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4MU : 4-methylumbelliferone

4AMU-0-NAG : 4-methylumbelliferyl N-acetyl-a-D-glucosaminide
4MU-B-NAG : 4-methylumbelliferyl N-acetyl-p-D-glucosaminide
BPE: bovine pituitary extract

DMEM: Dulbecco's modified Eagle’s medium

dsDNA: double-stranded DNA

EGF: epidermal growth factor

ELISA: enzyme-linked immunosorbent assay

FBS: fetal bovine serum

FLG: filaggrin

GlcUA : glucuronic acid

H&E: hematoxylin and eosin

HA: hyaluronan

HABP: HA-binding protein

HAS: HA synthase

HEPES : 4-(2-hydroxyethyl)-1-piperazine ethane sulphonic acid
HPLC: high-performance liquid chromatography

KGF: keratinocyte growth factor

LC-MS/MS: liquid chromatography-tandem mass spectrometry
NAG : N-acetylglucosamine

NAG-6P : N-acetylglucosamine-6 phosphate

NAGK: NAG kinase

NAGase : N-acetylglucosaminidase

PBS: phosphate-buffered saline

PCNA, proliferating cell nuclear antigen

PUGNAC : 0-(2-acetamido-2-deoxy-D-glucopyranosylidene) amino N-phenylcarbamate
RA : All-trans retinoic acid

RPLPO: ribosomal protein lateral stalk subunit PO

St-HAase: Streptomyces hyaluronidase

TGM1 : transglutaminase 1

UDP: uridine diphosphate

siRNA : small interfering RNA

a-NAG2 : 1-ethyl-a-N-acetylglucosaminide

B-NAG2: 1-ethyl-B-N-acetylglucosaminide
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e7ra g HA) . N-TEFAZras Iy (NAG) & 77 v Vg (GleUA) 237
HAICHEFRICHEAG L2 0 RS 107kDa il b KEEFICHTFRORKEWEHECTH S (Figure
). FEAEDMEE T 2 KRBEIC 2. SHO RS 2SR IC BIRICIA 2 - THEAE L. K
M7 & UCREREFS 2 RIICENT RS TFTH 5, ERNIC B W TL, B T4,
FEZIZLDELTH O IHMBICIASTFEL TV 328, ZOMITED 50%LA % K E 2
DTV 5[], KEFOERKICE W T, HA FMifEst~ + U v 7 2o EE UK & L CH
MEcEELTEY, oM~ Y vy 27 2B TH 2 a7 VR ITRF Vv EM
HEF L CTWw3 (Figure 2) [2], % OfEEL LTt KOBRFFOM, KtkeiEREMEE v
PIBER 7 R & L 2R & 7 U CRR IS R AT 59 5 7 & B OREIE CHERE D AR
KBV CTHEHERKEHZRLZL VB[], /7. KEICE T2 HA IZRO CEREICRE X
NTW3EHEZLNT W0, 1988 FIC HA FREMN GG 2 v X7 HZFH L 72 HA O
HTEDBBFE S, REEICD HA BFEET 2 2 L AL 2 L 725 72[3], HA LSt 7Y 2
IV AhVIE, aT RV NI EERETLIa T A ) h vt LTEAKI NG D,
AT RVNIEERELTOWRWVWHA R, 2=— 27 BTECEAKREI NS, Thbblfak L
WCFEFET 5 HA &SR (HAS, HA synthase) 28, MIlENICHFEET % 2 HEEHORE TH 5
uridine diphosphate (UDP)-NAG & UDP-GlIcUA # R AICHES L. Ml st ~EEMRE S ¢ Tw»
{ (Figure 1) [4], HAS IZ(Z 3 D 7 4 V # 4 & (HASI-3) 27FE L. A WicE W iFE g %
BT 20, MRICX > TZ DRI AL =V ITIZECDH Y, T72AME WD HA DY TREY
A XL BRI b E WD H 5 & T 5[5-9], Sayo. Kakizaki 1%, & F DEHE
HEZFMACIC 35 W CIZ T HASI B X O HAS2 2 HA & H o T3 oicxt L, KL
1% HAS3 23 E %7 HA AR TH 5 C L i L T 5[10-13],

UDP-GIcUA oo
UDP-NAG [kef S

Sal S WpRC_SN
HA \
OH OH
(&ﬁ
t-0 HO

HO 0 .-}
OH NH

O)\ n

gluchronic acid N-acetylglucosamine
(GlcUA) (NAG)

Figure 1. Scheme of hyaluronan synthesis in keratinocytes.
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Figure 2. Structure of the skin. Modified from [14]

KB Cld, HERE CHGE L 22 RBEMINEs . AE. BRE, AL BEIL x2n. 2 DJF
PMWHEEZZEZTOLIMLEBE YIRS 2 — v — = X o THECHEERHEF S hTB Y,
SR ORIEE P C L Hic, BRNOKDEREZF 580 7 & L CHEREH 2R L
T3 (Figure 2) [14]e BEICIFET 2 HA DO b, REICE TN S HA O EIZEE X
D b HEEIIC A b oo BLERE 2 S FRE IC 2 1 CEIRELICEE L. M e iz o o
FRONZZEHETIE 2 mg/ml ZHZ 5T ERRINTWE[3], ZDOFEEL LT, kDK
BRE RO LA, M o@b i wEfEl L - #MigF+ o 2 2 #iRe L, RECKHY
DIICHE LG T EEZLNTWB[1], MAT, £HE HA B3EHE L2 —vA—~—icBb 3
T EDHE I N T3 23[15-18]), £ DFFfliE T IcBS i I T, flz XL 5/ 4
VI RA) RLF /=N EDLF /A Nk, HAS BT RAOFEX /L CRK HA %
FEAENRES % & [FIRFIC, MHAOIENE %2 Tt < 2, Ml b2 KT S22 2 e EI T3
[19,20], ¥ 7z epidermal growth factor (EGF) < keratinocyte growth factor (KGF) 7z & @ B[l
T, KK HA NS 2 2 L FRIRHC, MAOREEZ TE S & 72—, #il LI <27
[16,21], MM % T. HA & EFHEH] 4-methylumbelliferone (4MU) 1%, 7 v 2R B O Hl i
JEZFHEL[22]). 723 %tk P REEFTACOMIBEEZE T I ¢ 323)1% &, LF/ 4
FCHIER T OMEH & TG L xRS E SN T b, — . HA FRERN A RIEFESRTH
% Streptomyces hyaluronidase (St-HAase) T3 XLt FRKET VICE T 5K K HA 2K T X
754, MO - HMLIcZLIZRBD bk ERME I N/[23], & HIC HA SR
RCD44 D/ v 7T 7 b~ XATIX FKK HA 0D & FRFIC HIIEDO 2L HET L72[17],
LLEofkic, KK HA & REMALDOHEIE - 53t & OB IC O W TIIMHK T 2 #5R H H]E &
NTEY, ZOJFKE LTI, FlzZIELF 7 4 FLBIGER 1330 & R O BERE i
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PICTERE LY RIST RS 2 4 &, 2 DR R ICGRER D 2 L EZbNTZ, T2, &
77 F HA (>1,000 kDa) (ZHUME#H 4B L OCVIRIENRZH L T 5 DIkt L K5 F HA (10-
250 kDa) IFIMEH A L CRAETEME % 58 < 558 3 % 72 &[24, 25]. HA iz 0T EY A4
ZITIE U IR RE~ T T IR WA H 2 L i S L Tw 528, EiBoE TIE HA ©
DTEFAXETCR DAL T AL 572, £ 2 TARHL TR, FE HA OEFEEEED
fRiHZ B & L, RO HA FEE 2B RICHIE T 2 HiEZHAE L. 5 ICHA D FRED
AL RN D 2 LT, KX HA 0B FREOEL L RE L — v+ —~—L OBREEFE
T~ 7=,

T E TIC Sayo 513, HA DREEFED 1 O TH % NAG 25, KEHMEIC B TEN- HA
FEAEMRMESRAHF T2 L AL TWw3[13], NAG I X % HA FEAEMRMEIX, REMEAN
ICHEWT HA DEEDOIE TH % UDP-NAG ~ e A, HO 2 HA KV iAEhB &
IC X %, %72 % DFENAG ZHEBNE & 3 207 ) 29 3/ 7 7 v OFEE ZiEEL T,
THIC 7N =R GleUA 13RE HA EEAZRIEL 7 d 572 2 L 56 NAG 13K K HA
AEIC N TEWEREZA L TH Y. KE HA DPREBERE~METHE LT~ 5 LT
EFHThLEZONT, L2LEDVL NAGILETTHETH L7200, A4 7—FRIGICED
BELEEL 27 8, REWITAUIER 2 E~ELAE L CHER T 5 2 & 2 F 2 56, ZORIE
PICHREDR B 572, 22T, A4 7= FRIGDER & 72> T 338 ICRIIC T F L F 28 A
L7Z 1-ZF VB-N-TFAZ A aH I =F (B-NAG2) ZH72ICBHFE L 7z, B-NAG2 2° NAG
E AR A /1 = X LT GERINIC HA EEA ZRAET 2 2 & 3 TE UL KK HA 8 RK D E
HEHE~5 2 2 B R LT, RiiAY —rickhdeEZLNSE, 22T, 5% p-
NAG2 DHMMEZ 7z LT, REDHIE - 5 b~DE LT~ 5 L L L7,

T 72, RED HA BIEICHE > TR T2 2 & 233 ST 526, 27]. M ICHE 5 R
KoZfte Lk, MIEIERE DT (28], ZNICER T 2 L& 2 615 KEDIEH L
ZFH5N5[29], b L. KK HA AT OHEGE - 73t & v o 72 ZER I 2 i fabERE 1B 53 %
Bitr. RIKHA O IZEHRREDIKTICHBED S L EZObNS, ThETic, FFDEN
DWEEXHM L LGN E W T, RE HA EARRET LT /4 PRV T oRER Y
WKHTH DL EDBMEINTNS[30,31], L2LABLLTF /A Fid, HAS # & T4
BB TRHFE L ESHRERARD Y | 285 d T O REN: K~ DRl & o
HELFIET D, 2 2Ty BNAG2 23 7 7 E DR D ZACICHE 5 FER I KIS T HEIT oW
THHR, KK HA DRFOHEAIC I 2 BEEMEZMREEL 72,

AL TIX, HA FEAZFFRMICHIET 2 C ick v, REOEECHEE MR ICET 2
K HA OAFERE L . Fiics T 2 KK HA EAREOEMMELZRT L 2HME L
726

%1 BT, B-NAG2 2 IEH b F REMIIC 5T HA Z# IR EARET 2 A =X
LR L7z,

52 B TIE B-NAG2 Z R, K HA FEAENRHED, REMMAE D IETH - IR HER 1< ) <
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T EERLT,

B3 TII, HASIBIEF D/ v 7 X7 VIC X % HA FEAE DR T 25, KRG o H4%iE - 45
fEicHmfl i@ < 2 & 2R L 72,

5 4 FETIE B-NAG2 IC X 2K &L HA OFEARED Y 7k & oK FELOSE ICHEM & F
BThh, REHA BYVIZBCOEBERFENS T LR VBL L ER LT,



F1E B-NAG2 OFERM 72 HA FEANEHE X H = X 4

1-1 /NF

T E TIT Sayo H ¥, NAG (Figure 3) 7% HAS3 B IR %L 5 2 3. HA ORIERA
TH 3 MIIEAN UDP-NAG i e 2 2 tick b, BEBEFe P ETMEO HA EA %R
ETZ2ERRHBLTWE[13], LA2ALARBOEITTETH S5 NAG X, A4 7—FRIG%EE
CxE2%L, ZOREWICHELH 572, £ T, NAG DEILAKRIGIC T FVEEZEAL
TLEN % E 72 B-NAG2 (Figure 3) %72 ICBHFE L 72, AFETIEZ, NAG. B-NAG2 B XU
B-NAG2 DVARBMARTH % 1-ZF V-0-N-T & F L7 a4 I = F (a-NAG2) (Figure 3) %
EEEHET 3 2 & T, B-NAG2 DEIRM 72 HA FEEA A B = X L% 2RI~ 7=, Z* DFER,
B-NAG2 ITREAMALICE VAT 5 & WEETED B-N-acetylglucosaminidase (B-NAGase) 1T X
> TNAG ~E B IN, Z D%, UDP-NAG &7 b, REMICH DA HA KW iAE N5
T EiCX W REMACD HA EAZIGET 2 2 L2VRE Nz,

NAG a-NAG2 B-NAG2
OH OH OH
o) o) 0}
HO HO HO
OCyH
HO OH HO HO 2Hs
NH NH NH
| OC;Hs
COCH3 COCH;4 COCH;,

Figure 3. Chemical structures of NV-acetylglucosamine (NAG), 1-ethyl-a-N-acetylglucosaminide
(a-NAG2), and 1-ethyl-B-N-acetylglucosaminide (B-NAG2).

12 MEls X R E
1-2-1 ¥

a-NAG2 & B-NAG?2 I T. Hasegawa Co., Ltd (Tokyo, Japan) 7> 5 AF L 7z, NAG I Tokyo
Chemical Industry 7> & 8 A L 7z, Uridine 5’-diphospho-N-acetylglucosamine sodium salt, 4-
methylumbelliferyl N-acetyl-B-D-glucosaminide (4MU-B-NAG) &  o-(2-acetamido-2-deoxy-D-
glucopyranosylidene) amino N-phenyl carbamate (PUGNAc) (% Sigma-Aldrich (MO, USA)7> & i
A L7z, 4-Methylumbelliferyl N-acetyl-a-D-glucosaminide (4MU-a-NAG) (¥ Toronto Research
Chemicals (Toronto, Canada) 2> b A L 7z, All-trans retinoic acid (RA) (% Wako Pure Chemical
Industries (Osaka, Japan) 2> 58 A L 7=,



1-2-2 IE# b b EREMIEO R &

1IEH v P REMAE (Kurabo, Osaka, Japan) (X, ¥ 7Y X v } & LT 5mg/Linsulin, 180 ug/L
hydrocortisone, 6.1 mg/L 2-aminoethanol, 14.1 mg/L o-phosphorylethanolamine, 100 ng/LEGF &
X % 0.4% (vol/vol) bovine pituitary extract (BPE) (Kurabo) Z#M L 72 Ca? 2 0.1 mM @
MCDBI153HAA2 k5l (Wako Pure Chemical Industries) I CIEfEL 7z, +7av 71TV b iC
# L 722, BPE IR % 0.04% (vol/vol) ICZEH L, ZDEHP 5 10 mM o-NAG2, B-NAG2,
NAG 3 L < (2 10 nM RA % ¥l L 72 MCDBI153HAA2 $5Hiic T & HI1CHE#E L 72, B-NAGase
DIHEHTH 5 PUGNAc[32]1X. a-NAG2, B-NAG2 3 L £ 1 NAG & FIRFCHRM L 72,

1-2-3 HA BOHIE
& B © HA &1, QnE Hyaluronic Acid (HA) enzyme-linked immunosorbent assay (ELISA)
Assay Kit (Biotech Trading Partners, CA, USA) Z W D 7w b a —vicfit> TERE L 72,

1-2-4 U7 V&4 LER PCR L

1IEH e FREMAE2 5. RNeasy Mini Kit (Qiagen, Hilden, Germany) % F\>T total RNA %
it L. NanoDrop 1000 (Thermo Fisher Scientific, MA, USA) IC X Y 2 % HI%E L 7z, ¢cDNA
~ DR EZ 1% High-Capacity cDNA Reverse Transcription Kit (Applied Biosystems, CA, USA)
7z, cDNA H OENEE T OB &E (3. TagMan real-time quantitative PCR assay
(StepOnePlus™ Real-Time PCR System, Applied Biosystems) & C##T L 72, HA synthase 1-3
(HASI-3). NAG kinase (NAGK). [f-N-acetylglucosaminidase (ENGASE) ¥ X NP HEE (R T
T® % ribosomal protein lateral stalk subunit PO (RPLP0) D ¥ X, LA T IC/R 3 Tagman Gene
Expression Assay ID @ primers & probe @+ v F (Applied Biosystems)Z & D K& 72 #5 R 1%
AACT IR THIRER L 72,

Gene name Gene symbol | TagMan Gene Expression Assay ID
hyaluronan synthase 1 HASI Hs00758053 ml
hyaluronan synthase 2 HAS?2 Hs00193435 ml
hyaluronan synthase 3 HAS3 Hs00193436 _ml
N-acetylglucosamine kinase NAGK Hs00895033 ml
endo-beta-N-acetylglucosaminidase ENGASE Hs00224267 ml
ribosomal protein lateral stalk subunit P0 RPLPO Hs99999902 m1

1-2-5 #HiZA UDP-NAG D& &

IEH e b REMIZIC 10 mM a-NAG2, B-NAG2 b L L IZ NAG 2L, EHicznzh
IZ2WT 0.05mMPUGNAc Z D L < IEEHN L T 7o WESHINC T 24 FFfERSEE L 72, Al
% 4-(2-hydroxyethyl)-1-piperazine ethane sulphonic acid (HEPES) buffer IC T 2 [Bl£{#f%. trypsin
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JLEE L 7= Al & 3,000 [EIHEC 5 Jpflia Do L CRUR L 2Bk IC PR L 7. S i
% 5 oRIIE S &%, e IOKm Lz, BifSREIC X v Milg 2 i L. 5o - Hikg
FHAh % %2 Whatman 13 mm GD/X filter (GE-Healthcare, WI, USA) 12T A3 L 7=, ARl
> UDP-NAG #2J¥ 1%, high-performance liquid chromatography (HPLC) ¥ A7 L Tdh %
10AVP series (Shimadzu, Kyoto, Japan) % FH\>, CAPCELL PAK C18 column (4.6 mm x 250 mm,
5 um particle size) (Osaka Soda, Osaka, Japan) IC CHIE L 72, 7 7 24— 7 VEE X 40°CE L,
0.2% triethylamine (Junsei Chemical, Tokyo, Japan) % ¥l L 72 0.1% formic acid (Wako Pure
Chemical Industries) 1 C 1 mL/min Ot TAH L. 260 nm THiH L 72,

1-2-6 NAGase G TEDHIE S L ' NAG DE R

1IEH v M EREMAE% phosphate-buffered saline (PBS) HICTHEY F A XB LUV Y =7 —
va v L, Ot T B &2 BUX L I Al R 2 15 2. MR R O a-N-
acetylglucosaminidase (a-NAGase) b L < I3 B-NAGase itk % RICR 3 HEICTHIE L 7z,
R 50 pl ot L. 25 pl @ 2 mM 4MU-0-NAG b L < 13 4MU-B-NAG /KiFiR & L O
25 ul @ 0.2 M acetate buffer (pH 4.3) ZiEA L. 37CIC T2 K4 v ¥ 2=+ L7, 05M
glycine-NaOH buffer (pH 10.3) Z#MfN3 5 Z &I X W KICZF 1k & ¥ HPLC ¥ A 7 L IC mass
spectrometry % 2435 L 7= liquid chromatography-tandem mass spectrometry (LC-MS/MS)IZ T, 1-
2-7 IR T HET 4AMU-a-NAG b L < 12 4MU-B-NAG DO RFEYITH 5 NAG EE % HIT L
720 MM D & v % 7 21X, DC Protein Assay Kit (Bio-Rad, CA, USA) i THllE L
720

1-2-7 NAG B X ' B-NAG2 DE &

NAG ¥ £ U B-NAG2 DEEIZ, HPLC ¥ A7 L LC-1200 series (Agilent Technology, CA,
USA) IZ mass spectrometry 3200 Q TRAP (Sciex, MA, USA) % %75 L 72 LC-MS/MS I T HEfii
L 7z, HPLC TiZ PC HILIC column (2.0 mm x 150 mm, 5 um particle size) (Osaka Soda) % {5 H
L. 77 L4 —=7VilEI$40°CL L7, 0.1% formic acid/acetonitrile = 20/80 D ¥]—¥E1IC T
0.2 mL/min Dt T H L 72, Mass spectrometry Tl electrospray 4 4 ¥ {t 3 X U negative
ion mode % H\>7z, Characteristic fragment ions & L C, Z L% 4 NAG Tl m/z 220 — 59.1,
B-NAG2 Tld m/z 248 — 100 O ' — 7 [Hf&2> b, MM+ O NAG 5 X U B-NAG2 %
EE L7z,

1-2-8  HRGEHIENT

FERTHE BEAEMUE 1Z. Microsoft® Excel® software (Office 365) (WA, USA)d L < (X IBM®
SPSS® Statistics 25.0 (NY, USA) % Hi\>, Dunnett’s test, Tukey’s multiple comparison test L <
IZ Student’s t-test & FEME L 72, 725, p A 0.05 Kl Z HEHAARE L L,



1-3 fEHR
1-3-1 IEF e FREMIEICE T % 0-NAG2 I X OF B-NAG2 © HA A E

B IEH v b REMALIC 51 % B-NAG2 (Figure 3) @ HA FEAE~DHEIZ D \WT, N
£ B X OB RHRTERY 7 2L % 7=, Figure 4A IC/R T8 Y. B-NAG2 12 mM 25 10
mM (IZ B W THRMREREENIC HA EAEZRE L HINEE 10mM IZBWTid, @M1 H
Bica vy br— L L HIRL T HA 8% 24 fHICHENT 272, BRNAZ/HICOWTiE, 10
mM B-NAG2 LERf% 1 HHZ2 5., 2 v b u— L L el L < HA FEAMRIEL . Z DRR 1L 4
HHICEWT Skt L T\ 72 (Figure 4B), i\ T, IEH & b REMAZZ 10mM D B-NAG2,
0-NAG2. NAG (Figure 3) ® L < 1% 10 nM RA TR L, HA FEAERE % LB L 72, Figure 5A
ICRTE D . 10 mM B-NAG2 1Z 10 mM NAG 3 £ UF 10 nM RA & 1ZIZ[RIFREE IC HA FEAE % {2
HEL 7228, 10mM o-NAG2 IC13Z ORI R o h o7z, & ORE, B-NAG2, a-NAG2
b L < IE NAG BRIC X o CTIEH b b REMAEEBICZ i 7 < . MIAZIC 3 2 fiAa sk 1432
B LT Do 7z (Figure 5B)e LA L DFERD | B-NAG2 (IR 5 X CEF IR I
B e FREMAED HA EEAEZREL ., ZDOXHEIZI NAG 3 L O RA L FRIFEER 5 72,

A B
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Figure 4. Effect of B-NAG2 on HA production in cultured normal human epidermal
keratinocytes. (A and B) The dose- and time-course dependent HA production in B-NAG2-treated
keratinocytes. (A) The cells were treated with B-NAG2 (0, 2, 4, 6, 8, or 10 mM) for 1 day, and ELISA
quantified HA concentrations in the media. Values represent mean + SD (n = 3) and are shown as
ng/ml. Dunnett's test was used for statistical analysis. **, p <0.01; *** p <0.001. (B) The cells were
cultured in the absence (Control) or presence of 10 mM B-NAG2 for 1, 2, 3, or 4 days, and HA
concentrations in the media were quantified by ELISA. Values represent mean = SD (n = 3) and are

shown as ng/ml. The Student’s #-test was used for statistical analysis. *, p < 0.05; *** p <0.001.
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Figure 5. Effect of B-NAG2, 0-NAG2, NAG, and all-frans retinoic acid (RA) on HA production
in cultured normal human epidermal keratinocytes. (A) Effect of B-NAG2, a-NAG2, NAG, and
RA on HA production. Keratinocytes were cultured in the absence (Control) or presence of 10 mM -
NAG2, a-NAG2, or NAG or 10 nM RA for 24 h, and HA concentrations in the media were quantified
by ELISA. Values represent mean + SD (n = 3) and are shown as ng/ml. Dunnett's test was used for
statistical analysis. *** p < 0.001. (B) Effect of B-NAG2, a-NAG2, and NAG on the number of
keratinocytes. Keratinocytes were cultured in the absence (Control) or presence of 10 mM B-NAG2,

a-NAG2, or NAG for 24 h, and the number of cells was counted. Values represent mean = SD (n = 3)

and are shown as 105 cells/dish.

1-3-2  B-NAG2 % HAS3 Bin T # ¥+ X OHIIEHN UDP-NAG E~5-2 % 2

T E TIT Sayo H 1t NAG IIEEIEH v M REMIED HAS3 BaRIRCEEL2 524
HA EAZRAET 2 DI L, RA (X HAS3 BIE T OFBEHEIC L Y HA EAZEET 5 C
ExRLTWA[0,11,13], % Z T, B-NAG2 ® HA FEAERERA H =X L%k HL 2 ICT S T
ExRHEME L, 9. 10nMRA, 10mMNAG, a-NAG2 5 X U B-NAG2 2 1EH b + FEA
fa D HAS3 BARFRBUCKITITHE LT T2, ZOFEER. RA 1T HAS3 B FRE 2 HEC
FRIEDITH L, NAG, a-NAG2 5 X U B-NAG2 T3 Z DEREENIRD b h - 7z
(Figure 6A), KICT, NAG. o-NAG2 ¥ X U8 B-NAG2 73, HA DA TH % UDP-NAG DAl
AN 7 =3 A DI RIS THEL T2 25, B-NAG2 F X 'NAG 13 UDP-NAG E%
BEICHME 2 720I1cxf L, a-NAG2 Tl Z Ok ZLIZ B 5 L7222 o 72 (Figure 6B), 72 5.
Z DGR HA FEER (Figure 5A) OZHIE R —HL Tz, ULEofERL» S, NAG &
k. B-NAG2 IFIEH v P REMITD HAS3 BRI EL 5 23, MlZN UDP-NAG
BEMMIELZLICX) HAFEAEZIREST 2 C L AR I Lz,
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Figure 6. Effect of B-NAG2, a-NAG2, NAG, and RA on HAS3 mRNA expression and
intracellular UDP-NAG in cultured normal human epidermal keratinocytes. (A) Effect of p-
NAG2, a-NAG2, NAG, and RA on H4S3 mRNA expression. Keratinocytes were cultured in the
absence (Control) or presence of 10 mM B-NAG2, a-NAG2, or NAG or 10 nM RA for 24 h, and
mRNA expression of HAS3 was measured by quantitative real-time PCR analysis. Values are
expressed as mean £ SD (n = 3) and shown as a -fold increase in mRNA expression relative to control
cells. Dunnett's test was used for statistical analysis. ***, p < 0.001. (B) Effect of B-NAG2, a-NAG2,
and NAG on intracellular UDP-NAG content. Keratinocytes were cultured in the absence (Control) or
presence of 10 mM B-NAG2, a-NAG2, or NAG for 24 h, and the amount of UDP-NAG in the cells
was measured by HPLC. Values are expressed as mean + SD (n = 3) and shown as nmol/ml. Dunnett's

test was used for statistical analysis. ***, p <0.001.

1-3-3 1B e FREHIIICNTE S % B-NAGase ifitE & B-NAG2 7 5 NAG ~D &
INETOMBIY, B-NAG2 ZHIIEAICIHE VT NAG ~Efax 3 Z & C, HA #EA %
fEHES 2 LHEMI S 7z, Z T R VN2 EHD B-1,4-77) 2 ¥ FiE& % UINT 3 2 B-NAGase
WEEICE B L[33,34]. 2N IEF b M REMIENICEET 25, 2 L TZDiEMED B-NAG2
IZ X % HA EAREEICEE S 3 % 2> B-NAGase DFHER # H W TR % 2 & & L 72, B-NAGase
DOIILHIPHEH]TH 5 PUGNAc 1. NAG DT Fu 7Lt LT Z & T B-NAGase #HE
3 %[32], £3. PUGNAc % B-NAG2 H % I NAG & [RIFFICAM L 72455, PUGNACc 13 1E
et REMBZIC BT B-NAG2 1T X % HA FEAEEMEE (Figure 7A) & #IAZA UDP-NAG & D
BN A& MEI L 7= 0k L (Figure 7B). NAG iC X % HA S X 18 UDP-NAG B0z
WEBERLG 20T, 2D L5, PUGNAc DFHESIED B-NAG2 ICHFRITH Y, B-
NAG2 7% B-NAGase I & ) NAG ~EfrI N5 Z L BRBI N7z, RICAKIEE %W, 1E
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e FREMIEANICE T 5 B-NAGase 5 X UF 0-NAGase 151 O H # % #5T L 72, 4MU-B-NAG
L M 4MU-0-NAG X, ZNZ 1 B-NAGase F & UF 0-NAGase IC X . 4MU & NAG IZ 57 fif
IND T LoD oTWw5%, Figure 8A IC/ARFH Y. IEH b M XM & 4MU-0-
NAG % L { [Z 4MU-B-NAG # 4 v F 2 _— b L 72#ER., AMU-0-NAG 2 5 13 NAG 13 &
N o 72 DITH L, 4MU-B-NAG 75 13 NAG 23 S L7z, A T, B-NAG2 & #ifZH
MHEE A v F 2=+ LEGAICD,. NAG O 25380 57z (Figure 8B), %7z, IEH
b M REMIIEZ B-NAG2 T L 72356 4 Kill 2> 5 24 FifEEL I 5T MAEN NAG &2
av b= LR L CTHEREICHML 72 (Figure 8C), X 51, B-NAG2 HfhTIIMAEA p-
NAG2 BEDHNNIZ T DI 277> 7225, B-NAG2 & PUGNAc ZilAGbE -84, MigH
IZ B-NAG2 DEEA R bi/z (Figure 8D), TN HDFER L Y| IEH v M REMATICIZA
EMED B-NAGase iGERFEL TE D, B-NAG2 2» 5 NAG ~D IS5 32 & & 2355 <
IRB XNz, 7k, NAG 2> b UDP-NAG ~ DRI ICEH T NAG % NAG-6 J Vg Y
V(LS b NAG kinase DB THREEZ ) TV X 4 LJERE PCR TR~/ Z A, ¥ Cr
fiE (% 27.44 + 0.130 CF¥ Crfli + SD, n=3) TH Y. ENGAGE (B-NAGase) Bl THEED
30.67+0.327 (P Cr il £SD,n=3) XV BHEFICE D o7z, LLEDORER LD, B-NAG2 IZH
EM: B-NAGase DIFHIC XL o Tz FAEOYIK %3217 T NAG ICE# I, X 51 NAG
kinase IC X ) NAG-6 V v IBICZ#ath, wA&HIC UDP-NAG &7 b, HA ~UViAEns &
# Z b7z (Figure 9),

600 _ *kk *kk 14 _ dekk dkk
500 ~ 12
£
= 400 5 10
c e
> £ 8
2300 o .
<C
T 200 =
o
3 4
100 2
0 0
B-NAG2 - + - + - B-NAG2 - + - + -
NAG - - B - B NAG - - - - -
PUGNAc - - - + + PUGNAc - - ; + +

Figure 7. p-NAGase activity and effect of PUGNAc on B-NAG2-induced UDP-NAG content and
HA production in cultured normal human epidermal keratinocytes. (A and B) Effect of B-NAG2,
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NAG, and PUGNACc on the intracellular HA production (A) and UDP-NAG content (B) in cultured
keratinocytes. The cells were treated with 10 mM B-NAG2 or NAG in the absence or presence of 0.05
mM PUGNACc for 24 h, followed by ELISA for HA production or HPLC analysis for intracellular
UDP-NAG content. Values represent mean £ SD (n = 3) and are shown as nmol/ml for UDP-NAG
content and ng/ml for HA production. Tukey’s multiple comparison test was used for statistical

analysis. *** p <0.001.
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Figure 8. p-NAGase activity and effect of PUGNAc on B-NAG2-induced UDP-NAG content and
HA production in cultured normal human epidermal keratinocytes. (A) o-NAGase and f-
NAGase activities in cultured keratinocytes. Different protein concentrations of keratinocyte lysates
were incubated with 100 nmol 4MU-a-NAG (open circles) or 4MU-B-NAG (closed circles) for 2 h,
and LC-MS/MS quantified the fractionated NAG. (B) Conversion of B-NAG2 to NAG by keratinocyte
lysates. Different protein concentrations of keratinocyte lysates were incubated with 100 nmol B-
NAG?2 for 24 h, and LC-MS/MS quantified the fractionated NAG. (C) Conversion of B-NAG2 to NAG

in cultured keratinocytes. The cells were cultured in the absence (Control) or presence of 10 mM -

12



NAG? for 4, 8, or 24 hours, and the intracellular NAG content was quantified by LC-MS/MS. Values
represent mean + SD (n = 3) and are shown as nmol/ml. The Student’s #-test was used for statistical
analysis. *** p < 0.001. (D) Effect of p-NAG2 and PUGNACc on the intracellular B-NAG2 content.
The cells were treated with 10 mM B-NAG?2 in the absence or presence of 0.05 mM PUGNAc for 24
h; LC-MS/MS measured the intracellular B-NAG2 content. Values represent mean + SD (n = 3) and
are shown as nmol/ml. N.D., not detected. Tukey’s multiple comparison test was used for statistical

analysis. *** p <0.001.

| B-NAG2
HA, Hyaluronan

6UGNAC —Il, ﬁ-N—acetylqucosaminidash HAS, HA synthase

Keratinocyte

NAG NAG, N-acetylglucosamine
\1' NAG kinase NAG-6P, N-acetylglucosamine-6 phosphate
NAG-6P
\1, UDP-GIcUA B-NAG2, 1-ethyl-B-N-acetylglucosaminide
\1/ \l/ B-NAGase, B-N-acetylglucosaminidase

\_ UDP-NAG 9@_} UDP, uridine diphosphate
HA

Figure 9. Scheme of B-NAG2-mediated HA synthesis. Schematic diagram of HA synthesis in -
NAG2-treated keratinocytes. B-NAG2 is converted to NAG by intracellular B-NAGase, and then
metabolized to UDP-NAG via NAG-6P, which is one of the substrates of HA. PUGNACc is an inhibitor
of B-NAGase.

1-4 F%

AT, IEH b b EREMAEICIE B-NAG2 % NAG ~ZH13 2 NIEM: D B-NAGase 23 F1E
LTEY., ZD B-NAGase il TEDIHEIC X b, B-NAG2 2»5 NAG ~DAM S HEI NS T
ExRINLTZ, TNETICT, B-NAGase FHIEEICHDFEET 2V PV avX—€ThHY,
N,N’-diacetylchitobiose core ICF1F % B-1,4-7 ) 2> FiEEZUIMI T2 &ick b X v

JE Db NAEGREHEZ BT 2 2 & AME S Tw3([33, 34], AEsTofER» S, p-
NAGase (3. NAG ORICKIHICIAET 23 FRIVINT W2 FAHED B-7'Y a2+ FiEED
UM LIS 2152 H T 5 2 LR E Nz, £7250] a-NAG2 & B-NAG2 D 2 fEFH D 1-ethyl-
N-acetylglucosaminide AR MARD 5 B B-NAG2 D AAIEH b b REMATIC I VT HA FE
ék%%ﬁw_o ZOMM L LT, IEH e b REGHBH I 12 B-NAGase G HE 2 R HT & 1L

A L. 0-NAGase i PEIZRUIL T2 Z EICERLTW3 EE X bz, TNETIC
B-NAGase ¢ o-NAGase |3 B 7 2 {2 — v BB I N TWw5, b TlE p-NAGase
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(. MERR. REE. . ReER. B, GOMEL BRI RN, PN E & TRk 4 kT 0SB
Wi TN T 22333]. KE IS BV TR IEHR EEAESFMILIC 35\ T a-NAGase D FB1 23
HINTWB[35], 2D Exb, MHBCHIIEICE T 2 a-NAGase D L £ I¥ B-NAGase i 1E
DHEMICL Y., a-NAG2 & B-NAG2 1357 2 M 2R 3 RREME DS B b . FBCHRAE DA AT
B W T 0-NAG2 23 HA FEARER R 2 /R 3R H 5,

4], B-NAG2 (Z1EH & b REHMAZA © UDP-NAG E DN % s HA FEAEZ{eiET %
& %/ L7z, UDP-NAG ZHAFEOMILICE VTR O EECHFET X 7L A F FTHY
[36]. = DMIFEAN 7 =3 4 XiZ, b5 1 DD HAS DFE & 72 5 UDP-GIcUA L 9 K E W
[37, 38]o —/7C. HASI-3 IZ%f9 % UDP-NAG ® I T U REH (Km) DfE % UDP-GlcUA
X0 b REL, BEE L HEOHEMMERE N 2RI NT W 3([39], 2D, MEPA UDP-
NAG B2 IEH b b REMATICEH T 2 HA FEAOHREIR & 2 0 32 n[REMER H V. T74db
b ke DML UDP-NAG 2% HAS I X 28137 HA AICB W TRELEZ LN D,
T bk, REMALIC I T 5 HA FEED, #IlAN UDP-NAG 7'— V34 X%k @34 5~
v =R X o THES[40]. 72 UDP-NAG DAELKICES T2 glutamine fructose-6-
phosphate-amidotransferase % siRNA IC X D / v 7 X7 v L72& 1B W T H HA EE R
T[4 o HE LD T B, —F. UDP-NAG i HA FEALISMC b O-linked NAG & L
TR VAN HEOPEHEMICHERINE LW REDH D, T HICTIE, HAS2 X Vv X7 HO%
TE MESHAEA UDP-NAG I & - THEMI L [42]. O-linked NAG f&£ffi 2% HAS3 DM HE, —
YIEHA L= ABIOY VY - LRSS 2 b E I N TV B[43], Eo T, B-
NAG2 2> b Ul X #1C4: U 72 UDP-NAG 7%, O-linked NAG f&fifi % /i L T HAS OiEM:D L <
FREWICHFS L, T HAERICGEEZ S Z T 2 a[REED F A b, X bk 2 MEEN
PBETH B,

ARETIX, B-NAG2 2SEKLMAIHNICH VT, NAG 1L S ., IV HA OB D 1
DTH 2% UDP-NAG mAHMI 2 2 &Ik ) HAFEAZEBRNICRET 22 L 2R L7,
% 72 B-NAG2 DRI IC 51Tl B-NAGase IC X 5 NAG ~DEMBSHHATH H, FKEAM
Ricix 2 o RSz 5 NIEMED B-NAGase IGTEDFEIES 5 T & R L7z, AL X D B-NAG2
IR MR BT I & HA FEAERER E L CTHERATH® 2 2 E 2 bz,
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H2E RKIKHA ORI e & KL 2 — v o — oy — L& DBIfRIE

2-1 /NF

B 1 HEOMRID, B-NAG2 FIEH v P RZAMATD HA FEA Z IR ICEEST 2 2 Lo
5. KK HA OEHEMEE® 2 E Tl L 72 HA EARERITH D L E L bz, AET
T, b PEESRERESR, 3 RoUEEe FEEET B L UREEERR v P REMEZ v,
FKICET 2 HA DOFELE, HTEV A b X BN IC BNAG2 28I T HE R~
7=, WlEORE - b (2 —vA——) L OBEEE BT L 72,

222 MEls X R E
2-2-1 A
B-NAG2 | T. Hasegawa Co., Ltd 2> 5 AF L 7z, PUGNAc (Z Sigma-Aldrich 2> 5 A L 7z,

222 b b EEHABOEERE

IEH e PR, @EHARALE 3 4 40 ) DIEEFMig i o 45 52> © BRE
L7z, BoN7ZEEHBEZER 8 mm DA A7 — v F Y] H L, Netwell™ Inserts
(CORNING,NY,USA) LICREL 7z, Z D&, 0.04% (vol/vol) BPE (Kurabo) 35 X UV8f 1 EZiC
RTH TV AV EHRIML 72 Ca2RE 1.4 mM © MCDBI153HAA 55l (Wako Pure Chemical
Industries) 1C CHEE L 72, MM OERIUL, HERFRRPE s & ML ERA St D B &
ZERC X > TEKR I, FMRETICETCOERE» LA v 7+ —LFavey P2 AFL
726

2-2-3 GWEEER LR O DR D

BEHR % 231 [44, 45]. BZREAEA% % 3.8% (wt/vol) ammonium thiocyanate % & PBS HIC T
4#'CTIWEA v F 2 ~— 1 L7, PBSICTHHR, vty P2V TERRZEKD L
HEL 72,

2-2-4 IEH b P REMIEOREE

IEH e b EREMAE (Kurabo) 1. 0.4% (vol/vol) BPE 3 X UVSF | ZIC/R$H 7 U X v b &
L 7z Ca> 2 0.1 mM ® MCDBI153HAA2 5#l (Wako Pure Chemical Industries) 1 CH5#
L7ze av 7z y MICGEL LK, Ca2EBE% 1.8 mM, BPE BJE% 0.04% (vol/vol)IC 258
L. 10mM B-NAG2 ZiIN L 7z85Hhic T X s L 7=,

2-2-5 3XTLEE B PEEE T L OREE
3R B PEEET VI, BMRESEIC46]. UTICRT HIECHELZ, 2X
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Dulbecco's modified Eagle’s medium (DMEM) 5 vol {Z#f L T, fetal bovine serum (FBS) 1.3 vol,
DMEM 1.2 vol # £ U8 10% FBS % &% DMEM 2T 1.5X 10 cells/ml D T L 72 1EH
b bR ARHESEAIAE (Kurabo) BRI 2.5vol 2> 7 378 %, Svol DKG L7z 1M a5 —
7 VIR (Koken, Tokyo, Japan) &iREHOYE, A ALF ¥ —4 v —F BICFEE AN,
37CICCHA S & 7-4I1C, 10%FBS &8 DMEM <5 HREBGEL, 27 -7 v 7 %Il
M CEREEZFERL 2, Ca B 0.1 mM ® MCDBI53HAA2 £5ihic CHE L 72 1EH &
FREMAE. 27 =7 v A OMRORENICHERE L, B #EUIER) I CRE
BB fTolz, REMEZa vy I Lz v MITELREE AT, MEHE G ER) 1
TRERERRETCOREEZHIBL 7, REZEINT 2FRE, vy P2V TEE? O F
BEL 7z
MUFEE LI, 1% FBS % & Ham’s F-12:DMEM (1:3, vol/vol) 51111, 0.1 mM ethanolamine,

0.1 mM o-phosphoethanolamine. 0.4 pg/ml hydrocortisone. 5 pg/ml insulin, 0.9 mM adenine. 5
pg/ml transferrin, 20 pM triiodothyronine, 0.64 mM choline chloride. 1 mM serine, 20 pg/ml linoleic
acid ¥ £ O° 50 pg/ml ascorbic acid Z 7N L 724l ¢ H %, HEIEAEEHIZ. 0.3% FBS 2 &1
Ham’s F-12:DMEM (1:1, vol/vol) I, 10 nM progesterone & 7 {LFREHE & [FEkD 7Y X v b
L7z <Td 5,

2-2-6 KX HA BOHIE

AR D L <t 3 Kotk e MEFET A O8I L 723K K % 0.2 mg/ml proteinase K
(Thermo Fisher Scientificy % & ¥ 0.1 M Tris-HCl (pH7.4). 02 M NaCl. 5 mM
ethylenediaminetetraacetic acid 3 X U 0.4% (wt/vol) sodium dodecyl sulfate {&#ZH T, 55°CT 2
K] 4 v % 2 _—} L7z, 95°CT 10 pfENEAER, WEDO7 =/ —n Zunafki s i Y
T IAT a3 — v (25:24:1,vol/vol/vol) ZIINL . o Iciiibtk, =05 BE i CTOKE % [BIIY
L7ze THICKBERIED 7 mu RV L2, T ic ik, =058 TKE % BIIR
L 72[47]o HA B35 1 ZICFEE L 72 I > TER L 72, [d ¥ v 7122\ T Fluorescent
detection type double-stranded DNA (dsDNA) assay kit (Quant-iT dsDNA Assay Kit, Thermo Fisher
Scientific) % F\»C dsDNA &% HE L. SO N7 T HA EZFR L TEELL 72,

2-2-7 HA 73 T84 OHIE

it sETEINL 72 HA /KiA# % . Shodex OHpak SB-807 HQ column (8.0 X 300 mm)
(Showa Denko, Tokyo, Japan) % F\>7z%7 L 25 HPLC i£IC X D 53] L 72[48], 71 7 L RJE I
40°CE L7z, 50mM V YN 7 7 — (pH7.0) I T L, Hi# 0.5 ml/min T 0.5 5375
SRR ZRIN L 72, &7 727> avho HA BI3% | B L2 ECTCERL, B
HA BICN$ 287527 avho HA BOESE (%) ko7, 7 L0KIEICiiy—
7 by 7D REY A4 XA 2,012 kDa, 887 kDa, 222 kDa & X UF 55 kDa @ HA EH#Ef, (PG
research , Tokyo, Japan) % FH\»7z,
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228 U T AMZALER PCRIL

IEH e P RS KO3 KotkiE e FEEET A OERIL 2REEZ v, B 1 &I
FLHk L 725k o CHER PCR %ML 7. RPLPO 3 X U HASI-3 OIS L 7=
predesigned @ primers & probe Dt v b X5 1 EICELHE L 7= proliferating cell nuclear antigen
(PCNA). transglutaminase 1 (TGMI). filaggrin (FLG)¥ X U cluster of differentiation 44 (CD44)
ICDOWTIFHAFICRL 72,

Gene name Gene symbol TaqMan Gene Expression Assay ID
proliferating cell nuclear antigen PCNA Hs00427214 ¢l
transglutaminase 1 TGM1 Hs01070310_m1
filaggrin FLG Hs00856927 ¢1
CD44 molecule CD44 Hs01075861 m1l

2-2-9 HFR I X O R AL o B AT

B MRS L O3 XotEE e P REET VI, BEE-Rv= Y v/ R — A (H
BRI [491IC CTIEER, T 74 vEBL, WYL, ¥ L e Tiing 7 4 vk,
100%72> 5 70%D = 2/ = AFEHRINCTORMIL . SRREO 2 EE L 72, PEEE . Mk
Yk~ F2 ) vyEXUPTAY Y (H&E) (Merck, Darmstadt, Germany) 1Z CHta L 7z,
I H R T AT ISR T 1 RSB X0 2 XtAZ TN X v o375 LU HA %
B L, AL — P —BAREE LSM710 (Carl Zeiss Microscopy, Jena, Germany) 1 CTHiiz L
72o Ki67 MRS, 200 56 KRB ER I CHERMIAERE 700 um D272 » OMIfaEE v v
F L7z (n=30), XEEIZ, HEE 46D 200 595 KRB 2 FHv, Bi{RERT Y 7 b v«
7 ZEN 3.1 (blue edition) (Carl Zeiss Microscopy) & CHIE L 7z (n=75),

BRlE-F =) v/x 2 ) — VIRROMKIZ 4% F L LT VT e B 5% BElRS X O 70% T
R —=NTh5b,

Bz v o8 1 KAk 2 Rtk
DyLight488 125
K6 V¥ F¥FE ) 7 u—F YR ¥ XY ¥ X 1gG Hilk
(Abcam, Cambridge, UK) (Jackson ImmunoResearch,
PA, USA)

. DyLight488 125
7Y FKRY 7w —Fdifk . .
TGM1 ¥ XY Y X 1gG Pk
(Abcam)
(Jackson ImmunoResearch)

FLG < RE ) 7 u—F bk Cy3 By ¥9i~ 7 X IgG HUfk
17




(Biomedical Technologies, MA, USA) (Jackson ImmunoResearch)
a4 ~ Y A%/ 7 u—F LYk Cy3 k¥ ¥¥i~ v X 1gG Huik
(R&D Systems, MN, USA) (Jackson ImmunoResearch)
HA vt F U HA A5 % v 37 E | streptavidin-fluorescein conjugates
(Hokudo, Hokkaido, Japan) (Molecular Probes, OR, USA)
3 TO-PRO-3
R EE g ) ) (Molecular Probes)

2-2-10 #REHENT

FERTI A B ZEHUE 13 Microsoft® Excel® software (Office 365) d L < X IBM® SPSS® Statistics
25.0 ZH\>, Student’s t-test, Dunnett’stest D L < |& Tukey’s multiple comparison test % FE/fiE L
7o T2¥. pfEDY 0.05 Kz MaHAERE L L,

2-3 fER
2-3-1 b FEEREREE G BNAG2 1T X KK HA EEAREL B &2 — v+ ——
& OB

X Ui, X HA OEBEREEZ T~ 2 ET. invivo DIRBEICRDITVWEEZDbILS b B
FIGHBOMERERZEINL 2, 5. B-NAG2 AWM ERERICE VT D RE HA 210
XL D 720, HHiFIC 10 mM B-NAG2 ZiRII L. 5 HIERGE L 72, REMAK> S
HA Ziii L. DNA %72 Y @ HA % HE L 724558, B-NAG2 T L 72 K Sk < i,
avbbu—n L TEE HA BIZAE L 72 (Figure 10A), 2+ ¥ TIiC HA 1391
BV ARG CRRZAEMBRELAE T2 2 EPME I N TV 5([24,25], % T T, B-NAG2
BEE HA O TEDSMICKITTHELZTAR-E A, avibr—1Ee BNAG2 TUEL
T AAR D S L 72 HA O FRIGEWIE RS, Wb v—72 F v 7% 1,000-2,000 kDa
ET i T®m7Tu 7 7 A VTHo 7 (Figure 10B), ¥ 72, B-NAG2 2% HA O RN 24
ICRIETHE LT A, a vt un— L O TIHEEDOIRE L —EL[50]. XRDHE
JEETE 2> & FERLJE I 2 L AEREIBR IS B > 7 F v B E S vz oicxf L (Figure 10C). -
NAG2 TR L 7zffkCciz z oo fmicZ iz <. X ViEwBitkEy 7 F A nBE s ns:
(Figure 10C)s TN H DFER L V. b b EEHMKORERERICHE VT, B-NAG2 IZ HA D5y
TRPHBMN M I E L5225 2 REHA EAZEMEE 5 2 R dns, —
F. TOROMMBIZEES H&E RIC X W BIR Lz 25, av o —Loffiiie p-NAG2
TR L 7M1k e L BB IR ICE LIZERD b7 h - 72 (Figure 10C), ZD T & H 5,
5 H o B8R <1, R HA OFEEEHE IR OMGE - LIciZBAS L v, H 50
K DOWENE - 5L 2 TR 2 I ERA R T e Ex b, IO EENROER %
RA7zb DD, KEDIREL RIFICHIFT 22 LA TE o720, KIEHMEHWTE

18



B HA i@ o & s Lic 2w TRRET 2 A2 2 D IFEEL W &Il L 72, 2 2 C, ASTED
REL LT, BBz G277 v~= ) vy 7 X LIt KBEERE L7 3 KXot
EEe PREETVERV, SohdBEteiro 2t e L

A B

—O— Control
1.2 ¢ * 15  —e—p-NAG2
1,200 kDa
<z 11 2,200 kDa, ¥ 65 kpa
zZ
208 |
©
206 }
2
204 t ]
% 1
0.2 F
O 1
Control B-NAG2 35 40 45 50 55 60
Fraction
C Control B-NAG2
e e
/,/;,,'- =

> yln"" ‘Q ?"‘ ;‘o"t"’z"“:’“
)‘104 ‘(A‘H'?! ""/ 0..&‘ "
0' x‘o"“' REF i
lf a,‘.ﬂ ’
e s
Jee Y

Figure 10. Effect of B-NAG2 on production, molecular weight distribution, and tissue
distribution of epidermal HA in organ cultured human skin. (A) HA production in B-NAG2-
treated skin tissues. The skin explants were treated with B-NAG2 (0 or 10 mM) for 5 days. The
epidermal layer was separated, and ELISA and dye-binding assay quantified HA and dsDNA. Values
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are expressed as mean = SD (n = 3) and shown as pg/ng dsDNA. The Student’s ¢-test was used for
statistical analysis. *, p < 0.05. (B) Size distribution of HA produced in the epidermis of skin explants
cultured with B-NAG2 (0 or 10 mM) for 5 days. Molecular weights were determined by size-exclusion
chromatography. (C) Representative images of H&E and HA staining. The skin explants cultured with
B-NAG2 (0 or 10 mM) for 5 days were collected. The sections were stained for morphology (H&E)

or HA (green). Dotted lines indicate the skin surface. Scale bars = 50 um.

2-3-2 3RgcEEE e FPEEETAEHG: BNAG2 1T X B KK HA FEAEE L £ 2 — v
7 — o — & o BRI

3RTCHEE e FEEET VRO, BFHUICHIN L 72 B-NAG2 23K K HA I RIT T8 %3
Rz, 3RTCHE e P EEET VT, EF e b RSS2 IREAAL CER L2 7 —
Frrnbic, EFe PREMEZEEL ., ZARBRECHET 2 LI VEEL -,
Figure 11 IC/R 358 0 . B-NAG2 CTHLEEL 7z 3 RotksEE e PKJEET AV TlE, avtr—n e
L <, #ARHZESHE2»ORKE HA BEXEEICHML., 2 oMz, #XAEHFESHEL
1HHECEWTHHR I, ZREHZ ILHEHICBT2RXKHA O TR e 7 74 0%
FRIzL A, TV EE—L L BNAG2 TUH L 72 3 XIkiE L PEEET LICE VLT,
H122,000kDa A L7 F 7 v avice—2 by IREEL TE D, 2FMIGEWITEED 5
N7 o7z (Figure 12), KIT, B-NAG2 233 Xt FFEET VICB LT HEEIER
bR L FEED A 1 = X LT HA BEERREL 20 %270, 7 3 JockEe
FEFETNMCEBIT2EEBRHAS DT AV HF A LIOWTH|RTz, YU T2 4 LEE PCR
DIER, av be—LOFRFET L TIE, HASI BIinTFIEIL 28.93+£0.047 CF¥ Cr il +
SD,n=3) THo/DIIX L, HAS2 EInTFIEIX 33.17£0.144 (P Cr i £ SD, n = 3)
B LN HAS] B REBIHRERALU T CH o7z, 2D &b, HAS B TEYO B X
Z 95%I\t HAS3 Wik TH 5 T LR &, FEEIER v PRGN & [k, & + 3 RIuKEE
TICE T B RE HA OFEEIITIC HAS3 BH-Tw b L Ex bz, £ 2T, B-NAG2 AL
BT BT B HASI-3 B TR EFI2 L 25, HAST B TEYIIMRE ST, HAS2 B X
W HAS3 BT RIARIIEERE®D 75 > 7= (Figure 13), TDZ & 55, Figure 9 IR T
WY, B-NAG2 1 3 Itk FREETFARKICE VT Y HAS3 BIEFORIFE 4 /) X
T, HAFEARRET 2 L2 bz, O ICHBFNEBIZEIC X v, £E HA OMBN O
RIANIZEZ A, avir—) 3 ZokiEe FREET AT b b EEHRE KL & FER
(Figure 10C), FEJEJE 2> b FARIE I 22 CHIRERIBRIC G 1E S 7/ F v 03815 X 7z (Figure 14B),
F 7z, B-NAG2 TUUBEL 7z 3 Rtk FRFET VI W TH HA Ofic 2 bidz <,
av b= L TXYROBETEY 7 F AR bz, RIT, £ HA FEA & MIRaH
JH - b e OBARIEEZ TR 2 720, H&E Jefaic X 2 MM REZBE LR, av bo—
L& HEE L T B-NAG2 LR IC 5 €, RLEF(L O TUE, T 7ab b REENSIIML T 55
T S 7z (Figure 14A), & 510, REEZERBINICHNT L 726558, p-NAG2 THLH L

11}
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72 3 Xt e PEFETACE I Y be— L IRL T, REPAERICESE>TWw5
& LHEDPD b (Figure 15), SO DFER2 S, 3 X Ee PEEETALEZH VS C
& T KK HA LHIEOBEGE - /b & OBIRMEA TN 2 2 L RH[RETH 5 Z L | T 72 B-NAG2
IC X DR HA DAL, FRFICRKEZME &2 Z 2RI N,
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Figure 11. Effect of B-NAG2 on epidermal HA production in reconstructed human skin
equivalents. The time-dependent HA production in B-NAG2-treated skin equivalents. The skin
equivalents were treated with f-NAG2 (0 or 10 mM) for 5, 8, or 11 days. ELISA and dye-binding
assay quantified HA and dsDNA in the epidermal layer, respectively. Values are expressed as mean +
SD (n = 3) and shown as pg/ng dsDNA. The Student’s ¢-fest was used for statistical analysis. *, p <
0.05; **, p <0.01; *** p<0.001.
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Figure 12. Effect of B-NAG2 on the molecular weight distribution of epidermal HA in
reconstructed human skin equivalents. Size distribution of HA produced in the epidermis of skin
equivalents cultured with B-NAG2 (0 or 10 mM) for 11 days. Molecular weights were determined by

size-exclusion chromatography.
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Figure 13. Effect of B-NAG2 on mRNA expression of HAS in reconstructed human skin
equivalents. HAS2 and HAS3 mRNA expression in B-NAG2-treated skin equivalents. The skin
equivalents were treated with B-NAG2 (0 or 10 mM) for 9 days, and mRNA expression of HAS2 and
HAS3 was measured by quantitative real-time PCR. Values are expressed as mean + SD (n = 3) and
shown as -fold increase in mRNA expression relative to control samples. The Student’s ¢-fest was used

for statistical analysis. N.S., not significant.
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Figure 14. Effect of B-NAG2 on tissue distribution of epidermal HA and epidermal thickness in
reconstructed human skin equivalents. Representative images of H&E (A) and HA staining (B).
The skin equivalents cultured with B-NAG2 (0 or 10 mM) for 11 days were collected. The sections
were stained for morphology (H&E) or HA (green). Dotted lines indicate the skin surface. Scale bars

=50 um.
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Figure 15. Effect of B-NAG2 on epidermal thickness in reconstructed human skin equivalents.
The epidermal thickness of B-NAG2-treated skin equivalents. The skin equivalents cultured with -
NAG?2 (0 or 10 mM) for 11 days were collected, and the epidermal thickness was measured. Values
are expressed as mean £ SD (n = 75) and shown as um. The Student’s #-test was used for statistical

analysis. *** p <0.001.

2-3-3  B-NAG2 T X 2 REZHIAE~ D BT ) R

REMBRDOTRIT 72 o 7= i L HE ML KM O I & b DN T v R X o THERF
INB[51],% T TB-NAG2IC X B RZJEHIMOERK ZBH & 2103 % 72912, £ 7 13 B-NAG2
233 KIukEE e P RJEE T VIS B T B REGHIE O BEIEIC FUT IR % 1~ 72, Figure 16A 1T
I Y M~ —h — DD TH B Ki67 DRIEREEEE L 2 A, avbu—
LTl Ki67 AR 3 RS RS ICHFE L T 72Dk L, B-NAG2 THULHE L 72 3 K
TCHEKE T 7TV CIEERFICE < @ KioT IGHMEAEIgE S iz, 2 b Z5HII L 724553,
avbur— LKL T B-NAG2 TR L 72 3 Ruthifs e T T L icB VT, Ki67 [
PEAIEB A E B ICHEM L TWw 3 2 2R X Nz (Figure 16B), F 72, Ki67 & 135 7% 2 fllfiakg
i~ —71—T® % PCNA B THBICOWTHHRAZLE A, avre—n]HIKL T B-
NAG2 T L 7= 3 Jocksi e PGS A Cit, A5 EH LT/ (Figure 160),
bOFER LY. B-NAG2 TR L 72 3 RItHEE b b G E 7 VI I\ CREHMIRE 0 385 A37T
HELTWB 2 ERRBINT,
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Figure 16. Effect of B-NAG2 on keratinocyte proliferation in reconstructed human skin
equivalents. (A) Representative images of Ki67 staining. The skin equivalents cultured with B-NAG2
(0 or 10 mM) for 5 days were collected. The sections were stained for Ki67 (green). Dotted lines
indicate the skin surface and the solid lines mark the border between the epidermis and dermis. Scale
bars = 50 um. (B) The Ki67-positive cells in B-NAG2-treated skin equivalents. The skin equivalents
were treated with B-NAG2 (0 or 10 mM) for 5 days, and the number of Ki67-positive cells in the
epidermis was counted. Values are expressed as mean £ SD (n = 30) and shown as cells/700 um of the
basal layer. The Student’s t-test was used for statistical analysis. ***, p < 0.001. (C) PCNA mRNA
expression in B-NAG2-treated skin equivalents. The skin equivalents were treated with f-NAG2 (0 or
10 mM) for 5 days, and PCNA mRNA expression was measured by quantitative real-time PCR. Values
are expressed as mean = SD (n = 3) and shown as -fold increase in mRNA expression relative to

control samples. The Student’s #-fest was used for statistical analysis. **, p < 0.01.

25



2-3-4  B-NAG2 IT X 2 K HA PEARMEZE A L 72 KA o HEhiE e it
RIT B-NAG2 I & 2 IS D TTHEIC K Z HA FEA OB EE G- L T\ % 5 & i~ 7z,

1 EICBWT, B-NAG2 IR LAMALOMALA T B-NAGase DIFAIC X - T NAG ~&faX
N7zt BIEMIC HA OB D | D TH % UDP-NAG iRt ., HA EAZRRET S C &
ZR LT3 (Figure9), %2 Z T, IEH b P REMIEO HIFEE R %2 Hv . B-NAGase D H:HH
EFHEHRI T H % PUGNAc 25 B-NAG2 I X % HA FEE & MR sEIetE Ic Mg 58 %
T2o Z DFER. 1 BEOMER L FEEIC (Figure 7A). PUGNAc (3 B-NAG2 IC X - THi ki
A 5 HA BN % 5E 2 HE L (Figure 17A). [FIFFIC, B-NAG2 IZ X 5 PCNA
B TOREEF LG+ 2 2 & 2 RH L7 (Figure 17B), fit\ T 3 RuckssE e FEEET
NG, FEOER%ZIT-7- ¢ 2 A, PUGNAc 13 B-NAG2 I X %% HA EAMEE% H
#9 23 L[ERFIC (Figure 18A). P-NAG2 IC X 3 PCNA B{n 7RI O FE LA S HfH+2 2 &
% FH L7 (Figure 18B), TNH DFER L V| B-NAG2 IFEKK HA OFEAREE L, [EH
b RGO LS 2 5 L E 2 b7,
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Figure 17. Effect of B-NAG2 and PUGNAc on HA production and PCNA mRNA expression in
cultured normal human epidermal Keratinocytes. Effect of f-NAG2 and PUGNAc on HA
production (A) and PCNA mRNA (B) in cultured keratinocytes. The cells were treated with 10 mM (-
NAG?2 in the absence or presence of 0.2 mM PUGNAc for 3 days, followed by ELISA for HA
production or quantitative real-time PCR analysis for PCNA mRNA expression. Values are expressed

as mean + SD (n = 3) and shown as pg/ml for HA production or mean + SD (n = 3) and shown as -
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fold increase in mRNA expression relative to control cells for PCNA mRNA expression. Tukey’s

multiple comparison test was used for statistical analysis. *** p <0.001.
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Figure 18. Effect of B-NAG2 and PUGNAc on epidermal HA production and PCNA mRNA
expression in reconstructed human skin equivalents. (A) Effect of B-NAG2 and PUGNAc on HA
production in skin equivalents. The skin equivalents were treated with 10 mM B-NAG?2 in the absence
or presence of 0.2 mM PUGNACc for 9 days. ELISA and dye-binding assay quantified HA and dsDNA
in the epidermal layer, respectively. Values are expressed as mean £ SD (n = 6) and shown as pg/ng
dsDNA. (B) Effect of B-NAG2 and PUGNAc on PCNA mRNA expression in skin equivalents. The
skin equivalents were treated with 10 mM B-NAG2 in the absence or presence of 0.2 mM PUGNAc
for 5 days, and PCNA mRNA expression was measured by quantitative real-time PCR. Values are
expressed as mean = SD (n = 3) and shown as -fold increase in mRNA expression relative to control

samples. Tukey’s multiple comparison test was used for statistical analysis. *, p < 0.05; **, p <0.01.

2-3-5 B-NAG2 IT X % REAHAE~ D oL HERN F

I HIT, B-NAG2 IC X 2 REMBED Lic ki § 2 &R/~ 5720, 3RIckiE e K
EFAERAG, REDOHMME~—H—TH 2 TGMI & FLG I D W THRIEREEFEEL 72, t
bR L FER, 2 v e — D 3 RIuE E e P KEE TV Clk. TGMI IR AE 2> & 58
K OMIRE FiC (Figure 19A), % 72 FLG (ZHERfE O MfeE i Ak D~ 7 F v & LT
X7z (Figure 19B), B-NAG2 T L 7z 3 Xyt e F €7 L Tld. TGMI & FLG
DIFTEMEICEL I e dr o 7225, wWEFRD I v b o —n & L THE S 7 F A ORI A8
LI N7 (Figure 19A & 19B), £72, 2 ¥ b r— & B-NAG2 TULELL 72 3 Iuckig e F %
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MEFAMCHET B TGMI & FLG DX NEWOBIETRB ML 25, wWFLOBEET
FBID B-NAG2 CULBET 2 2 L Ic X W HEICHINL T/ (Figure 19C & 19D), Z4LH D
FER LY B-NAG2 T L 72 3 KOCk#E v R E 7V Ic s\ Tld, REGMAE OB D 5
BoF. MEBTTEL T2 C EARRE i,
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Figure 19. Effect of B-NAG2 on Kkeratinocyte differentiation in reconstructed human skin
equivalents. (A and B) Representative images of transglutaminase 1 (A) and filaggrin (B) staining.
The skin equivalents cultured with B-NAG2 (0 or 10 mM) for 9 days were collected. The sections were
stained for transglutaminase 1 (green), filaggrin (red), and nuclei (TO-PRO-3, blue), respectively.

Dotted lines indicate the skin surface and the solid lines mark the border between the epidermis and
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dermis. Scale bars = 50 um. (C and D) TGM1 (C) and FLG (D) mRNA expression in B-NAG2-treated
skin equivalents. The skin equivalents were treated with B-NAG2 (0 or 10 mM) for 5 days, and TGM 1
and FLG mRNA expression was measured by quantitative real-time PCR. Values are expressed as
mean = SD (n = 3) and shown as -fold increase in mRNA expression relative to control samples. The

Student’s t-test was used for statistical analysis. *, p < 0.05; **, p <0.01.

2-3-6  B-NAG2 IT X 5K HA FEENEHEZ N L 7= 2R BAHAT o 43 b e

B-NAG2 I X Mgt o ytEic, KK HA FEADIMAEESG L T2 2 2af L7, £
TREBIER v P REMEO BERERIC TR L 25, MaRETE & M. PUGNAC 1% p-
NAG2 IZ X % TGM1 ¥ & U FLG BT FIRO T % T2 HIf| L 72 (Figure 20A & 20B),
fevT 3 Kot e FEET AR, FRROEERZ 1T o 72558, KL R R & [FH
Bk, PUGNAc Ix B-NAG2 i€ X 3 TGMI B TR LR %M 2 72 (Figure 21A), & & I
YIH © H&E $ei41c 5T, PUGNAc 13 B-NAG2 I X 3 BEJE DI % 1 2 5 BT H3 %
S (Figure 21C). E B ZRMENT2 5 B, PUGNAc 25 B-NAG2 I X % RN % 5 &1 FH
£ 3 LR EINT (Figure21B), S b OFER X b | KM OGN 2. B-NAG2
IC X 2K HA DIEMAHNL LD TTHEIC D TFE L T2 2 e BRI N7, R T, KK
HHRE D KT - 43t & DR 2 s S v 2R EE A v 7 v o VR R CD44[17, 18,
24, 52105 IC OV T HIARTAE R, HRFEHE®RSHE, OHHO 3 XckiEe PE§ET
NTBWT, CD44 BIEFRERIZa Yy brn—1 e BNAG2 LHICEWTEWII R - 72
(Figure 22A), ¥ 7220 Bl OFE R, CD44 13 HA & A U < FEJEJE 2> & JARI 12 210 T
DL TEY, MK EICRERED LA, a3 e —e B-NAG2 TUHE L7 3 X
TCEEETNVICE W CREESLREMEICE N X2 <, CD44 DG KW EEx b
(Figure 22B), LA EDFER X D, £ HA OFEANGEIX, RKEMIEOBHE & Lt L
THGERICE\TH Y, RO LEFEEMFFIC W TEERKEH 2R L Tws L
DR X Tz,
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Figure 20. Effect of B-NAG2 and PUGNAc on TGM1 and FLG mRNA expression in cultured
normal human epidermal keratinocytes. Effect of B-NAG2 and PUGNAc on TGM1 (A) and FLG
(B) mRNA expression in cultured keratinocytes. The cells were treated with 10 mM B-NAG?2 in the
absence or presence of 0.2 mM PUGNACc for 3 days, followed by quantitative real-time PCR analysis.
Values are expressed as mean = SD (n = 3) and shown as -fold increase in mRNA expression relative
to control cells. Tukey’s multiple comparison test was used for statistical analysis. *, p < 0.05; **, p <

0.01.
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Figure 21. Effect of B-NAG2 and PUGNAc on 7GM1 mRNA expression and epidermal thickness
in reconstructed human skin equivalents. (A) Effect of B-NAG2 and PUGNAc on TGMI mRNA
expression in skin equivalents. The skin equivalents were treated with 10 mM B-NAG?2 in the absence
or presence of 0.2 mM PUGNAc for 6 days, and TGMI mRNA expression was measured by
quantitative real-time PCR. Values are expressed as mean + SD (n = 3) and shown as -fold increase in
mRNA expression relative to control samples. (B and C) Effect of B-NAG2 and PUGNAc on
epidermal thickness (B) and morphology (C) of skin equivalent. The skin equivalents cultured with
10 mM B-NAG?2 in the absence or presence of 0.2 mM PUGNAc for 9 days were collected. The
sections were stained for H&E, and the epidermal thickness was measured. Values are expressed as
mean £+ SD (n= 75) and shown as um. Scale bars = 50 um. Tukey’s multiple comparison test was used

for statistical analysis. ***, p <0.001.
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Figure 22. Effect of B-NAG2 on mRNA expression and tissue distribution of CD44 in
reconstructed human skin equivalents. (A) CD44 mRNA expression in B-NAG2-treated skin
equivalents. The skin equivalents were treated with B-NAG2 (0 or 10 mM) for 5 or 9 days, and CD44
mRNA expression was measured by quantitative real-time PCR. Values are expressed as mean = SD
(n = 3) and shown as -fold increase in mRNA expression relative to control samples. The Student’s z-
test was used for statistical analysis. N.S., not significant. (B) Representative images of HA and CD44
staining. The skin equivalents cultured with B-NAG2 (0 or 10 mM) for 11 days were collected. The

sections were stained for HA (green) and CD44 (red). Dotted lines indicate the skin surface. Scale bars

=50 um.



2-4 HE

TN E CTEE HA 13, REMBE ORI L et ic L& 2 bhTE7z[16,22,53-
55], ARMFFEICEVTHimEDORHR &L, B-NAG2 IT X o TEAMME S L7z HA 2V IEH
b RGBT E JUE L, REEZRMIME 22 2 L2RENTz, — ., REMIED L
ICH T B RE HA OFENCOWTIFMER T 2 ARG SN T E 2, BERMICIX, HA 25
RTH 2 CD44 Z RIBL 7z~ 7 ATIEEKL HA L@ 2MKTF Lz o icxt L{17].
7 v PREMNED 3 XICEEESRD LI FEKEHREEERTIE. EGF. KGF 3 L < I3 RA
TR HA 23X 72 b o, Mg LK T X2 72[16,19,21], ARWIFEICHBWTIE, &
B HA ORI ER] B-NAG2 Z# 3 2 & T IEH e P REMIEOHERSERB L3 X
T FREETFALICEWT, BR HA OREINCE LRI ML TiET 2 2 & %
NL7z, X HICKREMED LD TUHEIX, PUGNAC IC & 2 HA FEAREDHEICX Y
FERICF v VA ENT, o T, KK HA FZREMIEOIEZ J TR, HLdItET 2
EHEE T2 D LEZ LN, —H T, B-NAG2 IZHIfZH UDP-NAG 7' — ¥ 4 XDZEAL
il L, RE HA EEMS ORI RGO 28 % 5 2 - ietEd Ex o b, 3
b b, B-NAG2 2> HERK L 72 UDP-NAG 137 7 & Vi, ~ X7 Vifilgs L O~V v 7
CHAUANDZ ) a3 ) 7)) hvolEE LCH i X WS 5, O-linked NAG & LT
PESHIEHTIC D S N B A[REMED B 5[56, 57, £/, EX%Gmav FeA F Uiy e 74
TVAYTHIN= AR, ~XT VRIS LB ST e 74+ 7 ) hvTchdy
VT H VIR CHIAL[S8], A4 AEHEoOMILOMIECHLIcBEb 2 2 L RHIb TV S
[59-65], > T. B-NAG2 IC X %5 HA FEAfEHE & KL OEIAE - b & O BRI DWW Tt
Bl Z XKL HA FEAEZ TICHS HAS3 2/ v 2 X0 v 3548, ILAIMENLELE
Z 5

HA 32 D FEY A XIS U -MleiE~o B 5038 E T Tk b (—&IC 1,000 kDa
2> 5 6,000 kDa D=7 F & 7 v a v R IZAEROEF PEHERF @) < Dicx L, 250 kDa AT @
BT e7rn v BEIZRIE L ORHAUR XT3 [24, 25], £ HA icBILTidchE T
I, =7 ZARBEHIC NI R REE D 5 B 4 X D HA (50-400 kDa) % FsikseEs 4 2 &l
FIBESFE XN D Z EDPME I N TV B[52], 5T, b FREMATICTES T HA (<27
kDa) ZNINEEET 5 L MAEIE S E 0. —J. @m0 F HA (500-1,000 kDa) @ 7sAIC i
B b sshE N3 L I TV 3[18], T DERIC, HA O FEY 4 X IZR KMo
JEE LI W THEEREEH ZH-TWE LRI NT WS, AT, M2 EELZD
220 b L RAMWIZERIM L 72 D202 X o T b MIIIBERE~RIE T B E A 2 AR E 2
bd AT TIE 3 RocksE e FREET AVRKICE T % HA 723 4 X13>2,000kDa
TH Y. B-NAG2 FINC X Y HA 3 FEAMAICEAIL D 0722 &2 5, >2,000kDa D57
T DO HA BERREOEFEEMFICEWTEETH L EE2 b, — T, AWFFE Tt 3 XC
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BfEv PEFETAVORKEMED2 S HA ZHH L Cw2 2 & 25, 5l 7% HA 77 &5 A4
R DB KM D ZEN I 2L KIS LTV B3 AEEED H V. 5% X 578 3 REE D S5
Th 5,

HA (ZHIAORE B IcfEE S 2 28 HA AR TH 5 CD4M A L, MilEN~> 7%
LETLIEDHIONT WD, HlziX, CD44 R~V ZRET V%2 HV7ME2 5, HA I
Lo TEM L S 7z CD44 v 7' F v id, KEOMIREE . HhE, BEs X oo Esr 5
A5 T EDBMESINTVB[17,18,24,52], AW TlE, CD44 13 3 Kockige FEEET L
KRICHSFHELTEY, ZOFRHEL VT BNAG2 X > TELL A o7z, #E- T,
CD44 DFHLL ~ V13 B-NAG2 I X 2 KK DA ML DTUE~ DB G TRV & & 2 bz,
—77. CD44 & HA ORKICB T 2/EWELEL > TWb T b, HA L CD44 & DfEH
23 B-NAG2 23903 5 KL DIIE « 7LD TTHEICEE G- L T 2 A[EETE S, CD44 25 HA % KK
fREic 7 v —3 2 2 & CHIBEM A R — X 2R L, Mo EFE MR LT
R VWRERCREM ORI AR L T 2[R D B 2 bz,

LA OfER X D B-NAG2 KK HA EAREZ AL T, IEHF e b REAMIEOHAE - 77
{bETTHET 22 LRI Nz, 72, HA DG TEY A X2 CD44 DRI 2 — 121 L
FRoNE»r o b, B-NAG2IC X 2 KK HA FEAREZ N L 2RED X — vt —
N—{RHEIC T, RE HA OBNREMBHFEG L EZL LN,
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H3E R HA OEAKT ERE K — v A —o"— L OBRY:

3-1 /NF

B 2E TR, B-NAG2 (3R HA OERM A EE R EEZ A L, REMIEO 2 — v F — 3 —
ZRET LR LTz, L2LERD, ZOREWEZFNS 729 ICH W72 PUGNAC (3.
B-NAG2 7*5 NAG ~DO &% [HE L T HA FEAEZMIHIT % 729, B-NAG2 3% % HA FEE
LIS D%k TR ONE - L~ EE G 2 2 AlREE O BECE R o7z, £ 2T, AFET
I siRNA % I\ T HAS3 B FHRB 2 R RIS (2 v 2 X7 V) L, RIK HA DEEK
TEREMIED & — v A —— L DREFRM % & SICTREEL 72,

32 MElE X SRR
3-2-1 IEH e P EEMEORE
B e M REMAE (Kurabo) (. Zf 1 FLICFLE L 2 T B ICEVWREE L 72,

322 HAS3 BT/ v 7 Xv v HIfBIc X 2 3Ruchise PREET NV (HAS3 / v 7 X
VET ) DR

J v 7 Xy vHEEIE, HAS3 FICA K E 7z Silencer® Select siRNAs (IDs: s6460 ¥ X U0
$194496) & . control non-silencing siRNA (Thermo Fisher Scientific) ZH\WCTHEfL 7z, i
5 ?D siRNA % . Lipofectamine RNAIMAX (Thermo Fisher Scientific) % F\»CZRKEAMALIC b 5
VAZ7xz 7L, aviue—nb LI HAS3BIET/ v 7 Xy VIR EERIL 72, KU A
—Frxr—r®WorrFr—4vH+—F (FT7H4 X 04pum, AV 7L VHE 0.6 cm?
(Millipore, KS, USA)) iz, av bu—ndb LIt HAS3 BT/ v 7 X v REMIE% 7
L, ATy —AvF—rHCECT, fHEa v br—1d L <13 HAS3SIRNA O+ 7V
A7 x 2 bE{ToT, 24 KERBRICALT ¥ —A4 v F— P HNOEMEIORE, ArFx—
A vH¥— Mo EEH % CELLnTEC Prime 3D Barrier Culture Medium (CELLnTEC, Bern,
Switzerland) ICXHA L T, ZERAREIRAE COEE Z MfE L 72,

3-2-3 HA EDHlE
ANF v —A4 VI — bNOEREEBEILL, 5 2 FEICEEHEHK L 2 5B/ HA 852 HE L
770

3244 VT AR A LERPCRIE

B BICEHE L 2RI, ) T v 2 4 LER PCR % Ehfi L 72, RPLPO.HASI-3.CD44,
F L O PCNA OREHNICER] L 72 predesigned @ primers & probe Dt > FiE, 1 EDH L < 1F
B2 BICECHE L 720 involucrin (IVL) ¥ X UF loricrin (LOR) 1 2WTIZLATIC/R L 72,
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gene name gene symbol TagMan Gene Expression Assay ID
involucrin VL Hs00846307 sl
loricrin LOR Hs01894962 s1

3-2-5 AR 3 X OSSR AT

B2 BEICFUEL L 2 TR ICE V. HRRER B X OSBRI AT 21T > 72, FLG B X
HA ORI L 72308810k, 55 2 ZICR#K L 72, Ki67 B L P LOR IZ2 W TIFLATIC/R L
Too RIZJEIT, H&E Bt D 200 fEHL KRB ZEGR I L, BEEN T 7 b7 = 7 ZEN 3.1 (blue
edition) (Carl Zeiss Microscopy) ZH\WCZ v X LICHIE L 72 (n=30),

Bz v o8 IE/INES 2 Rtk
Ki6? vYFE 7w —F ik Cy3 ¥Ry ¥ 17 4 ¥ 1gG ¥tk
(Abcam) (Jackson ImmunoResearch)
LOR 7Y FRY 7 u—F APk | DyLight488 BLikY FHL v ¥ ¥ IgG Fiik
(Covance, WI, USA) (Jackson ImmunoResearch)

3-2-6 #atfEtT
HEEHAE EZAAME (X, Microsoft® Excel® software (Office 365) % H\>, Student’s t-test 12T
EhiL 7z, 7Znds. p fEDY 0.05 Kiwi 2 et AR L Lz,

3-3 R
3-3-1 HAS3 BT RESFFRITET Lz 3 RocaERE T 7 v OfEH
FEo2m LM, T 3RICHEEL FEEETAKRK R, HAS3 EI5 T % FFRNICH
BUMEI L 72 KRR ORRE KA, LELAEEL, KAETACRELMIEZBEL ThrHE
FEREEDREE I NS T COREIMIAE < [ siRNA IC X 5 HAS3 #Ein T O RIET % RIAM
MeFF3 2 C EDBWEECH o7z, 22T, X AR CREMEDN TR T 5 3 ROTHERK T
FAMCY D BEZ THRET 21T I 2L e Lz, 22 ClEUDIC, 3RTCEBRKEETVICET S
3TEMHD HAS BIn T RILOHXNEZ ) 7L 2 4 LEE PCRICTHA, WEEHR b+ REM
Mk Lo 3 RooksiEe PRJEE TV EFIRR. KET VD HAS3 BELEBRTA VA LTH
D, HASI-3 BInTHIHDOK 98%% HOT\wb 2 L 2B L7z, 2T, IEH b MR
IC HAS3 siRNAs ZE A L 3 RICHERK 7TV EEH L 72, Z OFER, HAS3 mRNA O FH
I, 2 b= L LI L TR 3 HTh X% 25%., Wi 6 HTh X % 60%% T
T L7 (Figure 23A), TOWKf, av bma—L& HAS3 /v 7 X7 vET L EDMICENT,
HASI & HAS2 mRNA IZiE W2 o722 & 2> 5 (Figure 24A & 24B). KW D HAS3 FFE
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Wie ) v 7 X9 VY BERINTEEZ LN, £/, HAS3 D/ v 7 Xy Ic X W 6 H
ICBITERE HA B B L% 41%IC F THEICHEAD L (Figure 23B). & O#1HE 1T HA et
BT HMER I N7z (Figure 23C), 7235, CD44 mRNA OFHEITEWITFED bind o7z

(Figure 24C),
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Figure 23. Effect of HAS3 siRNA transfection on HAS3 mRNA expression and epidermal HA in

reconstructed human epidermal equivalents. (A) Knockdown efficiency for HAS3. The expression

levels of HAS3 mRNA 3 and 6 days after treatment of keratinocytes with siRNA were evaluated by

quantitative real-time PCR. As for controls, keratinocytes were transfected with control non-silencing

siRNA (Control siRNA). Values are expressed as mean + SD (n = 3) and shown as -fold increase in

mRNA expression relative to control samples. The Student’s ¢-test was used for statistical analysis. *,

p < 0.05; *** p <0.001. (B and C) HA amount (B) and distribution (C) in HAS3-knocked down

epidermal equivalents. The epidermal equivalents were collected 6 days after treatment of
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keratinocytes with siRNA, and HA was quantified by ELISA (B). Values are expressed as mean + SD

(n = 3) and shown as pg/0.6 cm’. The Student’s 7-fest was used for statistical analysis. ** p < 0.01.

The sections of samples collected on 6 days were stained for HA (green) (C). Dotted lines indicate the
skin surface, and the solid lines mark the border between the epidermis and membrane. Scale bars =

50 pm.
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Figure 24. Effect of HAS3 knockdown on HAS1, 2, and CD44 mRNA expression in reconstructed
human epidermal equivalents. (A-C) The expression levels of HASI-2 (A and B) and CD44 (C)
mRNA on 3 days after treatment of keratinocytes with HAS3 siRNA were evaluated by quantitative
real-time PCR. As for controls, keratinocytes were transfected with control non-silencing siRNA
(Control siRNA). Values are expressed as mean = SD (n = 3) and shown as -fold increase in mRNA
expression relative to control samples. The Student’s ¢-fest was used for statistical analysis. N.S., not

significant.

3-3-2  HAS3BIG T/ v 7 XU v L7z HA FEAE DT & REMAEOBETE - L DK T
RIT, HAS3 IR TR/ v 7 X7 v L7 3RITUHEERKET VICET 5 HA EEA L KL X
— VA==t ORERM AT N2, £ H&E Rt X 2BV A ofE Tld, 3 v ba—
NEHEE LT, HAS3 /) v 7 87 VETAICEBWTEREEMET LT 3T 23EHE I
(Figure 25A), FKEJEXGHAI L 74858, HAS3 / v 7 X7 v ETFATIZay te—r L
T, REEPAEICKTLTWS Z L PMER I L (Figure 25B), % 7-. Mg~ — 7 —
TH 5 Ki67 DRIEMABEROTIZ, av e — L e IRL T, HAS3 / v 7 XY VETLIC
B CHIEE T o Kio7 GEle o HBSE MK T L Tw 2 8723532080 b 117 (Figure 25A),
& 51T Ki67 & 3Rl oMfaiEli~ — 5 —Tdh % PCNA B T REEA#H S, avibm—nlt
LT HAS3 7 v 7 X7 v =T ATIFARICKT L T 7z (Figure 25C), & D T & 2> 6 HAS3
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J w2 By vEFATIER, MEEEAMET L Cw3 2 EARE Nz, £/, HhECHEIREH
T30t~ —H—TH 3 FLG B XU LOR DRERBICENTH, a v br—L ikl
T, HAS3 7 v 7 B VETNMICEWTHRE Y 7 F A0 LTz (Figure 25A), X H I
LOREITHBL, 2 v ru— VKL T, HAS3 7 v 7 X7 vV ET VCTIRFEHK T 27
» 6Tz (Figure 25D), TDZ &b, HAS3 / v 7 Xy vET AT, REMIEDHEE?
FThl, MEBETLTwE e REINZ, U EORR LY, HAS3 BEBiLTFIRMEHIIC
X % HA FEAE OFFERM AR T ICfE, REGHIADIEIE - 2L DR T L, REEDE T 25 %2
B LzEEZOLNT,

A Control siRNA HAS3siRNA

Filaggrin Kie7 H&E

Loricrin

45 ¢ 1.4 1.4
R . 12 12
234 5 5 I
§ L\L/ ok L\b
% 25 % 0.8 % 0.8
£ 20 £ 06 % 06 } -
E BT 2 04 S 04
S 10} o Q-
o2 5 0.2 02 F
0 0 0 4
Control HAS3 Control HAS3 Control HAS3
siRNA  siRNA siRNA  siRNA siRNA  siRNA
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Figure 25. Effect of HAS3 knockdown on epidermal structure and turnover in reconstructed
human epidermal equivalents. (A) Representative images of H&E, Ki67, filaggrin, and loricrin
staining. The epidermal equivalents were collected 6 days after treatment of keratinocytes with HA4S3
siRNA. The sections were stained for morphology (H&E) and immunostained for Ki67 (red), filaggrin
(red), or loricrin (green). As for controls, keratinocytes were transfected with control non-silencing
siRNA (Control siRNA). Dotted lines indicate the skin surface, and the solid lines mark the border
between the epidermis and membrane. Scale bars = 50 um. (B)The epidermal thickness of HAS3
knocked-down epidermal equivalents. Epidermal equivalents were collected 6 days after treatment of
keratinocytes with HAS3 siRNA, and the epidermal thickness was measured. Values are expressed as
mean + SD (n = 3) and shown as pum. The Student’s ¢-test was used for statistical analysis. *, p < 0.05.
(C and D) PCNA (C) and LOR (D) mRNA expression in HAS3 knocked-down epidermal equivalents.
The expression levels of PCNA mRNA on 3 days (C) and LOR mRNA on 6 days (D) after treatment
of keratinocytes with H4S3 siRNA were evaluated by quantitative real-time PCR. As for controls,
keratinocytes were transfected with control non-silencing siRNA (Control siRNA). Values are
expressed as mean = SD (n = 3) and shown as -fold increase in mRNA expression relative to control

samples. The Student’s ¢-fest was used for statistical analysis. **, p <0.01.

3-4 EE

B2 EICE W T, RK HA FEADIEEIX. REMIEOEIE - b2 tEI 22 2L 2R L
7o % T CH 3 ETIX, K HA FEA 2 RFRIICHIH L 72 R i R o 3858 - o fic g
FTRHEBICOWTHLAMET L2, 3 RJtHE e PRKET V0 HA #EEZH 5 HAS3 EI5T
W% v 7 By v LSRR, RE HA FEEOK T IO, REMIEOENE - 2{bvwIhd
KT L, BEOIEHEMSF ER SN, 2hoDkRIZ, FoEcERHInAMER,. &
bbb HA FEAEMRERITH 5 B-NAG2 KK HA FEAEMREZ N L CREMAEDETE - 731k
RIES R, REBOWEME L 726 LEMBREZEMN T 2D TH 7%, 2D L2 H, HAS3
AL 7 KB HA FEAR T RN O IENE - b o7 o LIGERICERT 2 b D L& 2
bz, —f. TNETICIRILKEEL P REKETLVOKK HA % HA DfREEHRTH % St-
HAase IC X WA X ¢ 7856, Il - HMb~D B3O b w L E I LT 5([23],
TDT LML, KK HA PREMATEE L KT TICiE, HA 2SHEMUICHIlo /TR L <
BT 2DTIEELS, oDy 7 FAEMIBICE X TWEAREED B2, 72, AISE
Tld, KK HA & RO - 73k & DBEMEIC D W T, in vitro DEBRFRTORIToTEH
. in vivo TOMGED 7 I T, TN E TIC, HASL, HAS3 i /5 ZBEREM IC R K L
7w ATIR, 2 v br— e iR L CREDORLEICZECIE 7 < [66]. BIEHTEREICE W
Tt HAS? B FREOEMZMsCay e —nL k) b RCAZEST 2 2 ERMEINT
W, fEo T, invitro ICBEWTH HAS DT 4 VA LB H - OBEER HiE L& 5 nlRElE
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bEETILENRD B, $7-, £ HAFEAICE T % HASI, HAS2 3 X U HAS3 DMHXHY
BREFGEICOVWTORRZMELRD 2, Hlz 13, v F BEMAYER SR 5 X O3 Kook
b FREETFTNAVTIZIHASI BERART AV FA LTHY[6T]. SAF T =Lz FEEP
[67]. BEEIEH b P REMIIEE X0  REGHITR HaCaT TlE HAS2 2B EICHIL T
2EWVIHIIMED B B[12,68,69], T DA FICIT, REMAEORECIHEMENC X - THA
BROEHAR D R A[REEDZE 2 b, SHBRZNENDOERICE VT, HASI, HAS2 &
XU HAS3 DREBAZ — Vv BT BERDH 3,

LB, 2B X OE I EOMR LD, REHA IREMIAD £ — v F —oN— (45 - 57
) 1ot U CiRERICER 3% © & 298 S, RS OREECET EHFFICTF S L Tw 3
AREMEDIZE 2 b7z, e, ST TIC, KK HA BIEFOMERIC X W EP T 5 2 & 238
HINTIH Y26, 27]. Ml L 72 B TR K DFEM LN Y THERED BE 23 R e L T
F o5 5[29, 70, 711, & 5T glucocorticoids (X, 7 b ¥ —PERJE R LB & D% { DRIE
HEEORBICACHER I N 28, RYE oA IC X W &RK HA 2&0HMas~1+D v 2
2D XY REBERET S LB ONTWB[72, 73], TN b DERITRF MO
JH - LR T EERICBARL W 2, REHA 22—y bedr2Lickh,
INLDIERZSETE ZA[EEMED E 2 Tz,
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Ha4E RWHA ZZX—7 v & L7 B-NAG2 DGO ELEhE

4-1 /NF

Ki§oEIZ, BRICEZ 2 NEE0EL L BT X 0 52 S n 20 AN R E(L
XAl E N5 MR EVFBRTH 5, Il L 72K oRE e L <. Ko&ESs
L OB DR T, B ofifast= F U v 2 RS DD R HEAZET S, 2 s IcER
FT5LEZLNE VT, 725 B, HUFEA. BEEHESEDREM 7 &34 U 5[74-76], FEics 7
DIUEICBI L T3, BERAEEICEH T 5 HA DA [77, 78], BERHIIRE 12 35 1) 2 B 7
HVECHEEZRZ I -8 22 7 — 7 VO REOEEPEE T 5 Z L AR INT
W 5[74,75,79-81], X HIZ, TNDDEKDOEAITI 2 T, KK B DI LR D IEH
b7 &, REICBEE L 72210 b Rl & 3 5[29, 70, 711,

£ HA BIZEEOMERIC > TR T3 2 LB I hTH Y26, 27]. EiRKEEERH
T2 HA OWED L, KO DIR T 2> 7 7 & ORI Nk ok iz %z 5l &2 2 3
LHEHI S B, fEo T, ERICBRE L TR LK HA 2 1EH{L T2 7 70 —F 13, Ki§
DEEUED LTI T2 LR CE 2, EFFIC. RARLT / —Am DL T/
A FlZ. invitro 3 X W in vivo ICEB T, HAS B THRHFE L/ L TRE HA EL 2 e
L[19, 20, 30, 82]. ¥ V2 &L E{LDOIMEABEZFIC T2 3AET L o el I nTn
%[30,31]. L2 L7Zads, L F /A F (LRI e A RE M K~ DRI 2 & . {LhES <
EHIIC BT BHAICIEHIRSSH 5 & TN TE72[30,83,84], TNETIKHE1ZEBLUE?2
=TI, (LHEMICRIE 7 NAG FEARTH 5 B-NAG2 75, HA FEEZ B ICfedE L, R
FaDBEGE - 3L % 7T L CREERBINE 2 2 2R L7z, £ 2 CH4ETIR, HRICY
72 AT 2EFEHAANLEIC B-NAG2 Zi#H L, KK HA EAREEZ X -7y P e LT
7a—FREEoEICECTHERTE L & V152 25HlIcHH Nz,

4-2 ks X ORIk
4-2-1 HE

t b 3RICELET L (EpiDerm™ EPI-200) %, MatTek Corporation (MA, USA) 72> & i A
L7,

4222 dnEHiEe NSO AE LA 5 D B-NAG2 B A A E A

b b RSO E R 1. 2 BEICRIE L 2 7R IR W L 72, BB AR ICH WV 72 B-NAG2
Bl A A DML, 10% (wt/wt) dipropylene glycol, 5% (wt/wt) glycerol, 5% (wt/wt) ethanol,
2% (wt/wt) dimeticone, 0.5% (wt/wt) polyoxyethylene hydrogenated castor oils. 0.3% (wt/wt)
phenoxyethanol, 0.3% (wt/wt) corboxyvinyl polymer, 0.16% (wt/wt) potassium hydroxide ¥ & '
0.01% (wt/wt) edetate disodium T»H %, B-NAG2 % 0%, 1% L < 1 2% (wt/wt)& T 8lHF| % |
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LH LR, 4 B SEHEREAREEIC 74 wom? TEAL, ) 251y 7+ —2%8M
WTHR D IR e, BHEE T %, TR Smm DA A TS — S vF TS BRIV L, 25
ICRO L 7RI i, B D & R 2 HIBEL 72,

4-2-3  AHBRA R T
B2 EICHE L 2 HEICHE L, mEEEROe FREOMYIYIT 2 ES L, H&E Jifa %
EhEL 72,

4-2-4 3RIuEEE e PREKETAMIE L2 D D B-NAG2 & R #E H

3 Rocki#E e P RKE T v (EpiDerm™ EPI-200) (. EPI-100NMM %% #bh (MatTek
Corporaion) ICCTHiEE L7z, B-NAG2 BCABAI DMK X, 4-2-2 ISR L 72, B-NAG2 % 0%,
0.5%, 1%, 2% b L < 1x 3.5% (wtwt) L%, REKETLOME L2~ 1 HBZIC 2
ul/mm? CTHEA L, 4 HRERGE L 72,

4-2-5 FKF HA EDHIE
B2 BEICEKEH L 2B, BWENEL FEEBXI e b 3 ROEEREET LR
2 HA & HIE L 7=,

4-2-6 & b EEERER

FEPRERERIC 12, 33 A HAR AL (40-58 %; F3 47.1 7%) IS L CTIEW /-, 3R
FPEEERICCTEM L., 4-2-2 IR DM T 3.5% (wt/wt) B-NAG2 % & B-NAG2 [id
HREIFIE, avy =L E LTBNAG2 DA EZE L W7 7 v R KT, DKL DF5T
DICH] - wo—H 21, AN TS L & Lz, AEKSEIZ. ZhFhoyligoH
RAHEICENT, FERBEICTEE,»OFLZ 15 um T ToMETOKSEZHIET 3
Corneometer® CMS825 + MPAS5 (Courage and Khazaka, Cologne, Germany) % F\>C 3 [a[#ll5E L
Too BEJERGHME X Z NZE O BEEHE © HRATEICH W T, Cutometer® DUAL CT580 + MPA
580 (Courage and Khazaka, Cologne, Germany) % > 1 [BIHIE L 7z, HIEICIZERE 2 mm O
7'u—7 %M, BEE 200 mbar 1T 5 B5I#R, BEZERL T2 BoEMFicTiTo 7%,
SRl S/ O N2 O BN AR ERT AT A =2 —PHEH I, 2D B
Ua/Uf (B DIETCH = W IR D B O e KR R 03 2 W5 | BRIBURE @ 5% o K2 o B2
D 3, Ur/Ue (HIED HIESER = Wen e BkRF o B O R K 120 3 2 W5 | R BURE D IR
J§ DR Y ), Uv/Ue (Rt & D LA = WA RE 0 BER 0 K DR R I3 5 2o
B GEEMZEME) oflE) XU U/Uf (2B 2 litERIE O R = W5 [R oK
J&§ D RKERR NS 2 WA R OWRRF DR G OR Y &) © 4 HEHZMH L7 (Figure
26), HRERGLD > 7 E R T, #HAH 0, 4 LU BEICEH VT, BHEREMEIC X 3 HIR
TORITHIT L BRI IC X 255 CTHEML 72, BE COFbIL. HAFHERYAS2E
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9 L HHNEERG O -0 Ofiy VHRIGFHE A F 74 VI, 725 007 L —F T Y
DREEZFHEL 72, TNZThDO7L—Fid, Z7L—F 7= FLIFEVW I BEDOLNE, 7
L—F6=WELZFENCTIREDLNE, Z7L—F 5= LR TInRObNE, 7L
— F 4 =WKERENTOHIC, PRERCVTBMEPICEDLNDE, L —F 3= xR
RO U PREDOND, 7L —F 2= PERRC 7 BEPrICEDONE, L —F 1= 1
B 2R o 7ML IR NG, L —F 0 = Y7 IZEWIREZRL, 14 HD R
a7l (0.25) bR E L7z, BT T OFHiIZ. Silflo® (Flexico Developments, Potters
Bar, UQ)Z FHWCTERIL 2B > 7EMLD 3 RICKEL 7V 1%, 3RITCA A=Y T F 74
# —Primos system (GFMesstechnik GmbH, Teltow, Germany) I C#HT L 72, % L2 LD P&
HiTid, VR, FRERHIIE 7 o2 a7 I ORENC, HRE 20-23°C. {RE 40-60% D EH
ThHRCED 15 /\F'HEJ.%JIHKL“CIEb\f:o KRB, EEESto e BRI EmERE S
& HERERF MRS OREHAMREFEERZBERIC TR INTEH Y SBRATIC 2T oM
%%#a4y7j—Ab:y%yF%mﬁLto
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Figure 26. SKkin deformation profile and parameters provided by Corneometer®. The two-mm-
diameter probe was used at a reduced pressure of 200 mbar with 5 sec of suction followed by 2 sec of
release. Skin deformation is expressed as mm. The parameters used were: delayed distention (Uv),

immediate distention (Ue), final deformation (Uf), immediate retraction (Ur), and final retraction (Ua).

4-2-7 AT

EXSUS Ver. 8.0.0 (CAC EXICARE Corporation, Tokyo, Japan) % L < (¥ Microsoft Excel
software (Office 365)% F\>"C, Wilcoxon signed-rank test, ANOVA, Dunnett test 35 X U} paired
Student’s t-test KM L 72, 7. pfEH 0.05 Kili O G HEICHEIFNICERRELH 5 L f
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Wi L 7=,

43 fER
4-3-1 B-NAG2 Bl& 8 o SL AR IC X 5 HA PEARER) R OHERE

F2EICEWT, b FEEHABBERERS LV 3 otkiEe FEET T L o8I 8-
NAG2 Z i L 72556, REK HA FEAEDEEM T 5 2 L %R L 72 (Figure 10A B XU 11), %
T T, invivo TOEHEAM ZAE L, B-NAG2 BL& A % A E 12> b A L 72856, HA
FEABDEM T 2 05T L7z, T, SREREL FEEIIXT L, 0%, 1% L <1 2% (wt/wt)
D B-NAG2 e&®A % 1 H 118, 4 HREEAA L 724558, 2%D B-NAG2 A AR I B »
T, 0%B-NAG2 Be & BIHERAG & IR L CRE HA VBRSNS 5 2 & 22 L 72 (Figure
27A), T DRf, H&E Pl X W fRICHY. o 72 X A =V I3 BIE S e b > 72 (Figure 27B),
BenT 3 koo e PREETAME LT, 0%, 0.5%. 1%, 2%. 3.5%D B-NAG2 it &4 Hl
Az 1 HB &I 4 HIEEBAR L 245580, B-NAG2 IRIEKAFIICEK L HA DM b,
3.5% Tl 0%ICxf L C HA FEA &S 1.9 f5IC88hN L 72 (Figure 28), A L ofER» . A E
225 B-NAG2 Bl &8l 2 EH L 72358 1w T b WA 0 B-NAG2 2AE LML HEL
REHAELEZED L EEZbNT,
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Figure 27. Effect of topically applied B-NAG2 on epidermal HA production in organ cultured
human skin. (A) HA production in skin tissues topically treated with B-NAG?2. The skin explants were
topically treated with formulations containing B-NAG2 (0, 1, or 2%) for 4 days. ELISA and dye-
binding assay quantified HA and dsDNA in the epidermal layer, respectively. Values are expressed as
mean + SD (n = 5) and shown as pg/ng dsDNA. Dunnett's test was used for statistical analysis. *, p <
0.05. (B) Representative images of H&E staining. The formulations containing -NAG?2 (0, 1, or 2%)
were topically applied to the skin explants for 4 days. The samples were fixed, embedded in paraffin,

and sectioned. The sections were stained for morphology (H&E). Scale bars = 100 um.
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Figure 28. Effect of topically applied p-NAG2 on HA production in the reconstructed human
epidermal model. HA production in epidermal models topically treated with B-NAG2. The epidermal
models were topically treated with formulations containing B-NAG2 (0, 0.5, 1, 2, or 3.5%) for 4 days.
HA in the epidermal models was quantified by ELISA-like assay. Values are expressed as mean + SD
(n=3) and shown as pg/0.5 cm?. Dunnett's test was used for statistical analysis. ***, p < 0.001; **, p

<0.01; * p < 0.05.

4-3-2 B-NAG2 BL&#ANC X 2 By 7 0odcE

it HARANZME: 33 4 2RI B-NAG2 iLE#AoE AR 2 E ML, By 7icw3 2
B-NAG2 DHNE: % FAR72, 4-3-1 Tl B-NAG2 L 3.5% 2 ik & LT, BT 7 HA
HOWMDBFERD 5722 &5 5 (Figure 28). ARikBR I HA 0L EELE T RE 2 S KU
TH5 35%CTHEML 72, BRI OBEFGEE LT, BRI 3.5% B-NAG2 % & T8I,
B O RN B-NAG2 DA %R\ 72 77 . RElE % | 8 - Ko—H 2 [\, 8HEHEMAT 5 C
L Lz, ZOKE, HH 4 8%S XU 8 ERICHE T, KERIEMEICX2HHY 7 22
7 75 B-NAG2 B & BUHRA I CHZEICIK T L7z (Figure 29A), % 7z, #FBAA T2 © ol
Alick 27 2Ra7oERZHET 2 L, 3 48%S LU HERKRICE VT, B-NAG2 iiH
BIFREAT N D 5 3 EH EICK Z 5> o 72 (Figure 29B), Figure 29C 113 3 RITKEL 7Y H 4 A
— VI Ty T REDENNER L2, TNLDRERL D, B-NAG2 ICZEN-HRA VY
WEMRED 5 2 LRI NI,
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Figure 29. Changes in skin wrinkle score at the eye corner of the healthy Japanese females after

the placebo treatment or the formulation containing 3.5% B-NAG2 for 8 weeks. (A and B) A
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dermatologist conducted the visual evaluation via a double-masked method. The time course of
changes in skin wrinkle score (A) and extent of changes in skin wrinkle score at 4 and 8 weeks
compared to 0 weeks (B) are shown. Values are expressed as mean + SD (n = 33). The Wilcoxon
signed-rank test was used for statistical analysis when compared with placebo. **, p < 0.01; *** p <
0.001. (C) Representative 3-D replica images of the outer corner of the eye before (0 weeks) and after
8-week treatment with the placebo or the formulation containing 3.5% B-NAG?2. The Primos system

obtained a 3-D replica image. Significant improvements in skin wrinkles (arrows) were observed.

4-3-3 B-NAG2 Bl #ANIC X 2 ME/K BB X OGRS

IhFEClic, AREAKDE L BB KEOME L BICHBET 2 2 epnmEInTw
%85, 86]c % Z T, ¥V atll& S L 7z G550 IC D W T AfEK S ' & BRI % BT
L. B-NAG2 IZ X 2 B> 72E & oBARMER 7=, MAfEKSEOHEEICIT, FIEFRE»
SR 15um DEI L TO X ¥ 8> X v A% MIET % corneometer®% FV 72, Z DGR, H#H
438%E XN SBERICE T, 772 RHHF| & LI L T B-NAG2 LA AN X v fAfEKy &
BEBIC LA L7 (Figure30A), 77 & RHEHF| & B-NAG2 L&A & o Ak EOLH &
ICDOWTH, 4ZEBLUY S HEEICEVWTHEREN R LN (Figure30B), FFHH#M: D
HIEICIZ, BEEIC X > T 7 u— 7O 2 6 5B 2 W%51/F L. KEDOEMEDHER %
HE T % Cutometer®Z 72, HH I3 ¥FEFREEER T T A -4 —L LT, UaUf,
Ur/Ue, Uv/Ue ¥ X O Ur/Uf # I\ 7= (Figure 26), FZfS 13, BRFIC A3 2148 (#ME) L.
Wo K b EET AWE Bhth oM Hbefio Rtk 25, chb 40087 X —%
—D b, EEFOMERE%E RS Ua/UR, Ur/Ue 3 X O Ur/UF IZMNERIC X DIKTF L, D
REMERRE 2 264 Uv/Ue 13N IC X 0 ER$2 2 L G I T 3[87], S lEl, B-NAG2 fic
HRIFGE 4 85 X O 8% ICE T, 7 7 2 REHF L iR L €, Ua/Uf, Ur/Ue 35 X U Ur/UF
DEBEICHML, #C Uv/Ue G B ICIHA L 72 (Figure 31A, 31C, 31E 38X U 31G), TH
HIFXA T, MENCHE S Z8) LD A ~DEACTH o7z, 7z, #HH 485 LU 8HKED 7
7 & REIF L B-NAG2 BLAHAI & OB EZT 7L 2 A, Ua/Uf & Ur/Uf 1 4B XU 8
HITHE W T, Uv/Ue 1X 8 IC B WT, AELRZEDRD b7z (Figure 31B, 31F & X U 31H),
IhoDFERL S, B-NAG2 BLAHANIZANE KBRS X R ERHE 2 S0, 2h o ohE
BHRY 7 OWEICHFG L TWE eEZOLNE, B ARRBETIX, R, 29 A, ANk
E. HEE DS oG CHBEREMIC X 2R BSNTIE A Lo EERERIRELTED
F. B-NAG2 (ZLHESECAR T & LT REeAME2 LT3t Ex LM,
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Figure 30. Changes in skin hydration at the eye corner of the healthy Japanese females after the
placebo treatment or the formulation containing 3.5% B-NAG?2 for 8 weeks. (A and B) The time
course of changes in skin hydration (A) and extent of changes in skin hydration (B) at 4 and 8 weeks
compared to 0 weeks are shown. Values are expressed as mean + SD (n = 33). The paired Student’s ¢

test was used for statistical analysis compared with placebo. *, p < 0.05; **, p < 0.01; *** p < 0.001.
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Figure 31. Changes in skin elasticity parameters (Ua/Uf, Ur/Ue, Uv/Ue, and Ur/Uf) at the eye
corner of the healthy Japanese females after the placebo treatment or the formulation containing
3.5% B-NAG?2 for 8 weeks. (A — H) The time course of changes in Ua/Uf (A), Ur/Ue (C), Uv/Ue (E),
and Ur/Uf (G), and the extent of changes in Ua/Uf (B), Ur/Ue (D), Uv/Ue (F), and Ur/Uf (H) at 4 and
8 weeks compared to 0 weeks are shown. Values are expressed as mean = SD (n = 33). The paired
Student’s #-test was used for statistical analysis compared with placebo. *, p < 0.05; **, p < 0.01; ***,

p <0.001.

4-4 EE

AETI, e MEHEHERB LU 3 XoukiEe PREETMICEWT, A L2
D B-NAG2 BB K L HA EAICHREFREST 2 L 2R L7z, T 51T, B-NAG2 Fl&HIA]
REARANEAAT 52 LIC X0, AEKDE L KFHEEEOUGE, X 61cidy 7 oD IcaHR)
ThHBTLHRRLT,

HA 3N 72K OMRFEEIC X 0 B OMRIE & K Ic s W TEHEAR D T TH 5 2 L2
LT 3([88], fit-> T, MIRIC X 2KE HA oD 13, HELD 2 iz ERyicElL /-
PG CRE b Bk G LR DK & BE R W & F 2 b B (26, 27], AETIX. -
NAG2 fe&a8Fl oM XY, AREKISE L KEREEY: D < F X — % — (Ua/Uf, Ur/Ue,
Uv/Ue B X N Ur/Uf) DBEEFICKE L7722 L 2R L72A, TN TD invitro DFEERFER D &
iéb&ék\&Mmzmi%%&HA@FE%Lﬁ’h&@%k:%%Lta%zan
72o MA T, BHEI~D B-NAG2 MEAHAOEM, HRC V7 2HEEFICLET L LHRL
7zo WEDMETTIE, UMEINM&UMH%&U%F*“Ei BeJE o fl & L B B
22 LDBMINTNS[85,86], 2D b, B-NAG2 IT X 5K HA DFEANEHED A JEK
SERPEFOMNELZLE L, Z DR 7 DI DD > 72 ATREME 2 HEH X L7z, — 7.
Yoshida & 13> VIEKICIZE L FLIENE O HA O b BLET 2 2 L 23HE L T 3[77, 78],
B-NAG2 7 HA FEANCHERN R % FIE S 2 ITIE NAG ~DEMMBMETH Y, Z oI D
% B-NAGase [3fE 4 ik C ORI ML S T 3 23[33]. EREARMEEZFMILIC 3500 2 R
ICDWTIEED 2\, D L B-NAGase 2 EMMEFMALTH HIL T 28546, B-NAG2
T B ARHESE I D HA BEEARED 2O T V2 E L -a[REED Z 2 o, S%HEL 3
BEED HETH 5,

PAE XY, s B#IRN KK HA OFEARENREZH T 5 B-NAG2 ICENL o 7 SEEREH
MREINTZZ b, REHA BRBLOEELREND FL R VEEEZ LN,
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s34
p={1\1
=

KX Tld. K HA FEAE 2B IR Tl 3 2 5k %2 T L. RIEK HA 23R K D458 - 47
et U CfEemic@i< c e #m L7z, $72. R HAEARERX X -7y b LT 7R
—FHREEOPELICBEWTCHERFETH Y, KX HA BEFoMElICcE T 2EE X
BT LR &R L,

F 13T TIE. NAG OFFEARTH 2 B-NAG2 ZH 72 ICBIF L. % O#IRM 4 HA PEAEEHE
AN =R L I~ T2, B-NAG2 IZMHAEANIC 35T NAG ICZ X L, fA%HIC HA @
HED1-5TH5 UDP-NAG #HEfMX 22 2 &ic kb HA FEAEZERIICRET 2L %
R L7z, 72 B-NAG2 DRBHHFREEIC I W TIE. B-NAGase I X 5 NAG ~DEMRNIETH
D, REMAZICIEZ DRIGEIE S NIEMD B-NAGase IEERHFET 2 L 2R L7z, TDC
& XD, B-NAG2 25 #INMY e K HA PEERMERTH 2 2 L RS LTz,

W2E TR, 3RICHE L FEFET ARV, B-NAG2 1T X 258N 72 K HA EAAR
DKL DG - I RITTHEE TR, £, B-NAG2 IT X KK HA EAMRE I
HADWBWIETH 5 B-NAG2 2> b NAG ~DZEH A HET 2 2 Lic X Y, R HA EARE R
D ¥ v v, Wb - o bs L CRKERLORENRSHE I NS 2 LRI,
B-NAG2 IC & 2 KEMWAE~ DB DR HA FEAREEZN LD DTH L Z LRI Nz,
THIC, BNAG2 ICK o THMLZHA WX, a v bue—nilBlT 2 HAGT TR E K& 7
BuiFRRoohrd o7z, ULoER» S, REOHEHE - 7fLiciy HA oBXB#EL <F
. KK HA BOHNNIIRK OBEGE - MEITRERICERT 2 & &z bhiz,

T HICH 3 E TR, R HA FEAE 2 Fr B I I & & 7= IRp IC R B AAT o 3851 - 0 fic g
TRHEICOWTHRET L7, 3XR0tEE e P REET AV EZHV, KK HA EEZH S HAS3 &
7% siRNA ICCTRERINIC v 7 X7 v L728EHR, R HA EADEK T ITE v, RE
DOHGE - ML TN BT L, BREOIEHAFI SR Iz, chbofRIZ, 23T
B InziEm,. 3abbERE HA BITREMIEOENE - LI @ERIT/ER L, REE
OEMED 720 LR E2EMN T2 DTH - 7,

B4 BICBWLTIE, KK HA BEFoMENICBWTHEERZ -7y F e V55D
PARTz, I, BEREe MRS LUt Ee P REETALICEWT, AfE L
5 D B-NAG2 BLAHIA| DB 23R B HA FEAEIEESN R 2 X T2 2 L 2R L7z, BT, B-
NAG2 Bl 8| % BHII A~ 35 2 Lic X b, Mgk &R & EERHEDHM, X 6IiciiH
JROY 7 DUGEICHEMTH S Z & hkm Lz, AEKITES X CRGHHE X I D KRG
DX LEET 2 2 L6, B-NAG2 BUARIANC X 2 R HA FEAERESAIEK BB LU
BRI 2 Eo, ChOBHRY 70WECHFSG L TWwEEEZ LN, BEX D8R
722 HA OFEAMREN R G T2 B-NAG2 13, v VdEZ IO L T3 E0IEL
MREALTEY, KE HA BEEOVENMICE T 2 EELENDFLRVBLLEELD
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DHIFFE N5, 72 NAG FHEKR%E NAG ICEHLT %5 B-NAGase (ZAEERNICIA K fFFTEL T
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