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aCDase: acid Ceramidase

AD: Atopic dermatitis

AGESs: Advanced glycation endproducts

BPB: 4-Bromophenacyl bromide

BSA: Bovine serum albumin

CER: Ceramides

CERS: Ceramide synthase

Chol: Cholsterol

ChREBP: Carbohydrate response element binding protein
CLDN: Claudin

CML: Carboxymethyl lysine

DMEM: Dulbecco's modified eagle medium

ECM: Extracellular matrix

ELOVL: Elongation of very long chain fatty acids protein
ESR: Electron spin resonance

FA: Fatty acid

FAS: Fatty acid synthase

FBI1: Fumonisin B1

FBS: Fetal bovine serum



FD-4: Fluorescein isothiocyanate—dextran (average M.W. 4,000)
FL-Na: Sodium fluorescein
G-SCLL: Glycated epidermis-mimetic SCLL
GA: Glyceraldehyde
GC-MS: Gas chromatography-mass spectrometry
GO: Glyoxal
HaCaT: Human adult low calcium temperature
HPTLC: High performance thin layer chromatography
K10: Keratin 10
LXR: Lipid synthesis including liver X receptors
MMP: Matrix metalloproteinase
MTT: Thiazolyl blue tetrazolium bromide
NF-xB: Nuclear factor-kB
OCLDN: Occludin
PBS: Phosphate buffered saline
PLA,;: Phospho lipase A,
RAGE: Receptor for AGEs
Real time RT PCR: Real time reverse transcription polymerase chain reaction
ROS: Reactive oxygen species

SB: Stratum basale



SC: Stratum corneum

SCLL: Stratum cornium lipid liposome

SFA: Saturated fatty acid

SG: Stratum granulosum

SM: Sphingomyelin

SMase: Sphingomyelinase

SPT: Serine palmitoyl transferase

SREBP-1c: Sterol regulatory element-binding protein-1c
SS: Stratum spinosum

TEWL: Transepidermal water loss

TJ: Tight junction
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{EHERCEIE S O ~DE ML, BTl L ORE ~0REHfF L THE
AT PN T WD, BB, SR L IRNEZ IR THERICALE L, RIS AeD
DIEGL . AR D AMHERFZ AR TR T 2 RN DK G 78O BB IR % B
NYT7ELTHRELTREY ., (LEMOREIEZEOE RN DITEDOIFRIEMESRK
HE&oary ba—/ L ofEEtE, FFIE@EE 2R A BT &5 RE T T OB
MORES R G E LCHER SN TS Y, — 05, BN TR
BEEOREEZ G20 5 572, RGN THREZ IR NIRRT 5 7o o R
K72 TR, A4 7L VAR LY haRlL—vay, vf /7 a=—
ROVSEBRN) « B LE Z N LI TR AR STV S 7Y,

R IIEANENATE T S A (Stratum corneum: SC) O FizA =Rk E, H

i

i

Rlgaf L, AERABIZSIRREIC L & 5 ICHERE (Stratum granulosum:
SG) . A= (Stratum spinosum: SS) . F&/EJE (Stratum basale: SB) |2/ ¥H S5,
FFEDERITENIC LD RELS BN, BLZ 12mm BETH 5, AEEIX
ZDHH 20 um BELIFFIFEETHL DD, N THERIZBW TR b E
TR 2D, AREIE. R O ML LR 2 18 TR A S 7= 4 B & A
JEHAMIEE Lo ks, oo (EM) - 20 (AEMIRFEIEE)
ETVERHTNDE@Y . B A T R TR Y B E e KD 2R RE
LD, MEMREIZaNRAT 2T Y — AL EEN D EEEEZ N L TES

LTCBY, AV IZLA 50074 T hEDE) o Tar7r—BIlcLs



Hlbz2 5L, it LTRPNE LD, TOWBRITSZ — A ——LFHIh
THRY, EFREETIIBEL 115 7 LS TWa, AlEiaiklagoA%
X, BEXEEFEENLTHESNTZET I (Ceramide: CER), = L AT 1 —/)L
(Cholesterol: Chol) . fIg/Ififi# (Fatty acid: FA) T» V. HAIM /&2 2
SO0 Z B ABMMIEE L. FICREODICHEORET A IEFEIC L DA
ERTAHARIND, FHE THEEDTOND T A ZERITITY VIFES 7V
aeT7 IR, A7 4TI Y (Sphingomyelin: SM) . Chol 72 1N X
WHEZNEENTBY, FREEABORTm~TF VA F—T R LY
ENnD &, RERIINRHZ 2T T A TG R 2EE e T, AEO X
FREIHT GRS L OV FBMEE 2 W8I L . Zh b DIFEIFEFY - &
DT A FTHEREERT 5 Z LGS Tcng B, Eiz 72 T
HE[E 72 Wi ClIRAL KB EH O HANR 2 FRERE S B SN D, (bEMDFE
AEMREEEZ@OLV— FRZEAEEED D0, 2 GIRE ORBHOHE
LR O BRI, R EFREEZ RO ETH, (LEWOEMZBET 5 I
THHETHD,

T, NAOEEESCREEEOZBICER L, BMER 722 & IR 2 =35
PRI OEEIN A EE L 72> T 5, EIMFRREIC L VB EEZ Sh
5 HRBELPEY) (Advanced glycation endproducts: AGEs) Dfiigs~DEFEI%, b
PRIGHE G DHEDFIE & 58 < AHEE S D fth, R & 72 BRI B U AR 7& BB 0O M4

ICEELTWADIZERHALNIIR> TS, BT v a— 2D IcEEDh



IR VI B R RIS T S BT o T X R EORTE S
DRI A AL T — RS WML TRV, Bk - #5a 28T AGEs 23
RSN D, AGEs X, # /X7 ERL—HONRE. RT3 LI 22 282G TE Rk
Ik AT & 2 59 AGEs 2 &K (Receptor for AGEs: RAGE) |Z i
A L. FiE?d ROS-NFkB (Reactive oxygen species-nuclear factor kB) %%/ L
PIERGZFHET S (Fig. 1) 7", Bol Tk, REHERE & ER (Endoplasmic
reticulum) A b LA & ORI S TR0 20, PERHIIE Tl E MR AR &
5 ER ALV AETHR M=V AOBERRIN TS 72 BBV TIL,
AGEs IZRKETIXr 7F v B TIEa T =R T AT VEDORERR Y 3T
BICEEL YV URKEORE MR EDORR LD LEZ BTS2,
F iz, FEANLHRIZIT RAGE OFRILNRD HLTEY . AGEs © RAGE %4t
LIeRIESIROFHR b HE ST b P,

DX AGEs IFEFOEIZKRELS G LTV EN P, ZnETNY T
BEEE. FrlCE MABMREEE G 2 2 2OV TIH B2 o T
ST, T TAMIETIINE L IFER 2 OB A LA L T\D Z LI
HEfG, LR DAY THRBEOZIB L PEDA D= A LEZHEMNITHZ
xR HBE LTz, AGEs DRE/NY THERRIC RT3 55084 | A B0 - PR 708l
RIS FERINCH SN T D720, LUN RO CF R 21T > 72, 8T
(X, BELRZIZIB T 58 THREDO b0 g e e E o BRI A B s LU0V

DB OWTIHHAE L, B m T, fit~ v 2B 2 W TN 7 544



TR U7z in vitro BEALE T VRS 2 AW THHER T BT DG gt o

P& Lz, B==TlE, & FEIZET D AGEs DEREICHOWT, Hi7
UtAT VT e FHK AGEs Uik % FIW CHRIFHOCREZITV, £ O RTERH
kD F72 % AGEs HDEWZFi A L7z,

AR D e hh il 2 RS 2 B OFE(L M Dligids & 72 2R & LT RO
FHUIZ, RICBOMGE LT 28088 6 b, (BIITAEDI AIZ X
52D KR BRBGAORMLT, DHILIESCHHRED LOTEOICHLEETH D,
RO B ZZERTH Z LIC ko T, GBI 2BHEBS 2 B L, 1Y)

RTHFEEZRETLIENTEDLEEZBNLD,



Schiff base Amadori product

Protein degradation
Protein adduct / crosslink

~

- > - AGES! @

Inflammatory response

@ RAGE
(Receptor for AGEs)

_, ((Ras™ _  /NF-xB
MAPK AP-1

Figure 1. Schematic presentation of AGEs formation and their features
Aldehyde groups of reducing sugar react with amino groups of proteins to form Schiff base and more
stable amadori products. The resulting AGEs cause protein degradation as well as inflammatory response.

MAPK: Mitogen-Activated Protein Kinase, AP-1: Activator Protein-1
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PRI 5 A fEimaiiiaE o
BIAE) & 2 D
w1 R

IR MR 72 & I FEVERK - R8T 5 AGEs (3. BEIZR W TIRER
fLTH = F—=—"—pEIDEINDEKXOMIAS~ U v 7 A (Extracellular
matrix: ECM) CToh 5 a7 —5 R T AF U ~OERBPERFIARTH Y |
~ Y w7 ZDWEFHIC LDV T DIEEA = A LD—2L LTEZ LT
72 9 SFEE . RRICAFTET B4 5 F L 10 (Keratin 10: K10) 232 DEE & 72 %
TEBRHREIN, XN —DHWEELEDOERN LS ERH BN E
o TWD,

PRI R RIE IR E AR M T O Dl & LTmbhnsn 0 Zh
X EBE DI KDY T & 72 5 J@H0 CER X° Chol, FA B LZ55E/LT D
BURENV TRHAEOIREZ A 7MiEEx AL, ZNOOREEAEEERLEIC
BWTERICERT H2MERH 72D Th 5, RIFEBEOMREIL, acetyl coA &40

L—#F DT kX —PEARK A 7L a— 2ORE LG LT\ 5, JE, JE
TR AR 31 2RI 22 IEIAEE O BRI TR EE 2 HE T 2 2 bl S T
W5 SRR EMIEE ChH Y, U UIEER N TS U ke —, CER

TR D LFRFIC, AR BBy & LT, = R — AR



BITOIERERLEL LTEEL TS, fkx 28HEOENMRRIX. HAIEE
D4R, F-IXNENIEE A RkE% % (Fatty acid synthase: FAS) (2K 5 /3L 3 F R
DEGRERCEALASND, 7V F BRI, ELOVL 5 & i 5=

(Elongation of very long chain fatty acids protein: ELOVL) (Z X % {#i& i
. A AR I R e R SR B N A S D, F72. CER
DAL IR 1L de novo R, salvage #E, A7 4 v A I Y F—F

(Sphingomyelinase: SMase) R KA S 41D, De novo fXHE Tl Y > &L

I AL CoA ZHREWHEE L, HEMZTHLEY 7LV M VRIS

(Serine palmitoyl transferase: SPT) X°. CER &kl (Ceramide synthase:
CERS) IZ X 2HaA<07 2 /LA #% T CER 23R & 115, Salvage #2115 Tld, CER
IZA T 4 TREORNENLTHDAT 4T ZHHMH L, CERS IZLDHE
WA CTAER SN D, SMase #R#5 TlX, SMase 212 SM DMK N5 CER
LARAR Y UNEREND P, Chol IZRFEIZIHVTH, HMG-CoA & Tl
EEAHE LGN EERMGETH D Y,

ZIVE THHE R B IC 3T D AENIEE P B AR B OG0 U THERE~ 52 5 8
BIZOWTIE, BERIFET VT v FRA LT MY U UBERIERFA~T LA~
U AET IS TIRIT DM T O TV DRIENR B D b 0o 23D v Milifaz Az
MITESNTWARY, FZTAETIE, b M ZRTEELET VK L2 FE
L. MFE R K78 B (Transepidermal water loss: TEWL) OHIEIC L D XY 7HE

DR %2 ., mMERE#EE 7 v~ 72 7 ¢ — (High performance thin layer

Y0y

N
H
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chromatography: HPTLC) °H A 7 m~ F 7 7 7 4 —EH &/ (Gas
chromatography-mass spectrometry: GC-MS) ([Z LV IFEEFEDEREEZIT -1,
Fo. BETREBEOBLFHRIEELZ Y 7V % A L RT-PCR (Reverse
transcription-polymerase chain reaction) EICE VB SNIC LTz, 26O/
FD L B RIC K0 REIEE OB Z R RBD bz T-o . FEk3
BT AT DOYIENG 2 28BN T, B LR O IR E R & A5k U 7= 4 JE
FafEE U AR Y — 2 (Stratum corneum lipids liposome: SCLL) Z{EHI L. DWW
MRt d K ORI ENE DR 21T > 7o, RIS, FEHEABEE o) 7 TH
HHAA NV Y v a s (Tight junction: TJ) ~5-2 2842 HA Lz, TI XSG
BRI D EME CH Y | KIEESTITHT 530 7 & LT
RET 2, FHLAFRE L SRR R T D TI RS R 7 B OBIR T3
WEZ )T NVZ A LART-PCRIBEICEVET D ZLICEY TITOFSGZTFRLE,
LLED XD IZARFETIE, Hib & G THERE D BIEMEIZ DWW T, ZAMRA

Wy RO 25k, B LT,
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B2H ERAE
2-1. REB X OERME

Dulbecco's modified eagle medium (DMEM) . thiazolyl blue tetrazolium bromide

(MTT) A, VAR Y — L5H%I L OFHEH O cholesterol, cholesterol sulfate,
palmitic acid, 5-DOXYL-stearic acid (5-DSA) (&% Sigma (St. Louis, MO, U.S.A.)
LA L7, alamarBlue®iZ Thermo Fisher Scientific (Waltham, MA, U.S.A.) X
D EEAN L72, Glyoxal (GO). cholesterol, palmiticacid, 7 2 @R/ L, AKX ) —
JATASEAESRE T3 Ut CRBG BA) KW A L7, T AGE ik (clone 6D12)
IHRARAE N T AV =7 (], BA) LOBEA LT, Alexa546 1k —
PRI, Life Technologies (Carlsbad, CA, U.S.A.) L v i A L 7=, CER [NS]. CER

[AS] IZ Matreya (State College, PA, U.S.A.) & ¥ . CER [NP], CER [AP] /% Evonic
Industries AG (GoldschmidtstraBe, Essen, Germany) X ¥ i A L 7= .
2,2-Dimethoxypropane [FH U bk TS GO, BA) KLOEBEA L,

F.AM.E. Mix RM-3 % SUPELCO (Bellefonte, PA, U.S.A.) X W EEA L 7=,
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2-2. MRRRE &

ZWRITREERF LT /L & LT, EPISKIN (EPISKIN, rue Alexandre Fleming, Lyon,
France) . $h#5E€5 /L. C RHE 6D (EPISKIN) % fi\ /=, A€ /L%, Kk ETER
REAPA R R L CEREN2b O THY | KU TR T 5281280, IEF 7
JERERE AR DB ER B Z TR T D, B OHEFEM EF A HIVY, 37°C. 5%CO, = T
IZTCHERZITo T,

HaCaT #lifii% 10%FBS (Fetal bovine serum) % DMEM % VY, 37°C, 5%CO;

FFETICTHEZITo 1,

2-3. K2 & 0 F-E
BEEAGELE (TEWL) OHIE

TEWL fii, ZRITHEERLZHTEREL FIZT 45 I . VAPOSCAN
AS-VTI00RS (HRREAET e A A A K A, BHAR) Z2HWTHRE LT,
U T HERENX . GO MLEERTD TEWL A 6 GO #i#% 72 Refil#% O TEWL fliz 2 L
SIW=fi (ATEWL) (IC XV EHii L7z (Eq. 1), 553 HEoREIZEy, Algn
BT L7720, EWRANY 7L AT 5E7 /L Tid TEWL I3RS+ 5, 3
2B ATEWL 13T 5, —J7. NY THEONANH D L, TEWL fE

NEL b2, EFTT /LKL ATEWL fEiXED 4 5,

Eq. 1
ATEWL =TEWLy - TEWL724
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EHEEOHIE

BRI, —IROUEFER LA ARO RiciEE | RERA XL Y 7o —T7%25H T,
B AR CR-400 (2= X /)L Z RS, Bt BA) Z2 W THIE L,

T— L L*a*p* R AR TER L, HWOEEE LT, p*&FEH L,

2-4. MIIRAEFRDOHIE
“RTRERERFOAFERAE

SRTTEERF R OALFERIE, alamarBlue® & WO THIE L7z, ZRTEERE L
Z 24 Ref ORIEE R, FRECEM X 0 ISR LM BE (0-5mM) @ GO
ICT2HEMBERBE L b D%, 2 b — A BXOBLREE LTHEALE, 20
CRTTREFR L A R E M X 0 B alamarBlue® = 10 : 1 (viv) E7eBb X 91T
R U 7o iR R LT, 4 PR &%, v 7 v 7' L — | U — & — (SpectraMax
M2°, Molecular Devices, Sunnyvale, CA, U.S.A.) % >, [AIX L 75 oG %
Ex: 570 nm/Em: 585 nm O TRIE Lz, SREOMBAGFRIL, 2> br—

VA 100%E L7-BEROMHE S L THEI LT,

HaCaT M a0 A fF R E

HaCaT il D721, MTT {EIZ THIE L7z, HaCaT Ml Z#EFE L, 24 FFfH
%, FEAPEE (0-10 mM) @ GO IZ 30 /& L= b O 2B AL &

L7z, 10%FBS &4 DMEM (2T 2 e, REGHA2 AW T E 512 48 REfEEs

14



EL, EHEROMEIH LTz, BT b -~ 7 13 LRE phosphate buffered
saline: PBS(-)IZC 2 FEfMAR 2 P, 0.5 mg/mL @ MTT % &4 9% 10%FBS &
H DMEM IZAZ# L, 4 RSB 21T o 72, B L= 7+~ P % 0.04 M R
/A4 Y T LT va— VIR THEMEL, ~x A 7n 7L — U —&—

(SpectraMax M2°) z HV T 570 nm (Z331F D W E 2 HIE L 7=, S HEDMa AT

KT, 2 ba—L%& 100%& L7-BROMxMEE L TCEH L=,

2-5. S E LA

HaCaT % 552 fA A7 A K4 A (Fisherbrand® Microscope Cover Glass,
Thermo Fisher Scientific) IZ#ERE L. 2-4 [IZFE# O HIETHLAFHE L2, kL
A 48 Rffil#% . Mz PBS(-) T2 WL, WA K/ —/LT-30C, 15 43fEL
425 Z LKk R AEE T Lz, 2% BSA/PBS(-IAR CHIE., 1 BEEKG S+
HZEIZRV T e yX T ERITo7, | IRPUKIL, FL AGEs $tfA% Can Get Signal
immunostain® Solution A (REERIKER A, KK, AAR) 12 1/200 THIRL , 4°C,
F—X—F A N TG ST fE S LT PiiR % Alexa546 235 0 2 biiA (1/200.
PUfA/Can Get Signal immunostain® Solution A) T, 1 B4+ 2 Z L1k Y
R U7z, Bedith. Hoechst33258 (R HLREALBAFZTAT. AEAR, BAR) T
e A e L=k, BISTEEMEE IXT71 (U v 82 ASAE, Hat, AAR) &

WTHEABIR 2T T,
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2-6. lEE DR

FNTUAT2ANE AR EHNTEZRTERRZ ZFEIL L, 7 v R h/A
& 7= (2:1, v/iv) IZ3Ri{E L, JK 2T SONIFIRE 250 Advanced (Branson,
Danbury, CT, U.S.A) (T & 0 B ERAAE ZITWRE 2 L7z, i % 0.20 um
D7 4 VA — (Merck Millipore Ltd., Billerica, MO, U.S.A.) |2 C Atk ., ERE
TS CHMEBIEZBRE LTz,

HaCaT #fia 7> & OIS ZE Al 1%, Bligh and Dyer % 3912 X W 170, ZWock:®RE
B L RIBRD FIECTIRE Y IV Z 15T, RTOIEEIX, ZuraiiLh/A % )

—b (2:1,v/v) (Z¥EEL, BRI L7,

2-7. JEEDOEE

HPTLCIZ L 0 JNEE D3 BEAAT > 72 lEE X 4% > 7110 uL % HPTLC Silica
gel 60 (Merck KGaA, Darmstadt, Germany) (2% ¥ 7 U —%HWTAKR v b L7z,
CER DJEBHEAMIT Y m v b/ A 2 7 — )Vl (190:9:1, v/v) . FA, Chol O
PRSI II A~ Y /= F o —T VR (80:20:1, viv) & L. 2 BIRBHZAT -
2o WEBESHTET L— MT 10%0iHESH - 8% U o BARIE A HER, Ky P L —
k (TLC Plate Heater, CAMAG, Muttenz, Basel-Landschaft, Switzerland) £ 180°C,
1023 UMV B % Al #4k L 7=, 7 L — k% Chemidoc™ XRS+ (Biorad, Hercules,
CA, U.S.A) (2 THE L. Image Lab™ (Biorad) % A\ T/ REEJE 25 filifk L 7=,

EREFFEZT L — L0 ELNAIREOMRBER LV EH L, IFEEOMIE
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IR R RIE, Lowry 15 IC kv ER LT,

2-8. RNA D

HIE A5 D RNA OFfHIX, RNA iso Plus (¥ 71 734 Ak &4E, B, H
A) & FIOTHIE DFMEIZHEMT - 7o, ZIRITHER LR IZI W TIE, RNA iso Plus
o IRE N X A2 WD C RS & Ml filii 24T > 72, NanoDrop 1000 (Thermo
Fisher Scientific) % V> TH# RNA &4 HIE L. OD2s0/ODaso fEIZ 0 #lLEE A R

L7,

2-9. Bz FRABOHE
FhH U 72#8 RNA I3 240 2 . PrimeScript® (% 1 7 34 AREAE4L) 2 v
THUE DFNEIZENY —~ L% A 7 F— (Veriti, Applied Biosystems, Foster City,
CA,USA.) L THEREMIEAEFT\, cDNA % {EH L7-, Real time PCR X SYBR®
Premix Ex Tag™ (% 5 Z 34 AR EH) 2FEH L, NEBERE L LT ROX & A
W, BBIE T O AW Z 7T A ~—EH % Table 1 (2757, StepOnePlus™
(Applied Biosystems) # FHVNTHEIET % cDNA Z U 7V 4 A LT - HlE L

720 RHMIE AACt % W2 AEXTE & TIT o 72,

17



Table 1. Sequences of primers for real time RT-PCR

Gene

Sequence (5' to 3')

aCDase

CERS3

CERS4

CLDN1

CLDN4

ELOVL1

ELOVL2

ELOVL3

ELOVL4

ELOVLS5

ELOVL6

ELOVL7

FASN

GAPDH

OCLDN

SPT1

SPT2

Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward

Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse

CCTTCTTCCTTGATGATCGC
GTGGAGTTCACCATGGTTCG
ACATTCCACAAGGCAACCATTG
CTCTTGATTCCGCCGACTCC
CTTCGTGGCGGTCATCCTG
TGTAACAGCAGCACCAGAGAG
CCAAATTCGTACCTGGCATT
CCGTTGGCATGAAGTGTATG
GAGCCGTGGCACCTTACACG
GGCTGCTTTGCTGCAACTGTC
TGGCACTCTCCCTCTACATTGTCTA

TGAACTTGGAGAAGAGGAAGAGC
TCTGCTCTCAATATGGCTGGGTAA
GCGCTGGTAAGATCTTGACACTGTA
GCCCTATAACTTCGAGCTGCTGTCCAA
CCACAGCGATGAGAACCAGGTA
GGCATGCAGTCATGAGAATTACAGA
GGGAACCAGTACAGAATGTTCACAA
GATTGCCTATTTACCGTTTGACAGA
TTTAGACCCTGGCAACCAGTTC
TGCTAAGCAAAGCACCCGAAC
CAGGAGCACAGTGATGTGGTGA
TTGGGACCAAAGCTCATGGAA
AAAGCTGTGGGTGACCGTGAATA
TATGCTTCTTCGTGCAGCAGTT
GCTGCCACACGCTCCTCTAG
GAAGGTGAAGGTCGGAGT
GAAGATGGTGATGGGATTTC
GGCAAATGCAGATGATAGGC
AAGCTGTGGAGCGGAATGT
TGTTCCACCGTGACCACAAC
GCGCGCTACTTGGAGAAAGA
CCTGCTCTTGTTGGCAAAGG
GCTCCCAGAACCAGTGATGC

18



2-10. JENiBERE D[R E

FERFEEFRITI N D ol ¢ VcZE 2z CHIE L=, HPTLCIEIZ LY | fis

AyBfE UWEBENS IGREE /2 B LT, Z ma RV L/ AR 7 —)b (2:1,vv) I
TUATNEREL, 20 SEOBERAIC L IEE AT Uz, ditiks 7
AV H =Stk BERRQW FICTHEBEBEZRE L, BYESRET,
2,2-dimethoxypropane % W CTIEIAERD A F LT AT UL EIT-T=, G 57z A
FIT AT VACIEMIEE % | [RFEER 15 OfIFIgifE 2 WHZEHEYE & L GC-MS
ST U 7o B VZEL T D1 THEHE L 72, Restek RTX-5 column (30 m x 0.25
mm i.d., 0.25 mm d.f. , Restek Corporation, Bellefonte, PA, U.S.A.) % A\, #IHIE
FE110C, & 10°C/432T 300CE THIET 2 2 LIk v AF = X7 VAbHE
Witg% i Uiz, TA 7 va~ 7T 7 ¢ —IT1% HP6890 series GC system (Hewlett
Packard, Palo Alto, CA, US.A.) %, BE&E/SHEHE IMS700 (A AE RS,

Wi, BAR) ZHwW=,

2-11. ABEMBEEEEY XY —L0FHH

SCLL ¥ K O 3R 2 DR B Rk 2485 U 7oA D SCLL  (B&{LUbE b AR Y
7R Y — 2. Glycated epidermis-mimetic SCLL: G-SCLL) %, Wertz & D FiEIZHES
TR L=, T2bb, zuakih : A% 7 —) (2:1, vv) IR LT-%
FEE Z i L (Table2), m—& U —T /3R b— & — TR A U E 4 %

L CHEEER 215 7=, PBS(-)Z U LAKFI% ., AkaAEL SRR Lz, =7
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A " —H— % W TR F£5% 100 nm [ZFHE L 7=,

2-12. ABMIMEMAEE Y & Y — L O WikFAm
SCLL DR £8, CTEA. Zoadat (PdD) X, ¥—% YA ¥ —7F/ (Malvern

Instruments, Malvern, Worcestershire, UK.) ZHWCHIEZIT 7=,

2-13. ARBMKREEEY XY — & OERE) A
SCLL D@l 1L 7 A &' 4LiE (Electron spin resonance: ESR) (2L 0 7
M L7z, 5-DSA & A K/ —/VICEafiRtR, BUESRAM T CRlBRE ISR 2 TERL &
o, £ZI22-11 THR L7 SCLL ZMA=IR T 5 A v Fa—a &
THoZ2 LXKV I RY =L &k LTz, 7Lk SCLL I% 20 uL ¥ ¥ &7V
(HIRSCHMANN, Eberstadt, Germany) FUZ[EUL L, /N7 (T /VE, FL, HA)
TY— &Lz, A% 7% RFR-30 (7Y HL ) —F4k, Hat, BHA)
(CHE L, ESR A7 Mbvzafslc, BIEIRERTIT 72, BEOBERMIL,
ROy & Lz,
Microwave power: 4.0 mW, Modulation frequency: 9.43 kHz, Modulation amplitude:
0.2 mT, Magnetic field scan: 337.5 mT, Sweep time: 8 min, Detector time constant: 0.1

ms
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SCLL DEiEMEDFREE & 72 2 FRIFEE (S) 1L Bq.2 ZHWTHEH L7,

Eq.2 I 2T, I
S=1/2(3cos’0-1)

=(Ay-A)/ {Am (AatAy) 12} %10

2T,

=(2T,/2-2T./2)/ {33.6-(6.3+5.8)/2} x10  Typical ESR spectrum of 5-DSA

2-14. #EFHALER
7 —4 (% mean £ S.D.C# L. SAS University Edition (SAS Institute, Cary, NC,
U.S.A) Z W THGEHLEE 21T o 7=, fEfRER 5%A0m (*p < 0.05, **p < 0.01, ***p <

0.001) #FEEZLY & LT,
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EIM MR
3-1. FEALEEE =R T & 2 K O FRAf
FEEREPICEEN 2 ABMREIBEREEZHONCT 2720, ZRuEEHEER
B DILETEM L 0 FE 4 REED GO & 72 R &S L. BHEFHE =k BRI x
ERIL 7=, GO X NV a—ADBRIZE VAL L INKR=EEMTHY . X
JSPERIER T E =, BRE L AGEs OB AFE T2 %, EWLEND
O A2 BT 272012, B L7 REGH#kAZ A9 5 EPISKIN Z, 8k L7z
FELRBZ T DO AAE 2 A S RWHFHET /L TH S RHE 6D €7
WA LT,

MR A RITDNTNOET LB T HIRERFHICHERICHD L, JAE
TV TIEL S mM BT WTHEICHEA L7z (Fig. 2a,p <0.001), JHEET LD
N GO IR B REZMITE <. 0.5 mM AFICB W TAHEICHD L= (Fig. 2b,
p<0.001), HLIZL DER AN THREOE(NLZH LT D120, Rk
KB &I Lic TEWLAAEDOWE 21T > 7o, B =R ITH R R B TIE GO 5 mM £ 52
FEZB W T, ATEWL fEIT A E IS Lz (Fig. 2¢, p <0.05), S =Rt
BTl GO 0.5 mM £ RE L 0 REERAICAEEIZE D L (Fig. 2d, p < 0.001)
AR & AR, ARG RERZ LY & GO ~DEZ N E < 2o T
(Figs. 2c & d), & BT, REAE T /UIZEBWTIEL GO 5 mM ALE 2B\ CTHEE 72

bHEDEEINNFE D H ALz (Fig. le, p <0.001),
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Figure 2. General properties of glycated reconstructed epidermal model

Glycation was induced by hydration with various concentrations of GO from basal side. Viability of
mature (a) and immature (b) epidermal model was measured using alamar Blue”. ATEWL of mature (c)
and immature (d) reconstructed epidermal model was measured using vaposcan. Percentile of control of
TEWL, viability and b* value of mature epidermal model was shown in (e). All results are expressed as

the mean + S.D. of n = 3-4 replicates. *p < 0.05, ***p < (0.001, Dunnett’s test (vs. 0 mM or 0 day).
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3-2. ZRuEREKXTPIEE &M

PRI U7 A SR e R T TV X 0 il L7252 HPTLC (CTofE L,
EI7IN avxTe—, BIOENIROEEZIToT, IEFREKEB LU
b#H (GO 5 mM BETEE) ICE TN DIEMBROEIT TN 196.4 ug/em?, 311.1
ug/em> TH 0 FHLIC LV B LT 1.6 (50H MR b7 (Fig. 3g, p<0.001),
—F flaxET7 IR, abA7re—LEll L UILENRRD L - 7= (Fig.

3a-f),
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Figure 3. Changes in the content of epidermal lipids in mature reconstructed epidermal model

Lipid contents of mature reconstructed epidermal model were determined after 72 h-exposure to glyoxal
by HPTLC: CER[NS] (a), CER[NP] (b), CER[AS] (c), CER[AP]a (d), CER[AP]b (e), Chol (f), FA (g).
All results are expressed as the mean £ S.D. of n = 3 replicates. *p < 0.05, ***p < 0.001, Dunnett’s test

(vs. 0 mM).
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= BEET MBI, IERREBS KOWELEEL (GO 1 mM #EH)
IZE& EN D ARG O REIE, B LI X VK 1.8 [EoEMMNES b7z (Fig. 4g,
p<0001), =52, 7 I RIZBIL CTIX CER [NS], CER [NP], XL U'CER

[AP] ICBWCEAEBEDAERBANRD b (Figs. 4a, b & e), $FIC CER

[NS] (2B L TR R 220 2338 B, GO 1 mM Z#EBEREZIB WV TIER
FRD 0.7 15 L 72> 7= (Fig. 4a,p <0.05), 2 L AT 1 —/ L bR E KRR

L. GO 1 mM ZFZEHICBWTIEFRRKLD 0.8 1%L 7e>7- (Fig. 4f,p<0.01),
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Figure 4. Changes in the content of epidermal lipids in immature reconstructed epidermal model
Lipids content of immature reconstructed epidermal model was determined after 72 h-exposure to glyoxal
by HPTLC: CER[NS] (a), CER[NP] (b), CER[AS] (c), CER[AP]a (d), CER[AP]b (e), Chol (), FA (g).
All results are expressed as the mean = S.D. of n = 3 replicates. *p < 0.05, ** p <0.01, *** p <0.001,

Dunnett’s test (vs. 0 mM).
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3-3. IRERHEER L FRREORIE
BN - D L 2R B3V THNDSE8 0 B VT JERIEE DI O JF K % B &
(29 %72, HaCaT #Mifidz H THEEARHHIC B 2 BT O I B O A
Z{To72, 125 mM GO I 30 45 ] Zi#& L 7= HaCaT #llld % 48 FffEIEF &2 & |
HRAETFRIL 86.2% F T T L. LI GO IREERTEM 728 &7~ LT- (Fig. Sa, p
<0.001), I AGEs &%, 5mM GO @ 30 /yRIZFEIC L 0 BHE ML= 2

&5, HaCaT Al OBHLREESRM & L CIIARSMF 2R LT,
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Figure 5. Evaluation of glycation on HaCaT cells

Viability of HaCaT cells determined by MTT assay after 48 h of 30 min-exposure to glyoxal (a). The
existence of AGEs was determined by immunohistochemical analysis (b). Intensity derived from AGEs
was divided by the cell number, calculated using ImageJ (c). Cell viability is expressed as the mean + S.D.
of n = 4 replicates. The other results are the mean = S.D. of n = 3 replicates. Bar = 100 um. ***p < 0.001,

Dunnett’s test (vs. 0 mM).



EFROSLMIC T, IBIiERCE T 2 RORBHIEET 2R OBL B E
Z ) T )VH A 5 RT-PCRIEICTHIE L=, BEZ1® ELOVL 7 7 2 J —DiEs+ D
95, ELOVL2 3 XN ELOVL3 O 3B &L GO #&5% 6 Kffijtk, 2> Fr

—/L LI L Z N 18.3, 8.9 {5 (28N L 7= (Figs. 6b & ¢) (ELOVL2: p <0.001,
ELOVL3: p <0.001), FAS O#{s 5Bl &EIT. GO & 48 Wfiitk., 2.7 f5l2H#gin

L7- (Fig. 6h, p <0.05),
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Figure 6. Changes in the expression of fatty acid synthesis related genes

ELOVLI-7 (a-d) and FASN (f) expression ratio was determined by real time RT-PCR. All results are
expressed as the mean £+ S.D. of n = 3 replicates. *p < 0.05, **p <0.01,***p < 0.001, Dunnett’s test (vs. 0
h).
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CER AR L OV iR ORI oW Tik. CER AAROYIREEHEEESE T
&5 SPT1, SPT2, &7 X RAEEE#ED 5 H CERS3, CERS4, CER # A7
T2 LRI 0T DR Th DM 7 I 4 — 8 aCDase DR T F Bl &
ZUE Lz, FFIZ GO 57 24 WEf 1% O CER A K BIEIE R TIZ B RO B,
SPT2, CERS3, CERS4 [XZ 1 EHHEMN 0.60 1% (p<0.05), 0.48 1% (p<0.01),

055f% (p<0.05) &7, AEIZED L (Fig. 7).
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Figure 7. Changes in the expression of ceramide metabolism related genes
SPT1 (a), SPT2 (b), CERS3 (c), CERS4 (d), and aCDase (e) expression ratio was determined by real time
RT-PCR. All results are expressed as the mean + S.D. of n = 3 replicates. *p < 0.05, **p < 0.01,

Dunnett’s test (vs. 0 h).
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3-4. FEH R TE D B E

I, B UTZNENIERRE 2 S~ 2 72D BELEHE 41T - 72 HaCaT #fid T Dl
Wil % GC-MS Z HWWCHIE L7, [EH HaCaT Mifds bl a7 fEGme &%
C14:0, C16:0, C18:0, C20:0 28 LE41, 0.28, 12.7, 10.0, 0.08 ug / (protein) mg T
S7DITx L, kb HaCaT Ml HhENiER & 1T 2 £ 4L 0.46, 27.9, 21.1, 0.12 ug /
(protein) mg (p <0.05, p=0.07, p <0.05,p<0.05) Tdh -7~ (Fig.8), U tnZ &
2B, BEHEIC X 0 BN U iSRRI X R FEMEE T D Z R ST,

LRI E N DR O, 7 I RoRD G, AEHREEE O
BBz B W, MR- CH# 2 I3 % CERS OGN P X7, & Z T, CERS
DILEHITH D 7 =22 Bl (Fumonisin B1: FB1) % f L 72§50 HaCaT i
s OWRIE 21T > 72, FB1 1% 50 uM % T HaCaT g2 M2 /R S 72 0o
7= (Fig. 9a), 50 uM @ FBI1 % 48 IfALEE L 7= HaCaT M@ Cld, = hue—)L

EH LT CI82 I ENA BN L7 (p<0.05) (Fig. 9b),
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Figure 8. The content of various lengths of FAs
Lipids were extracted from HaCaT cells exposed to 0 mM (control), or 5 mM (AGEd) glyoxal for 30 min
followed by 48 h incubation. The content of FAs was determined by GC-MS. All results are expressed as

the mean + S.D. of n = 3 replicates. *p < 0.05, paired student’s #-test.
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Figure 9. The contenet of various length of FAs after the treatment of FB1

®

Viability of HaCaT cells after 48 h-exposure to FB1 determined by alamarBlue™ assay (a). Lipids were
extracted from HaCaT cells exposed to 0 mM (control), or 50 uM FB1 for 48 h and the content of FAs
was determined by GC-MS. All results are expressed as the mean + S.D. of n = 3 replicates. *p < 0.05,

paired student’s #-test.
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3-5. R (LRKZIEE Y R Y — b O W HEFAH

NRERERL DA L D T A THEDHREMEZ | SCLL & G-SCLL Z{F# L= o
Witk A 5 Z LI K Vi L7z, RLf-#E, Pdl. TEAZICES L Tid, SCLL,
G-SCLL 3|2 37CEM4E T TliE 1 AL E Ch o 72 (Fig. 10a-c), Zi1H SCLL D
ESR A7 FL LV KO TZREMEDFRIE CTh D2 FRIFE (S) 13, #ELTIEHD b
DD G-SCLL IZBWTHEIZIKYMEZ 7~ L, G-SCLL ® 7 A F4%i&I% SCLL & bt

W95 & mWREME 2 A9 5 2 & RENT- (Table 2),
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Figure 10. Characterization of liposomes mimicking normal (SCLL) and glycated
(G-SCLL) epidermal lipid composition

Time dependent change in the particle diameter (a), PdI (b), and T potential (¢) of SCLL and G-SCLL at
37°C.
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Table 2. Formulation and fluidity of liposomes mimicking normal (SCLL) and

glycated (G-SCLL) epidermal lipid composition

Ratios Particle
Composition by weight diameter Pdl ¢ potential S
SCLL CERI[NS]J/Chol/PA/CholSE 40/40/25/10 131.767 £ 1.124 0.099 + 0.020 -92.000 + 6.321 1.364 + 0.005
G-SCLL  CERI[NS]J/Chol/PA/CholSE 20/20/50/5 121.667 £ 0.493 0.085 +0.016 -88.200 + 2.512 1.316 + 0.004*

All results are expressed as the mean = S.D. of n = 3 replicates. *p < 0.05, paired student’s #-test.
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3-6. ILRRICBITDEA MY 7 a  ORE

BRI, BFHE DY) T Th D TI ~RELOFEEN G2 2B E2RET 57
D HECEH B =R TEE R K & AV T Z 4§19 % CLDNI, CLDN4, OCLDN
DBIETHBELZ Y 7V Z A L RT-PCRIEIZCE Y HIE L (Fig. 11), 72 RO
GO B Z AT > - IR T F I ZBWTIL, CLDNI, CLDN4. OCLDN \»T°h
DEAZTH GO WEEITRAT L CRBLEITIIMBIAICH o 72y, ARZRETRD
SiieoT- (Fig. 1la-c), 1 mM @ GO % %52 L 7= Z R ek R 2 D 6 FEfE )
5 48 Bl E TOBBFRBIEIT, CLDNI X 24 K & 48 B§f#]. CLDN4 % 48
RFFETIZ 3\ TH B 723 BLO M AFE® 647 (CLDNI: p < 0.05, CLDN4: p < 0.01)

(Fig. 11d-f),
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Figure 11. Expression of tight junction related genes in reconstructed epidermal
model

GO concentration dependent change in the expression of CLDNI (a), CLDN4 (b), and OCLDN (c) after
72 h-exposure to glyoxal. Time dependent change in the expression of CLDNI (e), CLDN4 (f), and
OCLDN (g). Expression ratio was determined by real time RT-PCR. All results are expressed as the mean

+ S.D. of n = 3 replicates. *p < 0.05, **p < 0.01, paired student’s #-test.
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BAE EBE

ARETIT, B ERRZIEEOESLZE DG, N THREIZ G 2 D B 2 iiA
TH1D, A CROTEE R R, P ZIROUE R R B L OB R R AL
W TEHl 21T o 72, R = IRTERR T, IEFIRENS O A kLA
AT 5T L E LT, A SIRUEEBRRBIIA LA 2 A S R0 72D
PR NV A ZZ T RN AR SN AEE 6T 5, EBFELELEET
e LTEH LT,

FREA SR TTEF R KR K Tl NENIEE OB O B MEEE S LTz, Shi = kocts
FTFRLZTIXTZNITM A, CER [NS] B X O Chol /D MNEIE SN (Fig. 4),
SRTTEEBESL TS — A= "= D A ORIBETIE Z 57220, i b
KEICBNTET I FRLa L AT a— DR BRGNP >ToDIE, BEIC
WM OWBETAER S NIZE T I FIZXY, S %ot T I FEEAED
EFR~YA7ENTWELLEDTHLEEZDND, ZNE T, AlEMaEIEE
DALMYy & BGRBOBEIC OV THEHE S OFREN SN TV D
Bl 21X, AD BEICE W T, =fo FE A MREEE I TRD LT
B, E5IT, BT X RORBIAR LOHFER TH 5 A 7 ¢ a1 R %
T4 AV BRI ORT 4 U= OBREEOENRIZ LY . T A THEENRE
LAY THBEDIR TICHGT 22 &3 mbnTna ¥ FEDEICB LT
%, Kim 5723, &b FEFICBWTHREEIC K0 IEIEGRAME T

HZEERELTHAN D IS L v BN IRE &L &
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X OEETH D, 5% S LRIMITNBLIETH DN, THENOFEBIZFHK
ZRIEERHRE N A oD Z L1, B LICRRIORIEERB OFEEZ R~ L
TWb,

7o, NEMIBREEIND A T3 = X KA RIS 2 728 AEIEEE AR T O JE 2 %
fil7-& Z A, ELOVL2, ELOVL3 & LT FAS OEIn R ENGEICHML
7= (Fig6), Cl16 £ TOJENifEIL FAS OEAERIC L W A S, ELOVL 7 7 2
U —DOEEFITZNEMETH%E %25, ELOVLIZBEE T1I 2D 7OKT R
TNFET D ZEBRHESNTVD, BTHREFICHIT 5L ELOVLS &
ELOVLA 32 2 & st R EAMRIZ 31T 2 ABIARRHE I ~D %5 51X FAS
& ELOVL3 WETH D & TRRIND, ZHudmzx, REBERIEIZH W T, B
BARRIZ A AR Y ,S—+F A, (Phospholipase As: PLA,) (215 U UIEE D4 RIC X
AT, BED pH OMEFHCHE L TVWA EEZEZ BN TNS Y, KEBRRIZE
Ti%., GO ALPE HaCaT HifEIZ PLA, DBHEAITH % 4-bromophenacyl bromide

(BPB) IR L TH, BFERIENBEOE(ITFED b/ >72 (data not
shown), F72. PLA IFEMRIED FERERL D TH L7 ) U UEHE sn-2 fLD
TV E KRR L, EEEEIRRAER L U U VBB A PEAT D03, sn-2 (DN
Wi I BB T 5 Z &b b B KIZ L DNEMIBE B Rl PLA, 24T & 72
WHDETEIND,

CERs & DJ/ 2B L TiX, SPT2, CERS3, CERS4 DEFHELEDK T

R SN2 BRI 2B (LIC L A HEE L)L D de novo CER & DK T 23—
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KThHsbEEZHND (Figs7), CERSIZAT 4 v TREE D de novo A RLIZTTS
B, AT 4y OFAIICE D AT 4 L TEEOGKIC b #EED Y | R
HINCHEMIER 2 E T 572D, BT I FERICE > THFICEETHDLHEEZXH
NTWD, 6 f¥HD CERS R"ER 7 D955, CERS3, CERS4 (IREITFET D
) CERS3 D/ v 7 77 b= ZTIL 90%b DFMIFEMNER L TND Z L0,
CERS FHEAITH 5 FB1 O BMMLEIZ L - T, AETILARWH DD HaCaT #ifd
ORI R & A EOMNMFERD Hiviz (Fig. 9) Z & aCDase DR HL&IZH
BRI REBO o= (Fig. 7) 75, CERS XL EICBNTH
NENIEE DHIMB L T I FEOEDITHTL2HFENRRE NS D EHEEI NI,

HaCaT #fld~D GO LELIZ L - THM L7=Did Cl6, C18 Dfaffighife T o
- 72 (Fig. 8), CERS & ELOVL3 |ZfafifiGhife ox LSS E A M % A3 5, CERS3
X, C16:0, Cl18:0, C22:0, C24:0 BLU>C26 TH Y °?, ELOVL3 IZ C18:0,
C20:0, C22:0, C24:0 TH 2 >, Z ORI, fafnfElifeOERO—NTH D
EEZ LD,

FEE/RFE L LT, FASN & ELOVL @ B ORI OMHNET S5, B
ZORBY~OME e RFEIL, ZL<OMIICBWTREAREFEL, Tz
HIfH4- 54y F & LTIk Lipid synthesis including liver X receptors (LXR). Sterol
regulatory element-binding protein-1c (SREBP-1¢), % L T Carbohydrate response
element binding protein (ChREBP) transcription factors Z£ 2351 54U T\ 2 55360 g

FEIZBT 2 26 D5FOFGIIMETORMD H 503, [FIEROEHE THIE S
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TWD ATV E B 2 b D,

F72, ATEWLEDOK T, T2 THEOIR THAEZ o7Tc A =L
LT, FA OIX> CER, Chol OJNZLE S A EitiuflEE O wEZ L’ 748
ENTo, IEEMEOZIZEY T AT OFRBIEZZET D720 D, KIS
BENDEMBROLRPARBMAMEL E TS ATV DO THIIE, Y
THEHEN G 2 DI R E W EHERI S D, FERRITHEAL B RS o> £4 T b e 1 g L
KA 2 A0 U 7= SCLL I RMSSRENE AN L= 2 & 25 BB RE Tl A i
FNEE OBRENEDEAL N AN TR TO—RTH L EE X bz, £Ofh
DOEER & LT, HEift L7z HaCaT MO M K 53U 7 HEBE DK T o Al HE
WERZETFT BN D, FAIZE>THFEINLT AR F—T ATFEIC Cl16:0, C18:0 D
B FAICE o THIERZIEIND ZEDHESNTEY, C40-C14:0 DRI FA
ST FA TITRE Z bV E STV 5D %9 Listenberger & D4 Tld, CHO
HIFIZ I\ T C16:0 FA 358 7 K b — 2%, fMMEHEHIEE chHHr T I R
DAL T < HIFBHN ROS BEOMNIICE 5D L ELSN TV 0, KEBRO
FAEIZG O HaCaT MR GO 2NN L7 B OMIlly ROS &2 HIE L7 &
Z A, BEREEINIES b o7 (datanot shown), 7o, RREAET VITE
WTIEE 7 I FRIDEIZEMERDONT ., REET AL TED LA LI L
5 (Fig. 4) | 1BV 22 BELIRTBIC & 2 BE & WIHIBELIRBE D BB V9741 H ROS
Rt 7 I NEOEMLAD A T = XN THIFIFEZ L Z L T A RTREERZ 26

No,
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BT, BEHE_ON) T THDH TI % % CLDNI, CLDN4, OCLDN,
DBIEFRIABLFHET DL, HLEFET L2 LRV AREITHEMLE (Fig.
1), TI OBSREDORBUTIT Y V7 BESHANEE TH 57, st a
FIZ R DR ZAT O BN H D05, O/ THEREDIR T Ak L, AR
TAHDICHBEN EFA L TWAARRELEZ 6D,

PLE, REORF LV EONIH M E LT, B EIC L2 KE DA EH
R NE A B 23 BN Y THERE DK T 0 —[K & 7 5 ATREM: 23R S 7z (Fig.

12),
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Figure 12. The effect of glyoxal induced glycation on epidermal lipids synthesis

and barrier function

SFAs: Saturated fatty acids
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Vivar =~
2

CE

LR BB D bW dim D21

F1HE M

{EEH ORIV — k& LT, KEITEDOIFRFEES, har ha—1off
MR, IFRIEEE R 2 FREC X 5 &0 ) T L ORI 0 b EE R E ST &
SNTWD, 7. FESOEEMEICZHE ZARIIRIE D BEIZXT 266D
HHOMENZ T D, KEITARBISRIMRER L 268, &1
X7 b E—MERZJE 2% (Atopic dermatitis: AD) <CHIMEZR & OFIRICIK T, ik
FHNCRELS BT 22 L IFAMOEFETHL DD, ZTRNETHLEIAZED
SO OB TR ST, AT AN L . R R
TRE XV SND 2D, TREEOILEHOFZEENR <. £72F L% 500 Da
VL EDLEH OBBIEITIR N E WO R EFT D Y ZOZEND, FRHOKE
MEE LG & Bl ST WA IZB W T, E (A 7 r=— K/,
Y=< VT T —var, A /aF—<T L —var A4 T LR
V)T F LT R) AR (WIURER]) 220712 W CRER RO Y T
ThHhoHrAIEZZRE L, RNB X OMKERMEEM AR ET 2N 2 ST
%,

AGEs %, BIROEY | FEIZRWTE < ORIEMHED BRI 2T L,
WGy N EOENREZGIEEZT 2 LB E TIHME A OFE N2

fELTWD ETIREND, FElRZE T v 7 7 A VITH B Lo TR0,
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Z ZTCARETIE, Mt~ U ARG E O TR EET VEZERL L, in vitro IZ
B 2{bEMOZE, BEFBOFHMIZH W, KET MTHE AR E D >
U D LG DOEBCITFEA e B Z R~ T 2 & s L. LS O F i & R
L7ce BT MEAEMIL. Log Kow &0 FEAZBE L TERIR LT, BUKMEILAEY L
LT FE 37628 D7 NVF LA F MU UL (sodium fluorescein: FL-Na) ., 53
FEBH 4,000 D7 NVE LA A TFATTF— T FAFT 2 (fluorescein
isothiocyanate-dextran: FD-4) DFimE% . BUKMHE(LEY & L THF& 31837 @
T ALy K (Nile red) OFBEELZHFE L7, 6, (LEVOKEREIRE
DREIZE, BLOAEREREZ AW b EwEERBR AT, B EZ L

AL B BRI T 2 AE DR GITHOWTER LT,
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Hoi ERGHE

2-1. EREY

7~9 il OHEVE~T L A~ A (Hos: HR-1) 3Rk R B BBV A B AT
(ZI, BA) LVEEA L, fkhs L OVKIZHE RERE Lz, #hERIiTs

VA R I SRR AE B2 B OAGE 245 T 3P R I SHRBLE IV T o 72,

2-2. REB X OERME

77 = WM sodium fluorescein 33 & TN Nile red IR0yl T3kt
L DEEA L7, fluorescein isothiocyanate-dextran (average M.W. 4,000) (L Sigma
L OIEA LT, Glyoxal, Hit AGEs fiifk, A%/ —/IHE —F LR LT D ZHH

L7,

2-3. ¥ U AR EORELTHE

v U AEFMEBLEC L0 . B A I L. BRGSO B TRk A HL Y bR
L EEET7 7YV (BOGiRmE : 1.77em’, LB X —Ff : SmL) (2
AEN EIZe D LA L, LET X —ERELTSmL @ PBS(-) (= he
—)b), FExEEED GO &4 PBS(-) (AGEd) BE W GO LBHLILERITH D/
7 =V U & Gty PBS( A A L, 24 BRI, BELEEE L KT 1T o0, &
DE., 77 Y BANT, BEAVPOEBFE~TIXT 4 v 7 AF =T —I2L -

THEAS D Z EICL VR L, BUEIREIT 32°CITHER L7z, AEBRERIEIC
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SNTHE, 15 BIOF =72 MY o PR L7=%1C, FROMmETH 2L

IZ LB LB E L KA T T,

2-4. FERER

23 THELNEaYy be— VB XOWAGEdET VO ELE 7 T VA
L7cEE, KB XOHLFEICHER Lz ve 7% —imikZ B LTz, FHiE
BRCHWD L7 X =K CHRERS X7 7 Y Va2 E LIz, SmL O L
YRR A FERE L, ZRRBRAEIT o7, RS E T DB AR
BWTIE, FF—&iKE LT 1 mMFL-Na & 0.3 mM Nile red D 50% A % / — /b
KR ZE, LT X —IRRE LT 50%A % ) — VKR EHER L-, fagkrEs
B 2 =g sl i ks VW Cid, R —3#i & LT 1 mM @ FL-Na & 0.25 mM
D FD-4 O PBS(iERZ, LB ¥ —iwikeE LTPBS(H&EMH L7z, R —flc
X 1.5 mL ORBRIEKZEA L, @A LR E 0 R E Lz, 77BN
X, BAHFORBFE~ TR T A v I AZ—T = Z Lo CHigEE5Z LIz k
DR L2, 1 Z &2 300 uL DLt 7 X —iERZ2 B L, [F&EOH LW
TRICE X% 7=, % L7= FL-Na & FD-4 /%, Ex: 490 nm/Em: 520 nm D 5ft:
IZ7C, Nilered fi%, Ex: 570 nm/Em: 650 nm OFKMEIC T~ A 7 a7 L— KUY —%

— (SpectraMax M2°) & HWHIZE L, ARO A2 1E L CREEmEL FHH L7,
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2-5. {b&W D 2 & ZiR & O T
ER LT VEEZ N LIS b e oEimitL, EFIREICB T 21LEY
DR G FEEEE (Flux) OlEFEEICH#E L7z (Eq.3), Flux i%, 4 NS 6

RERNC BT 2 8L B REZE R 70 7 7 A VM HEH LT,

Eq. 3

Flux ratioaGedmormal = FluXaged / FluXnormal

Flux ratiorps/rina = Fluxgps ; FluxprNa
Fluxagea: BE(LE T VEE %I L2 B AL G O RFEE &  HHH L7z Flux
FluXpomma: =2 >~ b @ — VG2 LT FALAE O BFEEE & S HH L7 Flux
Fluxpps: FJEBRE 2 bu— V@44 L7z FD4 0 BfEi &) b J i L 72 Flux

Fluxpine: FAEMRZEZ L b —VEE %A L7- FL-Na O BEEEE» D EH L 72 Flux

2-6. FELTEEORER L OCREFLEMEOHE

AGEs #581% , J2 &2 KPEL 50% A &/ — LK CIREL AN 2 &2 FV -G
W L. 20 23 R OABE IR ALER 21T - 72, 20,000 X g, 15 53 D3z Lt EiEZ B L,
Ex: 365 nm/Em: 450 nm {2331} 5 AGEs B3k B F a2 HIE Lz,

B IG b A EE. FALA W% 6 RER O B IZ RO MER 21TV, 2-4 12

R UTZERICEBWTHOEEHIE L, RIS TR Lo ERRICZ v ER LT,
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2-7. FZRE R
REeaDHE

BRI, ~ UV AMHEEZ RO LICEE, ABMEY 7o —7%5H7T,
85— L RO HFIETHE LT,

P2 Ji& 3% T T 4R D il

B2 I8 D F G IRIE, S =Rt R I E & PRIMOS® (GFMesstechnik GmbH,
Teltow, Berlin, Germany) % fWCHIE L7z, Fmfl 1%, ISO EEAER mH X )
T A= ThbHRa EHCEEHE), Rz (FAFEHME) . Ry (k| &) #45

BEE L, fHmic H\e,

2-8. S H LA

BEIE.OCT 2Ry R (V7 T T 74 0T v 7 P RUBRASHE, B,
HA) 1ML, RIREHR THAE S E72t%. -80C TIRFF L7z, 8 um JED#EE)Y])
R afERL L KBTI TSR, WA X/ —/LT30°C, 15 Lg% 2 L1z
K VAR A EE L7z, 1% BSA/PBSIEIK TR, 1 RIS SEH Z LT LY
Tu XS EIT o1, 1 IRPUAIL, HT AGEs $ii{k% Can Get Signal immunostain®
Solution A (HRIERNSt, KRk, HA) (21200 THIR L, 4C, A— " —7F
A N OIS STz, fEA LIZPiR%E Alexa546 FEi @ 2 IRPLIR (1/200, HifA/Can
Get Signal immunostain® Solution A) TR, 1 FFALE4 25 Z Lic kv Alfifb L

7. VeV, Hoechst33258 (KESCAKERIALERIZERT, fEA, BA) THRGE
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i U7zt BINCEAMEE IX71 (U 32kt Bl BA) 2 v a0l

BREITHo 72,

229, AEYVFILVORMEB L OYA

ABGEHDO~T VA~ T ADMEIL, Yt e T =7 (=F UK
Keth, Hpt, BA) W —72 MU v 7RIk B EBAER L=,
BV TNVIEIATA BT T A RICHEO AT, S vt —n_—F A F TR
BESEDZ LRV T —TREMEET, =& ) — /LTl %, 2-8 TR

L 7=t a etk lz L 0 A8 D AGEs 2/t L7-,

2-10. HEFHLER

7 — 41X mean + S.D.T# L. SAS statistics software version 9.2 (SAS Institute,
Cary, NC, U.S.A.). % L < (& Microsoft excel 2011 (Redmond, WA, U.S.A.) % >
THEHLEEZ1T > 72, fERRE 5% K0 (*p < 0.05, **p < 0.01, ***p < 0.001) =H

HEDHY L LI,
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EIM MR
3-1. In vitro ¥E{L.BZ & & 7 /v D Kt FE A

EH G & RSB T LA O R EERIEDENZI S NCT 5720,
~ U A E R T T Y R VTR E A ERL L. R E T LAY
DT DFM 21T o 72, RET L TIE, GO & B LRk %E Lt 7 & —{ll~i
MU TUAEKRIZBW THEBEM L Y E Z 28 b 28 L TV %, Fig. 13a 1213 AGEs
EOEHOLY A LT b & OFERZ 8T, 10 mM GO |2 24 BRI R U7 R CIt.
FeJE 482 AGEs 3% 8 L. 50 mM GO (Z 24 B2 L= ATk, Algdic
AGEs WFEL TWAH Z & B3R S vz,

F72. AGEs EFEOFRIE & LT, FHLFEEZ O Lt 72— D Ex: 365 nm/
Em: 450 nm (ZH T 2 HEAHIET 5 &, TREIT GO IREMRAFIICHEITHML
72 T2 5, GO EEITKLF L T AGEs OEEMAHERS S 47z (p <0.001),
— 7 HHEILERITH 5 77 =¥ U O AFE T TIIEA Lz (p<0.05) (Fig.
13b), [AERICB SR E R — bR OFOUEZRIES D & GO FERFR 22 8L
DEFRITRD LN b DD, 77 =V URMIEOA I L 54 B R IR
Siipo 7 (Fig. 13¢),

WIZ, IR 2B OREE 72 T h 2 a0V T DR % R
Do, FEIREBOFHIAIT o 72, WA OIEETH D b*HEIL. GO IREKFH
I L (10 mM: p < 0.01, 50 mM: p < 0.001), FHEAIOHLAE T T #Em %

~ L7z (Fig. 14a), REIROBEDG . in vitro DEFERLIZ L Y R E 0
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fAfE (Ra, Rz, Ry) 1ZKRE L RAMMMABIE SN, AERETRD be)
-7~ (Fig. 14b & Table 3),

FTo. KRPEBIKT 2 T ORRELE LT, BHbET V& D TEWL fi%
7Y ECHIE Lz, bHMED EFIZEV, TEWL OEIEE < 72> 7278,

EHMRBIEIIREO beinoTs (r=047) (Fig. 15),
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Figure 13. Confirmation of glycation in an in vitro glycated skin model

Immunohistochemistry of skin and SC with anti-AGEs antibody. Glycation was induced by hydration
with 0 mM GO (normal) or 10 mM (for skin), 50 mM (for SC) of GO (AGEd) in PBS at 32°C for 24 h (a).
Intensity of fluorescence (Ex: 365 nm/Em: 450 nm) in receptor fluids (b) and skin homogenates (c).
Glycation was induced by hydration with the indicated concentration of GO and inhibitor (inh.) in PBS at
32°C for 24 h. All results are expressed as the mean + S.D. of n = 3 replicates. *p < 0.05, {p < 0.05, **p

<0.01, ***p < 0.001, Tukey’s test.
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Figure 14. Macroscopic properties of in vitro glycated skin model

Yellowish color change was evaluated by colorimetry and expressed in b*. Glycation was induced by
hydration with indicated concentration of GO and inhibitor (inh.) in PBS at 32°C for 24 h. (a). Surface
appearance of glycated skin after 24 h incubation under the indicated conditions (b). All results are

expressed as the mean £ S.D. of n = 3 replicates. **p < 0.01, ***p <0.001, Tukey’s test.

Table 3. Surface profilometry of the in vitro glycated skin model

0 mM 10 mM 50 mM 50 mM-+inh.
Ra 82+04 9.7+1.5 9.6 +0.1 9.0+£0.2
Rz 42.5+2.1 47.5+8.1 47.6 £0.5 448 £ 1.7
Ry 61.4+8.8 67.0+17.8 63.6+3 62.6+6.3
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Figure 15. TEWL and b* values of in vitro glycated skin model
In vitro glycated skin model was prepared by exposure to 0 mM (O), 10 mM (1), 50 mM (@) of

glyoxal.
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3-2. (&5 LAY OFE(V R &2 iR M 0 AR

BKMEY FET7 MEa E LCFL-Na (MW. 376.28) %, BUKMEES 7
T AbEY & LT Nile red (M.W. 318.37) &38R L 7=, #1235\ Tk FL-Na
O REFEEITA RN L (p<0.05) (Fig. 16a), 1E#EZEIZEIT 5 FL-Na
O Flux 1263 2 LR & O Flux Ho (Flux ratioacedmomal) 1% 2.09 T 1 | HL R
J& D Flux [ 3IEH G & i LAEICHM L (Jp=0.05) (Fig. 16a, Table4), —
75, Nile red @ Flux ratioageamomal 1L 0.98 T ¥ | i EZJE O Flux (247 & 72 221358
¥ HAL72 D> 72 (Fig. 16b, Table 4) . i# H#% 6 REIC I 1T 2 S fFH D FL-Na &3,

EFERE &L CHBERZITRD bz ho 7= (Table 4),
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Table 4. Parameters of skin permeation across the in vitro glycated skin model

Flux Flux ratio Contents in skin
Skin Compounds  Condition (nmol/cm?*/h) (AGEd/normal) (nmol/cm?)
Full-thickness FL-Na normal 0.03+£0.01 - 2.70 £0.54
AGEd 0.06 +0.01" 2.09 2224022
Nile red normal 248 +£0.41 - 4.99 +1.27
AGEd 243 £0.61 0.98 4.37+0.52
Viable epidermis-dermis FL-Na normal 98.00 £ 7.59 - 599+ 1.34
AGEd 62.44 + 14.48" 0.64 4.64 £ 1.11
FD4 normal 1.76 £ 0.27 - 6.03 +£0.95
AGEd 0.71 +0.09” 0.40 2.60 +0.85"

Flux ratioageamormal means: Flux across glycated skin / Flux across normal skin. #p = 0.05, *p < 0.05, **p

< 0.01, paired student’s #-test.
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Figure 16. Permeation of low molecular weight molecules across full-thickness
glycated skin

Cumulative amount of FL-Na (a) and Nile red (b) permeating across full-thickness normal (O) and AGEd
(®) skin. 1 mM of FL-Na or 0.3 mM of Nile red in 50% methanol was used as the donor solution. 50%
methanol was used as the receptor solution. All results are expressed as the mean £ S.D. of n = 3

replicates. *p < 0.05, paired student’s r-test.
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3-3. LR ECR T 2LemDRENE - ZRMEIIHTIARBDOHFE

B RK DAY T Thh DA LTI bR G2 2EZHONITT D700,
FL-Na OfE~DIRER L OAEERE LI LESET V2N LI bA i
WPED M 21T > 7=, BHEZJET T I FL-Na Z @ 0. 1. 6 Bl CRE %
[N U BOCBAIERBLER 21T > 7=, @ 1% 1 R CIER B B (LB & 51T FL-Na
DAJE~OBITRHER SN, BLREET L TIEE D mVREZ R L, A
JE& 2> b OFEBERSEENL TR IC BN TS K D %< D FL-Na DfFERBIEE STz, 6
REItE . B RS LB L EET LV OEIT/NS ol b DD, BHEAE TIX
EWREME AR L. (Figs 17a & b)),

T AN BT EISEIERT L LTIV ABERELIEEEEZ L
7= FL-Na OFiatEix, £ERE OB L% 3,300 {5 & 72 >7- (Fig. 18a, Table 4),
A R R L TR IRAOIC A TEERE B2 351 D FL-Na @ Flux ratioacedmormal 13 0.64
&2V BEL R O Flux (31RO & el LA EISHEAD L7 (p <0.05) (Fig. 18a,
Table 4) , [AIEEIZ FD-4 (average M.W. 4,000) ?® Flux ratioagedmormal & 0.40 & 721 |
BEAV R & O Flux (X E 5 R 8 &t LA B L7z (p <0.01) (Fig. 18b, Table 4) ,
F7-. FD-4 % 6 KRFEIZIS1T 2 BT FD-4 &3, HLRFICRB W THE

2 L7z (p<0.05) (Table4),
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Figure 17. Outside-in penetration across excised glycated skin
Penetration pattern of FL-Na across normal and glycated skin at indicated time point (a) and vertical
intensity derived from FL-Na at arbitrary line calculated using Image]J (b). Glycation was induced by

hydration with the 50 mM of GO in PBS at 32°C for 24 h. Bar = 100 um.
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Figure 18. Permeation of hydrophilic molecules across glycated epidermis-dermis

Cumulative amount of FL-Na (a) and FD-4 (b) permeating across normal (O) and AGEd (e)
epidermis-dermis. 1 mM of FL-Na and 0.25 mM of FD-4 in PBS were used as donor solutions. PBS was
used as the receptor solution. All results are expressed as the mean + S.D. of n = 3 replicates. *p < 0.05,

**p <0.01, paired student’s -test.
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BafF EE
SRR, ACBES O RS ICE LCIE, A OB TS

Lb R EICEA SND O TIERY, L LR, EEE2ZIT-KE
RGBT DA OB BT 2 WS T, BEE CIHERITD o
7z D 2T, ABEIZBWCIIMS R LEEET LR ER L, fixET L
CEMDOREHZH T 07 7 A VER BN LTe, —%% Fig. 19 1277,

FLFFEIC WV GO X, VL a2 — 2D RFENEZR DORIFEW & LU TR
DVNNR=IALEMTHY . TORISHED & S 0B IFEBE 72 &2 ™7 B
MERPHABIEE ORI & 725 9, & Mg T o GO #EEIX 0.1-1 mM TH Y |
BERFTCRBRBIC L 0 2 ORI L, RHMICHR 0 AKRN T L 2 75E
THZENMONTNS ¥, KEBRICBWTIE, Ik 5 AGEs OERD
FEIEEBEZA LN TV D bHMERB LU HFREOLOMMAEE L L, BRIED GO &
FAWTHINER 2R T TR LR EET A AERL L2 9, i~ T L 2= T
BZJE %z 50 mM GO (2 24 Fpfi 2 U, 1ER L 72L& €7 LV Tl AGEs |34
J@& G RFREICB TR Shiz, ERKELBRL, EREYR—
D HZFHIEIT 1.6 %, bHEIX 2.1 5 TH - 7= (Figs. 13¢ & 14a), 25 DHHEIL,
FERFBE OREAFENEE L THESN TV AERT —2noion st
FEHMEZRLTNDZ &S 0 BB CTHVWE GO IBE (50 mM) X
RUTHDHEEZOND, £l2. TNETHLEEICBT 5 Y UBRIT, £
AL MR b WS s~ N v 7 A A Z a7 a7 7 —E (Matrix

metalloprotease: MMPs) DIEVE(L A L7 ECM O fENIRETH S Z L5
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NTNBER T REFMTE N TIE GO I L B IEA BRGNS 2880

SEEBEZHLD (Table 3),

—IRENALEWIIE T T DR, AEFEERE., B XU BRI R 48
. 48 IR T A S A S R L — b & A A A 3 2
EL— My S d 7, IHAFED X BHEERIT OB S . fAESREAAKE L
THT 2B LKL 25 wt% DK IFAEMIa S U <%, ARMREREO/EEL =
ATREEFIHFIEL TS ZERHLNE 2o TS P KRFHIE N TR
BUKMAC G DB DHECE G & IEH G TR D FMEER 2 R LI LD
(Fig. 16, Table 4) . FLE W 7 A FHEE M O NOENNAET, N THRELIK T
SELETHEIND,

EETERE - BREOEL, BRERINAEBZ XD ETHERANI T ThDHEE R
HNTND PO ZOERITITI TH D, fAREIRERIGIZHIT S Flux ratiorparina
25002 THDIZ LIFEZLRIIIODFEKFNRANY T HEET D2 &2 ER

COHEEEZEMITTND, LELARS, AEERELELARFICRT
LIKEMEAL S OFBEITED Lz, ZoBHE LT, RE-BERIZEBT Mk
DEAENRZET 6D, GO DBIKMET IV BFEIETH D Lys ° Arg F & ST 5

HAREAN L0 RE-ERDSBUKMECH < 728 KGO 53 Bl o0
DEZ VI D EEZOND, U EOFRERNE, (1) P L=RLZITEW
T, ARIMEEYOFZREEZHIE L WD Z & (2) BIKMALAEY DT 3T

L THEE L 7= A 13 etEp9Is RE-ERITMEICHERE T 2 Z & VR ST,
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AR Uiz in vitro BHLEEET B W TIE, [F—DO{bEWh GO LB,
AEOFEIC I VR RFZWM T a7 7 A NVER LT, 2RI, TERORRERIN
DIFAITIETFRSINRNERTH Y | LA IZ U D, fkx a2 H T 2 RE
(2B DRI FFENZ DWW TUITEEM e BfES RO 5N D Z & 2R LT 5,
Bl 21X, LR EZ I LTA A D &) RAkEEE CEm - EDILAEY D4
HIGER R A~DEEE B Z DG AILEFRKEZN LicFimE L0 0700 & L
RN S AL WATREMED 0 0 | SEAMRBELAI D L 9 ICRB SRV 2 E 2 5
Be, ABORRICLOEET L TRELTLE S AL H 5, B LEED
T—TFAN) v EUTICL D MAIE AGEs OfiH, bHESSHFEIEIC L DR L
AL O T HIRCRAN LA A2 B S FTRE & ZeduiE, B WA 2 LR 2 5 6,
NRANOENNE - ZEMEEZIVEDDLZENTEDLEEZLND, EBEOAK
DOFEAIZ X D A ORGEZRALTE, FEMR A D = XL ORIITLETH 503, b
LR G5 U TR b AW O 2 5 2 51213, EWFre Z2amz,
WER 22k, FENENRE, £ L CT A ADOZEMRFRENEE TH D &z

Do
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Low M.W. hydrophilic High M.W. hydrophilic Low M.W. lipophilic

(FL-Na) (FD-4) (Nile red)
Normal AGEd Normal AGEd Normal AGEd Normal AGEd
Stratum e ° ® . o [ ] ° .. ® o’
Corneum p— —
Epidermis - - - - - - - -
° ° o °
°
° ° . > ° ° ° ° °
o ® © © ° °
Dermis ° o
° ° LIPS [ J ° °
° LY S o ° °
[} [ ] [ ]
° ° ° ° . e [ J
° ¢ .. ... o. o [ o. .o ° .. .o ®
° P K L ° ) ® ° ° ° °
Flux 0.03 0.06 1.76 0.71 98.00 62.44 2.48 2.43
(nmolfcm?/h) +0.01 +0.01 +0.27 £0.09 £7.59 +14.48 £0.41 £0.61

Figure 19. Permeation and accumulation of compounds to in vitro glycated skin
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Vivar =~
3

CE

b NEZEIZEIT D Glycer-AGEs D& FE
B R

BEENIZBNT AL T — FROGZFET 2 VR = /UL EMIZIEITHED,

BICHEE DRy . FERE O ERERZNICHTZD | LR BB
15 AGEs DN HRA LN TS (Fig. 20) 7, FEREOR U A — LR E DK
HHRBATHD 7 VLT AT R (Glyceraldehyde: GA) 1%, ¥4E, 7 U &L
7 VT b RHKE AGEs (Glycer-AGEs) DRk & M L 7= A TG EENS O Fis BEFZ i~
DFEERFER STV 5, Glycer-AGEs 13 X 0 MR OB MR EE A Sk L 7=
AGEs Th 5 &BZ HIVTE Y | Bl 21X, BRI BHECHRIE B 1TV T
Glycer-AGEs DFFETEE NG S TWD B K510, AT 7 —< iz
T. Glycer-AGEs (2 5 RAGE %I L7=iE MR B O FEA N B 2R3
ZEbWEShTns Y,

ZIVE T R AGEs OFEIZEICZ Y A ¥ % — Ll KD AGEs Th 5 B /LR
¥ AF LU P (Carboxymethyl lysine: CML) % # 3 2 Hiik % W THERR
NTWDN, KD 95%% X AMBINEH L Z &b, REICEITS
Glycer-AGEs OAFTEIZITEBE D & 7240 5,

% 2 TH —F TlX, Glycer-AGEs ([ZRF RIS T DHuiAZ HWT, & b JE
FHHRIZF 1S D Glycer-AGEs OfFEB L VoA did L=, S BIT, in vitro FE{L

ETNEEEZ GO B LU GA #HWTER L, KEAC/KT /N TIZBT 5 Hap
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722 LR E 2 T o 72, S DI, H\EMET I VR TH D Lysine (Lys) & HEHE &
LB ISR L ROSIC K Vi S =7 2 JBELZ. 73 BOIIC X » THlE

L. b MEEIZH 2 5 Glycer-AGEs DEBIZHOWTEZR LT,
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Glyoxal GO-AGEs

N T~

Glycolaldehyde Glycol-AGEs
CML
./
D-Glucose — Schiffbase  — Amadori — Glu-AGEs
product
4 9lycolysis
3-Deoxy
Sorbitol N glucosone 3-DG-AGEs
Glyceraldehyde
Zgglqiéay 3-phosphate > Methylglyoxal — MGO-AGEs
Fructose \
D-Fructose —  Glyceraldehyde — Glycer-AGEs

1-phosphate

AN

Schiff base — Heyns products = Fru-AGEs

Figure 20. Classification of AGEs by glycation inducer

Fru: Fructose, Glu: Glucose
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F2H ERGE
2-1. REB X OERME

b kRS 1%, BIOPREDIC INTERNATIONAL (Saint-Grégoire, France) X ¥ A
L7z, UHFH¥EH Glycer-AGEs RV 7 v —F A filkk L O\ 7 e v 77
F RiE. BRERR SRR TR s o L R 7250 B . PTNIER IR LY
it 5. &t 7= *Y, DL-Glyceraldehyde (%, Sigma & YA L7z, L-(+)-Lysine |
FALRR TERASH L VAL, 7@ R DA pH 22 7= UfRY 5

U LREER, R GURRRR) . 3R TR L VA L7,

2-2. S E LA

BEIE, 4%/ T RV LT VT e RCREER, N7 7 4 a7, i
77 42%, 10mMpH 6 7 =) R U w7 AEIERF CTINEVT 5 Z Lz X v bii
DIRIEIL 21T > 72, 1% BSA/PBSHIAIR C=IE., 1 RIS S D Z Lk 7
0y % 7T ol 1 IRGURRUSIE. $T Glycer-AGEs k% 1% BSA/PBS(-)
WHRIZ 1/200 THIRL, 4C, A—/—F A FTCUEZ{To7, TRy F L T
7T RERE, T a R ST T REREICT 1 MG S btk E
WCRMLEE 24T > 72, i D L2 PR %2 Alexad88 155 0 2 Yk Hi{Ak (Life Technologies)

(1/200, BiiA/1% BSA/PBS(-IAHR) T=IR, 1 FERLEE3 25 Z L2 L v Alf L L
7o, VE¥Et%. Hoechst33258 TREYuaZ fitn L, BINZBAMMEE IX71 (4 U /i 2k

2t EHWTHEBIRZIT T2,
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2-3. EBREY

EREWIIE _ELREOL DL, RO FETAT - HEH LT,

2-4. v U A& DO E

~ U ARE~OPHEF BT 5 & REROITIETIT o 72, FEEFER & LT,

PBS(-) (= hr—/L) 10 mM & L<{& 50 mM @ GA 3 LT GO & A PBS(-)
(AGEd &7 /v) % L7,

2-5. BZRERH

PG EORIE R L ORE A ZdE0CORIEIE, 5 5 & REROFTIETIT 72,

2-6. 7 X ) BT
TR BEHIIHE D OB A E M A TITo 7 %, 10 mM Lys % 50
mM @ GO, GA & PBSCIRIKH., 37C TG S W7z, &V 7 6N O

. 110°C, 8 IfRIAK R ZAT - T2k, 7 4 )V F —JgE & T 7, pH22 7 =

U F U MBI CARE, T3 B THE ILC-500 (HAET) &MV THE

EfioT I BELE Lz, Bffishiz Lys 5K5EEIX, Eq 4 KVREMH L,

Eq. 4

Lysmodiﬁed = Lyscontrol - Lysunmodiﬁed
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2-7. KEEHRAT
7 —# |3 mean £ S.D.T#F L, SAS University Edition (SAS Institute, Cary, NC,
U.S.A) & W THREEHLBER A AT o 72, falR=R 5% (*p < 0.05, **p < 0.01, ***p <

0.001) #FEEZLY & LT,
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BIE MR
3-1. & FEEITEIT D Glycer-AGEs D #1582

Glycer-AGEs 13t MR B L OBRICRENHERINTN, 7 ey F XS
F ROALFE T Tl Glycer-AGEs H12R D GITIHE R L 72, Glycer-AGEs (3@ % &
OREITIRNFOEDGRO S NRTENBIE STz, — . HEIZBWTIZECM (2
IXPEE 72 Glycer-AGEs O ZFEITERO H 727228, HIFEMNIZIE Glycer-AGEs
H SR OEOE D BIE S, AFRMKTFIN 72 Glycer-AGEs D &0/ A D 7213588 B

nizinotz (Fig. 21),

28 y.o. 63 y.o.

- +
-

o3}
U

Glycer-AGEs

- -
f h v

Figure 21. Presence of Glycer-AGEs in skin sections from 28 y.o. (a-d) and 63 y.o.

Merge with hoechst

(e-h) human abdominal area
Blocking peptide (BP) to anti Glycer-AGEs antibody treated section showed no significant signal (c,d &
g,h). Bar = 100 um.
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3-2. Glyoxal, Glyceraldehyde (Z X % in vitro $E{V. 353 5 & 0 LLik

GO. GA ZHELFFEAI & LT in vitro BEILEFET V2 ERL | 24 KR £ T
D HFHEB L OO & i L= (Fig. 22a), Ex 365 nm/ Em 450 nm (233
75 BFREEOMIL,. GA TIX GO &g L 3.0 52 L7z (Fig. 22b), THAE
T bHEIL GA TIZ GO LHHZL 22f5& 720 WThd GA IZBWTHEEE
R U7 (Fig 22¢). F7o. GO #FERETIX 6 B CHZFHOGME, AFidticiEfTH

272 572Dz L, GA BBERETIT B LT 251D bz,
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normal GA 50mM GO 50mM

b C

1400 50
1200 : 40
21000 4 *
£ 800 A , 30
2 Q
£ 600 @ 20 é
400 g
O 8 10 &
200 @ .
0 0
0 6 12 18 24 0 6 12 18 24
Time (h) Time (h)

Figure 22. Comparison of skin glycation features induced by GO or GA
Macroscopic view of hairless mouse skin glycated using GO or GA (a), rate of increase in AGE
formation indicated by fluorescence intensity (Ex: 365 nm/ Em: 450 nm) (b) and b* value (c). Glycation

induced by 50 mM of GO: o, or GA: A.
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3-3. Glyoxal, Glyceraldehyde (2 & % & #fi Lys & D H| &

AGEs B DB IE & 70 2 ENMET X BRI L | GA, GO & ORUGMEZE B
ST D7D, 3TCTHHLRIS 2 FE Lc o7 I/ BEE 7 X/ Bsy
PR XV HIE L7z, Lys. Arg 2 TN EFER L OSSED &, Lys DA
DR ISR Z 2 L= Z &5 (data not shown) . FEE 21X Lys &2 W
720 50 mM @ GO, GA & G S 7=BEOEAf Lys &id, SOG 12 B, 24 BERH
IZB T GO MLERRE TI%, 716.78,637.29 nmol/mL ., GA ALFEEE T 1136.25, 1098.62
nmol/mL & 720 . WITNDOFHRMETH GA LR CHEICHM L (12h: p<0.01,

24 h: p<0.05) (Fig.23),
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Figure 23. Amount of Lys modified by GO or GA determined by amino acid
analysis

Amount of intact Lys was determined after 6 h, 12 h or 24 h incubation with 50 mM of GO or GA. All
results are expressed as the mean + S.D. of n = 3 replicates. *p < 0.05, **p < 0.01, paired student’s #-test

between GO and GA at each time point.
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BAE EBE

ZIVETHEICERET 5 AGEs & LTSN TWD CML £, £< AGEs ®

HRRETH->TZ ECM BLUIRKE KIOIZERB L TWD Z EDRHHILTWND D,
B Glycer-AGEs 1%, #&, BERLICHIBANOEENEEICA N, Z0
b, RIEIZET D Glycer-AGEs DEFEIL. MOlE#E THRE SN TWVDHD
LRI ICHE R D 9 7R R B O MU N OBF R O 2 b 2 8 < JB LT
WHLEEZBIND, ARG CTIZEMIZ L D Glycer-AGEs SHfEDZRITFRD B
72707z (Fig. 21), LxL7Ze’ 5, Park B O#WAAIZH 5 X 512, AGEs I RAGE
DFBELDOLDZ ST, RIELFHFHET LI ENRMESNTWDZD, 7
SINOAERKEREAT DL THREND Y,

BT, BFEHNE bHMEOHM, BIOT X/ BONNIC L HIEH Lys M &
DOHUENPS, GA 1L GO LV b ZEICHEEzHFET L L, DED,
Glycer-AGEs [IFE (L DFTHIBRE CERE I NS Z LRIz, 72, Pbic &
% HOGIREE TR OB A | IRFEIRE - JREEA L ILIC GO #F3E & GA i TIIE
Bl 824 I 7RMENRLDHZ &b, FHEFFEANC X o> TREHIZ2
AGEs EMZ U T 5 2 L 2 AT TR Y | IEFITHBREV,

A BRAEMTR RN DB & 72 2 3 AR D b BRI 27678 L 72 Glycer-AGEs (3,
ECM D A72 59 IEH 72 R B A M « Bl E L, CML & 13R85

FEBEEATLLEEADNI,
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=
/ﬂnﬁ

LEW DRI 72 EFEIL, £ OIRBHESR LG 2 b o — L OfFEME, IT4)

BRI A BT O3 D ARG T OEAAMED BRI e 5 FEB L LT

SR SN TS, IFEOEEESLEEIEOZIZ LY | B IERY 2w BRIk RS
2 & D MRS ITEE T DR BELEY) (AGEs) DEJEIZx L THE(LDO—IHNTH
52 LWL MNERoTWND, £ - BRIZEIT D AGEs DERIE, RIS,
BEPRP B O BIERLFT L ORBICHEET 2T RIS E X 69, FENRBIA
MHOBHEHINATND

AGEs OFFEHIRME & LT, A 7 — FRUGZ I LT IR 22 384E DT Rk

X DHEEREE L | AGEs Z A ROMBNE R L 2/ Mafk A b L A2 LD
AEBRENET O D, KL TIERICAERINAIEEN BRSNS AREIT
AEM S Tz LV E<AEMRFEEE L VRS, T OIEEITHAIRZ

THEEZA L, N TRERRICEERER 2R,

KHFZETIL AGEs AT 25 26 OVEEIIRZ DY T EBERET 5 7D 5 %8
HHZ TN EaTHRL, REICEIT 2 ABMREEZNRHE, B LRk
WM EEB 707 7 4L, BLOE FEEFO AGEs OFEFE - /54iIco
WIS Z2 4T 72, F & % Fig. 24 1ZR T,

— BT, R RZAND TIZERZ DA 2B e dia Lic, AFRANT
FAEDHEDP DO HNTWDL VIR =bEHTH L 7 ) AF ¥ —1 (GO) %,

ZIRTCEE R R PR L O R R B A IR T & 5 HaCaT Ml ZALEE L, B LT
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TR LU & Lz, BEEET VREIZEN T, GO WK FR 22K 73 2K
BN THREDIK F RO N E0nD, HERKONI T THLHABICE
AL, RETICEENLARBMAMEE R, 3 X OB 23RO BIs T
FOEEZFAE LTz, FRCEENRECEZR LICET VBN TL, BT I RE
KXz v ATFe—VEIFMET L, BB EIIEM L 72, #EiFEmmicisn T
X, 7 I FERBEROBRETREEORD . IBVEEA REER O ERSE O
MARD BT, ZHDOIREMROEEN 7 X 7 G~ S L7 B R
EMEA B OIS T 2720, AEMRMEEE D RY — 221, HMGEs &
OSSR ENE DR TE 21T > 7o, BRI ORRERER 2 ik L7 U R Y — ATl
LZEMITIEERDERFETHSTbDD, HWIEREIMENBIE ST, Zh
LD LMD, GO LHIZ LV FFEE SN DO L F R ED—>2 & LT,
FRENGTEH T, IEE T A T HEMEORINZ5 & 232 L RB ST,
EETRKEICHFIETDRERE OV T ThHHZA Nrxrr7vay (T b
Fio, ARG TKBEEWE KT 230 T & U CHEREEZ RI-T 2 &0b,
GO AL¥itg o T BEE s I &2 ME L7z, CLDNI. CLDN4., OCLDN D%
BlET GO AFLIZ X VM L7c, HREDHBUZ DWW TRENLETH L3, A
J&/NU T OELAEFEH LTS ATREMEDS RIS KX T,

BT, ML ISR Db A EE 0L & | in vitro FHLEEET
WEERLL . Wi LTz, B LS T T VISR EL - Rl > U OSSR 72

BlREZ R LI, KEHKRSFEEMTHL 7 v A e, TFT P DA
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(FL-Na, M.W. 376.28) DA JEZ Lo LF g i g Cra 7ro 7z
0. MREHER Sy e Th DAL v B (Nile red, MW. 318.37) TILIEH
PeJg L RO FEMEA R LTz, KIZ, AREOFE 2T 2720, FL-Na D)
JEREZ ENBRICIVBET DL L. BEET VRS TIZIER REE LD b
SBATT 2 REERINT, &b, 7T—7AN) v 7%l LAREREL
TeHE LS ET VEE L, FL-Na REV 3 FEORERTIALALEAS A Y
FA YT F— T F AT (FD-4, average M.W. 4,000) DiFiIZ OV THigt &
fTole, ABEHBELT G EZNT 5 &, BELRED ) FL-Na OFiE T
LA e ofe, 20D OFERIT—MRA 7RI GR & 13872 > TR0 | HE
bz XU, BRx IR 2 AT 2 K FIZ R DR BRI E I DV TIEREM 72
BENROONDZ L EZRBETLHHEDOTH S,

=B CIR, ZAVE TRJE T THED R ST D GO HI3kdD AGEs & 13
KDFE2D 7V AT AT E R (GA) HIKO AGEs (Glycer-AGEs) ([Z#H L,
FRFICB T DM BEE LT, Rt OBIE % 0 . Glycer-AGEs
IRBICEHFEL, FRISHIRNICIRR L THRET S Z Loimahi, KEIC
FET %5 AGEs 213k R VAR = /A LEWIZHR T 2 ~T e REHTH Y |
FEALRA L O GA 3 IO K AGEs SR HE & EI 25 Z L 2VR
e X7z,

GO 1L L CIHAH SN TV AFHERITH LM O P ERNTEZ S X9

TRRRERN R FEAGIIRER 2 B A R TH Y | in vitro iREBR TOBHBUIREECTH 5,
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ZD, REOT =2 & ED% L OWEPIRLBHLEEZEH L TR LR
TNDZEIIEEETOIRETHD, LNLARRL b ERROLHERT —
ZE0HEONLBRITERNR LB 25 ETHETHD, 4%ILE Mk
AL A AV K0 ARISEDR THLORELFM T2 Z L RRETH 5,
MER R b « AFFI 2 B L O G 7 BLR & e U 7= B2 & VT 2R
DRE TR D HESHH L O T HEIZ DWW TERE L2V,

LLb, REOGRC R Y . REOREIZ, £ FRICAEONY T 2R E
OREH, BLOME LOZbOMENOIRTIEL 2 e8P onteol-, £
To. ZHUDIFEERICIFET H~T 172 AGEs $£HIC X gl&zsnd L
DRME STz, ARWFFEIINEL & BF Y TSR O EE R SRR CH D . E
N DR JE R CTo 3RS - bHER O 2% 2 28O AmiL e 725 &

FEABND,
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Figure 24. The effects of glycation on epidermal barrier function
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