 2 7]

REPEZ SR <. RA ~OR# 2 R TIC R HIREEN 2 BT 2 L BN TV D, BRI

FEMDL 1T, EX 2 0EfEOaT )4 Re2EGATRBY, 7ubeZ I AL LTH

BELTWALEEZLNTWS (44), 2 E T2, RA D E~OEGEAIL R 7y FF 7

YA FORKE ESEEIRT Z EDRBIN TS (63), FX IR hic7 axy o5 —

IWELTFIEL, D%, 7Ly TxFY T AIEans Z EndEshTnd

(64), ZDX DI, FX LT OMGEMN, HvT /A4 FETRADHREFESL W)

FRUVGEILAMFIEL TV D, Eo, AT A FHERREAITHL 7 nz2 Y —Lh UV R

ST X B B SR ~DWEBEER 2R E 2> 2 L6 (Fig2-8K,L) . M7 L UV IR
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HEOBMEHIZBWTIZ, AT a4 REFTTIIHET A LIXTERNWEEZ S,

1-5. #5ie

%1 ETIX, UV BBHIC K 5 Flg OFBUK T O %25t Lz FX O T8 - I6FERICHE

Rz Tle, 7 M E—MRERICEBW TGN THERENBHE L TRV . £ DRIERF &

L T Flg ORBUL FRHE I N TWD (65), FX @O Flg OFBBUK FOMEHWER S, 7 M E

—MER R E E e, FARROBERIET O AMNEMN T2 Z Wi s b, REELHERRT

HT2DIZIE, SORHMENRMLETH DH, AWML TIE. FX DERGHOTLE L, #RZIZE

7% Cdx1 %4 L7= Flg ORIFHEEREIC L - T, UV BBENC X 2 B o daE e 4 %

Y5 &I 7,
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B2

Ne-(carboxymethyl) lysine (CML)IZ NF-kB JE{KFFHIIZ Sonic hedgehog (Shh)Z&3 % fHE 3

52 LR THRUBREBESED

2-1.5ES

AGEs 1%, ¥ (/v a—x5) L Ry EOIFEEZN T ) a L ARG Z R CTAR

ENDBIEISERM ORI TH Y (66) . FERMIEMEBIE, BERRVERE, FERME= =

— BT —FHEORERIFIES OHE D FIESEATICERERM S L TV WE & L THESh T

72 (66), CML (%, FEZEEMED AGEs OD—FETH VY | FIEICERT 5 Z & T, g

T, T2DRE) WEULRLTL R ZENHEINTWD (67), CML L, BR{LA F L AR

b2 RV EDEEEZ RIS, F~—h—L L THMbNTEY (68). RAGE %

LT, NF-kB R ZTEHL ST D Z B LMNER5TWNS (68),

FBADOFREIZAIZIX, Ectodysplasin A (EDA)X> Wingless-related mouse mammary tumour

virus integration site (Wnt)Z 41 L 72, BMP, Shh ZD#EH D+ 7 /VRERE NG L T\ 5

(69-72) , Ectodysplasin A receptor (EDAR)D ¥ 7 F /ML, IO 77 22— RFFEE TOD Wnt

IB-71 7 = IR OFENIE S LT\ D, —H Tk, BMP ¥ 7 /UREOMHINF L LTH

X, 7S a— FNOEKEZEET S (73). EDA-AI/EDAR > 7 /UGERRIK I, MR

B L A BARENM O T T 2— R TO Shh OIH L eSS (74), Shh #K< <7

ZIZBWTIE, BEORAFEKPHESIND Z ERMESINTWD Z & (75), Shh |

TR BAEEAN T L% 2 535, Shhid, ZRIKRTH 5 Patched (Ptch)1, Ptch2 (ZFEA
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L7=%. O Tt CEMH T 255K 1 Glioma associated oncogene (Gli)l, Gli2, Gli3 |25

x5 (76), EDA-A1 & EDAR [%. NF-«xB ZiEM b &5 Z & 5, Tumor necrosis factor

receptor-associated factor (Traf) 6 & Tes 7T IMBIEN A7 — RO TIRICEHE L TnHH D

EEZBND (7T7), LIzhi»> T, NF«B #EEANEMELS % &, Shh OREHFEL L UE

FERRIZ D72 235, AGEs 13, HERIF & BEICBEE L TWAMETH Y . BEIRFEEICIZ. L

FLEBERALND ZENMBNATWD, Ll BEICBIT D AGEs DL, 72 HTNT

RAGE % L7=iE 7 F VI 5 s TlkZe vy,

AETIE, CML-BSA Z/ERKORWNICES 2 HiETEEBEET LVAERL, CML OF

I L 2 BOREEMRA~ORE L | (EMEF2ET 5 2 &2 A5 Lz, CML-BSA O

ST, BEE OMIAEEEMEZEE 2 2 L T, BEBEE L BRERON L5 &k 27

AR UL, BIZ, FOIRIEA B =X AL, NF-xB IEK(FR 72 Shh OFELHNHITdH 5 7

REMEDNREO HIVTc, RETIAOIEMNC LY | BEAFRE ORI & 135872 5 Fric Bk

(2 K D HAIBAFE DO ATREMENIIFF S LD,

2-2. KB T5 ik

2-2-1. CML-BSA 2%l 0 3ai

50mM 7' U AF gl 150mM v 7 ) KBIVARTZE RN Lz v g7 /vor 2 v

(BSA) 50mg/mL (Sigma-Aldrich) F7-(Z#EANBSA %, 0.2M PBS (pH7.4) ([ZFNZi

WL, 37CT 224 B A v 2 X— F 247572, £ U F 22— &, PD-10 7 7 2%
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727 vu~ K227 ¢— (GE Healthcare UK, Buckinghamshire, UK) (2 L D AERIL 7=, HAYH:

DR T BEOREIWE #FrET 572D, Slide-A-Lyzer™ (Thermo Fisher Scientific Inc.) %

FWT, PBS (2K 3 BT LR 2 )it L7=, 5D 7= % o8y B & JEiiEAE (VIVASPIN 500,

10,000 MWCO PES; Sartorius, Germany) L., B3 > =1 (BCA) ¥ NV EERT v b

(Nacalai Tesque) HVNTH /N7 EHREZ E& L7-, CML-BSA |%, Coomassie brilliant blue

(CBB) 12k B4t & L<IEPLCML Hifk (Abcam Co.,Ltd.) ZHW TV AX Ty

MEHTIZ X0 FR~T,

2-2-2. BB ERS

AECTEfT 2 AMEHN L7 v b a—/WTAAEHZESOREH AL TE 0,

SRR R EBREIMGIE RS (BKC2016-033) OARA ST CTEM LT,

2-2-3. HjaRsE

WIREER &M (55 1 3= 1-2-2. L FEEOFIE T Z ) . BLOe MRIEE M

293 #ifiin (HEK293) (Riken cell bank, Ibaraki, Japan) (%, 10% (v/v) FBS % &4 5 DMEM

e oRE AR UT-, PMCE R FLEEMARIE, S iR OMEN: CS7TBL/6ON ~ 7 A DI E 77> HERHL -

LU 7o, BARR e BRBUT R, BRI L 7 e SRR D D B AR AR U B FLIA AR

Z BARREE T CHMBIROFIEZ IO THELEE U 7o, 45 DAV B R LB 3. B L BRI s TS
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(TOYOBO) THi#s L7z, fINEEEZ 1 » HUINIZ 3 Bk # 42175 2 & ¢, HZHIE

#Hf% 72> & out growth U7 B ERCALEAMIL 2157, 15 O oA FMIIL, 24 well plate [ZHE

L7z, a7y NMIELEE, well FROBEMAIC, f e —F v 7 E2HNTRAY

Ty FUEEN LTz, A7 T v TUELOD 24 FEfi]#:2. EVOSFL BV A A=V TV AT Kk

AnTElgE L, BaaE T ORI RE &2 f#T L7z, MIGHISH E 72 ITMia s OB IZI, Cell

Count Reagent SF kit (Nacalai Tesque) Z{#H L7=,

2-2-4. Forced hair depilation assay

U 2§ (Cemedine Co., Ltd., Tokyo, Japan) % FV"C, 8~12 #H R DMENE C57BL /6N

~UA (n=6) OEHICHELET Z & T, BAYZRHEFNIRIEH R Sz, FA,

27G X 1/2 DFEEHEE (NIPRO, Osaka, Japan) % VT, BLEEIKD 5 HFHEO LM 10 f#FTO

FZPIZ BSA (Img/mL) 200ul, A58 10 fEFT D NIZ CML-BSA (Img/mL) 200ul % Z 424

BENTEST UTeo TEFTERALIZIE, S THEIZAT L2, 2 BRRICY U A2 RS H-%, R

6 % i U 7= SEA D B2 A BRER U7z, BRER L7 B W > 7 Vi, iild & bR Licik. B

#H##% % Real time PCR AT OFELE L THERM L7, ~ 7 A1, WIHd HASLC (Shizuoka,

Japan) M OEEA LM L7z,

2-2-5. AARRFRORE
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BRE L7230, M 10% (viv) b~ ) UARER C 24 FERIE T AT o 7o, F D,

NG T4 MR LT, NT T T ay ) BER LT, BoNTNT T Ty

N5, EY A% Sum B CIERL L, Hematoxylin-Eosin (HE)Yta, & 7213 /i b or gy

8 2 U7, dOee . ~ 7 A D Anti-Shh ik (Abcam Co., Ltd.) . —KHifA L LT Alexa

Fluor 488 157k ¥ %1~ 7 A IgG (Thermo Fisher Scientific Inc.) % V7=, £ AHKIIZIL, DAPI

(4> ,6-diamidino-2-phenylindole) & A @ Fluore-KEEPER % {# ] L 7=, Bl B DL E DFRFEIZ I,

Tt 7 v MiEET—7 (Kracie, Tokyo, Japan) % 7z, BET — 7 ~OFEE#RIT, FEK

PAMEE (MZ10F/DFC7000T; Leica Microsystems, Wetzlar, Germany) THIZ L7-, B/ (¢

2—7 4 V) OBIEIZIX, EFBHMEE (Keyence VE-8800; Keyence Co., Osaka, Japan) CHE

B LTz, TR M= ZAORHIZIL, Insitu Apoptosis Detection Kit (Takara Bio Co. Ltd) % {#

L7z,

22-6. TF ) T A IVART X —DEA

K5~ 7 A ~—% T, ~ 7 A cDNA pool 7> KOD plusDNA 7K U 7 —¥ T PCR

H4E L7=, PCR 7 7 2 A k% EcoRI TiH{tk L. pACCMV-IRES-EGFP @ ECORI #A KiZ

VT —=r T L, Bbe_s Z—&  pIM17 % HEK293 ~E5FE A L, DN-RAGE

7 ) 7 (VA (DN-RAGE-Ad) Z{EfL L 7=, HEK293 |2 Hi A9 YL X EGFP. DN-RAGE

ERBT DENEO Y 4 )V AR 2 Uz, FEBRIZIL, 50MOI (multiplicity of infection)(Z

/i

TR S W7, T4 ~—%HAT Real time PCR THIET 5D & & T, GFP R A
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=Z Ut H T, it L7, NF-kB inhibitor Td % I-kB-SR-Ad 1T, FHUKFERIFAMF

TRt Bfi—E3tE+ L v ft5EunW/=72% . FiR L7 X 912 HEK293 12 CERGeRD 7 ¢ )V

AR R LT,

77 A < —B5l

DN-RAGE

F 5'-gcGAATTCATGCCAGCGGGGACAGCAGC-3'

R 5'-gcGAATTCTCATCGCCACAGGATAGCCCCGA-3’

2-2-7. Real time PCR &4

FH1ELECFEZHOTHNERTFOERILEIT- T,

FERTFA~—

mGAPDH-F 5’-TGCACCACCAACTGCTTAG-3’

mGAPDH-R 5’-GGATGCAGGGATGATGTTC-3”

mShh-F 5°-GGAAAACACGGGAGCAGACC-3’

mShh-R 5’-CCACGGAGTTCTCTGCTTTC-3’

mGli-1-F 5’-GCTGTCGGAAGTCCTATT-3

mGli-1-R 5’-ACTGGCATTGCTAAAGG-3’

mGli-2-F 5’-CTGACCCGCAACGCCTACT-3’

mGli-2-R 5’-CCGAATGCCGTCATCCAAG-3’
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mGli-3-F 5’-AACCCTATTCTACCCTCCAAA-3’

mGli-3-R 5’-GCTGATAGTGCTGGTATTGCT-3"

mPtch-1-F 5°-AAAGAACTGCGGCAAGTTTTTG-3’

mPtch-1-R 5’-CTTCTCCTATCTTCTGACGGGT-3’

mPtch-2-F 5’-GGTCCTCCGCACCTCATATC-3’

mPtch2-R 5’-GCGCAGTCTGAATCAACATC-3’

2-2-8. FEHOLHE

FT— A%, 2 BEEEEERIZ I\ TUE Student's t-test (2 XY . 3 BERILA E O ERERIZ IV T One-

way analysis of variance (ANOVA)Z K W M L. Ml + HEERGEM TR L7z, BIEDREE.

P BN 5%LUF & 70 5 BB RICB W TAHE L HE LT,

(S

2-3-1. CML (2 X 3 E&# B pINHIEA

CML 73~ U AMEBIZKIETHELFND7OIC, v~V AEHEEZMIKET D 2

LI X DRI EOA~DRIM 21T - 72, IKIEHIEE~D R, &% L7 CML-BSA % F

WNES L7z (Fig.3-1,3-2A) . RNER ORGSR, HKEIC K 2RIEHoOFRSIEZ 12 HBIZ, &

FHBAL 2 Hol &3 2 [FLO TR ORI BREE 28142 vz (Fig.3-2B) , B O &

ZETHMEE MO TRRT L & BRERORER/MUIZ L DEEBFMETI L . B/
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(Fa—T 4 7V) OFREMEESNT (Fig.32C-E).,

§ kDa CBB staining
94.5
69.7
BSA(pg/ml) CML(pg/ml)
° BSA CML
Anti-CML p

Fig.3-1 Synthetic CML-BSA

(A) BSA and CML-BSA stained with Coomassie brilliant blue. (B) The anti-CML immunoreactivity
of CML-BSA. A total of 1 ng of BSA or CML-BSA was loaded onto a polyacrylamide gel for sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) to detect anti-CML antibodies.
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Hair Intradermal
depilation injection

Day-1 Day0 Day2Day4 Day12

Histology SEM imagi
OD oo seumon

Day0

L

»

=

thickness(um)

Har

Fig 3-2. Hair thinning effect of Ne-(carboxymethyl)lysine (CML) in vivo

(A) Experimental procedures. (B) Silicone resin was applied to the backs of the C57BL /6N mice and,
after drying for 24 hours, the hairs were forcibly depilated. Subsequently, CML-BSA or BSA at a
concentration of 1 mg/ml was intradermally injected into the depilated area at 10 sites. The mice were
euthanized 2 or 4 days after the injections and the dorsal skin was removed to be used as the sample
specimen. (C) Twelve days after the intradermal injection, hair shafts were collected with hair removal
tape and examined under an electron microscope. (D) Hair shaft growth 12 days after intradermal
injection. (E) CML reduced the hair shaft diameter. The hair shaft samples for the analysis were
obtained from the area where BSA or CML was intradermally injected, marked and encircled with a
red marker on a piece of clear tape. The thickness of the hair shafts attached to the tape within the
encircled area was visualized using a stereoscopic microscope. Pictures inside the figure are
representative images. Hair shaft diameter data represent the mean+SEM of 50 to 80 hair shafts

collected per mouse. **Compared to the BSA reference, P<0.01.
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2-3-2.CML (T & % EFLEEMFaBesE ik
BEIERBADEE LT 12O IR PRI 2 0 U 7o, Jefe & RIRRIS, ~ 7 A5
RELIRIEHNCFA S E72%. CML-BSA WNIESR 21T 72 L 2 A, A% 2 HHIZIEE
WE T T a— 2O HER S (Fig3-3A-F), F% 4 B Bz, BEREOMIIEEEE
N S, BEREBEA OBE/MENBIEE S u7-, TdT-mediated dUTP nickend labeling
(TUNEL) Gx@amff R, BEREOMIELEMHIL, 7R h— 212 X 2 MlafEE Tideun

ZEpmahi (Fig3-3H),

BSA CML
2 Ay BT goem © °

day2
hair bulb size (pm)

H BSA

100pm

Fig 3-3. Miniaturization of the HF size and the inhibition of cell aggregation in the hair bulb
region by CML
(A,B) Two days after forced depilation, CML intradermal injection weakened HF during down-growth
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in the early anagen phase. The dorsal skin specimen 2 days after forced depilation was subjected to
HE staining. (C,D) are images at high magnification. (E,F) Four days after forced depilation, growth
in the hair bulb region was observed when BSA was intradermally injected. However, with CML-BSA,
growth in the hair bulb region was inhibited. (G) The hair bulb diameter 4 days after forced depilation.
The size of 10 HFs from each of the treatment samples (either BSA or CML-BSA) with an Auber’s
line, which indicated the maximum diameter of the hair bulb, was measured and shown as mean+SEM.
**P<0.01. (H, I) These are the results of the skin specimen on the second day after forced depilation,
mounted in Fluore-KEEPER with DAPI and stained with TUNEL. These are representative images.

2-3-3. CML |2 X 5 NF-«kB FE{EIFHI72 Shh #EIVER

BB D A F7 = X L AT 2% 72912, CML-BSA 73 Shh ~&IF 384 MGk

L7z, Shh (%, BEEREAERCRILT 5 FELBAFMKN - THY . ~ 7 A2 T Shh

BiR KBTI ERE R9, CML-BSA 1EHT% OB SR A B EL L. Shh & DOZFIA

BLO, FO FHELFTH S Ptehl, Pteh2, Glil, Gli2. Gli3 ®%H % Real time PCR T

F VMR LT, TORIR Shh OFEHANAEITHAD LTEBY . A RE L OO it

T OFBUEAITERD bivZe o7z (Fig.3-4A,B),

WIT, BANBRENLIGEMTH D E15.5 OGN S MCESEE RS MG 2 Y L.

CML-BSA IZ X 2B % Et U=, EOFE. in vivo FEEIZ in vitro 128V T Shh F

OMBINHER SN T AMERTI R IF > "2 AT 47 (DN) -RAGE-Ad |12 X » T, D]

FIERR S22 &S (Fig.3-4C) . CML-BSA (Z & % Shh Z&540#)i%, RAGE /LT

WD ATREVEASVRIE S 4172, RAGE 13 Toll BREZA A (TLR) &7 R A h—27F 252 L35

NTEY ., ZO T TiE Shh 28 NFxB 2/ L TS CW\Wb, £ Z T, I-kB-SR-Ad %

FHUNT NF-kB [HEO B ZFH 7~ & = A, NF-kB [HESIETIZHE VTS Shh OFEELNH]
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DHEEF S CTE Y, CML-BSA (2 L 51EHIE. RAGE %4 L7- NF-«xB FEMLTFEAI 72 Shh D

FBHEIN Ch 5 L AVRR S (Fig.34D),

>
™

” Gli-1 Gli-2 Gli-3 BSA CML
1.2
1
0.8 o
0.6 o
0.4 .
0.2
0
14 Ptch1 Ptch2 Shh

1.2

0.8
06
0.4
0.2

0

BSA CML BSA CML BSA CML

Relative expression levels
(per BSA control)

C D
1.5 15
®
& — . n.s. . *
s
g g 1 1
'"GU
n <
ew
a®@ o5 0.5
o
i8
5, = ., m 1
BSA + - + BSA + - -
CML - . - CML -
EGFP EGFP

Fig 3-4. RAGE-mediated Shh expression was modulated by CML

(A) CML negatively modulated Shh in vivo. The skin on the second day after depilation was marked
with India ink, and sampling of the total RNA and analyzed with Real time PCR. The results are
expressed as the mean of three independent experiments. The results showed no significant difference
in Gli and Ptch with the skin intradermally injected with CML-BSA or BSA. *Compared to the BSA
reference, P<0.05. (B) The skin specimen on the second day after forced depilation was stained with
DAPI and fluorescent immunostaining of Shh was performed. Negative Shh expression was observed
in the skin intradermally injected with CML-BSA. The picture is a representative image. (C, D) The
primary culture of E15.5 embryonic skin cells was adjusted and cell lines for the various genes were
created by overexpressing the target gene with adenoviruses at an MOIS0 or more. Shh expression
repressed by CML was derepressed in the DN-RAGE-IRES-EGFP-infected cells (C). On the other
hand, the / - x# B - SR-infected cells (D) did not derepress Shh expression in the EGFP-infected cell
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line. The graph shows the mean+=SEM of the data from three independent experiments. *P<0.05.

2-3-4. CML iZ X % RAGE %4 L= fifaiEE 0 E

%12, CML-BSA (T & 5. EHIEMIROBENE~D B L invitro THET L2, g%

B AHIAMIE A VT, A2 T v FUPRIZ L 5 healing activity a8 L7 & 2 A, CML-

BSA OWINERETIL, BEMKAFAIIC healing activity Z (KT S5 Z & 23580 b7z (Fig.3-

5A-E), $:\ T, (DN) -RAGE-Ad. 3 LN I-kB-SR-Ad % JRIIFE B, X & 7= W B 2% e s

iz T, healing activity Z 185t L7z, € OFEF, DN-RAGE % 581 U 7= g1 EE 2% B g

FElZH T, % EGFP J&YsHliE & [FAEIC CML-BSA OUSHINZ L - T T L7- healing

activity 23a5 8 S 7z (Fig3-5F), — 5 T, kB —SR &3 HL L 7= (MR EE 2% K JE AR B\

T, IR EGFP [EYAMIE & [FARIZ CML-BSA OIRMNC L U healing activity O T 23547 &

Nizhoiz (Figd-5G), T HOFERMNEG . CML-BSA (X, RAGE %41 L 7= NF-«xB FEHKAF

MBI K- T MfEiEEMEOMHI 2R Z L CnDd Z A RB Iz,
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BSA CML

Oh

—— ————
1000um 1000pm

24 h

F G
12 - ns. 1 - -
= ! 0.8
é 0.8
0.6
g 0.6
0.4
0.4
2
3 0.2 02 I
0 i 4 0 |
BSA + - + - BSA + - + =
CML CML - + - +

independent experiments. * P<0.05; **P<0.01.

59

- + - +

o o [
Fig 3-5. RAGE-mediated repressed mobility of mesenchymal cells by CML
(A-G) CML-BSA repressed wound healing in DPC. The DPC culture was maintained at confluency
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.
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Healing activity (ratio)
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(X}

o

BSA 0 1 10 20 40

and after scratching, 40 pg/ml of BSA or CML-BSA was added in the culture media. Twenty-four
hours after the addition, the distance between cells after scratching was measured and evaluated. (A-
D) show representative pictures. (E) Compared to BSA, CML-BSA repressed wound healing in a
concentration-dependent manner. The graph shows the mean+SEM of the data from three independent
experiments. **P<0.01 vs. BSA reference. (F,G) The infected E15.5 mouse embryonic skin cells
were maintained at confluency and after scratching, 40 pg/ml of BSA or CML-BSA was added in the
culture media. The inhibited wound healing was derepressed in the DN-RAGE-IRES-EGFP-infected
cells (F). On the other hand, the /-xB-SR-infected cells (G) did not derepress the inhibited wound
healing in the EGFP-infected cell line. The graph shows the mean+SEM of the data from three



2-4, 2

FABBRIZBIT 2 BAEMRICIE. Wit &7 F /LD FHiZ Shh, BMP4, Notch, Tumor

Necrosis Factor (TNF) 7 7 X U —% | #HEOHFIZ L 550 RENTWD (78), Ziuh

DY T FIARED A — FIZ L > TSNS BAUFEN, BU~KRET 27201203,

Shh & 7 FANEETH D Z LA ShhiBE FORBET L~ T AL > TRINTND,

Shh B O XKHEIF, BAFRELEOBUMEZAET S Z L0056, ShhiZix, BEFE

O ERCRANE O EZ e Z & T, BERRICEI BTN HDLEZLND (76), A

JET. CML ORPNIEF A, BERMOMIEEEMEOK T 25 S 292 & T, BUDOFK

HEZGISEI L, ZOMR, BROMIILZE ZENHLNnER>72, CMLIZLD

Shh OFEIUX T IL, BHPKIZHT G T2 BRMIES, BAF V7 n—RZEDLHAER

L Wo lo B BB OMEIR T4 Z L, CML 12 & 5 Eirl KB WUEE~E

BUIRMERS B A b5, —J7C, BALEMAAE KO, PIREER S Z iz 22

F o FRERND . MIEZMAICEIT 5 RAGE 241 L7~ NF-xB FEEK TR 22 M i B FERE O H)

il &L EEPEOIK T ot bR ST, HlbEab, CML OERMIISIZEE O LR - H

M TH Y, £ bMlabiEZ Mt 5 2 & T, BOUBMRATHE L TWD [RetEn s 2

5id,

MR EC R 2B AE L, AROBANEMALOBRFAITRRDEFTHL Z

EDREE S NS, BBFNC I W T BB FIZ B LRSS R S bk 5 & | Noggin &

BMP4 ZXRBL9 5 Z ENHMBHILTWD (79), BMP4 [ L LB~ = 2>F T Shh OFH
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#[#T % C, Noggin iZ BMP4 ORHINHIA1T 5 2 & T, ERMIMEIL L FcH
TIE Shh 2AFEHT D (80), —F57. EBGHNEEESR & 82 L2 ERAHE T BMP4 (X > T
Shh B IHI SN D EBEZ BN TEY | TN BERBETA & I O SISILHE O 5 A r—
NIZ & - T, KEICHAINRBAREREND 81, AE. BABMROR Y T v F T
B A RBROFE R D CML X EHAT ML OHEFEFS KL ONEENEZBEE L, in vivo 123
W TR ERES OMIREEELE 23380 S iz, RO BaARAERR L A% OBEFAEIC
BOWTHEEEET 20 THALE, CMLIZ L 5 BERIBOMALEILOHE S, Noggin DI BUK
T & KIFT 2 & T NF«B JEEIFAIIC BMP4 |12 X % Shh OFHUK T4 & 72 5 L7z ATREMEDS

Exbb, ZNOHREEZERCIBRT 7201203, SORMEDLETHS D,

2-5. FE#w

EARBUS DR DO FBIT, 1ER, RWVIRFE Z 03T TER SN 5 BRI L D2 LERE
TICBWTHANLNTE 72, FAlE, CML 2 ENES T2 2 & @SRRI kI
KD BORA DB T2 LN TE D, L HiEmaRRE Lz, KET VT, E
MNEFICPET D Z D, MEOEEIZHELL LKA L TV D aMREMENE 2 b
%o RETNOMAFTED—21L, ALEH D b HOIEICGEER S, FUbLIER 232 =
LT HTE R EER OB L BT HFIMMNT 22N TE DL ER D, £OM, BEOEE
TR A 7 = X D EfRARRRICHE T 2 2 L N TE D EB 2D, BEOBERMICEE TS E
Bz - SRR O BRI, B« JRIR - MER IR 72 &2 31T 2 2R B T AU L ZE D R fHEHE ©
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b (82-85), HMHLERER R DAVE < TWAETE AL & FF 39 2 I ME 20 i [T 6 oD B i 4 2L

T BT DD LN — LI h EEX D,
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(/tj:ﬁ

AWFFETIE. BEELZ TG 2 AR & NI E B L. Bz e R R o fig B

EHARHEZ BR L LT, 8 LWAHiR O 2l A 7,

B 1 ETIE, AMIRTTHD UV ICER L, BRETOSTHEFOMRAZ BIE LT,

UV ICL - THIEEZ &D ROS 24 LIAEAREFIZ. 2 E THEE oEN ST

W5, BAREDIZIE, PI3-K/Akt > 7 )Lk & 4 L C NF«xB Z{E1E(k 9% Z & C. Interleukin

(IL) -1, IL-6, TNF-a 25 D RKIEMEY A DA v 2 TLESE, RERELEL, &5,

Cyclooxygenase (COX)-2 < inducible nitric oxide synthase (iNOS) % #% & 4 5 Z & T,

Prostaglandin (PG) E2, NO Z L L, KERIEZHMT 5 (86-88), KAEHIIZ, FHEMD

Matrix metalloproteinases (MMPs) Z /G AL L, BER OMIfS A~ N Y 7 2288452 & T, &~

TRFEMGED R EZERZF ST EEZ LN TS (89-92),

LU, BE~O UV BENFEIET DR, IR, KL L Do TmWBEI & A — DI,

JEARDOIIE E T, 12-24 B OEREZ VE L 425 (86), Z OHHSEICET 5., o+

FEFE DOFEANZII R S < FRICEREBICBIT 50 TP W I LNz ST

W2, SEIOTED S K fE~D UV B OWWIGEE T, Flg s+ ORBUK T 25

L7z, BN THSBEDRFENE L TWA Z L H#HL NI L, —FTEX 2N, UV BEIC

£ % Flg BIZFORBURT 2806l L, BEAN) THEEAZRE S5 2 &2 /AL, £DfF

T, Cdx1 41 L7z Flg B8 T OIREIEH AR EIE L 2 L 2H=IoR Lz,

INFETORENDS, REBEB~DO UV BEL, ¥ 7F /A oG iEZ5| &k 24

ZEDHBINTWS (93), ZHUE, REX—UA— =Mt A Z & T, AEEME
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S EERIREA~7 9 B MR D53 b « BREMEDS A 7227 KRB TilEde Z L 2 B LTV

5o UV B 24 B2 IZIE, YERIEMINO 72 e 7 U UBRINICFET 5. 727 4

TV EBEORTZSIEE Z L, 72 FE# 121X, Flg BB FREBLO RIE/RK T35 &k 2

SINDHZENMBILTWD (94), AEIOWIETIL, invivo IZBWT, UV B 24 BRI

Flg a1 OB E R BBUSTREE I (Fig2-7 B,C). in vitro IZB\WTiX, UV MR 1 K

MZICFERROFER NGO TN D Z &b (Fig2-12B) ., Flg Bin 113, FEFITHERHE O S

BT, UVICL DB EZITHZ ENRHLNE o7, UV BBEHNZ X5 Flg B is - RE DK

A REL — A= —DREITENT 5D ThHIUX, —2>DOREMIE b - sl

5 FE CTORMAIHRINKEGFE L T DITTTHD, v~ T ARKEMIEO X A F I 7 Z250

T IATA A=V T ORI O/ RICE D &L T 0L >ofilansb L.,

BEEE T DAY 1~2 BRICHORT 2LV RHPIEFZHA L TWD ZERHESNLTVD

(95), ZOWEIL, ARIEH L2 UV IC X 230078 Flg BB T RBLOPHEA, il fus s

DILEZE N LR E S — o A== L DB TIIRNWZ L2 RBE LTS, 4F

DR G UV BT Cdx1 OFEHZHWCNIEK T S5 2 L & Cdxl (T Flg Bis17n

TN —~DFERIZ L T, T —{EMEE ST Z LA L2, AR RS, UV

FRSHT, Cdx1 2% —%" > ~ & LT, Flg BInFORBAZMEIT 5 Lo | BEELEFET

DHET- B OFENH L L e o7, —5 T, FXAZIE, UV BT L 5 Flg #1055

BT OMEWERN RH S, ZOEMIZ, Cdxl OHEREN L= THF CTH D Z EMNHL

nE ol
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7 R e A, Flg BT O RIS &> TR/ Y T RRESE T LT 5

EBRHRESNTVWDZ LD, FX 137 FE—MEERICOIRZHIET D 2 L hHIR S

%o LinL, 7 FE—MRERIZEIT 5 Flg a7+ ORBKTIZIL, UV B & [FERIZ Cdxl

ENLICHFCTHLINE D MNTHA LN E > TR, ZbDORREEEZH G NICT I

X, SORLMEPLETHS D,

H2ETIER, WAL LTCCMLICEH L, BABREIERICE X 8L ZDIEH

ROl Z B L7, 2 E T, FEIZBIT 5 AGEs OERIL, BED A% Hafb L T

JAIFF| X, BEBICHFET D aT7—Fy, 2T AF v tnosizfifiust~ F U 7 &

IRERHIN RN En D FHCEREEEZZITRTWI LN ERTHL EEZ LN TS (96),

FEZAEME AGEs D 1 FETH D CML BNER LTI T ZAF %, PRI 22— THRE

AT BERRED TUHE , FRAERE DTN, HMERDMREROBE T 25 SR L, HHD X —

VA= AN=METT S, EEEOHRBLEMHMEZ T CML TR L7256, e~

CML DOEFEN 30-40 iU BB S II L O, @mlinlce b & o7 AF USRI B RN

JER D (97), FiZ, BEEDO a5 —4 1% 20-80 B £ TIT 33%72° CML k35 = & 23Rl

ENTWD (98), LLEDZ s, CMLITMENCEE > T, REE(LIcRE B H - L

PEESNLTWDN, BREMBHEDO—2ThHh D, BEDOHREIMA~DEEIZON T, X

AL MDTEN TV,

BOUDOI=F 2 7klE, EEAESN D BHOMIIIEICIEND 2 L b | MEBEREZFIET 5+

KD—2EEZLNTND, HIHIIIT DWBLE. HEMBIEDO N TSN TH | JEmIC
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v, BRoEsat & BEBOEMREABIE S, BB EE (AGA) ZRETLHI L

WEHNTND (99), BHERLEATERT D AGA 1F, 85 L0 BIEEROETHRRC |

FAERED AGA Z3ET 5 (99), BEFFIT, 2B ba L7 Z—BEHEST L2 & T,

PERALELN, Y ReTF 2 27 rr (DHT) (288 X5 O % 1 5 finasteride <2

(100) , ¥4%i[K 7T & % Insulin-like growth factor IGF) -1, Vascular Endothelial Growth

Factor (VEGF) . Hepatocyte growth factor (HGF)Z i 2 Z L2 X » CTERHOH

JEZ {29 Minoxidil 23287 5415 (101-103), LU, THUBEMEFEZ 2 —7 v R L

TR T2 TIE AGA DFER Z IRARBNCUET DI A+ Th %, TOBHIE, RO

FRIEMFFPIFEL TWD 2O Th D L HER SN D, T, F R EMT & LT, Iisic X

BB ORI TS SN TV D2 (104) . Z D0 FREFIZIIAARENRZ L %)

B2 BN DO BIFEITIZE > TRV,

ARFGETIX, Iiln & LT EICERET 5 CML 23, BOUOFEIAIC & D X 9 I8 % KT

T ONEFEMITAET L7z, CML-BSA % BZNTES+ 5 Z & T, SN~ CML #7%

MU= T VAT LTz, ANET L TClE, BEREOMBEENE DK FIZ X 5 EERIERD

#Bersn (Fig.3-2,3-3), HfEIcB\\W T, CML B"&fL7-27—4 1%, RAGE %4

7RIS S 7 F AGEEIC L » TEEMRO 7 R h— 2 %3FEE L (105). ¥ 5 F /4 A

N DWFEAENESC, 2T —F o ~OfilaEERERAZK TS5 Z LR REI N TS (106,107),

B SN BEFOMIGEEEMEDIR T, RO DAREMETH 50 E 9 MEMGEL T, T D

i, BERESOMBEEMEDIR TIX, IET R = 2METH L Z LWL E R Y (Fig.3-
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3H) . #IRE R ALEMIALIS KO #IfRESHE B2 A 4 FAV 72 healing activity o FRERAS 57
O | AEIEE A OAR T A3 E R T 5 rIRENMEN R Sz (Fig.3-5), £7-, RAGE /1 L7=,
NF-kB & AFHI72 Shh BI5F ORI CH 2 Z L RPI LN L 22 o7 (Fig.3-4),
IHNETIZ Shh 27 —F v M EFTHEANDOFEITIER STV R, KETLVEMND Z
& T BEFIROAE BT Cdb 2 R E UILER O IR O T & TR D HiicAefE

FBEFIZ X2 3AIBTIC D723 D Z EEifF S L5,
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AWFFETIZLL T OFA 21572,

1. KE~O UV BBEE, 00 Flg 85 T ORBUR T 48 X | FX 23 Cdx1 #47 L T UV
FSHZ & 5 Flg AR 7 O R BUK T 24015 5.

2. CML-BSA O NEREIT, MIEEMEDIRT 21 Lic BERH OMaEE 2 IR &8, %
EEELE, EORIEEIIL. RAGE 241 L72 NF-xB JEK (7RI 72 Shh &5 7 D5
Nz X 2,

LLb, EHIL REECCEB T B - NIVERICE B LT, #ii By oma %
1ToTc, HHIERTH S UV IZ L > THERHIT Cdx1 38 LW Flg BAR T OFREL G S5
xR L,

WHJER Td 5 CML X, Shh OFBUR T A2/ L7 BABEEROMELZELS Z L4 A
U7, BAERIL, BIAORMEAICIBE LA D=L EZN L TNDLEZEX LN, 55

NIRRT, BEREe, BAEZ, BRIFICBWTARREREEADbDLEEZ D,
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WFERERIC N 0 ZH W2 E £ Lie, SmfE R fad PrzdR.

PRI TR & L £ 7

KIFFEZAT O H TV FEBIZAVDIC TR ATEE £ Ule, S RPHRTH KE (£

gt BR R &l Rt Al EeEsh BICEERICSIL W EE
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