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b7 e CEEHAE, N-7EF 7 a2 0 (NAG) E 7 v 7 v U Fg(GleA) D — b
M HAKES L@ 20 C, WAB OGS FET 57 ) a3 7
U DOEDTHD. DN 1EIT 10Da 126 KT, HEALERED & S/KFIgRIZINZ,
A== F P LRIy NT =7 BKGFEFH T D2 LIk D, EVAKFE
HA AT 5. HAIJUKFZ L & UTHEBRO KRS IRFEZ Y, & 7o R HA O R &
MGT 5. MEERIZHEAET S HA 1L, Milash~ b v 7 AEBET 078 LTH
BT 25— T, KD HA ITHERE LKA OAIEMBRIZAAAE L TR/ A ~— 2

ZHEFF L, MIBOBEICHEIZE 59 5. KGO HA IZ4EK HA O 50%% (56 503,
MESZ L VAT D ERMBI TS, MREOHEAR - /b & Vo 7o AR 70 Al T
BICBI G- 5 HA O I, KEKEEOIK TICED S L& 2 b, HA REHHIEHITT
EALHEREMEFRM & L THETH 5.

B8 HA O3 0.5-1.5 H & 4L, TD X — o F—"—%Z# 5 HA ARIL, B

IZHIE STV D EHERl S 5. HA AR HASZIZ 3 O T A VA ADFET
HZENMBNTVD HDODHASL, HAS2, HAS3), b FEKIZEBWT, WTFho T A
VWA ALY HA BRSHHETI ST D 0EAATH 5.

AHFHER LTI, £ HA OBRHBEBELZ ST 2 & & b, srE{biaet:
BN LA ERRT D EHHME L, LITD 3 BICBWTIER t hRE
AR 5 HA G RCHIEIK 7 O VE RS & BRI SRR L 72

#13E HA BREBRELT (HAS) HEHELENC X 5 HA & ALHIE

b FNREMIEO HA G EEEZ T 50 A A > & U TIFN-y, s+ 534
A4 E LTTGF-BE R LIz, ZNENDOYA S A Rl D HAS s DI
IZOWTHRFET L7c & 24, HA GEB & — B L= RBIEE 28 L7 DI, REGMaT
K F > MIRBT 5 HAS3 mRNA TH-7-(Fig. 1). FE b T rn U BRAEKEZ (R X
THLVTF A UROFIPLTYH HAS3 Bin FOBERRBBEFENBLEINT. b0
FERN DR HA OARKIE, 3 FED HAS BIE 1D 5 6, FIZ HAS3 BIZ T ORBLZI L
THiEENs &2 6nT-.

b MEEHHEFMIIC W CTHA G R A T 5 6 IR EIE 11X, EICHAS2 ThH
HZEM6, REEBERTILIHAS OB N2 — PR L EHERS . KEMRO



HA &%z i U7z TGF-BIL, HRHESEmAe
TIXEIC HAS2 mRNA FEIFHFEE LT
HA A& Rt 5. TGE-BAS, FE D
HEAE A I L, 2000 R 2R AR D HE 5 A {2
HTHHA NIA L THDLIEEBZ XD HAS3
DD &, TGF-BIC X DHAA HIEE, K
R HEFEIREIZ AN — 2 2R 5 L5 HA
DEENZEXFFTDIGETHD LB DI
7z

b MREMEIZ LY S D HA 53 F
BV A XL, A b L DHOF
DL ST, By & (>1x10°Da) Th
STz, LERN-> T HAS3IC KV AkEnd
HA OHF8Y A XL, &0+ ThbdEE
i,
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Fig. 1 The HAS3 transcript level of human
keratinocytes was upregulated by IFN-y but
downregulated by TGF-f in a dose-dependent
manner. Human keratinocytes were cultured in

various concentrations of IFN-y (a) or TGF-B (b).
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Fig. 2 Effect of lutein on RAR activation.
Significantly different from the control value;
**P <(0.01 (William’s test).

BENBE SN HA BRRICKIET VT A OEIIP-H v 7 > L [FEE, LES40 TH
il SHTe. VT A N K DRI IC RARE AR AF DEREIEMENHI R L7= Z & 5B (Fig. 2),



T A OREW S DTN T A HIEN RAR DU H 2 FELTHEEL TS Z &
DRI, S HICREMIETO HA GRS DT A O, VFF—IUi
KFREFZRALDH)D L EAITH L b T — X 0 SN2 &b, VT A 0%
Tu b AR, REMBANTT LT e MEEMICER SN, HEWV TG
ZAF T RABEBURICAH &SN D 2 & CABEMEAZREIE D Z L VRIS T,

w38 MON HA BB 7 — L OLEENC X 5 HA SR HHE

FEMEOHA AR ZmO HbEmE LT N-7TEF L7 a3 U (NAG)Z L L
7o, MIRRNIZIZESREE DY ¥ VY — 20 e LT NAG PME(ET 5. 20 NAG (3,
NAG F 7 —ENAGK)IZ LY NAG6-U VR, mAEBIZITEML 5K TdH %5 UDP-NAG
ICEBEND Z LT, FiX X OREIRE ORI HRA S L.

FE R A CNAGK mRNA OFBLAZ 7R, X 5IZNAG ORMNZ X Y #ifdN UDP-NAG
BRI L7 2 &5 (Fig 3), NAG O HA FEAE(E 150 .
TERNE, MRANEEOMRIZEDZ D THDH Z &N |
ARENTZ. MA T, HA GBI IZB W THRE O
BRI > TWVWD EE 2 b, REMEIC
RA & NAG Z[AIRFIZE S E 2 Z 12 k0, R
72 HA B RN R 2RO E S, HAD S H —
OOREL 5K TH D UDP-GleA DOFIfEN 7 —/L g, 0
HA SR ORERICE72 5 TN 2 LRI S e, O mHRAS Ke_ratinocytJ;s Fibr_oblasts

I, NAG OHIFENEL Y A DWW T b iRET L7z,

NAG O YVIABITI I NV a— A NT Vv AR—F — Fig. 3 Effect of NAG on UDP-NAG pools.
(GLUT)Z M9 2 b0 T/, MBI LY RVAEnD & FHEL, MlEN T NAG

~E B RTRERBUMMED NAG 77V =2 v RIFERZ AR FE- L72. NAG 7'V =2 ¥ R
BRI NAG 12 U TR EIR CIER 278 L2, 2 ORERIE, NAG 28 Uk X v
FANIZE D IAEND Z L 2R LT,

L OFERNG, HA OERFREI R E L~ L7217 T <, Mfao/akic B D Tix
HRNIRE L~z BN T %%ﬂiﬁﬂéh%ﬁ Z R S LTz

PLE, Fig. 4 1IR3 X918, KK HARGHZIEDL 287 228 ROV CRi# L 7.

100

50r

UDP-NAG (ng/ug DNA)




Chapter 2: Regulation of HAS3 gene Chapter 3: Regulation of HA
expression via RAR activation. production by UDP-NAG pool.
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UDP-NAG / Chapter 1: Regulation of HA synthesis
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Fig. 4 Regulation of HA synthesis in keratinocyte.

FT, REDEEE L~YUZEIT 5 HA GRROHIEILTIC HAS3 mRNA 235 Z & %
A U7z, ZoZ &2k v, RKEZHA GRGHITEFIBAIEIZ B\ T, HAS3 mRNA F8L % 5
FEIZ LT FRAIRR N RE L 70 5 Z L DI S 5.

WIZ, RAR IEMAL ZHEFF & L, oM@y HA S Hl#EA o & LT, 7o
EXIVABIONV T untt U RERY D UEEERATH/ 7R EXY I AT
T4 RERH L.

Bef212, HA G REHEA] & L TRIBNEE 7 — LA K SE 5 NAG # R L, IR
LU K DI T TidZe <, MaNIEE 7 — v ~ER S HA A R %I B O &
TIRANT T V27D T EhkomR L, G B RE LM NAG #8405
FIZEY, EOICHA GRETLESE S Z ERAMERZ bR LT

KB FERE R D

1) J. Invest. Dermatol., 118, 43-48 (2002).

2) Biosci. Biotechnol. Biochem., 77, 1282-1286 (2013).
3) Skin Pharmacol. Physiol., 17, 77-83 (2004).
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HA: hyaluronan

HAS: hyaluronan synthase

HABP: hyaluronan binding protein

GAG: glycosaminoglycan

IFN-y: interferon-gamma

TGF-f: transforming growth factor-beta
RA: all-trans retinoic acid

RAL: all-trans retinal

RAR: retinoic acid receptor

RARE: retinoic acid responsive element
SEAP: secreted alkaline phosphatase
BCO1: B-carotene 15, 15’-monooxygenase
RALDH: retinal dehydrogenase

NAG: N-acetylglucosamine

GlcN: glucosamine

GlcA: glucuronic acid

Glc: glucose

UDP-NAG: uridinediphosphate-N-acetylglucosamine
UDP-GIcA: uridine diphosphate glucronic acid
NAGK: N-acetylglucosamine kinase
B-NAGase: -N-acetylglucosaminidase
GLUT: glucose transporter
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v7rve g (HA)E, B-N-TEF L7 v ¢ -
2% IV (NAG) L B-D-7 V7 v v " coon o

(GleA)D ZHERKRRICH G LTE@mT % | - 72 HO 1 N
BT, WAL @Y O A MR IR < FE T OH H [
270 a% 7 0H(GAGDDE D i Jm% i

T 5 (Scheme 1). HA D4y ¥ 1% 10" Da

b &Y, FEH RN L 2 KFEEIC N X,
=R = v T LR TE ARy NT— T WK FHE R BT DLk, BuK
TR fE 2 59 5. RN TIZAKRIMZ LV E L TEEL, MR D KD HEE OB R 4
MICB oo T3,

FMED HA REIL, e Chabm <, KEBIOHAES gk, Ll
DO CIXEEICHFET D2 HAREHEMICZ L, 250K 50 %% 5D 5.0 K
JE X, Hp AR R E ORI I D AR E ST DS RATRICH H. KE HA X, M
WD KGIREFE, WMODMEDOMEFFIZ T Thel, ZRREEERICEDDL EEZEZXZOLND.
Bz X, HA AEEZILESEEET A~ U A TIHAIGHRBESRES LD Z & 2,
i CHA%Z Db BT 5 & REMBO RESENMEE SN D Z &I HE SN T
BY, HA O fELC b ~D B RSB RBEI N T WD, HiEH 51X, UVB
A% O ERIEBEICE WT, M HA B2 Th<, TONTET A AN KE
SEHTBH L ERLEY LEDN->T HA X, S ESERREICH LT, FKiC
ZTDEEG YA X B, WHE - EHOREEEEBELTWDL EE XN
L. IO T TIX,05-1.58 2L oI TH R HAICEBRI N TS 2
EMS, TOIERBDEMREDHEOTHN, HA OMBERBICEETHI EE DN
D=0, EEO HA IR DT 22 ERRESNTHDE Y £,
BIZHE VBT EF UL SN HABHM T2 2 &) S5kl EE o 72 b
~vz%m?HAﬁﬁ9¢6:&”%$iéhfwé M o H45E - Sy b & v o T
AR M ICBE 59 2 HAO BB L OEM AT, KEKEOKTICE D
5&%2%%&mﬁ%ﬁ@ﬂi&%%k%%%?é%%%%ﬁkLTﬁ%T%b

HA U2 1 9 HA O AR 1L, D GAGDO Fh LiF K& < B 72 % (Scheme 2).
HA SO GAG 1%, a7 X2 RV 2835 7u7 A7 Va1 &L TEAKRS
na. bbb, VAY—ATHiREN a7 ¥ o7 B 3HE/RECBITL, K
WT, I VEARICHARAENTZZ OBRIFICEIY GAG HBME, Bffish
THICHI I ~ W END 2D, —F, HA AAKROHZITMREETH Y, &
A LB B R IT HAS DA Th 5. HEE#HE Tod 5 HAS 1L, UDP-N-7 & F /L 7L =
# X > (UDP-NAG) & UDP-7 /v 7 1 VE(UDP-GIcA)D 2 DD FEX 7 LA F K & H'E
ELT,2HOMYIRLES THDH HA Z M ~EEHEIE TN

Scheme 1. Structure of hyaluronan (HA)
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Scheme 2. Sugar chain elongation of sulfated GAG and HA

HAS % 22— K9 it fn 1 (HASI, HAS2, HAS3) 1%, 1996 4ELLFE, & F B X X~ 1w 2
THERWTREE N v hod HASI-3 137 2/ BRL ~L THUWIZ 64.9-78.4 %
DENWARERY —ZFL, Mlb6 DOEEE KA A L1 DOEFEE KA A2
B A, T, BRMBMEFMBEEERICBNT, Mlast~ FU v 7 Z(ECM)MEE IZ
HERYA NI A O TGF-BA, EIT HAS2 Bia +REFH ELA /LT HA & L% {2
EFTDZERAHLNIZENTW D" Rk, HA XA MO ECM 2/ k4 559 1
ELTHbN, FE HA OIS RITEICERL THo7=. TO— T, 1988 4
Tammi b OFE MR REA LV, B EEMAKORLICLHABRGTFET D 2 L HRR S
=20 KBTI, B AR BE - bE T, BLEE - BUERL - U BRIR TR IS
EOARNYTHREEATOIARBMNER SN, REBEEN 12 PATE—F—N
—T5ZEBMOENT VD) REEKRE, AMBOALL T, ABICL HA B 1F
ETHZENMEEINY REMBEBEEN HA 25K T HZ ENRENT. KK
JEOWEEESTZ VO HAREIL, BEEOZNOR20 %& D720y, EITHEF X
JICKVBEIND EREEME S B0, MR B8 CE T 2R MO
HAREIE, 82 mgmlIET 2.2 MREA =203 R 5 T 5EKTIE, HA
OB LEEOMm TN, MO AT X OVE P AER B IS8 E 2 KR EDOZ i B#%



ToHEBZLN, ZONRPEMH S HAGHE AL, S OICHEICHE SN 2L ER H
L. L L n, REMEO HA GO FAHEMEIC O TIEREARATA AN %
Y

KL TIE, REZ HA OGS RHIHEMZHA O0ICT 2 & & bIT, lELBERE MR
MEZBHELZ HA ARHIEA 2B T 22280 L. B 1E T, B PRE
Mo HA ARORH KR THLIV A N IABLOLVF /A4 ReHW, BEao
HA &R EESE 3 fli(HASL, HAS2, HAS)D 5L, WTh DT A V¥ A A%J LT HA
AERNHE EN TV NI OV TR L. F2ETHE, VI /A4 VB ORITERE T
bHTuEHI A SHLICVTF /A VBRI T rEXY I AT
07 ) A4 RO HAS B2 FRBICKIETOHRE, VLF /A4 BL &7 % —(RARs)
EHEAL OB Gz oW THRE Lz, 5 38 TIX, HAS Bz R IOE & Z b FIC &
il o HA A ZRE T2 /EHMEL T, N-T®F L7 vath I (NAG) Z A H
L, Ml EE (UDP-NAG)” — VAT K 5 HA A Rk il 48 BE#E 12>\ THRET L 2.



B1E HASHREZEELT (HAS) BELENC X5 HA A B HIHE

1 Fin

AlGHE T O @R IL, RAE, RFERK, aMitoRE< 3 2OBBENLKD.
Z O, B HAXWIFR B ICH N L, Mg & - 5 - mEHAE - =27 —7 v
SRBLIOHBED D OKMARX—2 DR SI2%F 59 2 .29 BN s
# % TlX,IL-1, TNF-a, B-FGF, PDGF, IGF-1 8 X )" TGF-B72 & ORIEME YA I A
VROH IR 12 HA O Bl E B 95,2520 & b R RRME ZEAE D T IE, ECM AR
BEEKE 24 5 TGF-BAY, FIT HAS2 mRNA O3 BFE 2/ LT HA O A ik Z {2
HEESHEDLZENRINTI9 — 0, RRICEWTIL, EGF il % 0 HA & Ak (2,
Has?2 mRNA ORBFEELE £ Z &3, 7 v bHERREKIMIEEZ AV 72EZBRT#
HENEN b MR - MBS ZOREEEITIREAHTHS.
ZZTCARBFETIE, B FELICBIT D HA A RIS 200 520+ 28 T,
t MNHRERRMBICEBT 2 HAS B+ 2R ET 5L L bic, 14 A iR
IZX % HAARAEE & HAS mRNA BB Z#HO FEHIC OV THREF LZ. 612, £
B HA OARETLET LI Z ERNMEND LF ) A VER(RA DD ISEMHIZSO T b
BEtL 72,

B2 EBRM BB LIOERFE
1—2—1 HEHEBIOCRRE

UTFoORE, vy MEZ, TnZnmiikRmzBA LEH L.
Normal human foreskin keratinocytes (Kurabo fi:#), Bovine pituritary extraxt (BPE)
(Kurabo f1: %), MCDBI153 medium (Wako Pure Chemical fi:#), Recombinant human
IL-1a,, TNF—a, IL-8 3 X OV IL-10 (Intergen %), Recombinant human IFN-y} L O}
TGF-B1 (R&D 1 #), all-trans retinoic acid (Sigma %), SuperscriptIl (Gibco BML #k
), GeneAmp PCR kit (Perkin-Elmer %t ), Human glyceraldehyde-3-phosphate
dehydrogenase (G3PDH) ¢cDNA (Clontech f1: %), pSPT18 (Roche £ ), Dixigenin (DIG)
RNA labeling kit, DIG nucleic acid deterction kit I X T' ainti-DIG alkaline
phosphatase conjugate (Roche #L: ), Positively charged nylon membrane (Roche #I: ),
RNaid kit (Biol01 fL84), Streptomyces hyalurolyticus i ¥ hyaluronidase (Seikagaku
8Ly, D-[1,6-°H(N)]glucosamine hydrochloride (62 Ci/mmol)(NEN Research Products
1 %), Sepahadex G-50 35 X TY Sepharose CL-2B (Pharmacia f: ), DE-52 (Whatman
#1:#4), Chugai Hyaluronan plate (Chugai Diagnostics Science fL#).

1—2—2 Hipa sk



IE% b 3R M % , 5 mg/l insulin, 180 pg/l hydrocortisone, 14.1 mg/1
O-phosphorylethanolamine, 6.1 mg/l 2-aminoethanol, 100 ng/l EGF¥ X U*0.4 %
(vol/vol) BPE% & A L 72MCDBI1 5355 #1(0.1 mM Ca®") % fl\» T24-well platelZ &
L, 270z hOWREBICES £ THREELL. LR 5 EGERS X O'BPE
ROV AZ W T24h5 & Lictk, A M OA v ERM L. B A N h A
FHETFT TIDIZ6D240EE LT, A b HA VIRMNF%6 hEE# L /M5
Total RNAZ i L 7=. — 5, 1I8hiE#E LMo EE EiE28RL, =0 L%
W THADREf 2 £hE L7-. & 5iZall-transRAIZD W T I, 124 h% Dtotal
RNAB L O & B AR BRI L 72,

FAL RS ML O FF A 1%, Shimada b O FEONCHE 572.0.25 % b U 7 2 THRLER
L7z id % 1.2 mM CaCl, ¥ X 1820 uM Calcium ionophored A 5 TR L7=. =
DI 237°CIZT2hA > F 2 X— |k L7714, 2 % SDSH A20 mM dithiothreitol K
BT T100 °C,5 minfL B L 7=, Mk AN YT Bl T, SD STt E & 72 - 72 fll la %k
Z M BR G AR AE VTR L7

b b B2 B HEE ALK Detroit 551 (AT CC CCL100)IE, 10 % FBS%Z &4 L 72 MEME;
WEHWCar 7oz hOIRREIZE D £ TH#E L7 %, Poly(A)" RNAZ fliH L
7.

1—2—3 HAGREFMIS I HAE &

IFN-y, TGF—B IL-1o, TNF-a, IL-8, IL-10 & & % 1Z [’H]glucosamine (10 pCi/ml) %
FEZAM AL BRI L, 18 h 558 L7=. HA & AkHEIE, 5% L5 @ hyaluronidase
R ME T J\ODHX@ AR B A GG L 720" K53 i % hyaluronidase (1.5 TRU/ml)
TiH{b L 7= %%, Sephadex G-50 7 7 & (1.5x5 cm)\Z 7 7 74 L, ZrHC L7z void # 4y
D &P 2 | E L 72 . hyaluronidase R ALEE 38 L OVLEE > 7L D Kt s = % &
ML, HA~DOMY AL & E L. HAFEARIT, e T A U EBRES Z 37 28 A
L 7= Chugai hyaluronan plate = V>, 7' 12 b 23— /LR WREML L 7=,

1-2—4 HARDTEDHOHE

7r F— BB (30 ug/ml) L7-H:i#E RIE % DE-52 A4 A &7 5 (1.0 x12
cm) (Zfit L, 10 mM Tris-HCI (pH 8.4)IZ K v “Ffi{fk L7=. £ D%, NaCl © UV =7 7
TV x 2 h(0-0.6 M)IZ X IEH L, HAE 4y % 4y BL L 7-. HA I# 4y % Sepharose CL-2B
FIVBHMEA T A (1.0x55 ecm)ic it L, 1.0M NaCl @K Ic kv s &8 7. 2.5ml/7 7
7 va ChHIRL, FB4 ORCHTEMEZ R E L 7.



1—2—5 HAS3 ¢cDNA O EiBf
bt b HAS3 #fs ¥ cDNA X, RT-PCR X (M second PCRIC X Y HEEL 7=, £,
b NEREMBENSHE L7 Total RNA % IV, mRNA @ ¥ — /4 » A (GenBank
accession number AF232772)% tlZ, Fit D7 7 A4 ~—% %t L, RT-PCR & {7 » 7-.
Human HAS3 sense primer 5’ -GGAAAGCTT GGCAT GTACCGCAACAG-3’; Human
HAS 3 antisense primer 5’-AGAGGAGGGAGTAGAGGGAC -3 (30 cycle). &2, &5
A7z RT-PCR EEWZ T v — A\ L, ZANnbBRIRL 72 A X7 57
TarapEill LT, second PCR % [ 2O primer Z H VW TYT - 72. Human HAS3
sense primer 5°-GGAAAGCTT GGCAT GGACCGCAACAG-3’; Human HAS3 antisense
primer 5°-AGGGAATTCGGAAGCAGGCGTAGGT G-3’ (30 cycle, F#E8I% HindIIl
L OV EcoRI HIIREEHZ VA b). HONTZPCREME 7 —RFILEKKE O %,
TN HE D UL 72, K L7 ¢cDNA % HindllI/EcoRI THILL, 77 A I K
N7 Z— (pSPT18) HindlII/EcoRI %A MIMAHAL, >—Fr > 71280, BRY
L35 HAS3cDNA " bivi2 2 & R L 72. DIG £ 3% L 7= antisense/sense RNA
7 n— 7 O F%E, DIG RNA labeling kit 7’7 h = — LI ¢V FE i L 7=,

1—2—6 /¥ r7mv k@i
AAE & 0 Fh L 72 Total RNA % 0.8 % formaldehyde/agarose 7 /L% H W 72 8 & vk B
CEOVGBEL, TA R ATV ZEE L. "4 7 VXA —a i DIG

Nucleic Acid Detection Kit @7 &2 b a2 — )L IZHEWEl L, (LFFEEEICLD BE L
7=

1—2—7 #HEAHE

FERHEHTIX SAS ¥ A7 AIZ X VU ZEfE L 72. Dunnett's multiple comparison test
Tayv ha—nEof a2 L, HEEMFEMED TN ICIX William’s test &
W7 pfE 0.05 K 2% stHIICAE & LTz,

I ERER
1—3—1 YA bIAVORBEME HASRIZEIETT ¥

[*H]glucosamine ® HA ~ DLV A &M 2 HA de novo AR BEDFEHE & L, IFN-y,
TGF-B, IL-1o, TNF-0, 1L-8 33 X OV IL-10 @O & B I HA AR ICKIETEBIC O\ T
BE L7, ZORE, IFNvIC L Y HA O AR DA ER S, TGF-BRMNIC XV &hk ke
DI T N O BV (Fig. 1-1). FEMIcfL=tho A4 b A4 1T HA A RKIZ ¥
BrRiEZTeno .



Fig. 1-1 Effect of cytokeines on hyaluronan
synthesis in cultured human Kkeratinocytes.
Conflurent human keratinocytes were incubated in the
absence or presence of 10 ng/ml IL-1a, TNF-q, IL-8,
IL-10, IFN-y, or TGF-y with [3H]glucosamine. The

incorporation of [*H]gluicosamine into hyaluronan

H dpm X 105/well

during 18 h incubation period was determined. Each

column represents the meantSD of 4 separate

experiments. *Significantly different from the control
O"o%:{/Q %QQQ*& Q/o 2y, 5 }O& % value; p < 0.01.

EBHIT, IFN-yB X TGF-BOERIC O W TH BICR T2 I0EMEME L & 2
A, IFN=yIX i1 1-10 ng/ml £ TH &K 70912 HA Gk % (£d L7=. —F T, TGF-B
IXIRIN 0.3 ng/mlLL EC HAS B Z #1 L, 1.0 ng/ml 2L Lo RN E <X, £ OFEH
23RN L2 (Fig. 1-2). WY A MU AR LY B8R EERICEBEEI NS HAD
%t H % E & L (Table 1-1), IFN-yEB IO TGF-BREEIC HAEA R ZELATHIE T
HZ L EMR L. £, KEEZRLMETICEB W T IFNy & TGF-piX, Ml s L O
AL R EE B R I B a2 KIE &9 (Table 1-2), 26 DY A R A2 D HAIZ K
FET R RIT, WiEB K OSEICEKFELLEBR TRV BRI,

10 3
S8 .
S &2
X X
E g
4
£ =
= 5 =
0 o 1 3 10 30 0 o3 1 3 1o
IFN-y (ng/ml) TGF-$ (ng/ml)

Fig. 1-2 The hyaluronan synthesis of human keratinocytes was upregulated by IFN-y but down
regulated by TGF-f in a dose dependent manner. Conflurent human keratinocytes were incubated
with fresh medium for 24 h followed by cultivating with [3H]glucosamine and various concentrations of
(a) IFN-y (1-30 ng/ml) or (b) TGF-B (0.3-10 ng/ml) for 18 h. The incorporation of [*H]glucosamine into
hyaluronan was determined. Each column represents the mean®=SD of 4 separate experiments.

*Significantly different from the control value; p <0.01.



Table 1-1. Effect of IFN-y and TGF-B on hyaluronan production

Treatment Concentration Hyaluronan production?
(ng/ml) (ng/ml)
Control 0 126=+9
IFN-y 1 185+34*
10 47314 *
*
TGF-B 1 64+5
10 644 *

2K eratinocytes were grown in the same condition as for Fig. 1-2. Hyaluronan content was measured as
described in Materials and Methods. The data represent the mean=SD of 4 separate experiments.

*Significantly different from the control value; p < 0.01.

Table 1-2. Effect of IFN-y and TGF - on total cell and cornified cell number

Treatment Concentration Total cell number Cornified cell number?
(ng/ml) (% 105 cells/well) ( X 10-5 cells/well)
Control 0 4.86+0.34 1.33£0.25
IFN-y 1 4.58+0.46 1.56%0.18
10 4.56+0.57 1.18+0.18
TGF-B 1 4.48%0.71 1.32%+0.11
10 4.38+0.66 1.30£021

@K eratinocytes were grown in the same conditions as for Fig. 1-2. The number of cornified cells
formed in response to calcium ionophore were estimated as described in Materials and Methods.

The results are the means of 4 wells+=SD.
WAZ, IFN-yB K ONTGF-B, PEAE SN D HADO S FR&ICKIEFTH ROV THRF
L7z, K& EE»O KM L7z HA % Sepharose CL-2B 7 /v Al 7 12t L, %
nnofEonizrsa~ N7 7 A &EkEE Lz (Fig. 1-3). A A VfiliEE O

8

Fig. 1-3 Human keratinocytes synthesized high-
molecular mass hyaluronan under basal or
cytokine-stimulated conditions. Conflurent human
keratinocytes were incubated with [>H] glucosamine
only (open circles), [’H]glucosamine and 10 ng/ml

IFN-y (closed triangles) or 10 ng/ml TGF-B (closed

circles) for 18 h. Hyaluronan in media fraction was

purified using DE-52 ion-exchange chromatography

SH dpm X 107/ fraction

and chromatographed using a Sepharose CL-2B

column

fraction No.



WA ONTNOHE bEAS T HA IXEIC void BIRIZIEH L. 202 h
505 BT 1x10°Da 1V b R&EWZ &L TEY, IFN-yB X O TGF-BIE, »
Thb@Emny FrHAOELEZFET L LR bho Iz,

1—3—2 IFNYyB X TGF-BD HAS B FE BRI R IET &

KRMILO HA GBI N ETHEIN TS HAS 77 IV —DW T2 LY
HE N TV NERD7ZO, IFN-yEB L TGF-BTHITE L 723 Mgz A /
P a sy MENTEFE L 7. HAS3 mRNA 213K 4.9 kb D X RBz B EWY & £ 2.0 kb
DEIRD VA XOEEEMNIFELE LT-. IFN-yO HIEIZ K0 @ 75 Lo i@ 7 5
FAZ R A U7z (Fig 1-4a). —J, TGF-BOWRM L 72 H & IZIS U T, HAS3 DEZE L~
JUILIE D U 72 (Fig. 1-4b). Z O HAS3 mRNA DA 72 3¢ BB % L, 2.4 kb D HASI
mRNA [T TGF-BHIIL %12 DT BEN LFH T2 b O O(Fig 1-4b), IFN-yiEN 12
LB RBEMIRBD S R H>o 7= (Fig. 1-4a). HAS2 mRNA 1%, 553 b b B HHe 2F
M CTIEEWEIL X LVICH D ZEE T CTICERL TV DR, REME S
i L 7z Total RNA Z H W7z KRFHZEB W TIX, A4 b A fil, ®EhgicEbo o
PTRIAEZBRHTDZENTER o7, L2L ARG, Poly(A) RNA % f W\ 7= fi# #r
T, B E O HAS2 7 F A a2 &2 5 (Fig 1-4c) , R ML XK E

a b c
HASI s - S S W - 04
HAS? == < 4.8 kb
_-' - e e we @ 49kb <32 1
HAS3
- - <201 G3P0H (D
851'06 &e,%'
7
GiroH R EBE BB gy g
0 1 3 10 0 03 1 3
IFN-y (ng/ ml) TGF-B (ng/ ml)

Fig. 1-4 The HAS3 transcript level of human keratinocytes was upregulated by IFN-y but
downregulated by TGF-f in a dose-dependent manner. Human keratinocytes were cultured in
various concentrations of IFN-y (0-10 ng/ml) (a) or TGF-B (0.3-3 ng/ml) (b) for 6 h and total RN A was
extracted. Equal amount of samples (5 pg/llane) were hybridized with HAS! and HAS3 probes. (c)
Poly(A)* RNA extracted from confluent cells was used for northern blot analysis. Equal amounts of
samples (2 pg/lane) from fibroblasts and keratinocytes were hybridized with HAS2 probe. Blots were
stripped and rehybridized with a G3PDH probe to control for variation in loading. Similar results were

obtained in two independent experiments.

FRAMEFE MM L Tl TR L XL TIiEH 5 H DD, HAS2 mRNA ZH B L T\ 5
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TENbMroT.
PLEDORE RN, IFN-v3 L O TGF-BD FIlPIZ L 5 REZ MO HA &K AEBNX, &
\Z HAS3 mRNA OR B ELFH Z N L TWVWD EEZX BT,

1-3—3 VF )ALV BDO HAS B FREICRIET BB

K HA AEEET D BT TICRESINTVD VT /A VEE(RA) & H
WTC, RA NI BERLZ M O HA Gk & HAS Bia - BB IR IETRRICHOWV TR
L72. RA X, HAS3 mRNA OF B A28 NICHFE T 5 & L 612, HA & k& B 1T
S 72 (Fig. 1-5). IFN-yIZ K D& & [FAE, HASI mRNA [ZHHE RFE LR O T,
HAS2 mRNA (X ARG T T&E oo 7z,

a
500 b
E’ 400 —
80
£ 300} HAS3
g 1
(]
£ 200 } -
51
é 100 }

@8 @ G3PDH

0 01 05 1 CTRL tRA
all-trans RA (uM)

Fig. 1-5 The HAS3 transcript level of human keratinocytes was upregulated by all-frans RA. (a)
Human keratinocytes were cultured in various concentrations of all-zrans RA (0-1.0 pM) for 24 h and
hyaluronan production was measured as described in Materials and Methods. The data represent the
mean=*+SD of three separate experiments. *Significantly different from the control value; p < 0.01.

(b) Keratinocytes were incubeted for 24 h in the presence of all-frans R A at a concentration of 1.0 uM.

Total RNA was extracted and subjectied to northern blot as described in Materials and Methods. Similar

results were obtained in two independent experiments.

A ER

HASIZIX3FEDOT A Y A LA B{FIET H (HASI, HAS2, HAS3). AWF%ETix, b
NEEMRO HA Ak =& KT 2314 N A4 2 & LT IFN-y, #2325 A k
AL ELTTGR-BE AR L. 2o WA M A2 LD HAGKEE & —E L
7o 38 B2 2R 3 HAS i 15 128 HAS3 mRNA ThHH Z L b HL M L. & 5612,
A NI A UNDOEREZ HA AREER T L LT, RAICOWTHRFLEE 24,
RA /L, IFN-y & [Al £k, B 35|12 HAS3 mRNA BB & 2N EsZ L2 A L7,

BHEBRMEEME TR IS Y MCTERBE L, > HA &E EICHE I 2 6 ikl R
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s 7728 HAS2 Th D olcxt L, BEMIPTEICEIL TV L8 BT 1X HASS3
mRNA Ch o/, 2D b, RGEMMKDOERKEE R TIEL, HAS O %5 Lk A% 2
RHEEZ BN, BHMEFE I T HAS2 mRNA B3 % %8 4% TGF-pi%, A # M
TlX HAS3 mRNA B Z Ml L, HA G KE 2K TS E 7. BERIZE TS5 TGF-BII,
BIGIRIERE D ERZ ~ MY v 7 A FREE I HPL W 285 81 A H s HE 2R 1 B o # 5l
AR T 5 32,88 — 5 R TIE, KIERE 2L ARG 20T T TGF-BA HE #YIZ 7
BLL Tk ,34 35 KM T L, W60 E < 30 J—o% A I A o »n
KR EERETYO HA ARHEIE ZH 5 2 L%, WEMEORR LT A4V A LDFF
HEERBETHLEOTHDL. £, TNENOMIZKT 5 TGF-BO R 725 HAD &
R AL, AL O R AR, & D WIT I HEE OB DK FI A X — 2D R 72 £ D HA
DEMER R A O INEE LB ZBND.

IFN-yIZ, &M T Milaromma s ¥R A N IA 2 THY, ZHAK
V3R B oo B & B 9 5 .87 F o — 07 TRl EE AL T D TGF-a D %
EHALTC YY) REBEEAE SEFIERFELICLEET 5. 2B
LR TR MOREBHKREEOREKICEALET 2% A4 M A D—28 LT
IFN-y 235 H 4L TR D, BPEIRZ O ZHIC BV T HAS3 mRNA O BE 2Bl A
& E-B RAYU U OB B3R Sz Y ERRIRIEIE T O HA O A K 2 5% B,
REMBEAARXR—RAZR S5 2L CHAMESELZRBEELLTHDH. Len
S THMRRMERRICB T 2 HAREOEINE, AELLADORELZRTFTIEI-004%
R R Th D EHRIND.

3FEHDH HAS 7 A VWA AT LD AR HA O FEREVIZHAS M & T
V. ERE D HASIR G R BL R T, & pllE FE O g 1L HAS3>HAS2>HASI OJIE T
HAS3 2Nl b W iEME A 384 % 73, HASL & HAS2 I3 ¥4y 8 ~2x10°Da D & 4y
T8O HA % A+ 25 DIi2x L, HAS3 (X 2x10°- 2x10°Da @ Ll iRy % &k §
MW ERHEIRTWS, —F, KFETIX e hREMIWIC LY S5 HA
BTEYA X, VA AL DREOFEICED ST, By E (>1x10°
Thote. LN TLEIEOWMELITRZR Y, REMBEER RITHB W TITZHAS3 I
FVABRENDIHALE D TEOL DO LR DI ERRE T, TR &M AR &
REDBRAEROMELELE XD L, PWSD HA O 41 &Y A X0 FH X, HAS
USNDOT 7 2% ) —Z NN HSTWDHAEELE 25N,

AR FETIX, 3 FED HAS Bin+ O H TIEIC HASI B\ is+ ORI, £ LM O HA
AROMEICEERERHEZH S TWD 2 & 2R LT,
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Wo2E LFI)AVBLESH— %N L HA & R EIH

1 Fiw

1 EIZEBWT,RA X, HAS3 Bin FREZFHEL, KEMILO HA G k2 21
SHEDHZLERLE. RAIZEZ I ADIEEETH Y, M b5 b 5E O 4 72
CEEREAHEMEEZ AT S, SbICHEHLE, WAl EERE, SEHEBEES X

OEM: G O IBEICL VW onsd. £FmTH invivo B X ivvitro M @
ZDOMENRBREN, MRATIEVUVEOREERFORERE L TRITIINTW
L LAans, RAZTOMREE T TR, BIER &L TRERM, %8 %
B IOBES 2522 4. Tadaki H %, RA BNy VI E RN H D — 17,
BRC AR ARSI T2REMERE N E2EHL TS Y oz thnb, RA
Wb oL BN, DORMBRUERPEETNL TS,

RA O HiBEIKIE, B~ a7 o B LOB-2 VT bFHh v FicfRESND EBEHMED
FRrEXIL AT ) A RTHL. FTu &I AITNEERARICEINE
%, Bp-h uTF v -1515-F ) A XA F—BBCONIZL Y fRBEXELTLFF—
WNCEH, S5V FF— Tk Fr”+ —E8(RALDHs)IZ & W #gfb & v, RA & /&
9% ) all-trans RA 1%, BN L 7% —THbHLF /A BV ET Z—(RARs)
EREAL,9-CisRALVETHZ —DLF ) AU BEXLET X —(RXR)E~T XA~
~%%%LT[mA@V%/4V@mﬁmﬂ&mmrﬁALT%®Tﬁ®ﬁﬁ%
FE A HE TS, TE, HAS2 B FIZ RAR VT VO EEOZ — 47 v FEET T
HHLZ ENHEISNTED) L L—FHT, RA ® HA & B EME T, extracellular
signal-regulated kinase 1/2 (ERKI1/2){EME(LZ It L7z ZR R 0 BN BEE 756 2 &0
RBEE TS A

AT, ROBERIZE Y RA~NEBINLI T v X I AT /A4 KPR,
%&ﬁW®IMR/7Tw% LT HA A ZFHET D2 0ENITO VTR L.

SBIHILBETIIVF /A FABHREINR W) v d I AlaT /A4 4D
QHMR@@m%ﬁLkHAﬁ%K&&?%%Komf%@ﬁLk.

F2H  ERMEBIOERSE

2—2—1 EBREREBLURAE

LE540 # X O Am80 (Wako Pure Chemical fL:#%) PB-cryptoxanthin, lutein,
zeaxanthin, astaxanthin, lycopene, o-ionone, B-ionone 35 L U citral (Extrasynthese
1 %4), phytoene (Carotenature £1: #), all-trans retinoic acid, all-trans retinal 35 &
U'B-carotene (Sigma fLf#%). Ch55(Tocris Bioscience fL:#%), Hyaluronan binding
protein (HABP) (Seikagaku %L #), EZ-Link maleimide activated horseradish
peroxidase kit (Pierce fL ), 3,3'5,5'-tetramethylbenzidine (TMB) substrate
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solution (Moss fL:8%), TRIzol reagent (Invitrogen %), Transcriptor First Strand
c¢DNA Synthesis kit (Roshe), pRARE-TA-SEAP ¥ JXT" pSEAP2-basic vector ¥
X TV EscApe SEAP chemiluminescence detection kit (Clontech f1:#%), Fugene 6
tranfection reagent (Roshe).

ZOMORIEIZHONWTIE, F1ETRRHLEZbDZ HnT-.

2—2—2 HMlEEE

BENEREMIMITE 1 ECTRMLZFIECENEEL 2. 24-well 7L — P B LW
12-well 7L — MR L 7=filan=a 7> o MIZEL 2%, 0.04 %(v/v)BPE %
%A L, hydrocortisone 3 LY EGF ZFRE L7z B I &AL L, FEE{LA& &2 N L
72. HA PE &8 OFF X 24-well 7 L — F OR; 8 BiEE AV, M8 HE 4 (X RT-PCR (2
K BREMIC AWz, 12-well 7L — bOMlaIX, VAR —F¥—T v A ITH W,

2—2—3 RTPCRi
FR MM 5 TRIzol 34 12 XV Total RNA % fiH L, #W#s%5 KXJ& X Transcriptor
First Strand cDNA Synthesis kit 7' &2 s 22— L2 fEWSEHE L 72. HAS3, G3PDH, BCOI,
RALDHI1, RALDH2 # X T8 RALDH3 mRNA s (IZH W5 PCR 77 4 ~—t& v L,
primer3 ZFHL, =F YV Vv T va VITREL Tz
HAS 3 sense: 5°-CT GCACCT GCT CATTCAGAG-3°,
HAS 3 anti-sense: 5’-GAGT CGCACACCT GGAT GT A-3°,
G3PDH sense: 5’-ACCACAGT CCAT GCCATCAC-3°,
G3PDH anti-sense: 5’-TCCACCACCCT GTT GCT GTA-3’,
BCOIl sense: 5’-ACAGAGAT GT GAAGGAGGGAAG-3’,
BCOIl anti-sense: 5’-TCCAAACTCAGACACCACAATC-3",
RALDHI1 sense: 5°-CTCTGCCAGGTAGAAGAAGGAG-3”,
RALDHI anti-sense: 5’-GT GGAGA GCAGT GAGAGGAGTT-3°
RALDH?2 sense: 5’-AGAACTCAGAGAGT GGGAGAGT GT-3°
RALDH?2 anti-sense: 5’-AT GTAGAGT GCACT GAGT GGT GTT-3’
RALDH3 sense: 5°-GGAGCAGGT CTACT CT GAGITTGT-3”
RALDH3 anti-sense: 5’-AAGCGTATTCACCTAGTTCTCT GC-3~

PCR A4 7 VB X OEIE ¢cDNA v ¥ 7 hH% A XX, HAS3: 25cycles, 488 bp;
G3PDH:22cycles, 452 bp. BCOIl: 22cycles, 441 bp; RALDHI: 22cycles, 486 bp;
RALDH?2: 22cycles, 526 bp; RALDH3: 22cycles, 512 bp. PCRIZ X ¥ 5 54172 ¢cDNA %
ethidium bromide % 2 % 7 An —AF L& Wi EKIKENICL D 5 BEL 7-.
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2—2—4 HAEE

K:#% Fi% HA O & 813, hyaluronan binding protein (HABP)% fi \ 7= Rilla 5 *®d ¥
YRA v TF T v ABICHESTZ. 96 well 7L — MICHABP 22 —7 > 7 L, (E#
TN BLORMY T e T 7T A L. BIRICZT 2 h #i{#& D%, EZ-Link
maleimide activated horseradish peroxidase kit Z W T~ )L A% X — B L /=
HABP (HRP-HABP)Z iz &, o A v F ZBR I 72, KIZ,HRPOXE'E TH
% 3,3',5,5'-tetramethylbenzidine (TMB) substrate solution % ¥s/J1 L, 450 nm @ W ) &
AWE L. Y7 dh o HA REZ, FEY 70 X0 B L 72 &# 2 1w
THRH LZ.

2—2—5 DNAZEE

DNA & ® E &%, Johnson-Wint & *NC X % d ) ##K (3, 5-diaminobenzoic acid)
(DABAYZ AW 7= T TEE L 72, 24-well 7 L — b EOMIE 80 % =X / — )b
THEE L7 %%, DABA (400 mg/mD)ZHRML, 60 C,45min £ > F=2X—hL7. KX
JE#%, INHCl Z 0.5 mliR A0 L, a6 oR A (i I & : 420 nm, @06 &K @ 540 nm) %
MEL. HEEYS TV ER LR ER LV DNA &2 HiH L.

2—2—6 VAR—F—T A

RARE k 7> Z{EMEALDFFfi 1%, 2 = &—® RARE ¥ — 7 A B L N Secreted
alkaline phosphatase (SEAP)L AR — % — &Iz 23 fl7+1A £472 pRARE-TA-SEAP X
78— W, £y 277 FIEMRIZ 7 e € —4% —% K< pSEAP2-basic
R F =% R\ 12-well 7L — MIE#E Lz ZEMAWIZ, Fugene 6 F 7 A 7
7 varREEZHNTENETNORI X —%HEA L., VTV AT =27 a v
24 h BRIV TA EIRML, SHIZ 24 h HE L. 5% E1ED SEAP IEM X,
EscApe SEAP chemiluminescence detection A7 A% W TREAM L 72

2—2—7 HREHALE

FEHEAMT X SAS ¥ A7 A X Y FE i L 72. Dunnett's multiple comparison test
Tay br—veORFEMEEZMEN L, HEKST DR IZIX William’s test %
AW/, p 1 0.05 Kiiix MitHIAE & LT,

I EBRER

2—3—14 a7 /A4 FNO HASB= T3 B %/t L7 HA & BRI EER
SESERhIueT A4 FBIXOZOMEELAME HY, b FREZMO HA &

o~ B 5 R Lz (Fig 2-1). RFROMRFIC AW 2L &8 % Fig. 2-2 IZ5R” L

2. BEMBEOHAAKIL, 7o EXZIV ADB- I T BXOB-2U 7 %
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FoET TR, Jry7ur Xy AILRBRT A LVTA v, ETXFH o FooB8LWM
T AL XY F 2 DIFET TILE L7z (Fig. 2-1a). —J7, Vavy, 74 bz, a-
AF ) VBLUOBAFT ) VICFEEOHREB DR o7 (ZFNZEFNOLEEED HA

FEAE &, 254,183,274, 274 ng/well vs = > b 10— JLEE O HA JE £ &, 288 ng/ml)

—

NHEDOZ "D, HA AKREZRET Ty Z7u~ntt v ERY = ol %

e oBENLE L EZ bz,
X, FBHIND HAS3 BARF OFE B E) & — B L 7=(Fig. 2-1b).

1

1200

b hhuas A RICXk? HA SR EE) 02 )

& kk

1000

800

600

400

200

Hyaluronan content (ng/well)

0

B-Carotene
by
B-Cryptoxanthin
> -
-
Lutein
b
Zeaxanthin
L
Astaxanthin

%

Fig. 2-1 Effects of carotenoids on hyaluronan
synthesis in keratinocytes. Confluent human
keratinocytes were incubated for 48 h in the
absence or presence of -carotene, B-cryptoxanthin,
Iutein, zeaxanthin, and astaxanthin at a
concentration of 5 uM. (a) Hyaluronan content was
measured as described in Materials and Methods.
Values represent mean=SD of 3 replicate assays.
Significantly different from the control value; *P <
0.05, ***P < 0.001 (Dunnett’s test). (b) Total RNA
was extracted and subjected to RT-PCR. The PCR
products were visualized in a 2% agarose gel

stained with ethidium bromide.

Lycopene

phytoene

o-Ionone

Fig. 2-2 Chemical structure of compounds examined in this study. Carotenoids used in this study

were in the all-trans configuration.
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REMENR 7o X Iy A»D RA ICELIRBREELZE T 2025720,
BCO1 ¥ X O RALDHs ORI 28z 5 L ~)L THH L. REMIEIT BCO1mRNA
Z %8Bl L, RALDHs(RALDHI1-3)®» 9 % RALDH3 % K X7 > M H Bl L 7= (Fig. 2-3).

BCO1 RALDHs
il 1] kemﬁnocym-
é& 6“'51- 6O’ (b%
QQ') 06/ % ‘?Oé .
(N %, testis
& 3
Gy

*7{ *1{ (e?(
O& O& O&

Fig.2-3 BCO1 mRNA and RALDH3 mRNA are expressed in human keratinocytes.

Total RNA was subjected to RT-PCR. The PCR products were visualized in a 2% agarose
gel stained with ethidium bromide.

a C

E 1200 %6 -

< B

2 E

- V4.

E 800 E

=}

:

=}

S 400 2 2t

[]

5 A

0 03 1 3 5 0 03 1 3 5
Lutein (uM) Lutein (uM)

b
HAS3

0 03 1 3 5
Lutein (uM)

Fig. 2-4 The hyaluronan synthesis of human keratinocytes was upregulated by lutein in a dose
dependent manner. Confluent human keratinocytes were incubated with various concentrations of
lutein (0.3-5 mM) for 48h. (a) Hyaluronan content was measured as described in Materials and Methods.
Values represent mean=+SD of 3 replicate assays. Significantly different from the control value; **P <
0.01 (William’s test). (b) Total RNA was extracted and subjected to RT-PCR. The PCR products were
visualized in a 2% agarose gel stained with ethidium bromide. (c) DNA content was measured as

described in Materials and Methods.Values represent mean= SD of 3 replicate assays.

Jro7a e A I ANED L )N T HAS Bl R B2 L7 HA Sk &2 &
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T 2002520, FfMiLz /7o &ZI AD5L, VT4 E2H0N
TR E2ED . V7 A 0, HwIN1-5 uM TH BK 717 HAS3 mRNA 851 7538 %
o> T HAPEAZ JLHEE L 72(Fig. 2-4 a, b). KFEBREFMHTICTHE W TV T4 idHE o
7B DD DNA BICHEE L2722 b, 2O HAS3 mRNA ¥ &0
DN RS FE AN 5- L 22 2 & 2o L 72 (Fig2-4 ¢).

2—3—2 AT AT XD RARTEHAL

Jr7u R I ADNLVT A I XD HA A ik EIZ RARs O 5 0 F % B
LMCT D20, RARX YT U X2 =A K Th 5 LE540°"% A\ 7. LE540 DR
XV, 7uve HI 0 AD B-huT i b T, LT A O HA PEENEEH
P & 72 (Fig 2-5a). 2> b —/VEED HA & H LES40 7€ F T —#BAE &
nic. b, 74D RARs FMfbEZ VAR —F% —T7 v A T L2 & 25,
HA & i % JOtE 3 2 IR EE 812 T RARE fEENIC KX %5 SEAP {&EME 2 & KA BT B &
72 (Fig. 2-5b). LB > TAT A VHED D20 ORI m, REZ KO RAR
Vo RELTHET 22 &R RS,

a ,g b

5 £ 8000 _
B 300 ﬁl ok 8 .
) — &
= 2 8 6000f
5 = g
o — = F 4000}
g o E
€ 100} s
3 22000}
> g
i :

0 Control B-Carotene Lutein N 0 5 s 10

Lutein (uM)

Fig. 2-5 Effect of lutein on RAR activation. (a) Following 30min incubation of human keratinocytes in the
presence (open columns) or absence (closed columns) of 0.2 M LES540, B-carotene or lutein were added to
the culture at a concentration of 5 uM and incubated for 24 h. Hyaluronan content was measured as
described in Materials and Methods. Values represent mean®SD of 3 replicate assays. Significantly
different from the value of LE540 untreated cells; **P < 0.01, ***P <0 .001 (Dunnett’s test). (b)
Keratinocytes transfected with pR ARE-TA-SEAP reporter vector and an internal control vector were treated
with the indicated concentration of lutein (2-10 pM) for 24 h. SEAP activity was measured by the EscApe
SEAP Chemiluminescence system. Values represent mean= SD of 3 replicate assays. Significantly different

from the control value; **P < 0.01 (William’s test).
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2—3—3 ATAVDO HAEKBEIRMNTEHE I FIF—NLOHE
FRMPIZLFF— B LF A LB T A 2A T 5.7 RALDHs @
m%ﬁfﬁév%?—w”%mm,w?%ymHAé&%%K&i#w%%@%b

72. Y b7 —LIL, RAFIIEICK 2 HA GRGHEE IZIT B L o720, VT A U 1F
EFTO HA AR HE % LE L7z (Fig. 2-6). T DFERMNS, VT A i 7r b Hx

v A ORGH & RRE, 3 ECGH L iDTwTEF’W@ém Al %% % RALDH K 1%
BRI ISIC XD LF AV BEEDO D VR i~ B S, ZoREY N
RARD U H v FE& LTHEET S &E X biL7z(Fig 2-7).

. 800f —
g *k
] ks
£ 600 —
s
g ns.
8 a0} |
=
<
g
E 200f
<
=

0

Control RAL Lutein

Fig. 2-6 Citral inhibits the effect of lutein on hyaluronan synthesis. Following 30 min incubation of
human keratinocytes in the presence (open columns) or absence (closed columns) of 20 uM citral, 10 nM
retinoic acid (RA), 50 nM retinal (RAL) and 10 uM lutein were added to the culture and incubated for
48 h. Hyaluronan content was measured as described in Materials and Methods. Values represent
mean=*SD of 3 replicate assays. Significantly different from the value of citral untreated cells; **P <
0.01, ***P <0.001 (Dunnett’s test).

Lutein
Monooxygenase?
v

Aldehydes

Aldehyde .
dehydrogenase I_ Citral

\ 4

Carboxylic acids

' |— LE540

RARE transactivation

HAS3 mRNA induction

Hyaluronan production

Fig. 2-7. Possible metabolic transformation of lutein in keratinocytes.
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A ER

AWRIZEY, 7o I AICRBRTAB- I T OHhRLT, /o 7rEH
PATHDLNTA S RARIKAFIZREMIE O HA G RZ JLET 522 & 238 6 »
278 - 7.

me%ymﬁgﬁfgiyAﬁf%m2o@v%:w%ﬁ6%ﬁéM6J
J O F T BCOL ICE WHREARL, 2 0 FDOLVFF— L EARTD. S HITZ
® L F F— L7 RALDHsZ ;D@ﬁmv%/4%1%éRA’W@éM5Baml
W, RALDH L b ICRE TORADHEHR SN TN D, RFETHO K ELE N E
WREMETH BCOl BEILL TWDH Z L, D> RALDHS(RALDHI-3)D 5 &
RALDH3 A K 7> MIHIB L TWVWAHZ L% mRNA VX LTHER L. Lo
T, 7rbE X IV ADO—FTHLEB- T v BXOB- 27U T vV F R, RK
M CTLF 2 A4 NIZEBINSATRMEIT+9d 5. - e T RA & HERIC
mw3mmA®%ﬁ%%§?é:&,ik%@HAéﬁ%%ﬂIMR%Hﬁfﬁé
LES40 OfFE FTTCHES N Z Ik, REMBICBTIS27r 4% I AR
RO FENES T B .

—F,MAE LT /A Nt shZz2w/, eI Ales /A4 KO
NTAY, BTXRH U FUrEBELRTAZIH U F ooz, 7o es I A
T AR ADICH HAS3 mRNA ZBLHEJENM R XY HA & AU E1E 2 Bl S
Nz, 2noXxY o b7 40 VT, e T 0 OKRKFBRFOWL O NE Fa 0
B, FLEIRURBRFICHESTDOKBERFOXT NAF VL L EMRLHEEL
o, 2o EAREBREI Ve T RSy 7and U BeERY 2Dk
ShaotEEPUKTcHD. /o7 X I 0ThiHIANT A VOIERNB- I T v~
& RER, LES40 THIf &4, & LI AT A O RIPIC X Y RARE K 17 @ 55 JE ML 23
HMRKLEZZENL, VTA ORI VIV T A HIKN RAR DY H > K&
LTHREL TWD ZENRINTE.

Z N E TIZ, Matsumoto & O1F, MR ICE W T AT A VB RARICHEAT 2 2
EEMEL TS, L2LARRL, ARFTIZBWT, HEM~D VT A4 D) R
73, RALDH OHEHTHLA T T —rickvimblaniz2ens, v 037
Db &I AR BERMBIZCEZY TLTE FEEWICEBRI L, & 5ICEB{L K
JEEZ T TCRABRO T Fa iRt ans 2 & CEBIEEREEZRTEEZOND . &
FMRIZHB T2V T A4 OB REOFEM, B3 TOEREIC RARY T FE LTH
TR IEEMICTOVTIIELRIBRFABPMLETH 5.

Jry7uabe Iy ADO—HETHAILTA VI, BTV Frl bzt

BICIFET D, BHWMAFEICLE >~ THHEDORES TThH Y, &f““’(%%@fﬁ"z}w‘%
%énfméﬁ>:n6®%%y%74w/ , B PgiemE cH v, Y UVB
%%Ki@%@éné%&%ﬁﬂ)%%M%émit%ﬁﬁ”:ﬁbfmﬂm%#



20

HDHZENRHREINTWVWS., EHICPalmbo b X, YT AV BLOET 4 5
DRI L RGN, HEKSBIOIEEERILICHT /AN 285 L
TWd., ZTNUHEFITHTHNALT A DERRNRIT, O FREE OH B
ER?Z T TR, VF /A REEOIEEREHGEL W DA EELEZEL 6n 5.

ARETIE, 7o b¥ I ART TR, Jryr7rEe X ADOKRBESDL RAR
kT 57 =2 MEMWEZ A L, HAS3 mRNA B HiF B2 > TREME O HA &
BEREIE LI EZH LML BiBEIEEE EHICVF /A4 FEROAEBTE
HEFEb O u T /A4 FEIX, BREMASHEICE VKT L2 E e+ %
W LA EENA R INT.
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BIE MRENHAEE S — VOEBIZXK S HA & Bl 5 H#

1 Fin

FKREMILD HA G EEZ @O 2 RIME OB T2 A N-TEF LTV
¥ I U (NAG)IZZE DIEMAZ R L7-. NAGIE, 7 =, =70 FRED N
B L THRARLHERXF T U EMKTL2HETCH Y, T TIZREMLZEH TR EH
ENTND .Y ARIZEBWTIE, HA Ofiic~ U v BX O RT URifE O i
it GAG ORERHIE Th 5 L RIS, FRx X N7, WRE ZEMT 57 2
JHETH D, NAG PHEEG AR E LTHET 210, MV XA FXF—Z2FZRITN
EhblWnwied, X7 b3 F RIZEHRIESNLAZ2LEN L. EX 7 LFF RO
UDP-NAG (&, 7 Va2 — AT VAR —F —(GLUT)IZC LV Vi AENT T a—
AMNE, TED25%NA~FY I URKBER CTEARIND .Y L4, UDP-NAG %
PEfL G R E LT O-NAGHEBBER I L il S5 0-7 U = v vk & BT AL 23,
B Ry OV BTN E R —, D50 0EHETH DL LD, NAG 1TH
N7 FURRICBWCH EEREH Z2H S Z LRI >oH 5 .5

ARAFZE Tlid, HEREMIEICE TS NAG © HA At EF %, RA DEH S &
b9 52 L THREL -,

B2H  EBRMBRB XOERFE
3—2—1 HEBEB IUTHEK

Human skin fibroblasts (Detriut 551, ATCC CCL110) (AT CC #), Rerinol ¥ &
" Retinoic acid (Sigma fL %), N-acetylglucosamine (NAG) (Seikagaku f%),
Eagle’s minimal essential medium (MEM) (ICN Biomedicals f1:#), Fetal bovine
serum (FBS) (Irvine Scientific ff: #4), 3, 5-diaminobenzoic acid (Sigma £ #), DC
protein assay kit (Bio rad #:8!), Sodium[*’S]Sulfate (100 mCi/mmol) (Amersham
Pharmacia Biotech 4t # ), UDP-['*C]GlcA (300 mCi/mmol) ¥ X O
[1,6-°H(N)]N-acetylglucosamine(60 pCi/mmol)(American Radiolabeled Chemicals
#1:%4), Partisphere SAX (Whatman #1:%), UDP-N-acetylglucosamine (Kyowa £&:
8).
ZOMORIEIZHONWTIE, F1EBILCHE2ETHRLEDE vz,

3—2—2 WBHYE NAGHE KOG

NAG D 1 (7B L& AN L7z NAGHE 81k %, — iR GBI -> TH AR
L7 (Scheme 3). 1,2-Acetamido-1,3,4,6-tetra-O-acetyl-2-deoxy-B-D-glucopyranose A
Z, TMSOTfF/EF T, 7 U 2 AL OB OBl R & U ThOSYED v A % 4
YV RT—=~EFEH L. CSAFET, X%V Vo FF—&BNET va—
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Scheme 3. Design and synthesis of NAG derivatives

N(n=2,4,5,6,8,12) L D7V a v L EITV, TN EN 55-T5% DR TR-7 U
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VKRB EHE.B-Z Y av RoOBRTEFibicky, BEET 5 1 ALICE MM %

b NAG ¥ 51k & & Ic 57

3—2—3 ffREgR

b REAMIEOEERITHE | BICRE Lz FIETER L, b b EEBRHE M i

(Detroit 551)i%, 10 % FBS & A MEM 5 #i 2 v T 24-well 7L — M ICHERE L 7=

ha {

VI MTETDHETEZDOR, FBSRAEE M CE M AZ#H A2 B2 72\ 24 h Bk

SHE. WICHAMEEMEZ RN L, 24 h % O E LI HA B2 €& Lo,

3—2—4 DNATEE
DNAEBEDEEIL, FE2ECTaH#Hi L HIECHL THEin L7z,

3—2—5 HAEE
B FETO HARIL, F 12 T #l L FEICH U CEE L.

3—2—6 HAS EHHIEE

HA & R EE Z1EME OB E 1T, Ttano & D HiE *DICHEVWER L 72. NAG (5 mM)
& D\ i all-trans Retinoic acid (RA) (1 uM)C 24 h B3 L 723 Bl ja & |1 IR L,
0.5 mM dithiothreirol 3 & Y 0.25 mM sucrose # & A9 5 10 mM HEPES-NaOH
(pH 7.1)H T & FeMl e U7c . RIS, Al Rl fse 4 18 43 2 8 322 0> (105,000g, 1 h)3
HZ e X v HBEE Sy 215 7=, UDP-["*C]GlcA(10uCi/ml), 5 mM dithiothreitol,
15 mM MgCl,, 0.2 mM UDP-GIcA, 1.0 mM UDP-NAG % & & 25 mM
HEPES-NaOH (pH 7.1) (ZHLBEH 73 23RN 325 Z LI X0 BEEEN IS 24 L
(total volume 200 pl), 37C T1h A »F =X — [ L 72. BEHR KG 1, 2 % sodium
dodecyl sulfate f77E F T 100°C, 1 min AHE T2 Z LI 1L L. BEEK LY
% Sephadex G-50 # /A AT A (15x50mm)icfkL, = DFE@LE SO
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SV M 2 JE L Tz

3—2—7 FHiBR{t GAG A AkAEF-AH

Wilgit 77V a3 7 7 U (Bt GAG)D de novo & L HEIX, [P’ S]Sulfate D %
& B3 GAGH[ 3y ~D RV JAZIE M L 0 FF4f L 72, 5528 2 52 A 12 NAG (5 mM),
B DHUWIE RA (1 uM) 2RI L, [P°S]Sulfate (20 pCi/ml) & & 1248 h B3 L7z, B3
A7 v ) —8 T (30 pg/ml) L7z, Sephadex G-50 7 /L Al T A(15x50
mm)ICHE L, T oFE@ELE SO KA EEZRTE L.

3—2—8 NAGK ¢cDNA ® H B

t R N-acetylglucosamine kinase (NAGK)i# s 1-® ¢cDNA |X RT-PCR L V) H§f L 7=,
v hEREMES S L7 Total RNA %\, mRNA ® ¥ — % > A (GenBank
accession number AJ242910)% JtiZ T D7 7 A4 ~— & @5t L, RT-PCR % 1T7- 7=.
Human NAGK sense primer 5’-GGAAAGCTTGGCACACGAT CCGAGGT C-3’; Human
NAGK antisense primer 5°- AGGGAATTCGGA GCCGCCTCTAGGTTG-3" (30 cycle, F
BRIIX Hindlll 3 X OV EcoR1 HlBREEFR 1 b)), O PCREHWET Hna —RA N

VERKB O%, F b8 LER L7, K% L7 ¢cDNA % HindlIlI/EcoRI TH
fbL, 77 A R ¥ — (pSPTI8) HindlII/EcoRI %A N IZHIA AT, ¥ —4r v
Y7 XY, BB E $5H NAGK ¢cDNA 815 Hbiu7c 2 & 28 L, DIG RNA labeling
kit 7’2 b L2 HEVy, DIG #E §#% L 7~ antisense/sense RNA 7' 1 — 7 Z {8 L 7-.

3—2—9 ¥ o7 u v MEN
YT ey MMENIX, B1ECREB L FIEICHE T CEEL 2.

3—2—10 #fE AN UDP-NAG O E &

90 mm dish IC#fE L - KMz, y7ar 71> NETEH L, 0.04% BPE
& A, EGF 3 X O hydrocortisone fRE B HIZ T 24 h Ik L 72. 10 mM NAG Z#I L,
24 h B8 D%, 0.25 % Trypsin iR 2 W TR Z [AIU L 72, & b B2 SR 26 0 1
1%,10 % FBS & A MEM 5 #1 2 IV T 90mm dish (CHEFE L, = 7 b= v b £ T
FL. T D%, FBSERERM TX 5224 h 52 L, 0.25 % Trypsin &8 &2 H W C#l
faZzREUL L 7=, T 2o Mg BB IRIE 100 C, 4 min ZVLEE L /2%, -20°C Tuf f
L7z, A MRS, > 7% 022 ym A 7L 7 4% —TAil L, Sweeney
b O L 9TV HPLC 12 X 50 #ra Fhi L7-. HPLC &ffix, RED 7 A
Partisphere SAX (4.6 mmX 12.5cm), % HBE#K: 30 mM KH,PO, (pH 3.5), Wiif; 1
ml/min ([ZF%E L, 260 nm @ UV R IIZ X VR H L 7=, 5 & L T UDP-NAG z»i»@iﬁﬁ
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L, TOFERLEEMEREZ BLICERBEB IR o7,

3—2— 11 NAG O #fi fg N B Y A A FEAM

24-well 7L — MICEE L £ EMlaza 70 hOREE THE L, 55
ArED%, MildRmad 7 Va3 — A RE Krebs-Ringer U B8 52 K (KRP )T i L
7. #MBIZ, [PH]GleN (1puCi/ml KRP, 20 nM)3 % W IX [PHINAG (1 pCi/ml KRP, 17 nM)
WML, TNENOERMEBIZZ VA — A NT U AR—F —[HEEKTH LY A b
BTy BEBMLUL@O-30 uM). 37 CT 10 min &%, EiEABRZE L, ice-cold
PBS Tl i %2 3 [ ¥Ei L7, 0.2 % SDSIEKR CHlIEZ Iafig &, kv 5 L
—Ya AU —TCHREIEEENE L.

3—2—12 HEAHE

FERHIEHTIX SAS ¥ A7 AIZ X VU ZEfE L 72. Dunnett's multiple comparison test
Tay bue—nEofFEME2MT L, HEKAE MO RN ICIX William’s test &
M7= p M 0.05 R &2 #EFHIC A E & LTk,

I ERER
3—3—1 NAGIZ X 3 RKMIED HA A AR EE A

HiED HA ARICKIETEELZRET L0, JVva—RX, 77 h—RX, v
SR, TN a B L ONAGEZ ENE VKR E 10 mM Te b &R B IZ 3
MU= &2 A, NAG IRINEE D A % 12 HA & M &7z (Fig 3-1). NAG M E
HAERBET H2WMBERIZ OV THATZEZA, M3 mM XY 10 mM £ THE
KB 1Z HA A Bk 23U S 4 7= (Fig 3-2a).

0.6

= Fig. 3-1 Effects of monosaccharides on HA
i 04 | production in Keratinocytes. Normal human
\? keratinocytes were cultured with glicose, galactose,
&2 mannose, NAG or glucuronic acid at the concentrations
° 02 of 10 mM for 24 h and hyaluronan production was
é measured as described in Materials and Methods..

Values represent mean=® SD from three individual wells.
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WIZ, NAGD b bz ERRHEZFEMILO HA AR BEIC LR IETEHIC DWW THRFTL 72 &
T4, FEHNCE T 2 oR T ER T, HA BEE ICEE L7 o 72 (Fig 3-2b). 1M,
AREBRGME T IR M, MHEFMEE LI DNA BICHE 2L &H2R O, HA
PEE B O MR I K F T AR TR WD & bR L 72 (Fig 3-2a,b).

152 b

~

—o— DNA content (pg /well)
S

§

S
HA content (ug/well)
(\]
—O0— DNA content (ug /well)

HA content (ug/well)
>

o

0 1 3 5 10 0o 1 3 5 10
NAG (mM) NAG (mM)

Fig. 3-2 NAG enhanced HA production in human keratinocytes. NAG (1-10 mM) added to a culture of
human keratinocytes (a) or human skin fibroblasts (b) for 48 h. HA content (solid bar) and DNA content (open
circles) were measured as described in Materials and Methods. Values represent mean® SD from three

individual wells. * P < 0.05 (William’s test).

3—3—2 NAG ® HAS3 mRNA R H IZ R IFT &

F1IEBILOE 2 |IZEBWT, ZEMIBO HA Gk IXE I HAS3 B 151 O % Bl
ENLTCHB SN TWDZ L2 RLE. TZTNAGB IO LT/ A4 KD HA AL
RAEVE ]~ D HAS3 mRNA KRB OF L lzHoWTHRHN Lz, 2 o7 ay Mok
BnS, RAHDWIZLTF J — LD il T HAS3 mRNA OFEFE 2R BHFEENED 5
AU7=(Fig. 3-3a, b)2%, NAG I HA A &2 (B T 2R E (5 mM)T HAS3 B ix 7 FELIZ
WL NIE S o7 . NAG & RA & OFR FFIRMBEIZ 3\ TiX, RA HAL RN AL & [
LUV D% BLE O ¥ K IZH £ - 72 (Fig. 3-3a).

Fig. 3-3. Effects of NAG and retinoids on the

b expression of HAS3 mRNA in Kkeratinocytes.

"' - - Keratinocytes were incubated for 24 h in the presence
HAS3 of NAG (5 mM) and RA (1 pM), alone and in
= e combination (a), retinol (1 uM) (b). Equal amounts of

total RNA (5 pg per lane) were hybridized with an
G3PDH - -, e e " HAS3 probe. Blots were stripped and rehybridized with

a G3PDH probe to control for variation in loading.

DVN
HOY

Similar results were obtained in two independent

TILD

experiments.

Vi+ HVN
T41O
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3—3—3 NAG ® HASTEM I RITT &

NAG 7 HA & kB FBIE IR IET 2R ICOVWTHF L /2. Fig. 3-4 2T X 912,
RA N HAFE I HASTE M Z K S8 DOIZ %t L, NAGIFI Tid HASTEME A& N5 9
LIV o T

- 15
‘B Kk
§ Fig. 34. Effect of NAG and RA on HAS activity in
a,
> g)lO keratinocytes. Keratinocytes were incubated for 24 h in the
%g presence of NAG (5 mM) or RA (1 puM). HAS activity was
< -—
2 v determined as described in Materials and Methods. Values
5
Ig represent meant SD of four experiments. **P < 0.01
E (Dunnett's test).

0
CTRL NAG RA

3—3—4 NAGIZ L 5N UDP-NAG 7 — /)L DK

NAG IZ, NAG kinase(NAGK)IZ £ 25 U v EBefb %z /it L TH KA UDP-NAG ~Z #i
END.Y R X OR G RRAEZEM RO NAGK % HIZ S\ THRE L XL TR
AL, 77 uy MEFOR R, MK X OB R A MR, 3
NAGK mRNA % 38 LT\ 5 Z & & MR L 7= (Fig. 3-5a). &KIT, LML NAG%
Wtz , #laN UDP-NAG 7 — /L% A X% HPLC |2 T fi##1 L 7= (Fig. 3-5b). NAG @
WA X0 KM UDP-NAGE NBHE ITH R L 722 &b, KM IZERY A
Fh72 NAG X, UDP-NAGIZEMIND EEZx b, BFEESMETICBIT DK
J& R AE MK O UDP-NAG 7 — /L1, DNA Y4720 £ EMIMOK 4 50O 2R LT,
T LD, BRHEFEM RS R T NAG IZ LD HA &G ENR w%zhfmwt
DX (Fig. 3-2b), MHEFE ML D UDP-NAG 7 — /L7 HA B OfAEH IR b WD &
WED—K &HER STz,

Fig. 3-5. Effect of NAG on UDP-NAG pools.

150 (a) The expression of NAG kinase (NAGK)
_ b
< T mRNA in Keratinocytes and skin fibroblasts.
a Z. 1
A Total RNA were extracted form keratinocytes
& 1001
. - NAGK ?0 and skin fiborblasts. Equal amount of samples
=
‘(5 were hybridized with NAGK probes. (b) The
_ 985 <Z.C 50 pool sizes of UDP-NAG in untreated
£ 2 E keratinocytes and fibroblasts and NAG -treated
8 %
'9’}% 61‘06/ = keratinocytes. Keratinocytes were incubated with
C @,
'17639 % 0 _ _ NAG for 24 h. Cells were extracted with boiling
10 mM NAG +

Keratinocytes  Fibroblasts water and analysis for UDP-NAG by HPLC as

described in M aterials and Methods..



27

WIZ, MBRNEE 77— YA XEBREIED 2 ENbMho72 NAG &, HA Ak &
HR G L~V THIFEI 35 RAIC DWW T, HA A liFE ICE Z R AL % Ll FT L
72 (Fig.3-6). RAGIBIZC L v, I 1 H HETIZ HA EAENBFICIN L, £l
il v bae— e REOAREE 2R Lz, — )7, NAGIZ L5 EiEH O HA &
BEX, SM2BETELO THARBRICHEMLZ%, 3 B ETEMBAWIZHEIML, RA
WL TENLTZHX A X 7 THA Gl IRE ST,

AN UDP-NAG 1%, HA O A7 LT hilE{k GAGOEREICHL 0BG 52 &b,
NAG DN HA GRRICFRPIN G E2 TR D7 012, BBt GAG & BRI K IE
T NAG IR OEBEIZ SOV THRH L. RA L, IIML 7= [*’S]Sulfate @ LiF ~D B
DIABIEME 2 RSB DI x L, NAG [TV ARIEHRICH R L2 RIE S 2o -
(Fig.3-7). L 7228> T NAGIX, Hilit{t GAG A I 1T 589, HA &8k %2 FF By
LT D EZ 2N,

0.5

F’: Fig. 3-6 Time course of the effects of NAG and RA on
i 0.4 HA production in human keratinocytes. Human skin
3

E’ 0.3 keratinocytes were incubated in medium only (open
S

<§ circles), in the presence of NAG (SmM)(closed circle)
'§ 0.2 or RA (1uM)(closed triangles). HA production was
S

< 0.1 estimated. Values represent mean* SD of four
T .

experments.
0 1 2 3

Days in culture

Fig. 3-7 Effects of NAG and RA on the incorporation
of [**S]Sulfate into glycosaminoglycans. Keratinocytes
were incubated for 48 h with medium only or medium
supplemented with NAG (5 mM) or RA (1 uM). The
[3°S]Sulfate incorporated into [**S]glycosaminoglycan in
the supematant was determined as described in

Materials and Methods. Values represent mean*x SD of

35S dpm x 10%/ well

four experiments. **P < 0.01 (Dunnett's test).

O0CTRL NAG RA

Fig. 3-8 12, NAG & L F / A RZ EK IR L7 B KM RO HA PE A& 2R
4. LF ) —JL, RAE HIT NAG L DO EIRFFHIMIC XV AHEAIZ HA OFE A& 28N
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XE2. AL 72 RA O R (M) X, RA BEMEEMICE W TIE 4TI /ERN
T 2BETHDZEND (B 1 E Fig. 1-5), NAG & ORI FFHRERMIZ L YW UDP-NAG
TV ISP R L, HA FEAE SR SRAYIC U L7 EHERI S 47z,

1.5

—_—

0.5}

HA production (ug /well)
=)
(9]

(=)
(=)
> Il

TILO
DVN

Vi

V¥ +DVN
OVN

jounay

[ounay + DVYN

Fig. 3-8. Synergistic stimulation of keratinocyte HA production by NAG and retinoids.
Keratinocytes were incubated for 24 h in the presence of NAG (10mM) and RA (1 uM) (a), NAG
(10 mM) and retinol (1 uM) (), alone and in combination. HA production was assessed as

described in Materials and Methods. V alues represent mean= SD of three experiments.

3—3—5 WMHEME NAGFHFERIZTL 5 HA G RREEER

NAG D HA & AR ENE 0 FBLIZIE, ARBFZED FZBR &4F TIE 3 mM UL E ORI
ENRLETHS. NAG OMifaN~Dix%, 7/va —A 7 AR —% —(GLUT)
ZAL CHiESN D GleN & B L7z, MIC¥ i L 7ZPH]GleN i, 10 min £,
ZDHIHTEMED K 0.7% M BN ICE VIAE L, & 518 GLUT [RERO A o 7
VUBEIRMT LI ETEOMVIAANRES . —J7, PHINAG % 0 L 7=
fl 18] 5y O i HHEVE 1, PH]GIeN O Z ALkt LT TIRW LR AL TH Y, A b7
7Y B OWIN THREHEMEICEALN RO L 2vo 7= (Fig 3-9). £ 5 iz s
PR, %Hﬂﬂ@é:élﬁ%ﬁéﬁ’wcﬁﬁbf:[ HINAG Z#H L TW D AfEELH 5. Z O fE
HEMBH,NAGIE GleN £ 8272 ) GLUT /L THik SN W R RI iz, Lz
ﬁﬁofNAGOWEH%%\éfE W EIREO WIS LB BB X, KB EWVWNAGH, B
MiYEECH A BR T OALERND L0 RSN, &2 T NAG OB KM%
M ESED7DIC 1 C20 5 CL2 D7 F L8 238 AL 72 NAG 5 Eik 28 W%
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L7 2201 mM OEECTCERMPIEBEIICHERM LEZEZ A, TILF/LEH
& C8(CLogP, 2.417) TH: A @ HA A A EHE/EA % 8%, 10 mM NAG IRINAE & [/ L~
O E R % = L7z (Fig. 3-10).

12

- [3H] GlcN

o]

3H dpm x 10-3/10 min
N

0 1 10 30

o o o o s T m mm Em e

0

PH]NAG

1 10 30

Cytochalasin B (uM)

n=3, mean+SD

Fig. 3-9 Entry of radiolabelled GlcN and NAG
into keratinocytes. Human keratinocytes were

incubated in KRP buffer with [*H]GIeN (1

puCi/ml) or [3HINAG (1 uCi/ml) in the presence
and the absence of cytochalasin B for 10 min at 37
C° . Sugar transport was measured as described in
Materials and Methods. Values represent mean =+

SD of three experiments.

Control
1 mM NAG

]
[

10 mM NAG

NAG2

0.1 mM

Fig. 3-10 Effects of NAG and NAG analogues on HA production in keratinocytes. Human
keratinocytes were cultured with NAG (1 or 10 mM) or 0.1mM NAG analogues (NAG2, NAG4, NAGS,
NAG6, NAGS8 and NAG12) for 48 h. HA content was assessed as described in Materials and Methods.

NAG4
NAGS
NAG6

NAGS

NAGI12

OH
HO Q
|—| HO OC Hypsy
NHAc
Compd n CLogP
NAG2 2 -0.757
NAG4 4 0.301
NAGS5 5 0.830
NAG6 6 1.360
NAGS8 8 2.417
NAGI2 12 4.533
L

0

1 2

3 4

HA production (-fold)

Values represent mean= SD of'three experiments.
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A R =

AFZEICE VT, NAG PN ER LMo HAG Rz RET 22 2" LT, £0
AR EEFIL, BME LNV BIT 28K EHGEGE | EB L OH 2%) LIFERY,
AN EE L_XVIZB T AHIEICLD O TH - 7.

NAG IZ, HA Z& %> GAG, T~ Ok % v 7 5 ki@%%“%%%fé%%f%
D, =7, VBILEAL D O-NAG IZX 2D & 37 Effin, MW > 7 T viniE
MET22EBRBEIENTVNDE.TD 22T, BBELLICEBIT5HEEZMEEL, %
et > HAS BAR 3 Bli KON HAS BERTE AW E L 7223, NAG T W T i
BEAMIES o te. T2 T, IRINLT- NAG A E MR ICE Y A £, HA O
FINFE B~ LB SN TV A REMEIC DWW TR EF L 72, HA ISR 2 HEFa N o B it
HARIX UDP-N-7 & /v 7' )L =24 I > (UDP-NAG) L UDP-7' /L7 v [iZ(UDP-GlcA)
THY,GLUT LVWEVIAENT 7L 32— A5 Scheme 4 12 R TR IKIC L0 Ak
5. UDP-NAG L, T ORIBAA KRN X7 LAF K, Zrva—X, T JBEBIWV
JENFBR DR RN O SN D720, TOARTBEHICH BN TVD ETPHEE
5.

— 5, MR WNIZITES MBS
DY VY=L E LT

IGLUT NAG NFAET L. MEND
—— I NAG IZ NAG ¥ 7 — ¥ (NAGK)

Gluc ose

mmmp/@mm* ICE Y NAG6-U VEEIC, Rk

UDP—élmose Fructose6-P = GIcN6-P Mz X 5 Kk T & 5

¢ NAb6.P UDP-NAG |2 # S % = &
Glycolysis NA:':'l-P T, fEZ Ry RS O

i BEAMCEMBA SN .79 %

(O [UDP-NAG | DT, REMAEE LU RS

HAS HEZFEH M © o NAGK DO 8 %

U FRE L X)L TN e 25,

WL oM R I By T
Scheme 4. Biosynthetic pathways of UDP-NAG and UDP-GlcA NAGK mRNA 2N HH L TW 5

ZEEMR L. Leno T
WML NAGHAMBEANICERY IAEND &, & DO NAGILEKS 22 UDP-NAG ~ & &
rxh b & PRI, NAG OffilaNE V— Vv &% E& L7t &2 A, NAG & IR
IMEN 7= AL C UDP-NAG &0 MBEBE SN, b O EN L, NAG D
Wﬁi,%@ﬁﬁ”%k@% X520 THY, HA AEGRBERICBEWTEED &
WA EEIC > TWE EEXLONE. — 0, RERMEFMIE X, bz o
WPNAGﬂ%&M@®ﬁ4%&%#Ok:kﬂ%,MPNAG®%@Wf%wﬁ
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HA AR OFIEIZR > TE LT, £0O 2 & MMM EEE R T NAG OfFH %
RO WRIRNTH 2 & HEH <.

Fo, REMILIZ RA & NAGZ FIRFICIRINT 2 Z L2k 0, HEMNL HA & R
ERRZROLN, 2O XY HADE 5 — oDt 5 /KT H 2 UDP-GlcA @ i
a7 — i, HA B RO AR IZ 72 o> TV W 2 ENRB I 7.

NAGIZ KV REMEO HA A kxRS & 25 121, mM 4 — & — O RN B0 ET
bbH. TAY N —TEHREZEZHNZERNS NAG OMANILY A ZIL, 7 vad
SVIELTEOD TERLRXALTH-72Z b, NAG F 7 va— AR /a3
YOXHIIC TN a—ARNT UAR—H —(GLUT)Z I L 7= LY iAF& Tid7e <, Hifl
I X VRViIAEN D E PRERINTZ. 2T NAGOBKMEZN EXE572HIC
1 2l C2 726 Cl2 O 7 /F Vi 28 A L7z NAG #F Ek%E A5k L.
B-N-Acetyl-D-glucosaminidase (B-NAGase)® bt N ZREICHFAETDH I ERNT TITH D
Y S DICHE BRI LB-NAGase [EEN R S Nz Z &b (FERAK)
NAG# B K 1 (Lo LKL, fMN TNAG~EH A REARB-AL Lz IfZICT L% v
$iA 8, HDHWIL 1240 L7 NAGH EKIE, NAGHIEE D 1004 O 1 RE T, 1F
FERIEOERZRBE L. ZOo/RICE Y, NAG 2 HEMILHIZ X0 Mg Iz Y
AEN D Z LIRS LT (Scheme 5).

AW L0, HA O A R 23 HAS O B EBLE® 7217 T/ <, MMMk Ics »
TN OEE LNV THEHEINGED Z & R RSNz,

NAGS8, NAGI2 >>NAG

simple diffusion
Glc GIeN

NAG

NAG kinase
(NAGK)

UDP-GIcA

Scheme 5. Possible mechanism for modulation of hyaluronan
production by NAG derivatives

HAS; hyaluronan synthase
GLUT; glucose transporter
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e 45

7w s BHAO BRI, £0@E W KSIREREICH Y, EEAN DK EZ KN
Tl LTRET 2&E A T0WD ., REMBEZED S HA X, #H{H - 51k -
Ba) - 5L Wot AN Ml iE & BELRBEENH D, M ICE > HA O
FEEEEOKFICEET 2L EXLNRT WD, £ K HAOMRBHH EHF X5 10
REMEMZHARET L2 ETHEATHS. L L HABFZED WF50%, B, IRB X OK
JEEE L O/ SN AR ThH Y, B LERMEE T DR KO HA I
DWTIEREARHAZRENZ .

AHFFETIX, BRSBTS e T7vv A R S ORI & 2 o 5l o B
HEERE L THRHEED .

F1ETIE, RETOHAGK N3 FEEDH L HA ARERERFOI H, RXT
HTWTF i vHE I T LI EZHLNCT D700, ETHEAYA N4
HA ARICKIETEBIZON THRFLEZ. TOHE, IFN-y2S HA O Ak 212 L,
TGF-BR W IZH T2 2 L2 R L. WY A NI ICLDAREHE T
LHEBLZEB LT O E P RLZMIETERAICHEBELL TWD HAS3 Th o1, RIK
HA DA ERESEL 2N mbND VTF J A4 VEE(RA)SH HAS3 mRNA O 38l %
BHEICHEMNIEZ., 202 b, BBE LXLIZE T 5 REME O HA A Rk il
X, EIZHAS3 B H Z L ER LT,

HAS3 & 7B 2 D ICE K L= RA X, MO L HE O Hl i 7e & B 5 &
HEHI> X I A OIEHRKTHY, EFREICEBWTSH, KK TIZL LR EDk
EELAEOLERLE LTRSS TS, LLAEREL, ZiEicbl 55 /ER
EEEZHT 5 RA X, REMMEORMERZAE LD 2R, BENOANLHK
EHRINLEEN TV,

FB2ETIE, EX¥IVARTHLIIaT /4 FEHIZEHBH L, HAGH~DOE ¥
YA BEEDEOBEICOWVWTHRE., TOME, RA ~ER@ansp-Ie TR
B-7 VT hXHhrFrinofrrEeH Iy A aT /) A4 REF TR, WILE
WBWTIEEZI V AICEBEN2VWALT A v, BT XV 0 F o BLOT 24 F
hrFro T eI AR T ) A R, HAS3 mRNA BB EIZ £ > T HA
DELEZTESEZ., /7o 7obe %I ADODAVLT A O8I, RA L7 % —
(RAR)FHEAITH 5 LES40 IZ XV Ml &Nz, Mx AT A4 0%, VAR—F%—7T v
YA C,RARZIEEALT DRENZATHZ L b bh otz SBIINATA I LDE
AN VvFF — ik FZFEEHERALDHPLER O b T — ik vl shi=2 & »n
b, VTA VAKEIDVE LA, TORBILEWN, RART A= &L THET D
ZEERLE LER-T, B NREMBIEZ, /eI AT /) A4 KN%E
RAR LHEGFIRER RAT T 7 ICR#MT 2N EA L, £NITED RA RO AHE



33

EREEINDEEZEZ DT,

FBIFIZBWTIE, RRILEWOT LR LMD HA & RHIEIN %2 BE L
EZANTEFAT L at I U NAGIZZEDO R Z A L. NAG T HAS #Eis 1
FHHB LOBREEICIIEEY T, F1EBLPE2EICBIT2EE L L TO
@&ii&é%%ﬁﬂ%é&%z%hk.%_TJMGﬁﬁ%W®%&5%®
UDP-NAG ~ZEHI N DA REICONWTHRF L. EEEEOY Y Y — L5 EY T
&%HMG%UmWMG’Wﬁbﬁﬂﬁﬁétw®bMG%% Y (NAGK)IZ%& B L,
ZTORBAEMPLIZE A, REMIEIE, NAGK mRNA ZHFHICEH LTS Z
ERb Mo T, LN o TUI L7z NAG L, HA O N HEE T H 5 UDP-NAG ~
EEBIN DT EBNIRIB I N7 NAGALER U 7= Hifd @ UDP-NAG & 2 E BRI HM L
722 &b, NAG OEM RIS BN EE 77— VO RICH L Z 2P b I L.
WIS, NAGOERZEmb D Z L 2ZHMEL T, MBBMEDO NAGHEKRE Gk LT,
NAG # K 1%, NAG O IRMANIEE OK 1 %IRE T HA A K% R &, HA & 5K
OHIEF O FTHEME 2R L2, & 512 NAG NEEHEIC LD BMVALE WS kbt
LAHMIEMICEDVMBEBNICRYVAEFND I EEZRBLE. Z2RLLDOREND
AR, MRS TS LAV BT 26 EZ TR, MRaNEE -1
HA ARk OHl R & L CHBET 2 EZE 2 bz,

DLk, AR GERSC T, P bane 5 o B J8 1T i) 72 2 52 HA {REH#E 2B b
DT A ERERL 2.

EFT, KREOEF LB T 5 HA GO #IEL I HAS3 mRNA 734 95 2 &
R L., 202 &l2k b, £EZ HA G ACHEA] B 1238 VT, HAS3 mRNA % Bl
EREICL AR N AR E D,

WIZ, RARIEVEAL 2T & 32 2806 RAFROAEHEEZBHFETE, ho"Lae
PERE WHASEREIEA E LT, 7o I ABLIOR Y Z und gL R =
VG EAETD ) S u e X AT ) A RO AREEERLTE.

MBI, HA G R Al & L THMRNEE Y — L2 RKESE5 NAGE R L, 5
BLNJLIZ KAHE7Z T TidZe <, HRRANEE 77— L ~0OFIR b HA S A 4 Al B
HKOBEBERANTI T VIR DI xR L. S0, HiEEE2EE L -
M NAG#EEBEN, L VRN ICHA GRkETLESE DL 2R LT,
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KHFERLOMERICHZ Y, RGTBELRLZ ZHEZ2BY ELEFR REER
BN K ERBARICEELRLIHHEZRLET. £, AR OZETIZHI
D, THUIR ZHREEZ W E E L AR UALBE S il A R SR BT S bR
I LD OEBOBEELZRLET. S6I2, KMRICHELY, TBURITHE
AW 2 & £ LI AR AT IE T O J7 % IC B < T L % 7.
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