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ABC : avidin-biotin complex

APS : ammonium peroxodisulfate

BSA : bovine serum albumin

DAB : 3, 3’-duanubibenzudune

DMEM : Dulbecco’s Modified Eagle Medium
ELISA : enzyme linked immuno sorbent assay
FBS : fetal bovine serum

FITC : fluorescein isothiocyanate

GlcA : glucuronic acid

GlcNA : N-acetylglucosamine

HA : hyaluronan

HA4 : hyaluronan tetrasaccharide

HABP : hyaluronic acid binding protein
HAS : hyaluronan synthase

HE : hematoxylin-eosin

hEGF : human epidermal growth factor
HRP : horseradish peroxidase

K10: keratin 10

K5 : keratin 5

L-HA : low molecular weight hyaluronan
MMP : matrix metalloproteinase

MTT : 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide
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NF-kB : nuclear factor-kappa B

NMF : natural moisturizing factor
O.C.T. : optimal cutting temperature
PET : polyethylene terephthalate
pCD44 : phosphor-CD44

PVDF : polyvinylidene difluoride

SC : stratum corneum

TEMED : tetramethylethylenediamine
TEWL : transepidermal water loss
TGase : transglutaminase

TLR4 : toll like receptor 4
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BRIGIIARER LB I WRETH DL, EINMRORBEEBR 2T D, RIFIIMEE
DELZMFEITB L TEHETH Y | B0 T 2 P UE IR O 272 6
TERUENERIND Z 0D IR X 2B R R BRI &
LT UMM I EDBGEICE Tv e VIBBBHBEIZHN O TWD, ks L
TIiE. 7w CERIIEE DR Z B E OO H D% RO B TRLE 415
&, BERSBHTIHEIAS AL TWS, o, BT vm UERIIIERD TED R
IKBESIRORE M 2 7R T2 00 ARHES D A7 &3 BT BEECRIE Y v~ T,
IRFHEI e & DIRIBRICB W T REREREFH ZH-TND, ZOXIIZ, BT
a UEEIIEE A R B CIEA SN TV A, ERERMIAL Z Li1XE, L
ST, BTN VEBROBEZ AT 2 LITEETH D,

b7 v CRRIT1934 IS T DIRDI R bR R S D, 75+ 873 107 Da
IZH RSEDTEHET, D-7v7 v g (glucuronic acid, GlecA) & N7 t&F
JL-D-7 Va3 2 (Nacetylglucosamine, GleNA) 2332 HAZEEHIRICHE A L C
WBHZ7 Va7 hrThd (Fig. 12, & 7u UERITKENE LAER
NZ L E LUTHEL, MIRZER - BBIEOMERF L I, K, A A4, RHEFER
EDOLRE: - BE), @0 PR OBEREREICHDL ZLNRTED, SHIT,
AN TIHEFEICZE OARBED TR Y | KB ElmiREICTF
TEL., FELEREICL VER A 722 )7 H EFAAEN L ClaBE 1L - 18
JH7R & DIRIEWNAEBBIRICE D > TV 5,

BT E BRI, SR BEHE) OEWIC X o TR B 253, B 202,
b7 m CRRIIRIERS L OIS E IR 5324 R A o0
ENA R EDFHE D MEFEDREER LR ENRH D0, —FH, @ofeT
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e 0 \L/D i 0. He
HO™ N HG&N/U 0
HOH__\NJ/S 4 -0 : 0~ < -OH
OH l jlli OH NH
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0’ __,_/'n 0;\
GlchA GlcA

Fig. 1. Chemical structure of hyaluronan

e UBIEIRENEY A P4 VBRI~ N v 2RxFZ e T T T —18
(matrix metalloproteinase, MMP) ®#4:, NF-kB (nuclear factor-kappa B)
TEME O] T AEFAERGIER 1278 EOERERT, BT n UEROFE

I FEOLDONLIME VRS FE~LIES, S 7 v m UBRRICEE
5% OFEREIL. K5 FeTrn gl S5ICE#HOBEVE 7o ViR
V) TR D AW - EALFRIE AT o TV D, ZORBIZET Dk
HIOWFFETIX, 1974 4212 Hascall & Heinegard 237 7' U 7 U ZAEG T D /D
ETARVEEIZI0METH D Z EE2WE LT D 18, RIEOR OMMRIC IV TR,
EEfbSn-e 7 v = —BIC X VRS bSnize 7vm R A
AU EEFE RIELMIL ORI - BENVR E 2T S, ZHEESFE
TAuBETIEERDLNRWVEHTHY | 7 ve UBITIRS b b &8
TR 2 ST A 2 L 2R L TWVWD, ZORGFET AR VESET
na A ) TR, @ e T An B TCIREERTE R WRERI IR X R

T A FRBMENEBZ O TWD, BifE, Z< o7 nr UG Z N
JERZFRB RO TEY | HiaxpliENndH s 1410, £z, 7 /n g
F VU TEEX, AR 7T v U BRO e T UERFES X R EA~DFEE E L
EFLHZ L TWNL Y, BFSEET, BT R VRO R BEEE) BL e T



N CRROFEG Z NI ERZBROKEINEERY =V ERDHLEEZ TN D,
ITFETIE, 7 v UEBIIESCAIGIEE & OBRMERE SN TN D, 7R
VERITIEGET O TREFICER L. AL TH D CD44 2 ENEET T
JLES L, 2RO BEFEEAIZB W THE L TEIW TV D ATREMERE 2 5T
W5, o, e e Bt a—rToZEnbn, Zoa—hMIX
> CAMGIRIEIC LB MR O 58 & B 2 (R T 5 2 & b BN E 72D 1920
b7 CROBRISHNEAL TV D, BE T, 2010 4ICHHEF A0
Mz 7 v aanFas RERNT 52 & T, 7 ba U REESR DR ELN
mHlEns Z i Shic 2V, £z, REMRIZBWNTEFE T v ViR
IRV MERFEEINL Z b HESNTWD 2, b7 r UEEA Y TPEICE
L Cid, WeE Mok e 7 ve g4 ) S 2IINT 5 2 & T, toll-like-4 4
£ (TLR4) 33X U CD44 24 L TRIEVFHFEIND LWV O RE L H D 29,
SRERVERNHE SN CWAE T A UERIE., BUED ER0ER R E O~
R TOR T WD, UL, E7vr VA Y THEO R T ORRE
FEMTIZIE & A EHEN R, FI T, BT AR UBOR/NEMTHD 4 BEND
5 7 vna A ) TkE (hyaluronan tetrasaccharides, HA4) [ZVEH L.
B2 T ORI 21T 5 Z LIC k0 BRSERO I TORBIEISEZ [
T EERERBEMNE L, AFETIZ. HAA O EEREEZRFIL, v~V
Mz dn vivo BEHETIC T 2 BB RE 275 2 & 7. HA4 O
MESFAf o K ONR BRI BT 2 B IE I 2R~ 0 F L L TEDA =X
LEWAOENCTDHZ L, Zhbz, —RURESTET e gl DENED
D, AMAMEZ TS5 2 L2 AL L,

1 FH IR, HA4 O EZEME L SERRRICKITTREL LT, £7. HA4
DZBILHIZ I 2 BEZMEZRET LTz, £72. in vivo TO HA4 )& H



TR D, RERHIE SR 2 T R AR AR 21T > 7.

W52 B CIE.HA4 IC X A8 EEEMaD b 7 v o VRIS RAF TR L LT,
HA4 D& 7 v a UG EERRIR FRBURIETRE LN, £/, nvivo
To HAL &R 5. IENE 7 va IO IEBEs T OER
1To7,

% 3 ETIE, HA4IZ X 2RO MBI T8 L LT, HAd Ofk~
— N =B KITT B L OMEFE & U U ER{l CD44 ORIk & MET L7z,

LLFIZ, bz Re@iEd 5,
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%18 HA4 OREZiENE & BEREREIC MIT T 5%

\\\

B W

B DEAMNEIALIET D ANEIL, KNG DK OEBELE, EKN~D R
MR ANRIR EORAEZY HRERANYT THY, EmiiRiT 57-0ICE
HThD, LIeBosT, \bLEMEKRENOEET H LTI, ABNKE ERE
2D, ALEMEREICHEN LI L&, @, ZEILHIC X 2WE DR ESE
FAEONY T HEL, —MEIC, RSSO RS E R M KB E LAY
FVbE<<, HFELIEYOKREERITITEERKFTH L, —KIC
&7 500 Da A FCTHAUL, KESZEEAHIEHT 22 LN TED 29, Lal,
T RE—MEERO LD IREFEONY TRERBIZEEN S D56, 7 M — MK
JEROIGEE ChH D2 71 ) LA (531 804 Da) X, HE~NRETDHZ LN
WESNLTND B, ZOZ b, 3 1FE)N 500 DallETHh-TH, KJF
s L ARetElLd 5,

ek BIZEIEET 5 UVA ORS&EIZ UVB RS &0 20 5T KB 5 @ UVA
ITHBERCEIMRIC L A5 LT b, BE~D UVB lBEHZ L - T, L
BEOFHELK M AL O W, FE N THRRE D IR L MRx TR USRS E
Wb, UV L, HEOFRMEAND THEZMIET 5, ZOREOFEEME Y
THEREDIAME, UVB 3510 UVA-UVB, UVC Ik »THEIEE I ENh 5,
ZOREFR, UVIRHIZ LY, B FRT v NEEDN D OWE ORI A 0 =
B EBNMBITND 26),

ETve VL, T EN 10 TEEX Dm0 FOHEMES ) a0 7 h
YTHDH, BT CBRITKEBIFEETH I 0 ALPECE KRR
LTIAEAENTWD, {bHMmIZEAS SN TWD e T va VgL, KEREA
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A TERR T 5 2 & TRIEND DK OEBE, £, e 7 U IBEA
X, EIC LD TRT A R, £ OMOIMENEE 72134 £ o & OF
R KB RELET HDICHNLNTNDZ L, L<Mbh TV
L2rL. 7w SRIKEER S < BE &S R TOHFE0M 2RO
LMD, BREICEENICEESED 2 LIIRETH 5,

ZIZTARETIEZ, eT7 e BoPTHLyfFEO/NS Y HA4 (ZIEA L. in
vitro FZ R RFRER 21T\, HA4 R O ERENRGT 21T > 7=, £72. in vivo
TO HA4 EERIZEBT 5. FAFFH S 2 O 7o B RER N 21T > 72,



B2H ERFIE

2-1. EBAE

HA4 (99.14%) (776.3 Da) (IHEEFAOZERT GRAt. BA) Ko, &oFe T
v Uk Na (hyaluronan, HA) CE¥)4r7-& 1,200 kDa) 38 X MRS B 7L
2 % Na (low molecular weight hyaluronan, L-HA) CE#4%y & 33 kDa) 1%
BEEYY—FT X — Bk, R BA) Loftssni, e7rm U@
HIEx v MIEMFALF TR L, BA) KVEA LR, ZOfoilEE
X, TIROFHR S L<iX HPLC Ao b 0%, AR TE (K, AA) XV
A L7,

2-2. EREY

HEVE~T LA T 2 (HR-1, T4, K : 23-30g) 13, BRAH R B R
BB (GO, IR, AA) KOEEA L, 12 K Z &I 1 7 1
(on-off F§fH] : 7:00 - 19:00) Z &% LB THE L, K& ENIH MICEITHE
& L7, 7ok, B FERRIIINIE R FEW ERE B E B 2 0OKGHE 2 H T, TR
FEWEBRIE ] (TEVT o T,

2-3. REERY SN OB

HA4 KEEHKRIZ, KT 0.02, 0.1, 0.5%DIREDO S D2 L7-, HA4 K
IR pH BT, FMBL 15 M X7 v E=vA&2HLZ, HA B
L O L-HA KIER I, FEEKT0.5%DRED L D &R L=,

2-4. FEERIED HEfH
AT VAT A (8-1014) ZSAMERLF L, JESSOIEF#RZBET 5 K )12/



A LT, ERMOIEN % TEIZEY BR\\ o, In vitro R ZE BRI 1L,
BREEERLIOT—7 A NY v B 72X 0 AEZ B RN A e RIEER & O
R A e, ARBRIBERE L. RGO =F AN D — T
—7"No.640 G, HA) THJEZ 2T BRWTIER L7,

2-5. In vitro &% BRABR

i L- I, A%nEBEmesE 1.77 em? (E£S : 1.5 em) OfAMLEEVIC,
FTm R —l, Bz — Ml L CEE L, R —ICHIRE D HA4
KR 1 mL %2, Lo —MNSERUK 5 mL 2 M L=, i/ LAiE 82°C 1
hH, AF—F—THHE L, BEEMICL—NE 300 pL 2o 7Y 27 L,
FOHE, REOEUKEMA L, L—NETO HAA ZERL, RO %

AHIE U TR Al i 2 R L7z,

2-6. HA4 D437

Ko TNEAL )=l 11 TRAL, 15,000x%x g, 4°C, 10 53 DFMHET
LG EE (T =T by T~ A 7 min Al 35000 (KUBOTA, HUR, HA) L
T EEZEZRIN L, EEF O HA4 X, LC/MS/MS CHIE L7z, LC/MS > A7
DiE, A A2 Ty L T NVERSHTEEE (LCQ DECA XP plus) (Thermo
Fisher Scientific Inc., Waltham, MA, USA) B XK 7 (Paradigm MS4)
(Microm Bioresources Inc., Auburn, CA, USA), #— hA >V =27 % — (CTC
HTS-PAL) (Microm Bioresources Inc.). # 7 2 (TSK-gel ODS-80Ts, 2.0 X150
mm) (TOSOH, #l, AA) 2»HHY . BEIHIL 10 mM FiRT > € =17 LK
Vil : A% — (8:2). W% 100 pl/min & L. XHF 4 7 A Ao AbE—

RChetH L7z,
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2-7. eT7 A urBOER

HA £ X OV L-HA %, ELISA (enzyme linked immuno sorbent assay) % (5%
k) ZRH Lz 7 ve CERRGESR >~ b GAEHPE : 12.5 - 400 ng/mL) A ff
MUTHE L, e 7 e CBERE~A 7 e 7 L— MIL &7 =1H72 0 300
UL O OPEHE T 3 [P Lz, ML, HA B3 X0 L-HA OB 24
R D Lo — Nk Wiz, ROSREEREZ 7 7 27 (0 ng/mL), FREOE
T s EREEAERRE (6.25, 12.5, 25, 50, 100, 200, 400 ng/mL) % #: B ER O
=T L=, ZOBREB IO 7 e UBEERE Y . FREND T = LI
50 pL F" 28N L7z, Wiz, B4 F ik HABP (hyaluronic acid binding
protein) ¥R EZ & T = /L &H7-0 50 uyL 2L, 7L — FIFH—%2HT
1 o EEF#, 87 °C T 60 MEE Liz, KIsth. &2 TO U = VINOREK bR
EL, U=z /HD 300 uL FOOWHK T 3 EEEF LTz, &2TO T /Ll
HRP (horseradish peroxidase) iFili A b L7 b7 ¥ UK A 100 pL 7 D%
L., 7L—hi— b TEEZLT37°C T60 0MiFE L, 2TOY =z LNOD
WREBREL, &£V x/LdH7= D 300 uL T2 OWEHHK T 5 BIYEE L7z, 2 TO Y
VIR FE R % 100 uL 72N L, 7 IR AV CHYE L7z, Fili (156
- 25 °C) T30 llErE %, 2 TO Y = MIBUME IEIRIE 2 100 pL 3 2% L
e 7= b IFP—THERREML, 30 FLNIC~A 70T L — ) —=4T

W GRIERE - 429 nm, ®EEJEE 630 nm) % HIE L7,

2-8. In vivo EB
AT VA=A (7T - 84) Z UVA RBEEHER L OSSO, 61T,
AL B Normal/UVA(G) B L Vi ¥ 47 #f  (Control/UVA() |

Control/UVA(+)) . HA %45 #f (HA/UVA(). HA/UVA(H) ., HA4 & i #f

11



(HA4/UVA(-).HA4/UVA(+) DGt 78 (n=3) 25301 THEt 247> 7= (Table 1),
L LT 70% =% 7 —/L &M, HA B X HA4 1345 % 0.1% D IAHE % 15
L7, UVA BRIBHCIE, @MRE UV T v AL % —% UVP® (7 F 23,
F, BA)ZHAWT, SEEEIC UVA % 22.3 Jlem2/day W L7-, UVA B
I 1AM 5, F 3BT 7=, UVA BREZIC, AlEKoyERE X TEWL,

AR E L, A 7L & 50 L o8 LTz,

Table 1. In vivo experimental groups

UVA irradiation
Group Sample
(22.3 J/cm?)

Normal - —
Contro/UVA()  70%ethanol -

HA/UVA(-) 0.1% HA (70% ethanol) -

HA4/UVA(-) 0.1% HA4 (70% ethanol) -
Contro/UVA®)  70%ethanol +

HA/UVA(+) 0.1% HA (70 % ethanol) +

HA4/UVA(+) 0.1% HA4 (70% ethanol) +

2-9. KREHEREDHIE
K pgpEB IO EMEOH EIZIE. Cutometer® MPA 580

(Courage+Khazaka, Mathias-Briiggen-Str.. Kéln, Germany) ZffH L7z,
TEWL O#IEIZ1X, VAPO SCAN AS-VT100RS BEX&t7H T2 /7 TR,
i, R BAR) ZEH L7, ARy &S IO TEWL OJIEIE, 1 JHEH
(25 18], 3 EMEAT o 7o, KEHMEORIEIX, 1 @I 1|, FF 3 @EETTV.
ERFCIZ 12 FICAmR L7z ho3ve & —vF F U o A% 0.1 mL /100 g THE
ENICEG- L, RRER N CIIE L7e, RSO R IX, WS EIZ XD RO, R2,
R7 OfEx Wz, RO (U 1THRKRESIDOE I CHREOHEREZEL, L7
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SOFRE L 72 %, R2 (Ua/UD) (THEM TREOR Y R, R7 (Ur/Uf) (TP 0.1
MO Y BT, KIBMED 5 HEMEDE > 2 KB LoV (Scheme 1), A

ZIERAE (250 mbar) T2 0[], BAMIRIC 2 B[], FF 4 FOM], BE DA
RefE Lz, 2k, £ TOREMEIESEZ 3 BIHIE L, FHOE TN L
7o

0.1sec

Ur
0.20 Ua

(mm)

uUf

Time (sec)

Scheme 1 W 51¥EIZ X 5 FZ 8 28 FLas @) 5]

2-10. FZJE DOMRRFHBIE

FEBREEBICAT VA AN Y T NVEMEMN O G2 R L, FTA4
TAATREBH L72N 5 0.C.T. (optimal cutting temperature) =2 /37 >
NIZEH L BRSO A 2 ERk L7z, BREEIA1E X 7 2 h—2A Leica CM 3050 S
(Leica Microsystems, Inc.. Wetzlar, Hessen, Germany) ZfifH L. 10 pm O
EUY R EER L, EUORHRIZT, ~~bFF Y e 2 F T
(hematoxylin-eosin, HE) Y4247\, FEHMIEREZBIZ LT,

WU 2 10% AL~ U RIS 30 IE EIRIE L, MRROBEEEZIT > 7,
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KEte. 100, 90, 80. 70% T X J — VIZNERIZ T, WK LT-, Kk, ~~
Ko RIZ 10 0 RIE U -, B E KR Wi 2 & T2 =4 v VIR T,
HIZBaHLoEoKE L, KIZ, 70, 80, 90, 100% — & / —/LIZJERZ

F. 3 EIF T L AR THEME, EALITOERMET THIZR LT,

2-11. REEDFHI

HE Qetaz4T o 12U 4. BN Y - —Fi8E IX71 (OLIMPUS, #H
. BAR) L CEIE L, REEIL, MR A Z &8 50 » BTl BRE
L. DR TR L 7,

2-12. T — XM

SAS HEFHENT > A T A ver. 9.2 (SAS Institute, Cary, NC, USA) ZfEH L.

pEZGM L7z, #EHEITIEIZIZ, Tukey DL EME L AV,

14



B3 KR
3-1. £BEME L UARBFIBERE % Az HA4 DR &%

HA4 OZBYEBUZ I T 2 B4 | 28R &I J OV g RIBER R 2 FH v
TR L7z, £97, 0.5% HA4 KIS O BGEME /95 A8 O AT L 250
ERE Lz, TR, 8 Hll%o HA4 REHEEIL. 2EEET 0.8£0.3
uglem?, F4JEHIEER JE T 2109.6£175.8 pglem? &, B & H A i
B2 J§ TR 2600 f5 N L 72 (Fig. 2), Flux 3 X VBRI | 2@ & T
A @ FIFER T MEZ 7R L7z (Table 2),

2500 A
2000
1500

1000

of HA4 {pg/em?)

500

Cumulative amount

0

Time (h)

Fig. 2. Passive permeation of HA4. Cumulative amount of HA4
permeated through full-thickness skin and SC-stripped skin. Each point
represents the mean + S.D. of 3 to 5 determinations. Symbols:

Full-thickness skin (#) and SC-stripped skin (e).

Table 2. In vitro skin permeation of HA4 through full-thickness skin and SC-stripped

skin
Cumulative
Flux x 107 P
amount of HA4 ER
(ug/cm2/h) (cm/s)
(ug/cm?)
Full-thickness skin 0.8+0.3 0.2+0.1 0.1+0.1
SC-stripped skin 2109.6+175.9 418.0+30.6 232.2+17.0 2587.5

ER = Enhancement ratio = cumulative amount of HA4 through SC-stripped skin /

cumulative amount of HA4 through full-thickness skin

15



RIZ, 0.02, 0.1, 0.5% HA4 /KR % 4@ B R ¥ IOV Ja R B R g i L
HA4 FR§ BB ORERGFIEEZRE L, TOME, 2EEEICET 5 8 R
% HA4 ZFEFE I, 0.02% HA4 KK T 0.1£0.1 pg/em2, 0.1% HA4 /K
AT 0.220.1 ng/em?2,0.5% HA4 /KK T 0.8£0.3 pglem?2 Toh - 7= (Fig. 3a),
£ HIBER B 231 5 8 R f% O HA4 BB &%, 0.02% HA4 /KA T 58.3
+10.7 pg/em?2, 0.1% HA4 /KIFH T 392.4+44.3 pglem?, 0.5% HA4 /KK T
2364.8+46.5 pglem2 TH 7= (Fig. 3b), Flux B L ONEEMGE D . EENEL

Az onTEM L7 (Table 3),

a b

2500 -
E~ Eo
S 24 2000
£S £S

1500
=3 =3 1000
ek E =
Es =%  swo
O O

0
Time (h) Time [h)

Fig. 3. Effect of HA4 concentrations on the in vitro skin permeation of
HA4 through full-thickness skin and SC-stripped skin. Cumulative
amount of HA4 permeated through full-thickness skin (a) and SC-stripped
skin (b). Each point represents the mean + S.D. of 3 to 5 determinations.

Symbols: 0.02 (A), 0.1 (&) and 0.5% (e) HA4 solutions.
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Table 3. In vitro skin permeation of HA4hrough and full-thickness skin and SC-stripped skin

from it different concentrations

HA4 Cumulative ;
. Flux x10'P
concentration amount of HA4
(ug/cnt/h) (cm/s)
(%) (ug/ent)
0.50 0.8+0.3 0.2+0.1 0.1+0.05 67.9
Full-thickness
i 0.10 0.2+0.1 0.003+0.001 0.009+0.003 1.9
skin
0.02 0.1+0.1 0.003+0.002 0.03+0.02 -
HA4 Cumulative ;
] Flux x10°P
concentration amount of HA4
(ug/cnt/h) (cm/s)
(%) (ug/cnt)
0.50 2364.8+46.5 461.6+10.0 256.445.6 40.6
SC-stripped skin 0.10 392.4+44.3 76.8+6.9 213.3+%19.2 6.7
0.02 58.3+10.7 12.0+2.2 166.7£31.0 -

ER = Enhancement ratio = cumulative amount of H&timulative amount of 0.02% HA4
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3-2. pH Z1LizH1} % HA4 ORI &% E

0.5% HA4 /KR D, G ZEBIZKITT pH IZ K 58 % Mt L=, pH 4%
FOpH 7 @ HA4 KR 7 R REICE A L7-fE5. 8 Rl 0 HA4 Rfid
WX, pH 4 @ HA4 KIEK T 0.78+0.37 pg/em2, pH 7 ® HA4 /KIEK T 0.07
+0.01 pg/em? & 72> 7= (Fig. 4), pH 7 ® HA4 /KK & tb~_T pH 4 ® HA4 /k
Vi Tl HA4 PGB EI350 11 £580 L7-, Flux 3 X OGRS, pH 7

LT pH 4 @ HA4 KR D F D5 MEA R L7- (Table 4),

Cumulative amount
of HA4 (pgfem?)

Time [h)

Fig. 4. Effect of pH on the in vitro skin permeation of HA4. Cumulative
amount of HA4 permeated through full-thickness skin. Kach point
represents the mean + S.D. of 3 to 5 determinations. Symbols: pH 4 (e)
and pH 7 (&) HA4 solutions.

Table 4. In vitro skin permeation of HA4 through full-thickness skin from different pH

solution
Fraction Cumulative amount Flux x107P
rH . ER
Unionized of HA4 (ug/cm?) (ug/cm2/h) (cm/s)
4 0.09 0.8+0.4 0.24+0.1 0.12+0.06 11.3
7 0.0001 0.1+£0.01 0.03+0.004 0.01+0.01

Fraction un-ionized = 1/ (1 + antilog (pH — pKa)).
ER = Enhancement ratio = cumulative amount of HA4 at pH 4 / cumulative amount of

HA4 atpH 7
18



3-3. HFEEOEVICLDI T BOKERERD LR

0.5% HA4, L-HA, HA XiEikz 2 EICEA L, ey FEOE TV
B UBEDORERREOENEZRHE Lz, TOMNE, 24 Ktk o Rz &I,
HA4 /KR T 2402.4+770.1 pg/em2, L-HA /K&K T 26.9+14.9 pg/cm?2, HA

KR T 0.970.3 uglem2 T - 7= (Fig. 5),

3500 +
t 3000
s

2500
Ea
[
e £ 2000 -
23
£ 2 1500 -
£ 1000 1
-
o 500 -

0 -+ T T 1

HA4 L-HA HA

Fig. 5. Effect of molecular weight on the in vitro skin permeation of HA4,
L-HA and HA. Cumulative amount of each samples permeated through
full-thickness skin over 24 h. Values were the mean + S.D of three

experiments.
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3-4. HA B XU HA4 BfIZBIT 2 AEKT BB X TEWL, R tEDE(L

In vivo L EHMICH T 5 HA B LV HA4 OB RITTEEL . @Ky
BB L TEWL, fhoitEn 658 L7z, £ OfR. UVA RS TIX
Control/UVAGO#ER L UV HA/UVAQEE & th~CT HA4/UVACRE T 8K oy B
#imL7- (Fig. 6a), —/. Control/UVAC)#E & HA/UVAGQRED [ TIlIZI% A~
HiiehoTo, TEWL B X OHHMEIE, 2 CORTEIEA b -7 (Fig.
Ta, 8a-c), UVA MRHEE TiZ. Normal/UVAGQ)REE & T Control/UVAHFE T,
KSR T L, TEWL (38 L7, —J%5. HA4UVAM® # Tix
Control/UVAM#) 3 £ 08 HA/UVAM) & He~THJE Ky &I L (Fig.6b),
TEWL i3/ L7z (Fig. 7b), #hi5#fEIE. Control/UVAMH)EEF L OV HA/UVA(+)
BE L BT HA4/UVAEET RO 23880 L 7= (Fig. 8d), UVA RFRFTER L OV
SHEEIIC, REICEITRO bk o7 (Fig. 9).
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Arbitrary unit

Arbitrary unit

30 A

20 +

10 A

Time (day)

70

10+

Time (day)

Fig. 6. Changes in water content in the SC after HA4 treatment. Water
content in the SC was measured for 0-21 days in non-UVA-irradiated mice
(a) and UVA-irradiated mice (b). Values were the mean + S.D of three
experiments. *p < 0.05, **p < 0.01 (versus control), #p < 0.05, #p < 0.01
(versus HA), Tukey’s post-hoc multiple comparison test. Symbols: normal

(a), control (¢), HA (e) and HA4 (m) groups.
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TEWL (pg/cm?/h)

e

TEWL (pg/cm?/h)

Time (day)

Time (day)

Fig. 7. Changes in TEWL after HA4 treatment. TEWL was measured
for 0-21 days in non-UVA-irradiated mice (a) and UVA-irradiated mice (b).
Values were the mean + S.D of three experiments. *p < 0.05, **p < 0.01
(versus control), #p < 0.05, #p < 0.01 (versus HA), Tukey’s post-hoc
multiple comparison test. Symbols: normal (a), control (&), HA (e) and

HA4 (m) groups.
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RO {mm)

0 7 14 21 0 7 14 21
Time (day) Time (day)

0 7 14 21 0 7 14 21 0 7 14 21
Time (day) Time (day) Time (day)
Fig. 8. Changes in skin viscoelasticity after HA4 treatment. Skin
viscoelasticity was measured for 0-21 days in non-UVA-irradiated mice
(a-c) and UVA-irradiated mice (d-f). Values were the mean + S.D of three
experiments. *p < 0.05 (versus control), #p < 0.05 (versus HA), Tukey’s

post-hoc multiple comparison test. Symbols: normal (a), control (¢), HA

(8) and HA4 (m) groups.
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[~"]

Body weight (g)

e

Body weight (qg)

40 -
35
30
5
0
15
10 A

40

Time (day)

20 1

15 +
10 1

Time (day)

Fig. 9. Changes in body weight after HA4 treatment. Body weight was
measured for 0-21 days in non-UVA-irradiated mice (a) and
UVA-irradiated mice (b). Values were the mean + S.D of three experiments.

Symbols: normal (a), control (¢), HA (@) and HA4 (m) groups.
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3-5. HA 3 XU HA4 BAfIZBIT 2 REEDOEAL

In vivo &5 HA B XN HA4 O8I RIE T B 2 AR
Al 5720, HE fetax 170, HEAMOBIES LORKREARE LT, 20
FEH . UVA RIEEEETIX. Normal/UVAGEE & LT Control/UVAQC)RE T
PICEEZORENEZE S 7= (Fig. 10c, d), — 5. HA4/UVAGC) B,
Normal/UVAGRE L 1F & A EED LW G B2 s - (Fig. 10c, ), #£
R ZRE L2k HR. Normal/UVAC)RET 24.2+1.3 um, Control/UVAC)EET
36.4+3.8 pm. HA/UVAGREET 29.5+2.4 pm, HA4/UVAGOREET 22.8+5.1 pm
Td - 7= (Fig. 10a), UVA B4 B T1X. Normal/UVAQ) B & &= T
Control/UVAM®)#ER L O'HA/UVAMBECTE L O IE R EZ s vz (Fig. 10c, g,
h), —J. HA4/UVA®EEL, Normal/lUVACREZ X v itV SN Bl S h
7= (Fig. 10c, 1), FEZHE L= E . Control/UVAH)EE T 177.3£34.6 pm,
HA/UVAMHEET 108.6+20.3 pm, HA4/UVAMHEET 62.5+39.4 pm ThH-o7=

(Fig. 10b),

25



4]

Epidermal thickness {pm)

250

200

150

100

[
[e=]

o

NS

[=n

x

*&
I
200 -
150 -
100 - '
[ Hm ,

P

L

[}
I

*E

i N.5.
* H

I om H B wm

i ‘

Epidermal thickness {pm)
i
(=]

o

HA4

Mormal Control HA HA4 MNormal Control HA

Fig. 10. Changes in epidermal thickness and skin morphology after HA4
treatment. Epidermal thickness and skin morphology were treated for 21
days in non-UVA-irradiated mice (a, d-f) and UVA-irradiated mice (b, g-i).
Skin samples were fixed and stained with HE. HE-stained sections were
photographed, and epidermal thickness was assessed (a, D).
Non-UVA-irradiated skin specimens of normal (c), control (d), HA (e), and
HA4 (f) groups after each sample treatment. UVA-irradiated skin
specimens of control (g), HA (h), and HA4 (i) groups after each sample
treatment and irradiation. Bar = 50 pm. Values were the mean = S.D of
three experiments. N.D., not determined. *p < 0.05, **p < 0.01, Tukey’s

post-hoc multiple comparison test.
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Fati BE

b7 va CERIIOKEENME T RN 10 T EBX Dm0 T Ch o2, K&
NRBELBRNWEINTWSD, EZTARETIE, e 7 A BOR/NALTH D
HA4 O R & HEMEIC DWW TRET L7, £ OfE R, HA4 13 EILHC R &
THZERHELNE o7, —F5, L-HA (833 kDa) X OV HA (1200 kDa) (%
SEPLECCITR G 21 XTEm L2 2 & 3 R T E T,

YO BRI, BEOTIRZ EOMNBRE 20T %M B
e, ABREELZMT OREEERENH D, RITBIREREIC X D&
IRIEREZED LN TH DM, KERAFICKT 2 BEE OFIE )
0.1%RETH D7D, EFIREICK T DM ERE DD OFEMFE RO F 513/ S
Vo LR T, EMaEEN~EESEL-DICITABEZ BRI TS 2 L
HIETHD, AEEZRVWIZEETiX. FITC (fluorescein isothiocyanate)-7 % A
k7> (FD10) (57 & 9.6 kDa) O X )@y FWECHLEEE2HERT 5 2
EMHESNTND 20, ZDOZ by, EYOREERIITAZ N T 2HEH
WE72D Z ENDIND, AWFET, RERIEICIT 5 8 Itk 0 HA4 BEHE R
13 0.8 pg/em?, FHiEREIL 0.1 x 10-7cm/s . lag time (4.6 h Tho7-, —

U5, AEHIBER S B D 8 I O HA4 BELE R &% 2109.6 pg/cm?2, %iH

E

12%00% 232.2 x 10-7 cm/s . lag time /X 2.9 h TH - 7= (Fig. 2, Table 2), &/&

BB H T 5 8 IEfEtE D HA4 SAfEdimeld, 4 8 RIBER R &t~ TH 2600 fif

INEWH, HA4 IIZ B CRE 2 BT 2 Z LW b ootz MBIk

FEC HA4 OFBWENSKIEICHEM L2 &5, HA4 O R EHEICITMANE

REBREE LR TNDHIENEZOLND, THNCHLEDLT, REKE L

NCHBEHBERETY lag time [TRBIZIML TN Z & v, HA4 138
DRI L YL OW G R BENZ ERB 2 b,
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42JiE B2 C o> 8 E#I 1% 0 HA4 B AEdE i #13, 0.02% HA4 /KK & Hh~T0.1%
HA4 /KB THI 2 5. 0.1% HA4 KIEHE & H~T 0.5% HA4 KEIK THI 37 5
&L BERIEITIA SN o 72 (Fig. 8a), = LT, flux 83X ONEEZREICH
I EEARATIE LA Do T (Table 8), —J7. fAEHIEER & T 8 Rk oD
HA4 BFEZiE R, 0.02% HA4 /K&K & e~T 0.1% HA4 K T 6 f5,
0.1% HA4 /KKK & H~T 0.5% HA4 KRR THI T fi5 &L IREEIRIFMIIC R R %
FET 5 Z s (Fig. 3b), REEE CIXABNFET 52 & T, K
FEDOGAITERIREBIZET 2 F TITHFM2 23220 . 0.02 38 KT 0.1% HA4 K#E
Tl RBRIEE 2 8 FFfEl TR+ ThoTe 2 ENBLAHND, LrL, 0.5%
HA4 /K¥EHR T, 24 FEREMINCH 70 U T 2T WK EBIREZ M L= & =
A, 8 B CEMIREEICE L TWDH Z 2R LTV, ZNHDORRLY,
HA4 [ TRENEWVIEE, HEERENEL 5 Z LR EnTz, 2B, 0.1 B
F1N0.5% HA4 KR D pH IRIZIFE(L Lo T7c 2 &vh . HA4 ORI
AN GBI L7=DiE, pH OFETIT < BEEIICLD Z ERE 2
bivd,

— AT . FE O IUT pH /3 BUAGEZTEV Y, 3 FRIN T & RS 7 %
W5, U FARO flux ITREEO pHIZIKEFEL, B@EITY Y FALBOA F
NEOREIZEET L2 ERHESN TS 28, 7 v U BEO pKa X3 Th
% 29, 30 Henderson-Hasselbalch ®3 LV, pH 4D L ZxDe T /va L BOS;
RIS ER1T 9.09%, pH 7 D& & O3 FH331%0.01% LR IS4, pH 7 &tk
~TC pH 4 THTRIOEIE N Z VN, HA4 O fFEE b pH /3B HEV, pH 7
D HA4 KVAEHE &t C pH 4 O HA4KIFK C HA4 RSB &SI L 72 (Fig.
4),

Toa UBRITKEENRE LS T ENRKRES WO, FEEZZERLRWVLE VDU
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TW5, ZNEfERT 272012, Ko FED L-HA BXORES 2O HA O
JEBERBR AT o2, TOMEE, LHA B X O HA X, EIFEHEE2ER L2
ERrENT (Fig. 5), bInice 7n UBENSHGRINZN, R —iREiE
METICBBRREIT o T2BEOL L —NEN b b 7 ba VAR Sz Z
EMD, HENOET A a VBENEHR LD THLZ EREBExbND, 22
FTOMBELY, HAL (FZJEHEH TRIGNIZIRZE L, ARTEMZ2 R~ 3 "l aetEns
bDH T ENTRBEINT,

HA4 PWZEMERCREZ BB L2 &6, WIZ, in vivo TO KL JEiEHAICE
7% HA4 OFIEIZRIZTHEBELHRE L-, TOfME, HA4 13 UVA lBH%& DK
JERSRELE TR 592 Z LS Bt e o Tz,

AT LAY U ZZFEIZ UVA 2SI 2 & AT ORI EDBAT 5 30, £z,
AT VAR U AR REIC UVB 2 REIMIRE9 2 & TEWL 23892 &9
WERH B 3239, TEWL EIFZEENLOKZOEBEEZFRLTEY 39, KED
HEREREDO—D2>THL NI THREDTHERICHN LA TS, AT, UVA
RIBHFETIL, Normal/lUVAG#E & T HA4/UVAORET, FORHH S )38
KB L= (Fig. 6a), b 7 /Lo UERITKRFIHEREN B < . HA4 13/ )E
WHT 22 L TREN~NRE L, HAL BTN by ERETH 2 & T
JEAKESHINL7- & B2 Hivd, UVA BBEEETIX, Normal/UVAGRE &t~
T Control/UVAM)#ETHAJEK s &I L (Fig. 6b). TEWL (3341 L7z (Fig.
7b), —J7. HA4/UVA(+H)EEIZ Control/UVA(HEER L T HA/UVAHRE & T,
@Ky L O TEWL O[EEABEE Th o7 (Figs. 6b, ), Fiz, Kisik
OFEAT Tk, UVA RBEFEBHENOZ(LITRD 53, UVA B TIX
HA4/UVAM®)#EIE Control/UVA®EER L N HA/UVAMRE & LR T, b b &
DIEETH 5 RO MM L7z (Fig. 8d), ~7 L A~ 7 A& MEHIZ UVA % RSt
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T5 L. KEDOELBEINT 5 Z LRl ShTng 3%, A ThH, UVA M
WL REDOELZHM L, Normal/UVAGEE & H~_T Control/UVAM+) T
7.3 1%, BEOELDPHEM LU, —J5. HA4/UVAM®EET Control/UVAMHEER X
O HA/UVABBE & e T, REOIEEA/NE 227 (Fig. 10b), 72, UVA R
FEFRECH . Normal/UVAGEE & 2T Control/UVAC)TH) 1.5 15, REODJE
FHOBEEM LTz, —J5, HA4/UVAGRER KON HA4/UVA®BEIL IS, KL DE T
Normal/UVAG#E & FE 2 ZITR O b~ 7= (Fig. 10a),

F1EID, HAQ I ZZEIL CRE 2 BB T 505, BUE~O AL « JEHU T
WZ EDNRENTZ, Ll KRS FThHLET Ar U BOFTE, 5F
BEO/NSWVHAL TG EZFZRTHZ EBHLNE STz, F72, HA4 3 UVA
FREHC X 2 R EREIRIE 2 BT 5 Z L RSN, 202 &b, HAL X
UVA S0, EHERESRE Y vt 2 ICBlE59 5 2 LR Sz, AEORE
KLV, HAL ZEEANTH O NOAEBEEZ T2 BB 2 b1 b, FlxiX
MmO T e SRIIRZMEO M FHET L ERRESNTND 2 L
2530 HA4 bR MEZFHET L iEENEZ 6hbd, Uk, &
N U THSREAEIE L, TEWL SREORENLE L B2 OND, Fi,
B ORHESFAII IS EE O & 7 v a U EEOIRO LIS LT, B S
DT AR EEHET WA AL TS, Mo RROE T
v UiRESR (S TAL) - BRETDHZ LT, e T VBBAERNITET S 2
EVRHEINTNAZ &G 37139 HA4 & 7 v e UERAER % TLET 5 rlEEME
MEZDND, THUTKY . REGHRORMESHIILO & 7L m R AE R A fITM
L2 ETRIERNE T Ve U ERENEINL, AilEKkrEndE LB 20N
b, £, BEMESEEZFEL W Z TR, T I FORARIEKE T

(natural moisturizing factor. NMF) 23800 U C @k Bk L 7= vl Redk:
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bEZHID, B NEEIC UV 2T 5L AEht2 I REEEmML, 2o
HEINI AN Y 7HERBCE TS L T2 B b T D, ERRICARIFRIZHE
T, UVA B~ T L2~ 20 AR T2 7 I FEX, Normal/UVAQC)RE &
T Control/UVAM)BETHNN L. & 512 HA4/UVAHEETiE Control/UVAHEE X
DbHffERET I RENEMLIZERRGEONATHS, ZoZErbE, HA4
DR R A 72 AEBRER Y, UVA FREHZ L 05 L7 B OsEICBE S LT 5
ZEmEZOLND,

WENLIX, EENIZE T 5 HA4 OEBIERZ AT 572912, in vitro B
XN F703 in vivo lZ L D E1T - 7=,
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2% HA4 I X 28RO

980

=

KN

tTrva AR RIE T

1 KR

v 7ve CEITMES NY v 7 RO FERSTH Y ARNTIHERICE
DIBNTRD v, FRICRECBESER, IROMTIR, i, FFI, B i,
P EBEEICFEL TS, ARNTRLZL BT VBRBFIET 2 K
T, 27 —F R T AT U LWV o T fHENRIE L TV A B OF R, Ml
S D Z AL 7R & DLW SFRIMERE. B DK TRFFLASMT & B VE DR 72
E DR E ZH > T\ D,

b 7ve gl e 7 ve UG RkiESE (hyaluronan synthase, HAS) (24 -
THER SN, M~ En5, HAS IZFICFEET DRI L O3k
FATAFAET AR TREL L, & 30D LN~ T X 2 THREINTND
b h TR & 3O HAS (HAS1, HAS2, HAS3) 23 fEfE L, HAS X
M Te T VBAEREREB L OSINEEEZ RO Z L3 binro TG 440, b7
Jbr PO AR C e R & 72 0 EIEENZIIRA TS 4T, Ko
B ~D e T v m CERIRINC KV | MR RE S D Z E M B AT
% 48,49 4 HAS OF#SE & LT O IEMEIX HAS3 > HAS2 > HAS1 DI ¢, HAS3
Db EiEtEE A LT\ 52, £7-, HAS1 & HAS2 135415y 1 & 3 X105 ~2
X106 Da DOmmyFD b7 n gz Gy 206 L, HAS3 134555 & 2
X105~3X105Da &, HAS1 38 L' HAS2 & bR THHIKSFOE T L
Mz T 52 ENHESNTND 53, LirL, REMIEIZENTH A FIA
YRVF A VBEIZ K Y HASS P EMICHEE L CTAR SN T v e g E
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FHiL7-E 2 A, HAST BE OV HAS2 EED Y e @18 7 m IR
SN DRENRSH S 545, ZDZ b, 3O HAS e 7 va Vo 1%
0 3D O TR L FRRCHIIRIC X > TRix D872 5 HAS RELOHH % 18
LT rfphlEsrary ha— L L TWhEEEZLNT VD,

F1EICT, HMIZEEEZZRT L Z 0N bnERolod, KENTH
SINOERZRTAMREM N H 5, £ 2 TARETIX, HA4 IZ X D8RO &
Toa UEAERICKIETREL LT, 7 n UBRE RS E G TR KIE
TREBETIZ, £7o. in vivo TO HA4 KFEA BT 5, KENE 7L a

=

VRO FHIBIER B L OTEREZIT o7,
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F2H EBRGE

2-1. EBAE

HA4 (99.14%) (776.3 Da) (IHEEF~OIZERT GRt. BA) L0, HACEE
- 1200 kDa) 3 X O'L-HA CF¥%)5rf# 33 kDa) I3&EARY) —F k¥
— (Bii, #A&)I, BA) Xofith &z, v MREiMmiE (fetal bovine serum,
FBS) I3 Eth=F LA NS AP A =2 (B, HA) L, Frxya
MEM (Dulbecco’s Modified Eagle Medium, DMEM) (30 H3E T3 ORMK,
AA) L VEEAL7-, RNAiso Plus 3 X} PrimeScript® RT reagent Kit.,
SYBR® Premix Ex Tag™ 5 71 7 /34 A SAE G, B, BA) L0,
Primer ( invitrogen CRF, HA) LV, b7 b0 VERAIES v MMIA LA
A AR A (FHIE, BA) F£7-13 R&D Systems (Minneapolis, MN, USA) o
b D&M L7z, HABP (X HOKUDO (LW, dbyE, BA) KVEA L, Z
DA OFRIEIL, TIRO D FAEMTFTHETITAEMTFTH, Fho b O %2 FtilisE T
¥ KR, HAR) LVEEALT,

2-2. fEAMM

LR R G SR IE R b b R RRME S L, AR s (R, BA) &
DHFAERBIEDO DA LTz, EHHRIER b b R§R ML Biopredic
International (Rennes, France) &V AZMEDOS D% At — - = — -

— CKBr, BA) i THA L,

2-3. HifaREE
FRMESEHIIIE 100 mm T 1 v 3 =212 1 x 105 cells/dish THEFE L. 558217

77, BHEFMIREIE. 10% FBS #% 7 DMEM T. 37°C. 5% CO2 &M TFTA >
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F a2 _— L7, REGMIEIE 100 mm 7 ¢ 3 =12 2 X 105 cells/dish THEFRE L |
BB aIToTo, KRBT, B AHILELAEES U B P i R EE & L C
insulin % 10 pg/mL. hEGF (human epidermal growth factor) % 0.1 ng/mL,
hydrocortisone % 0.5 pg/mL., HiE Al & L T gentamicin % 50 pg/mL,
amphotericin B % 50 ng/mL. BPE % 0.4% v/v (2725 X 92z 7= £ Z A1l
s R (HuMedia-KG2) C©, 37°C, 5% COs & FCA & = X— |k
L7,

LEERITIE, AT A X 0.4 pm, AT HEEN 1.0 x 108 pores/cm2 @ PET
(polyethylene terephthalate) #* > 7 L > THipk & 7= BD Falcon™ & /L7 L
F ¥ —A % — I (Becton, Dickinson and Company. Lincoln Park, NJ, USA)
W, BHESFMILZ 6-well 7' L — MZ 0.2 x 105 cells/well THEAE L, &%
MARIZEL DNV TF ¥ —A P — 2 0.2 x 105 cells/well THEFE L, HE&ELAITHo
7o, BRHESFHIICIE 10% FBS 2 &t DMEM T, FZHldiZ HuMedia-KG2 C,

37°C. 5% CO2 &M FTA vFaX—h LT,

2-4. Y7 VEM

HA 3 X OVL-HA, HA4 1346 %0.1 ug/mL OEEOL OB L7-, HEE:
FRTIL, B MILAE 60 mm 7 ¢ > > =12 0.3 - 0.5% 105 cells/dish CTHEFE L
1 HEs# %, 2> b — L3, HA B X O L-HA, HA4 3% 4« R L7-
YU TNV BRI LTz, R R T, sl (7 L— M) % 0.2 x 105
cells/well T, FEHI (f > — MAD % 0.2 x 105 cells/well THEfEL 1 HES
'L, /— </ VTHERRER CHRMESRICE O, 2 hr—LB IO
HA, HA4 335538 2 TRAEMIE (F > — MAD & RRMESEMAE (7L — MM
(2, B E 72135 2 O TR L o V2RI L., £, WRMEE 7
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v CEESAEIZIE. 1 units/mL Streptomyces hyalurolyticus H3kt 7 v v =
5 — (StrepH) Z RN T 4 WFfIEF38%% . Mfu4 PBS T L &~ M L
eI nEinLiz,

2-5. MTT RERIC & 2 e 30 0 34l

MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide) %
PBS T 5 mg/mL ORI/ D X ORI L, AupkE 4 Lz, Rl MTT &
A2 9: 1 TIRAL, MIBICIINL T 3KEHE, 37°C TA v Fax— kKL, H
% PBS TUE#. 0.04 mol/L HCl/isopropyl alcohol ¥ L, Ak & 7=k
N~ B mE LTz, v~ 27 a7 L— kU —4 (SpectraMax M2¢) (HAE L ¥
27 —=FT A A B, BAR) TROLE (570 nm) ZHIE L, HA 3L HA4
(2 K 2t w A R L7z,

2-6. B/A U MT X B HKIBETE O TG

Mlaz NU 7Nzl VT 0y v a B RN LCRINE, BB L7,
MBI 2~ A 7 0 F 2 —7127 L, R&ED K AT —EREIREG
THEREH AR L 0 Milatae 1o > b LT, &ffilaizFi L, HA 35 XUV HA4
(& % M e A R L7

2-7. RNA it

B2 BRE | MifaZ PBS TUEH L7, RNAiso Plus # 1mL %, Xy 7
4T LTCHIlaEZEL, v~/ 7 aFa—7CB Lk, Z7ruk/liz 200 uL
MZ TP L, IR T 2~3 MAE L=, 12,000 x g, 4°C T 15 /rfflzEO L
FEEMOF 2 —TICHY B kA% 200 ul Iizx TR L. 12,000
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X g, 4°CT15mMELLE, FEEZNOF 2a—7I1Z]0, WA Y 7T/ —
V7% 500 uL Nz THE#E L., =E T 5~10 /MkE LT, 12,000 x g, 4 °C T
10 Grfdiz i Lz, 564072 RNA QLB (28 70% % / —/L % 500 pL Iz
TEES R L, 12,000 x g, 4 °C T 15 53[0 LT RNA 23 L7z (Z O
EIX 2 0T -570), =& ) — N ERVEY , ~A 78T 2—7 D5 2T Tk
& L. RNA 23 B IC 72 5 & T S 872, RNase free /K% 7uL Iz, JKH
T 15 i Uiz, <L, 1 uL B> T RNase free /K C 100 fFIZA 8
L. ¥~fZ7ua7L—hkYU—4% (SpectraMax M2¢) T (260 nm. 280 nm)
ZREL TR RNAREZFH L, 7. OD 60280 T DNA X L /37 ED

1BAE. RNA OWHE3 8 Z > TWW AW 2R LT,

2-8. Real time PCR

PrimeScript® RT reagent Kit % ffi ffl L CTfi#iz5 %47 - 7=, 5 X PrimScript®
Buffer %z 2.0 uL. PrimScript® RT Enzyme Mix % 0.5 pL. Oligo dT Primer
% 0.5 pL, Random 6-mers % 0.5 pL. CTIR& L. 8 #HF = — 7|2 3.5 uL 2%
HE L7, %% ® RNase free KIZIEME L2 RNA N F 2 —74 D 0.5ug L7285
X912z, RNase free K23 &5 6.5 uL & 725 X 5 12257 @ RNase free /K
ATz, BB LEITO, JAZ Y BRNCTH—~ A 77— (Veriti)
(Applied Biosystems, Foster City, CA., USA) TWiREK)HEIT -7,

U7 %A 2 PCR X SYBR® Premix Ex Tag™ %zl L Cf7->7-, SYBR®
Premix Ex Tag™ (2x) % 10 pL. 10 uM PCR Forward Primer (Table 5) % 0.4
L. 10 pM PCR Reverse Primer (Table 5) % 0.4 pL. ROX Reference Dye II
(50%) % 0.4 UL, JRFHZE /K% 6.8 L TIRAE L, 8T = — 7 F7212 96 7 = /L

F2—7I1218 UL T 2L, A% L7 ¢DNA % 2 uL itz T4 20 uL &
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L7z, #< ## L. ABI PRISM® 7500 Real-Time PCR System (Applied

Biosystems) TVU 7 /%A A PCR #4T57-,

U7 /vH A 5 PCRIZSYBR® Greenl #H\W-RHGIETHLA v 2 —H L

—YaEEMA L, HiET 5 cDNA &4 U 7 V2 A M2, JE L7z, %

72, BHMliE AACT iE % AWM E & Tir - 72,

Table 5. Primer sequences

Primer Sequence
Forward 5-GAAGGTGAAGGTCGGAGT-3’
GAPDH
Reverse 5-GAAGATGGTGATGGGATTTC-3
Forward 5-ACGTGCGGATCCTTAACCCT-3
HAS1
Reverse 5-AGGCCTAGAGGACCGCTGAT-3
Forward 5-GTCATGGGCAGAGACAAATCAG-3
HAS2
Reverse 5-CGTTACGTGTTGCGAGCTTTC-3
Forward 5-GGGCATTATCAAGGCCACCTA-3
HAS3
Reverse 5-CAGATTTGTTGATGGTAGCAATGG-3

2-9. MR LEF T A BREDOEER
B C AR SN e Ty e UEEREIX, ELISA 1k (BiAE) ZRHALZEeT

o CERRIESR v b GREEPE : 12.5 - 400 ng/mL) (AL A VPR R) &

FERHLCTHIE L7, 8 13D 2-7.L [[EED HETITV, BIKIZIZTEAL R L—X

(2 0 M 2 vl ST BTE 2 Ve
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2-10. In vivo 23T % &Y v 7 )V DIERK

B 17D 2-8. L [AIEEIZ Normal/UVA(-)# X OF Control/UVA(+), HA/UVA®M),
HA4/UVAG+) O 4 BEIZH T, K& ORI EAT o 7o, WU 21 H &2 2 I
LT 8 mmAERNUFICLVEE TV EREIRL, v~ 7 v8Fa—TIZ AN
C-30 °C CHAERIF Lz, F7o, & 1ED 2-10. & FERICHFEU R 2 ERk L7,

2-11. FEEARE 7 va U Bofmb

SR 2 L TBWEEEY 7 v, A% 7 —)v% 300 uL iz, BREHH
XTI ZATE, 20 73 B ALBE 2170, 18,000 x g T 15 Frfili.Or L,
FIE% 200 pL BN L7z, EREXIE FCHRE L, 288K % 100 pL Iz THEREY

VMR L. -30 °C THFERTE L7z,

2-12. FENET Lo BEOEER

RENEe TV ofeElX, ELISA & (v FA v FE) 28 AL
Quantikine® Hyaluronan ELISA Kit (HE#iPH : 0.625 - 40 ng/mL) (R&D
Systems) # W THIE L=, ¥y FNOTL—Fra2Ey bL, &V = /LiZ
Assay Diluent RD1-14 (¥ > /X7 B ¥ FEFEENR) % 50 pL X 72, & 57> U Ol
L TR\ 7 m CERITNERR (0.625, 1.25, 2.5, 5, 10, 20 ng/mL) 35 LUK
O 2-11.THERL L= o 7 v % 50 uL N, =R T 2 R L7z, BGIRE
IZFHHB L7 Wash Buffer TV =/LIN%Z 5 [EIFEF L, &V =/l Hyaluronan
Conjugate (HRP {3kt b7 7'V 77 2) % 100 pL AN x| =R C 2 REfIRE L7,
Wash Buffer T = /LN % 5 [FI{:#4 L, Substrate Solution (Color Reagent A :
Color Reagent B=1:1) % 100 puL iz CTHY: L, =R T 30 fEliHE L=,

Stop Solution % 100 uL iz, 4 7 w7 L— KU =X THKE HIEHKE :
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450 nm, XHRIEE 540 nm) ZHIE L7,

2-13. HABP %2

HAEE X 7 2 b— 2 Leica CM 3050 S 2/ L. 6 um O#UIU)F %1E
B U7z, #EEIEIR 13X HABP e 2170, HERNO e T va U Ra#lEE LT,

MU R 2 F ¥ /3 —NT PBS IR T 5 I E LB 21T\ Ry 7eK
SERERVEBAICE Y ML, FERL~ Y IR TCIERL L2 0.5% Mtk
FAEN V=T L AT A A7 ZAROEGGIFICH T L, =ik T 10 77 FFkHE
L7-, #8H % 20 mM Tris-HCl (pH 8) (1 5 432 L. Tz 3 ATV ES
LT=e &5 7RkSy & B> T 20 mM Tris-HCl (pH 8) Z# F L. 37°C T 15
fEEE Uiz, &7k 2 & B> T 20 mM TrissHCI (pH 8) TR L7z 1
U/mL = Fw A FF—=+ ABC (avidin-biotin complex) % F L. 37°C T 2
RERSE L7, IR T 5 4[], PBS T3 MWL, Aok ERER-T-,
LT, e X RO T o7, 7 E P U &0 T L, I T 20 2 MFHE L=,
Veirte, EAF A T L CER T 20 oEE L7, . 0.8% HaOs %1
T LU CEIR T 20 /rHEHE Lz, Yedts. 1% BSA (bovine serum albumin) %
TF L, EET1RMEE Lz, Ro7BKSEREEY ., 1% BSA THHE LK 2
ug/mL HABP i F L. =iE T 1 FFl#E L7, PEi5%. HRP-streptavidin
ZH T L C=IRT 15 4 EE L7-, DAB (3, 3-duanubibenzudune) % F L.
BMET CBIZ A LA b a0 E ) BE 200, Yetfhidim <2 PBS T
L., bl aitole, MlaZEZ G T 572010, Fr o "X—HNT~~ ¥
U YA ZLTUVN, 70, 80, 90, 100% =&/ —/VIZIAKIR T, 3 HIF L

(IR THEME. BAZITOEME TR LT,

40



2-14. T — X fEHT
SAS ¥EHENT S AT L ver. 9.2 (SAS Institute) ZfiH L., pEZFH L7,

HEHRATIEIZIX, Tukey £ 7213 Dunnett ® 2 HE#E % AV -,
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B3H AR
3-1. MRMESEMAIZE T 5 HA B X0 HA4 OMEfE M & MREHE~ D&

HA 5 X O HA4 OMIfaFEMEEZ D 72010, SRMEFMIINC 0.1 pg/mL HA,
HA4 Z2#n L, 24 B2 MTT B 217> 72, T ORI, HA, HA4 (25
faFg LR bivie o 7o (Fig. 11a), IZ, MIREHEE~ DB A TR D 7201,
HA. HA4 i00 24 R4, Ml 2 B L T E R L, EORF. HA,

HA4 | Za s =238 L 7= (Fig. 11b),

a b
150 1 _ 150
E E
t £
8 8
w100 w 100
= =
£ s
s 50 F 90
E e

0 & 90

Control HA Had Control HA Had

Fig. 11. Effect of HA and HA4 treatment on the cell viability and
proliferation of fibroblasts. Cell viability was determined by the MTT
assay, and proliferation was determined by cell count. Fibroblasts were
treated for 24 h with 0.1 pg/mL HA and HA4. Values were the mean +
S.D. of three experiments. **p < 0.01, Dunnett’s post-hoc multiple

comparison test.
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3-2. MMM 1T 5 HA B X O HAA N & 5 HAS B+ REEL T
o U ERAERRED B

PRAEZEIC 2 bae— v e L TR O A, 0.1 pg/mL HA 3 X OV HA4 23R
M7z, 24 88X OV 48 BifiIE 1%, HASL - 3 REEZNE L, L0k
B HA B LU HA4 2N 5 Z & ¢, HAST #E s 7 RBLEIT 24 FFE#% &K~
1.7, 1.6 fi5. 48 I§fHil#% T4 4 3.4, 2.0 fis & . BeHYIZHIIN L7 (Fig. 12), KIZ,
Bz AR ST T v e VERE A ELISAEICEVHIE LT-, TORE, &

T AR EICEITA SRR o7 (Fig. 13),
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HAS relative quantity

Hyaluronan concentration

*
b
* &
20 7 57 &
£
e
c 4
15 g BHAS1
3 4
10 LT T _ E OHAS2
E 2 OHAS3
2
I
U = T T 1 U = T T —| 1
Control HA HA4 Control HA HA4

Fig. 12. Effects of HA and HA4 treatment for 24 and 48 h on HASI,
HAS2 and HAS3 mRNA expression in fibroblasts. HAS1, HAS2 and
HAS3 mRNA expression was determined by quantitative real-time PCR.
Fibroblasts were treated for 24 h (a) and 48 h (b) with 0.1 ug/mL HA and
HA4. Values were normalized against GAPDH housekeeping gene levels
and were compared with untreated controls. Values were means + S.D. of
three experiments. *p < 0.05, **p < 0.01, Tukey’s post-hoc multiple

comparison test.

a b
15 - s 15 -
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£
e
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= c
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Control HA HA4 Control H& Ha4d

Fig. 13. Effects of HA and HA4 treatment for 24 and 48 h on hyaluronan
contents in fibroblasts. Hyaluronan contents were determined by ELISA.
Fibroblasts were treated for 24 h (a) and 48 h (b) with 0.1 ug/mL HA and
HA4. Values were compared with untreated controls. Values were

means + S.D. of three experiments.
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3-8. MRAHESEMIRR-R MO LRI T 5 HA B8 LU HA4 RINC X % HAS
BoFREEL T VBARBEOHE

M 2 VT & 0 B Iy IRBE CREAG 217 5 723D BRAEZFMIAG & 2% B e
OHEFER 21TV HASL - 3 B FRBLEB L 7bw U AR & i L7z,
B R Lo I B D IR LT b D & ) —~ b BRI &
ORI O LIER I/ 2 OEOARGEIMLTcbDE =2 he—L b Lz, 0.1
ug/mL HA, HA4 IZREMIEO FAIO M, F720%, RS 0%
B AMA DO AN AN L7z, T OfER, REGHIAD A2 HA B8 XU HA4 Z 24 K
M4 252 & ¢, HAS1 B RBLENK % 6.6, 5.0 5 L7z (Fig. 14a),
F7o. BEMEEEMIRN IS L OSSR EGR O MHNIZ HA 3 X0 HA4 2iRIN4 5 2 & T,
HAS1 R T RBLENS %2 1.9, 3.4 53800 L7 (Fig. 14b), KIZ, BRMESERII
OEFHIFRIZAER S 7ve VEgEE ELISA WEIC KXV HIE Lz, ZEOREE,
REMRL DA, F 7213, BMESFML L ORI O HIIZ HA, HA4 2§00

LTheT e rBEICETA LN -7 (Fig. 15),
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HAS relative quantity

Hyaluronan concentration

&
8 4 1

?_
6_
5_
WHAS1
44 OHAS2 ¥ ]
3 4 OHAS3
2_ 1__.. ...............................
Nl IS0 i W
o L] 0 . BN NEN

Normal  Control Mormal  Control HA

HA S relative quantity
%]

co-cultured co-cultured

Fig. 14. Effect of HA and HA4 treatment for 24 h on the HAS1, HAS2 and
HAS3 mRNA expression in co-culture of fibroblasts and keratinocytes.
HAS1, HAS2 and HAS3 mRNA expressions were determined by
quantitative real-time PCR. Keratinocytes (a) or both keratinocytes and
fibroblasts (b) were treated with 0.1 pg/mL HA and HA4 for 24 h. Values
were normalized to GAPDH housekeeping gene levels and compared with
untreated controls. Values were the mean + S.D. of three experiments.

*p<0.05, **p < 0.01, Dunnett’s post-hoc multiple comparison test.
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2 g2
c
02 ] S 02-
™
£
0 - 0 4
Mormal Control Normal Control
co-cultured co-cultured

Fig. 15. Effect of HA and HA4 treatment for 24 h on the hyaluronan
contents in co-culture of fibroblasts and keratinocytes. Hyaluronan
contents were determined by ELISA. Keratinocytes (a) or both
keratinocytes and fibroblasts (b) were treated with 0.1 pg/mL HA and HA4
for 24 h. Values were compared with untreated controls. Values were

the mean + S.D. of three experiments.
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3-4. MHMEFHICE TS L-HABRIMC L % HAS B FREEL e T VR
AREDEL

KoaFerie s g7 BAEREEZENSEL ZERMbNTND
ZEmD ., WIT, BHEEEMIRIC R D L-HA HINTo HAS s BB L Ok
Ton UEEREEY HA BX O HA4 L ik L=, Z0fE5, HA, L-HA, HA4
ZRINT 5 Z & T HAST BE FRBLRITA ©1.6,1.6, 1.7 FH M L7 (Fig. 16a),
LovL, 7 e A REIZa Y he—L L LT HA 5 X OVHA4 IRINT

2T A BT, L-HA BN X v L7z (Fig. 16b),

a % b
*%&
20 o % | c 12 T % *%
1 8=

£ 10 -
= 15 4 =
3 2~ 08
o = -
2 10 = 1 mHas1t S E g6
L Has2 52
—_ O —
2 04
w 05 OHAS3 b
= s 02
I % -

U n T T T 1 U -

Control  HA L-HA  HA4 Control  HA L-HA  HA4

Fig. 16. Effects of HA, L-HA and HA4 treatment for 24 h on the HAS1,
HAS2 and HAS3 mRNA expression and hyaluronan concentration in
NHDFs. HASI1, HAS2 and HAS3 mRNA expression was determined by
quantitative real-time PCR (a). Hyaluronan concentration were
determined by ELISA (b). NHDFs were treated with 0.1 ug/mL HA, L-HA
and HA4 for 24 h. Each value was compared with untreated controls.
Values were means + S.D. of three experiments. *p<0.05, **p<0.01,

Tukey’s post-hoc multiple comparison test.
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3-5.

HA 3 X' HA4 O in vivo |
U R &ERWTHMM Lz, ~7 VA< 7 AEEHEEIC
X HA4 &% 1RFIC 5 Bl §F 3T o7, 20k, EZME L Te T v
2R E R L, B e T Ve R A ELISA TR L7z, ZofER, 2>
Fe— /L _RTHAL BAICE Y REFR e T v CigEidsim L7z (Fig. 17a),
F o KRB A2 ER LT HABP et 24TV BN E 7L m R A BIEE LTz,

FORR, ar ha—L LR T HAL B4 T, b T7La UERET

HA BX O HAA BRIZBITA2HEERNE T v UV BREDOEAL

232 S 47z (Fig. 17b and o),

=]

Hyaluronan concentration

25 1 b
*

2.0 A
m 15
E
E
£10 -

o i

; il m

Mromal Control IR

Fig. 17. Changes in hyaluronan content in skin after HA4 treatment.
Hyaluronan was extracted for UVA-irradiated mice skin. Hyaluronan
concentration was determined by ELISA (a). Skin samples were fixed
and stained with HABP. UVA irradiated skin specimens of control (b) and
HA4 (c) group after each sample treatment. Bar =50 pm. Values were
the mean + S.D of three experiments. *p < 0.05, Dunnett’s post-hoc

multiple comparison test.
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FAR BE

RETIE, HA4 T L 28HEEMIa D v 7 L a A plc RIE 38 L LT,
HA4 ® HAS BI5 R BUI KT T, BL O HA4 O in vivo EEMIZHBT
HEENE T va U REOECERT L, £ OREE. in vitro TORHES A
O HAJE B 45 L OBRMESE MG & R BOMIm o Ik 38 128\ ¢, HAST #s 7% 81
ENEMLZ, LarL, il bEiEroe 7 ve U iREICEITERD HilZeho
2o — /T, Invivo lCBTHRENE 7o UL, HA4 84612 L - THN
L7z,

F 9, BHESEIEIC T D HA B3 X WOVHA4 @, filazrEds K OSHaEEGE~D
WE AT, ZOREE, 0.1 pyg/mL HA 35 L OV HA4 [SHIEEMEIT A DT,
Fro. MRLEEGEIEE L (Fig. 11), b7 bw ik s e+ 5 2 &
MEHINTEY HALIZHZDERNRH L Z LR ahc, ZORR LY HA4
1% 0.1 pg/mL THIVUTMIaEENS 220 S FWr L, LLT O#FZEIC AV,

PRMESFAIIIL, B COe 7o AR ZRET LT D, Sl o JE
PR e T ve CEEBAEINT 52 & Te 7vm URBARS T 5 Z &
5. HAA RN X 0 e 7 v UERARDEMNT 2 & B 2 7=, LU, #ESE
falZ HA B KOV HA4 2RI 5 Z & T HAST B5 FEBLES M L7228 (Fig.
12), ZOEINIFED & 7 a UERARASOZEITRO b o7 (Fig. 13),

MRHE A & RO L5812 381 5 HAST R TR BLE I, KA M (f
Y — M) OF BIORELHIE (o — M) 38 X OWRESE R (71—
M) 12 HA, HA4 #3952 & CHgn L7z (Fig. 14), FEMILIZ EGF
(epidermal growth factor) Z¥RM7 5 Z & T, HAS BRI T 5 2 & A3t
SNTWDH O, ZDZLnb, HFEHEER L L T2 T HASL E5 71
RGN L7z DI, BRMESFEMIRG & R &2 4655892 2 & TREME)
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OHFER AR B L, BRI & % L 72 2 & T HASL BB - REL &N
L7l enBZOND, £,/ —~/b HghiH) Lar ho—n GE®R) ©
HAS B FRBLEICIZE A EBR B NN LG REGMREZREET D
BRIZHH STV 5 ATREME D & 2 HEFEIA -1 & 2 M EFAEe T HAS Bin1
RBU BT NWEE R, 202 b, HA B LU HA4 ORIBRIC L - Tk
Feffifa (4 > — MAD 2> HHFHR 172 EQ B &, 2 OHFEIK 7 & HA £7-
(X HA4 OW 7 AR EEEMRE (7 L— M) 2R L7- 2 & T iMoo H
JEE R & LN TR RICB W T HAST BETFRIAESEM L7 2 ENE L
LD, Fo, WEERICBWT, REME (o > — M) ©AIZ HA, HA4
ZINEE (Fig. 14a) & HATREMIE O > — MDD 36 X OWRMESE MM (7
L— MAD (2 HA, HA4 OFNE;E (Fig. 14b) T HAS1 Bz REBOBMDOE|
BNV DIE, HABLXOHAL RENRS RoTeleHiZeEZE 2 TnbH, £D
B & LT, LAAT, ARG O R C© HA4 ORERFT &21T - 7o BRICIRE
RAFMEITRR D bR o 7oy IRED IR 725 & HAS BT FBLE O IMDOHE
BWNEL polcZ b, HWIFEERTA o — M A7 L% HA, HA4 8
wiE L, fERAIC HA, HA4A IRENRS o2 ERBEZbND, KIZ, K
AR & FHE SR O JLEE R RIC B W T, MO HEE & A LV & HAS1
BARTFRBERIN L7272, Ml (O L— M) EiEhoe 7 e g
BEQE L, TORE, BEMIE (F % — M) ©HIZ HA, HA4 280 L
el & b, REMMI (o — M) 6 JOWRMEZEMIIL (77 L — MAD 12 HA,
HA4 2Lz &b SHifE BiEho e 7 SR EIZZ(RITRED b/
Mmo7- (Fig. 15), £7-. e 7o U BRICKFEMTHY, = Faf/FrBXO
T R AFURBERICE L TIIEEZ R S 7220 StrepH (28> THRKMEDOE T

va UEEE S LUT-1%I1C HA, HA4 2L CH, il BiEh e 7ro U ikE

50



WICELITRRD b e o Tz, 512, HA, HA4 #INZ L > T HAS1 & 1%
BHENMEMLTWDICHLEbL T e T e VEBBAEREIZEEN o2 &)
5, BELTWAEETFETIHE 7be UERAERMRIZEE L KT S 72V A REMEDS
Bz DT, MMM ITMRE O v 7 v e U ORI LIRS L TH
SOe T a SRR R E T DML A L. AR O AR S -
DeTAa BREINT 5L e T a UEBARSINT D, 2T, MRS
fa o B 1C L-HA #3900 L HAS 85 73 Bl &4 HA 35 L OV HA4 & i L
7L A, L-HA B XU HA, HA4 E(CFRFRE O HAST Bin FRBLEN R LN
7= (Fig. 16a), L/»L., HAB LW HA4 L3y L-HA ZIRNML-E & T
WTe T ovn AR ESEN L 7Z (Fig. 16b), Z DO Z &5, HA B L HA4
WINT KX % HAS1 B FREBEFTHDETH DL Z LIRS, ARGEHIRBW
TeT7va CEBAEREIZEN LN T-D1E, HA DEAIXAD 7 4 — K
Ny PPN ETe T AR VBBARBIMZA BN ENEZ LD, L
L. HAA Z X A1ERIEARATH 5,

FfEBR COHAB L OHAATINMZ LD e 7 v e UBAERA~DZEITFRD 5
Nipinol=—7F 7T, in vivolZB1FT 5 UVA BBHA~AT LA A TORERNE T
on e, HAA BRI K> T L7Z (Fig. 17a), 1 3& LY., HA4 3%
B CRE 2% L, UVA BIAT L 2~ 2R8I HAY 284045 2 &
THRIEHENGET D EEZHLMNC LTS, 202 E0n, UVA BEA~T
LA AKEIC HAL 28495 2 & TREN~ HA4 2% L, Ml /EA
LCeTAa U BBAKEN EF L2 EnExX D, W ONORER TR
YA MIA D, x OIS K% LT HAS 7 A VA L OFBL% il i
LTV ZEDRMESNTWND 5762, F/-, b7 VBPFET 52 FIRD
HZIE, HA4 135S CE WS BENFAET D, In vitro MESEER CTIXE(bIX
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IR0 T8, in vivo BV FEBR T T Lo UEEESHIIN L7 01, 32 EGHIE0H
HEZERNG & 72132 LA OO D RBLT 5 F I ENICFET S
i 52> OPE ARG LT, HA4 ORI A B E 72 13850 L T 5 ATREMEN B 2
5ND, ZOMBNOWEITFESG S /37 E T, HA4 BFEA TE R VZRIRIC
MaETHIEE2MBLTWVENnE Ly, ZOMLOWEIL, HA4 ORI
IR L TS0 h LIy,

In vitro MM FERR TIXZACIT R > 1228, in vivo B EBR TR 7L o R R
DML CTWZFERe A = X AR CTH D, LnLE 28D, HAL %58
i+ s LT, HEEYICKHENTIZIE 7 Lo U BEAZ IS ES Z &N T
DT ENRESNT, BUE, ERSBELERICBVT, b7 be UERIEARED
BEANATON T WD, EREFHTIEL, Y IEDOIRRICHW LI, ERTIX
ME Y v~F R EORBICANLN TS, ZOZ b, HA4 258
5 LT, YUSRHEETREO TSI oMNE Livey, 4%, HA4 2K 58
N 7ha CEEEOHEINA 1 =X LD IFRET 5,
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3% HA4IZ XD RKHILD 0T KIFE T %

1 KR

KL AT DMIBOK) 95%ITREMAATH Y . REITIEB O IEIEE, A
Wi, BERIE. AREICOEIND, RIBORINEIAE T D AREIT AR E REE
DFEFICH Y | RN L OKRGBEREI A, i, S L ORYITHT 5
B 24T 5, R CIIBMn oH L CAET BRSNS, REEE E~BiH)
L, izl vmge s, fAEIT15~20 BIFEL, K—H T—HEm» S H
MBNEH D, ZOWRE S EPE, EREKE DERE £ TE2K 14 A, A)E
TR T 2 ETH 14 HRED DD EWVWibiv T 5, 18 ORI ORI, M
LB O 7T Ko/K14, fit\ T K1/K10, 77 F &2 f b7 47
TV, ZELTCA AN DR 7 DN T ATV EZIF—EREC
Lo TEBREN, a—=T 74 R _Xua—73BH$ 5 63 60, I EHORE
Ml DOEREMETIE, a—=7 74 Fo_Xa—7 RV EIrNDH7aRY v
I LI ZF o2 oRIF AT E 2 GUARBEEIZR S, SbOiE
BT, 7477V ATEME LENORET S 6, 74770 COREATE
L2707 477U % BRENSAEIZOET 2R T e T 7 —BIZLY
74770 o &EEEL. Calpain I X° Caspasel4d 72 E\Z L > TWrhAfbEn b,
ZOWRALT 4 T 7V E, T VA A VU KIRERIC X o TKIRFIEBED
T 2 (NMF) S 2 6660, (AL 7 ) ida—=77 4 Rov
N —7E T HRIBEY X7 E E LT, ARlED) b YRR g THRBLT 2 68,69,
AHENT VAT N T ATV EISF—BIZL YV a—=T77 A FmoXa—7
(CHLZMAEI, BT I R EOMIABIEE &f5E LRGN THRREZTER T
5 07 KT UATNH I F—BREICH U RNTE LRI E ol SBEE
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GRS BRI OB IR 2 580 5 & H 2 H > T\ 5 3.7 (Fig. 18),

Keratin pattern Cormnified envelope

Free amine acid
(natural moisturizing facor)
+ Bleomycine hydrolase

Cornified layer
{stratum corneum)

Filaggrin 7 Transglutaminase
— t Calpainl
. - - : + Caspase 14
Froteinase
Gramular layer - [] [ ] Profilaggrin Laoricrin
o
=R L] Keratins 1and 10
— E .
3 [ ) [ ) t
% Keratins 1and 10 )
Soinous [aver E ] Keratin 5 Invalucrin
P Y g Keratin 14
e [ ) ®

Keratins 5and 14
Keratin 15

Basal cell layer

Fig. 18. Epidermal differentiation. The epidermis is the outermost

layer of the skin and is separated from the underlying dermis by the
basement membrane. Keratinocytes, which compose the epidermis,
proliferate within the basal cell layer. As differentiation proceeds,
keratinocytes progress upwards through the different epidermal layers
(the spinous layer, granular layer and cornified layer or stratum corneum),
becoming anucleated and increasingly compacted in size, before being
eventually lost from the skin surface by desquamation (shedding of the
outer layers of skin). Each stage of epidermal differentiation is
characterised by the expression of specific proteins, and examples of these

are listed on the figure.

CD44 [Tt 7 /b Rz RS0, Ml - Mifd, A - MEfaf g (e 7 rm
Beoa T =7 ) afE SELEENTOOLOTH D, MIELE. Miust
~ MU v 7 ADRF;, ZEREEZN LI T An VO AR R, F LT

MU w7 A -fREOY 7 FIARER EICEET 5, S b2, BRI
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18H . RIETBAL T O [ M ERD MAE I & & Tekk 2 72 BB & L O ReA- 2
HICEETHD ™, £/, CDM4 FIHRbBHMOLNTNDET L UIRZRETY
%7, v7n s EEE CD44 OFEGREITEICHEI STl Y . CD44 134
AL TWRWAREWRIRSY T RICHE LIEEETHEET 5, e T vm
DAERIZKINETHEL 2T, 1A X0 CD44 & W\ o Te 2B IR & Dff~
PRBRNCARAE L CHEMEICEL T D, ETvr v lEE CD44 OMEERICLY
IEHAJEEEC RN Y THERRICUAER RIS 2 L AT B — VAR
T ATIRIZE G5 Z ENWME SN TWD 77 7 BN CTld, CD44 134
JUE R TE Y VA VA= R ENREERC Y Vb &S 98, Fi, BT
v ke CD44 OFEA/EMA L, PRNyF - —BiEMEMKIER Racl 7% PLCyl U
VRN 7 F DU M@ E . MlaEE b & Vo 7o R Bk
REIZZH Cd 5 PLCYL STE IPs AR Ca2tiRJE LA IC27e 23 % ™ (Fig.
19, 2O X2z, eT7 e CD44 OFMBEERIZE D, ka2 7 FUR

B < ZEBEFERLNE RS TET,

Fig. 19. A proposed model for the interaction
between hyaluronan/CD44 mediated Rac1-PKNy
activation and PLCyl regulated Ca2* signaling
during keratinocyte cell-cell adhesion and
differentiation. Hyaluronan-CD44 interaction
VUNUUVUNUNUNENUNINLY ] VNN with Racl dependent PKNy kinase activation
promotes phosphorylation of PLCy1
phosphorylation, leading to the onset of

P, PLCyl-mediated IPs production/Ca2* signaling

required for keratinocyte function.

CaZ+

U

keratincyte function
(cell-celladhesion and differentiation)
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% Z CARETIE, HA4 ORFEMIEO MU RIETHEZHE L, HbzihE
THZENHEIN TWAESFeE T va Uigb itk L7, £7-. CD44 &+
REEBIOCD44 0V Ugfb 2 )7 &, MileN Cazi2E 2@ L., HA4

W2 X DR S 7 F T OW TR L7,
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F2f RBRHE
2-1. EBAH

HA4 [ IHEERAOERT GOt HA) K0 HAZEAER Y b—F o2 —
e, M) AA) KVt Shie, Tofid, 52 e REROREL v,

2-2. fEFHIkE
FEEL S IE S b b RS il Biopredic (Rennes, France) £ Y i Ao
DLOE, By — = — - — (KB, BA) BETHALL,

2-3. ApurEE
FRARIT 100 mm T 4 v 3 =122 X 105 cells/dish THEfE L £28 2177,

K AT HuMedia-KG2 T, 37°C, 5% CO2 & FTA »Fax— | L7,

2-4. YT IVEN

HA 3 X O'HA4 134 % 1 pg/mL OIREDO S O 28 L7z, REZMEEZ 60 mm
T A v =222 x 105 cells/dish THREL 1 HEFE#Z, 2 b r—/ /WD 7
HA £7213 HA4 1352l L=V o IR Lz, k. Yo 7 Auini.
IR R AT o 72,

2-5. MTT RBRIC X 5 a0

B 2D 2-5. L[RIERD HIETITo T2,

2-6. BB T ML B HRHETE O AR

528D 2-6. L [FEROFTIETIT- T2,
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2-7. RNA #hH

H2ED 2-7. L[FERD FIETIT- T2,

2-8. Real time PCR

F2ED 2-8.LREEED HIETIToT2, 774 ~—I%,. LTFOEIIDE D & 1f#

M L7 (Table 6),

Table 6. Primer sequences

Primer Sequence

Forward 5-GAAGGTGAAGGTCGGAGT-3’

GAPDH
Reverse 5-GAAGATGGTGATGGGATTTC-3’
Forward 5-GAGCTGAGAAACATGCAGGA-3

Keratin 5 (K5)
Reverse 5-TCTCAGCAGTGGTACGCTTG-3
Forward 5-CCATCGATGACCTTAAAAATCAG-3
Keratin 10 (K10)
Reverse 5-GCAGAGCTACCTCATTCTCATACTT-3
Forward 5-TGCCTGAGCAAGAATGTGAG-3
Involucrin
Reverse 5-TTCCTCATGCTGTTCCCAGT-3
Forward 5-CCATCATGGATCTGCGTGG-3
Profilaggrin
Reverse 5-CACGAGAGGAAGTCTCTGCGT-&
Transglutaminase Forward 5-TCTTCAAGAACCCCCTTCCC-3

(TGase) Reverse 5-TCTGTAACCCAGAGCCTTCGA-3’

Forward 5-GACACCATGGACAAGTTTTGG-3
CDh44

Reverse 5-CGGCAGGTTATATTCAAATCG-3’
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2-9. Z Uy EHH

F A v anbEMERE . Minid PBS TG Lz, MIREMEE (62.5 mM
Tris-HC1 (pH 6.8). 2% w/v SDS. 10% glycerol) % 1 mL. 10 mM 4 /L k37
Ui R U U LA 100 pL, 10 mM XU PV AKR =L 7 VA Y KA 100 ul is
mi. B 27 L—r"EHWTHRZBEL Ty A 7 2 F a2—7ZEI LT,
15,000 x g, 4 °C T 15 iz LT EiEZ RN L, 100 uL 372437 % L T-80 °C

TERIE LT, F7o. XU XV EREIX Lowry IES2ICEVHIEL., HEH L,

2-10. ZVOVERR

TIAMEASL T, 10% 787 L (K 9.13 mL, 30% 72 U /L7 I R/E
X 7.6 mL, 1.5 M Tris-HC1 (pH 8.8) 5.7 mL, 10% SDS 227 pL. 10% /L7
XY "7 =7 A (ammonium peroxodisulfate, APS) 76 uL. N,N.N,N’
- T RTFAFNAZF L VT I (tetramethylethylenediamine, TEMED)
11.3 pL) i LA, £ BIZKEAFD 1-7 % 7 — V& TR 1 FFREHE L,
FNEBE O, FEROK TR 1-7 % ) — &R0 L, 07K w2 E B
STz, BHE7 L (ERlk 3.85 mL, 30% 727 VL7 2 K/EX1.1 mL, 0.5 M
Tris-HCI (pH 6.8) 1.7 mL, 10% SDS 67 pL. 10% APS 22.7 uL., TEMED 6.7 uL)

ERLANL, a—LZfALTH 40 DRFHE L, F7 A 2EDT,

2-11. k&Y I OFRR

ARFED 2-9. THH LI Z "V E%, &2TRHR UREIZR D L5 ITHRRKTH
WL, WEEOY TNy 77— (FEiK 3.55 mL, 0.5 M Tris-HCI (pH
6.8). 7 U+tm—/,L25mL, 10%SDS2.0mL, 0.5% 7 H¥7 =/ —/1L7/L—

0.2mL) (ZB-ANA T b= ) —VE 1/20 BNz, ¥ 37 EiEiRicFE (1 :
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1) Mz, 95°C T4 MMM L, a7k Lz,

2-12. Western blotting

TN EBWRT v 7 VICHEEL, kEEICEy ML, U FHA7 > b
WZIKEIN Yy 77— (Tris 3.03g, 7'V 14.4g. 1gSDS %, ik Ca®
1 LIRS Tz L CRIaaRE . kEMEOHE DAL E £ TEKEI Ny 7 7 —%
ATz, VkEE 2 EJR (U —,3v 7 HC) (BioRad. Hercules, CA. USA) |
BE, 200V, 3.00 A, 300 W D&M TUkENZ{T -7, Criterion 7 271
v hENANDH TGNy 77— (Tris 3.0g, 7V 14.4g, AKX —)b
150 mL Z, FOKTRE 1LICHRE) 25 A, TA A7 ry %y bL
e BB YT 4T 0y THEAE X OB KA % 1T - 72 PVDF
(polyvinylidene difluoride) A 7L Z®v b L., hT7 A7 v hEITIE
Wiz, BENRy 7 7 —EBEONIEE TALL, 100V, 3.00A, 300 W DT
30 BB AT o7, BGH%, T 7 A NVATERLICAHIA VT L ORE
Flc LTty F L7z, TBS-T (TBS (1 M Tris-HC1 20 mL, b+ FVJ 7 A 8¢
R L, pH 7.6 ICHARZIC2E 1 LICHHR) 1 L, Tween201g) T
LT oy I RNy Ty — (5% AFXFLINY) EANTAV T L%
2L.4°C TH—/N—F A FFEZIERET1RMRE LT-, A7 L% TBS-T
TT9E, TBSTIZRLTIEE L (54 x2, 1047 x1), TBS-T THE L=
5% AF LI NT THFE—KPUKR (Table 7) #HRL, A7 L %2RELT 1
REIEIR CIRE L7, A7 L& TBST T3 9 X, TBSTIZIRL TIREZLZ
(55y x 2, 104y x 1), TBST THE L/ 5% AXLI/V7 TKAHEOEM
TWRPMEERIR L, AT L UERLT LI BEEERTEZ L, AT L%

TBS-T T494 X, TBS-TICIRLTIEBEL B4 x2,. 104 x1), 7 v 7 EIZ
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Tay AN RS EIICAL T LU EBRE, 2EEE S L5 ICRHRE
(ECL Prime Western Blotting Detection Reagent, Bio-Rad) # ¥, =L T
5 0MERE LTc, WA A=V T FI7A4 =27 A (LAS-1000) (& L7 «

WL) BHEALTE AN EONR REfBE L, BT 7,

Table 7. Antibody

Antibody Isotype Moleculae weight
Keratin 10 (K10) Rabbit 57 kDa
Involucrin Rabbit 69 kDa

Filaggrin Rabbit 40 kDa

CD44 Rabbit 43-48 kDa
Phospho-CD44 (pCD44) Rabbit 85 kDa

B-Actin Rabbit 45 kDa

2-13. MR ALY U ABERIE

AN LT AREORIEIZIE, Calcium Kit IT-Fura 2 (R{ALSEAFZERT.
EASYE. REAR. AAR) 2L, 96 7 =/ 7 L— M 1.5 X 104 cells/well T
R L 1 HE:#%% . HA B L OVHA4 % 100 pL #50 L 7=, "% C. Fura 2-AM
50 pg |2 Dimethylsulfoxide 50 UL I X %% L 72, Quenching Buffer 5 mL (T,
Hank’s HEPES Buffer (10x) 500 uL. 5% Pluronic® F-127 160 pL (&
0.04%), 250 mM Probenecid 100 puL (Ff&JRE 1.25 mM) Z¥hL, &8N
10 mL 725 X9k EZMx CTHA LT, ZHIC Fura 2-AM ©

Dimethylsulfoxide 50 pL Z ¥l L CIRAWSR L. Loading Buffer & L7z, £l
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ILHLY B, % = LCF8L L 7= Loading Buffer % 100 L /%, 37°C C 1
B A > F2_X— K L7z, v 277 L— kU —% (SpectraMax M2¢) THW
& (L ex =340 nm /380 nm, Aem=510nm) Z{JE L, HA B KU HA4 T &
DA A V> T AR EZEAL 2 5 L 72, Fura2-AM IZMEANICEV IAEND
&L BEEROGIZ XV Fura2 A SV d, Fura2 [T/ T LY T LA F
EEERATER L. £ DORZRIET D5 2 & TN LS T AR EE 2 FRRTRYIC

E®T 5 (Fig. 20),

N{CH,COORY), N{CH,COOR),
D""‘-u._.-":l
Cell
o
== CH,
N = Fura2—[Ca]
.0 R = CH;0COCH; —
COOR Fura2—[Ca2]
Fura2-AM

\

Fig. 20. Measurement principle of intracellular calcium concentration

2-14. T —ZfFHT
SAS WEFHIENT > A T L ver. 9.2 (SAS Institute) ZfEH L. pEEZHEHE L,
HRHEATIEEIZ X, Tukey DZEMREZ -,
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F3H MR
3-1. REMAIZRIT S HA B L HA4 OMIEEM & MRS~ DR

HA 15 X O'HA4 OffifdstE 25 7-o12, REZMIEIZ 1 uyg/mL HA, HA4
NN 24 FEf# I, MTT iR &1T -7, ZOfE%E., HA, HA4 LITHlfa g
TR bieroTe (Fig. 21D, WIS, MREEIE~OR LT 572012, HA,
HA4 #9024 Fffid L O 48 Fiflig, MldZz B L TeAD T b &2IToTo, £
DOFER, 24 FEEE TITMIRENC BT B o 7208, 48 IFf##4 Tidk, HA
B L OV HA4 IRINC L 0 Mk sl L (Fig. 22),

150 4

100 +

Cell viability (% of control)
Ln
)

L]

Control HA Ha4

Fig. 21. Effect of HA and HA4 treatment on the cell viability of
keratinocytes. Cell viability was determined by the MTT assay.
Keratinocytes were treated for 24 h with 1 pg/mL HA and HA4. Values

were the mean + S.D. of three experiments.
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=]
=2

150 + 150 -+ *%

100 + 100 +

Ln
]

Proliferation (% of control)
Ln
[}

Proliferation (% of control)

=]
=]

Control HA Had Control Ha Had

Fig. 22. Effect of HA and HA4 treatment on the cell proliferation of
keratinocytes. Proliferation was determined by cell count.

Keratinocytes were treated for 24 h (a) and 48 h (b) with 1 pg/mL HA and
HAA4. Values were the mean + S.D. of three experiments. *p<0.05, **p<

0.01, Tukey’s post-hoc multiple comparison test.

3-2. REMMIZEIT 5 HA BX VO HAA IINIC L B0k~ —0 — B TREE
D LR

KEMRIC =2 hr—L e UTHRIO A 1 ug/mL HA B3 X O'HA4 20N L
7oo 4. 8, 24, 72, 216 FEEEE%E, Kb BLUKI0, A v ANr Uy, Fo
T4 7V NTUATNE I T —EEBEFRAELIE LT, TORRE,
HA B XU HA4 IMINZ LV | 5% Dot~ — 0 —Bin 33 8 LR & 2k
IZHML7-, HA B KO HA4 IR0 4, 8, 24 FFfEt:, &ofb~—h —&5 1%
BREIZBITHA DN o Tz, INT2 K B H) 2. HAA 2N+ 5Z & T
AHENT IV BIRYTwT7 40770 NTUVRTAVE I FT—EBBIATHEE
wEIL, I hr— LR L T £ 1.3, 1.3, 1.5 MM L7 (Fig. 23), ¥
216 IfE] (9 H) #, HAB X O HA4 #1RINT 5 2 & C, & pfb~— T —#&
EFREEITEM LT, Fl2. B~ — D —THLA ANV ) v BLD
Tz 477V FIUATNVE I BRI FRARITIAEISHEML 7,
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HAGMCEAA A7) o8B 74077 FTITUVATVE I F—

PEFREEIT, 2 b —/L b L T ~%1.2, 1.6, 1.6 [N L 7=, HA4

WL a4 RNV BIORNTe 70570, N ATAEIF—F

BRI ET, 2 be— L LI L T4 4 1.3, 1.5, 1.6 ML 7= (Fig. 24),

Involucrin relative quantity o

2.0

a b
20 -~ 20 -

2 £
— -

=
= 15 - s
= =]
- =

1]
S 2
= &
T 2
2 =

Control HA Ha4 Control HA HA4

d e
&
=

. S 20 - :E';
3 =
- ]
2 o
£ D
T 2
g =
c @
-: [ =3
o @
3 2
= L]
] -

Control HA HA4 o Control HA HA4 Control HA HA4

Fig. 23. Effect of HA and HA4 treatment for 3 days on each
differentiation marker mRNA expression in keratinocytes. K5 (a), K10
(b), involucrin (c), profilaggrin (d), and TGase (e) mRNA expressions were
determined by quantitative real-time PCR. Keratinocytes were treated
with 1 pg/mL HA and HA4 for 3 days. Values were normalized to GAPDH
housekeeping gene levels and compared with untreated controls. Values
were the mean + S.D. of three experiments. *p < 0.05, Tukey’s post-hoc

multiple comparison test.
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Involucrin relative quantity o

a b
2.0 A~

2 £
: R =
=

E 1.5 4 =
= =
= =
1]

S 2
s &
T z
2 >

Control HA HA4 Control HA Hag

d e e
2 %
=
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=] E
= S
g o
= @
< 2
E £
= T
-: [ =3
o o
3 2
= [ L]
= -
Control HA HA4 a Contral HA HAZ4 Control HA HA4

Fig. 24. Effect of HA and HA4 treatment for 9 days on each
differentiation marker mRNA expression in keratinocytes. K5 (a), K10
(), involucrin (c), profilaggrin (d), and TGase (e) mRNA expressions were
determined by quantitative real-time PCR. Keratinocytes were treated
with 1 pg/mL HA and HA4 for 9 days. Values were normalized to GAPDH
housekeeping gene levels and compared with untreated controls. Values
were the mean + S.D. of three experiments. *p<0.05, **p<0.01, Tukey’s

post-hoc multiple comparison test.
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3-3. REMIEIZE TS HAB XV HAMABMIZ X A0fb~—H—F "I B&
D HE

KEIRIZ=a Y hr—L e UTE MO, 1 ug/mL HA 35 X O'HA4 Z@nL
7o 72, 216 FEEE#EE, KIOBIOA VARV I Vv T4 5T VB Ry
BEAZNE Lz, ZO/E. w72 K (3 A) %, HA, HAA 23N+ 2% =
ETRKIOZ U7 EEIZ oy ha—L L LT 4 1.2, 2.2158 M L7- (Fig.
25), %Mt~ —H—DA AN TV UBIORT 4 Z 70 ¥ Ry EITHRB
LCWRmo Tz, #0216 el (9 H) #%. HA B3 L UVHA4 2RI+ 2% Z & T,
HcK b~ — D — 2 X EEITEM U, HARINZ L DA VR LT U ok
FOT4 7V 2N EREIT, ay br—/L L HIRL TH 4 1.4, 1.4 5
MU7ze HAAWRIMZ XA AN ) o BEOT 4770 & ™7 BRI,

oy hm—L b R L T4 4 2.0, 1.2 50 L7= (Fig. 26),
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Protein expression level

Protein expression level

b c
KAD [ e s m— Involucrin Filaggrin
B-ACHn | s— — — B-ACHn | e— — — B-ACHn | we— — —
3 ]
3 2 E i E =
: € 3 - £ 4 3
£ 5% £3
2 = g R
= $: 2=
=1 S5 1 - ar 3 J
g c= ND. ND. ND. s 3 ND. ND.  ND.
0 T2 0 ; ; . BZ 0 . ; .
Control HA  HA4 2= Control HA  HA4 2 Control HA  HA4
o o
Fig. 25. Effect of HA and HA4 treatment for 3 days on each
differentiation marker protein evaluation in keratinocytes. K10 (a),
involucrin (b), and filaggrin (c) proteins were determined by western
blotting. Keratinocytes were treated with 1 pg/mL HA and HA4 for 3
days. Values were normalized to b-actin housekeeping protein levels and
compared with untreated controls. Values were the mean + S.D. of three
experiments. N.D., not determined. *p<0.05, Tukey’s post-hoc multiple
comparison test.
"’ el L
K10 | — — — Invalucrin | ST fe—— Filaggrin
B-Actin | o —— B-Actin | e —— B-Actin | —— a—
5 s
= B 7
2 - £ 2 = .
£ 54 §3
ﬁt w e [ R-=1
2 1 $e 1 £ 1
= =5 =5
z = e R
0 2 o sz o
Control HA  HA4 2.~ Control HA  HA4 2 Control HA  HA4
o o
Fig. 26. Effect of HA and HA4 treatment for 9 days on each
differentiation markers protein evaluation in keratinocytes. K10 (a),

involucrin (b) and filaggrin (c) protein were determined by western

blotting. Keratinocytes were treated with 1 pg/mL HA and HA4 for 9
days. Values were normalized to the b-actin housekeeping protein levels
and compared with untreated control. Values were the mean + S.D. of

three experiments. *p < 0.05, Tukey’s post-hoc multiple comparison test.
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3-4. REMKICEIT 5 HA BLX O HAL BINC X 5 CD44 B FRBEED Lk

KEGHfIZ 2 hr—)L & LTE D 2, 1 pg/mL HA 35 X OVHA4 Z3inL

Tco 4, 8. 24, 216 FffiliEE%, CD44 BinF-REEZHE L, £ ORER,

HA4 #I1C CD44 Ein 3B ENEIM U=, $Flc, 216 KB (9 H) %1z

Tz b —/L L _T CD44 & s R BT 1.5 58 m L 7= (Fig. 27),

CD44 relative quantity

20

15

1.0

05

*%&

—

Control  HA HA4 Control HA HA4 Control HA HAZ Control HA HA4

4 h g h 24 h 216 h

Fig. 27. Effect of HA and HA4 on the CD44 mRNA expression in
keratinocytes. CD44 mRNA expression was determined by quantitative
real-time PCR. Keratinocytes were treated with 1 pg/mL HA and HA4 for
4h,8h,24h,and 216 h (9 days). Values were normalized to GAPDH
housekeeping gene levels and compared with untreated controls. Values
were the mean + S.D. of three experiments. **p<0.01, Tukey’s post-hoc

multiple comparison test.
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3-5. REAIRIZI 1T 5 HA B XV HA4 HINZ & 5 CD44 B L VY ER{k CD44
Z R EEDHE

KEMIRIZ=a Y Pr—L e UTEMO A, 1 ug/mL HA 35 X O'HA4 Z3nL
SHEHIRG % . CD44 B L VY (b CD44 ¥ > X7 E EEJE LT, T D5 R,
HA., HA4 (2 CD44 % > X7 B EB L OV Wl CD44 # /3 7 B & 1380

L. ¥l HAA iImc X v A&z L7z (Fig. 28),

a b
CD44 pCD44 - -—
E_l l,ﬁic_hn - — T —— ﬁ'ﬁiﬂhﬂ — — EE—
= = %
E e 53
—c 20 —E B
o F 68 ! ]
W 12 wT B
= 5
g_{"—} 1.0 E-,, g -
o _
3 05 53 2
= a e 1
'E 0 'E o 0 4
a Control  HA Hag = Control HA Had
o o

Fig. 28. Effect of HA and HA4 on the CD44 and CD44-phosphorylated
protein evaluation in keratinocytes. CD44 (a) and CD44-phosphorylated
(b) protein were determined by western blotting. Keratinocytes were
treated with 1 pg/mL HA and HA4 for 8 h. Values were normalized to
B-actin housekeeping protein levels and compared with untreated controls.
Values were the mean = S.D. of three experiments. *p<0.05, **p < 0.01,

Tukey’s post-hoc multiple comparison test.
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3-6. REMIZE T2 HABLI O HAA TIC X 2MBAI LY T LABEDOE
1k

FRMIZ 2 b —L & LTHMIO A, 1 ug/mL HA 38 X OVHA4 2RI L
7o 1. 4, 6, 8, 12 FRfE:#E%L, MBI L T AREZRIE LT-, £ ORE R,
W4 BRI TlEa Yy ber— B X OVHA T, HAA RN LY, HIjEN

T AREIFAEREICEN L (Fig. 29),

a b c
*k

- = 150 - * 3 150
$ 150 - [ l—' £

=2 =2 =2
% E & Emo 1 % E100
S 5100 - o OE

T T 1 )
=8 58 =8
2% 50 2% so 2% 50
a= Z= 2=

m o m
= = =
£ 0 + = 0 - c o

Control HA HA4 Control HA HA4 Control HA HA4

j= B
@

150 A 150 4

=
(=]
(=]

(% of control)
Ln
(=]

(% of control)

Intracellular Ca* level
Intracellular Ca* level

Control HA HA4 Control HA HA4

Fig. 29. Effect of HA and HA4 on the intracellular calcium level in
keratinocytes. Intracellular calcium level was determined by make an
indirect measurement of calcium complex. Keratinocytes were treated
with 1 pg/mL HA and HA4 for 1 h (a), 4 h (b), 6 h (c), 8h (d) and 12 h (e).
Values were compared with untreated controls. Values were the mean +
S.D. of three experiments. *p<0.05, **p < 0.01, Tukey’s post-hoc

multiple comparison test.
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FAR BE

#1FIZTC, HAIIZEILCREZZRm L, ~7 VA~ U AR BT
52 L TUVARSNC XD REHBREARET D2 L 2B LN L, ZORER
B0 AL MY D7D, REMRIZIH T 2 HA4 ORI MGIC KIET

BUZOWTHHE L7z, TR, HA4 [IRLMI b A 0T 5 Z LR S
i,

AN T N RT 4T 7 ) ATBRMSb~— I —TH D | FRIZHREIZ5E
BLTWD 8, £ RN T Y OB TFRESLKE T H L~V E, KEGH
HMEERET DRI N T L, N, RearFy o VF AU B4
SUD Vo ERA BREIZ L o TSN D Z BB TN D 8486 7z |
BT\ U K o TREMBAMERFESND Z EARESNTND T, K
BFZEC. WS 216 HiR (9 A) #% T, HA, HA4 HICBHMb~—T—DA LR
NIV BT w 7407700 NI URATNVE I F—EBEIBEFRELEDHE
mr (Fig. 24), A AT Vo BIXRT7 4770 2o R EENREMNLTE
(Fig. 26), F7-. HA4 12U 72 B[ (3 A) $C K10 &% > /37 &S HIN L T

W Z &0, HA L HERTREMEZ R FHET 5 2 e nnahni (Fig.
25), 2O LA b, HA4 [T HA LRI U REMBMEEZFEL, 612, B
K22 B b2 FHE T 5 Z LR Sz, HA B X O HA4 TRINC L 2 A
FHAHGIZ IV T 48 I IS e i L7z (Fig. 22b), MR G & 531k
B DRBRIZH D . A RraLF Y U IRE e 7 e VORI
KR OBEFE 2 Bl L, /ML Z ST Z & RRESh T 80, D2
&b, HA B X ONHA4 IRINC K0 HIREEFE A I 2 S0 T2 DX, 53 bicf)
WTWEATEEER B 2 bivd,

Wiz, HAA IZ L2501 bBE A = X LIZHOWTIHE Lz, FKEMIEE EoE
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e 7 n USRI CD44 ThdH, b7 vr e CD44 OEAEMIC
RV MR EEAE ORI, MarEhE, BRI OEE . ARG 2 mHlT 5
MIRNS 7T A — RRFHER SN D 889178 92,99 - b7/l A FRIT
CD44 & O AEAEMIC LV | IEE AEREELCRE N Y THRRICHA T H 2 R
FADsERLa L AT v — VG, T A TRRICEET 5 Z LR s T
.78, & ZC, HA4 % HA L[EEE. CD44 %4 L CEEM/MEEFHE L T
HETRL, BitE T o7o, FREMIBIC HAL ZIRIN$ 5 Z & T, CD44 #&is 1
FEOLRL 8 REA T 1.2 %, 24 RfH] T 1.5 4%, 216 ¢l (9 H) T 1.6 fFHmL 7z
(Fig. 27), F7=. HA B XU HA4 OB 8 Bl T, CD44 353 X OV &k CD44
Z Ry EREIFIINL, CD44 134 4% 1.2, 1.51%, U »V#{t CD44 134 % 1.7,
6.5 5N L7z (Fig. 28), FAGMIMND CD44 IZFEAET 5 & 7vm RO /NE
MElX 10 BETHD L MENRDH S 99, ZDZ b, HA4 1Tk DY UERME CD44
H N BRI HA4 N EHE CD44 [TEA L= Z L2k B U Vg ble D,
RIRDZRRETNTZ T E IR EITHRE LT 2 & T CD44 MR Y iR
fbEENT=D, A SNDH LRI B EICREA LI21IC CD44 ~fA Lz 2 &
(ZRD ) b/ & FEIIAATH 28, WIFhiZE X HA4 I &
D CD44 13V Uik S D Z EpvRahiz, £7-. CD44 B LU (b CD44
BNy ENT 8 REFITHIIN L 72Ic b B 597, CD44 BI51-FHIT 8 WM LA
Rl DML TS, ZoZ &b, HAATINZ L 5 CD44 85 755
®E U Uk CD44 # R 7 B OMINXEHEMIZITEE LT 6T, U Uk
CD44 & R 7 EEHINZ EN M EDMEE L, #E T L7 CD44 #Eis1%
BUI WA ERICBE ST 5000 LitZeuy,

b7 vn gl CD44 DM AAMER L PRN ys - —BIEMHKER Racl 28
PLCyl U v BR(boa v 7 F o0 ) VEEbICH & . REMIaOMGETH 2 il
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BB IZ ] 72 PLC YL A E P8 A /Ca2ty 7/ ) v /e, avy 7
VITEIZ DR D 1, AT HA4 IRINC L0 U U ERfk CD44 % v /30 H &
DI TW2Z &b, I AL D MREZRIE LTc, EORER,
HA ¥ L0 HA4 #INC L 0 fifapl AL w7 AEE ML, & 512 HA4 Tl
HA L He_THEIZHEIM L7 (Fig. 29, HAA iINZ L0 U ek CD44 # 23
7EEBLOWIRAN ALY T NEENSEMLZZ L5, HAL ZaREE
BIZBET 22 EmEBLX NS, Ziub X0, HAL [ REHER E 72 I3 HERIIZ
CD44 ® V) Vb ZIr LT, REMIMbaHET 52 L3RS,
F3EEY, HA4 X HA L RBRICREMI b A27F8 L, 078X HA &
EARTRWZ EQRENT, F72, HA4 2 X 2 REMIA b OFE X &
ToIEHHERIIC CD44 NV UfRfb St BRxy 7T AnM@iE . il
DNRENERLEZLICEAERATHL Z LR ENT, 1 BBV,
HA4 1% UVA BH#% OB ERERUGEICIRRHD Z L3RS TRY, 0%
FRRIT HA4 IZ X 0 REGMI bR SN2 2 ERERO—20 b LR,
Fle. 7477V COBBFREEICK L TY R EEOEMMB/NE DT
Tl T4 T 7V RS ILT NME DN AERSILTW D RREMER B 2 Bl b,
ZIT, T4 T 7V OB T VA~ A 2 KRS DO RBL A TR
ZOREF, REMIIZ HA4 Z28N4 5 Z & TT LA~ A VU K IREESR B s 1%
BENENTL2ZERPLNERoTe, ZOZ NG, HA4 TR b
FHEL, IDICNMF OARICHEET5 2 ERB Iz,
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ETvm g, REOREREEZEENDH kOB TR A S, 1k
Frih7e & & LTERDH TRIAS Ao TS, iz, D THEVERKEE
ROREHME 2 R 72, BRI T h . BREEEESCEE Y v~ F, IRFHE
WL E ORI W T REBE R K ZH > T\ D, b7 bm T GlcA
L GleNA O WA ENT &35 7V a¥ 2 ) 7Y b o—FfT, FEFICHM
IAEEIC B D BT MRS EOMRF, KBLXOS A, RERRE
DOURFF- B8, B GO K RFFCH I MEDHERF & Vo T2 AR 70 A BRAY - B F
Barro, Zhid, e 7 vm RO TR (BEEHE) ICRE<EBR LTV D, &
ETIE, e BoR LS FREO/NSWE TLa UEEA Y SRR &
NTEY, thkx20B THREMTOILTWS, Mo FBIXMESFET Le
FRITHE SN T B COEANRESN TS~ T, e v gt =
PXZ 02 FEHE) FFRNT, &0 rBIMMES & 7re UERIZIE 20
ERRZ <HEINTWD,

BT n CERIIKEEO @S T A2 ZHETH DT, RRECE H TITR N~

KEINETH D, TOD, BUE, KESLEROSE T, iz L5y
URTA v R, TOMOIMEIEF I EEROE OERER L. KOS
ZWHETDLHNTE T v e SRIEARENEAIITDOL TS, BT g
DOIFENEAEL TIX, 27— ERBENT 52 L bliEIhTng 9%, &
W Cld, ATRMERBEIEES T HE 72 EORBICBEEIN E 7L m CERIEAN
TohTkY, KRUWHEITANTH DL, £, AMABEANEICHG LT, FHH
~OE T CBRIEABITOR TV D,

RN ST T D e Tbm UIgIE, I8, BRx 2R RS IS AT RE 2
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SR ROEIERMZ B LTZARBMED LN TS, LinLleT e L) 2
FEOBERRIZOWTIIEAOR B2 &, WEERMARZ LB Z W, 22T
AT, 7 VEBROR/NEN Th 5 HA4 TR L, R EEIRME OB
B R OBEICIIT DHERERENT 21T - 72,

1 FClE, HAL O S E M & SRR XT38 L LT, HA4 ORJ§
B O EBAREI 21TV, EBICAT LAY X HAL R EEAT5 2 L1
LBy BB L OV TEWL, Mt~ B2 Re Lz, TOk%E, HA4 1
SN C R A IR ERFICER T2 Z E 0 Bl o7 99, F7-, HA4
O REZEEIL, pH SBURGUIHE D T AR ENT, S HIZ, HA4 % UVA
AT VAR RALEICEATT HZ LT, UVA lRSHC L B L L7 AlEk o &R
LY TEWL, Rt (RO) NkEL, I 512, /=~ /AR LW EERED B
BENTZ 9, ZDOZ LD, HA4 12 UVA BENC L 2 RERE OSBS54
HZEWNRENTZ, T2, EEBRAT VAU RAEETH, HAA 28552
LT/ =~ EARTABKRS BN U, AFFEL 0 HA4 1358 % %l
T2 Z &M in vitro RIGHEEABIC L VALY | in vivo TOREEMH T
R JEREREIC B A RIT L2 2 £, HA4 I3IERBEAIC RSN ~EET D 2 &
NTE, SOICRENICBT 2EMFER Z R 2 L E Sz, AT,
g% Fwm L2 Lt HAA IZERICHBIEA L T Z NS, #i
IR T2 e T ve VIBAERICEE L G X TWDARERE X b, £
7o, AREKSES TEWL BXGE LT Z &b, REMIE~DOFE L L CREZHM
fas ot 7 I RAER, NMF A0 GRS, ZNH6D0BEELD
2ERBIOHE 3ETIE, nmvitroB X, £7213 in vivo IZ X 5T E1T o 72,

%2 BCIL HA4 IC X D28 EEEIEO & 7 v e VIR AE RIS R TR AL LT,

FAE A O HJE R 2% o L OVRGHE 2 & 2 B o0 LRSI J5 1 2 MRMEZF A
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fi T HAS A& -7 8L, 3 L O in vivo B FEH T HA4 O L&A T 5
FRENE 7 e s BEOEEREF LZ, £ORE, HA BL O HA4 IRINC X
D HAS1 BET-FHBLESHEM U, FHEZEAIIL O BLERTE & X TREML L O
H1575 T HAST BB FRBLENS S BTN L= 9, LirL, ZHUcfEs e 7
B UREREICEGIT A b0 Te, —F, UVA AT LA~ T ZAR§IC
HA4 284952 & T, FFANE T va UERREOBINARD bz, 0. %
FIXTClo, MMM HAA 2R3 5 2 L T ¥ I v CRERFET CTI
HaZ—5 (COL1AL) B FHRBEENEMNT L2 2RELTNWD 9, =
HOZ LD, HAA #8475 2 & CHREIIICEBENE 7L r U iEE A N
SHDHZENTE, SDIZaTF—FUERICOEET L ENREBINZ, L
2L, in vitro MIRFERICB W T 7o VAR RICEbIZ R Do 7228, in
vivo B FEBR TR 7va VEER BN L TOZREZR A D = X MFARHTH D
7=, 5%, HAAIC L AN 7L BRI A T = X 5O % H5E
T5,

% 3 BT, HA4 2 X 2 RAHMEO I RET 8 L LT, HA4IRINE %
b~ ——HBL B LA D=L L LTY UlRfk CD44 & OBIfRZ R~ 7=,
ZORER, HA4 13 HA & [RERICR MR b 2758 L, S 512, HA4 X HA &
AR Tofb~—H—RRSITHBET L ERWALNE o7z, £/, HA4 IZ X
DALFEE A 1 = X 0T, BN IXMBENIC CD44 N Vb SR 2 b
TER&Z 72> 7 F DM E . RKERICHIRN I L D AREN R L2 LT X
LIEMTHL Z LR ENT®, 1 EIBNT, UVARKNAT L AT X
R HA4 %A+ 5 2 & ¢, UVA BEHIZ LY B L L7z TEWL 5 L Ok
SrENWE L, Uk, REMIESEOFEIZLY | FBE I AE MRS

PE S VTN Y THEREDS IEF ITESWe Z E CTEWL 28R L, 7 I Ry
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DAEFIEE N ER SN2 Z & THIEKGENEIE L7 Z LBRE X BT,

L EDORER LV . HA4 MRRMEEEMIG L OREMIIC RKIZTT 2L, HA &
HRILTWAZ EAURENT, ET 0V BIIEEZ2 BB LRANE STV
e, ERREROSE T 7w VERIEANFRIEDEAITOI TN D, A4
ZETC. e Tva UROR/NEN TH D HAL 1T ZEEB CREZ2BRT 5 2 &
BB TO e T v m UK AN I B2 5.5 2 LR B E 7o
Too THOHAMZETRHLZRR LY . HAL IZHFRBIICEEN~NXETE S
ZEnB, BADAX U TR T va UEREANRIEOREICEHTE S 2
EWRE SN, A%, HAA DS BR 5 EMIER BRI S, ERLERTO
S 2T 5,
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