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HegZ I ZEo|yo]*=-1 (Matrix metalloproteinase, MMP—-1)9]
S7h7F 2 2 A Sl

s
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r‘v:l

IR eFEzt (Proteoglycan, PG) & chal ] o
Y IA =ZFE 7 (Glycosaminoglycan, GAG)olgtyr &Y=

Gabzo] st ol AZE YANINALES A, o] 5L Feh,

AgtAdl sGdFEA 53 AFste] HAFEE St e FL
gl A So|t}, ¥ 7 we pGel vlo|ZE 2ty ulmae ZohAl
AGE AA3 A7) MMP-1°ZHE ®HFste] Ay FAS

FAS=E lofate SR, WF wshe] glejAe wsh} xa

716 el = oF2 g skA el A S
A AAY,  oEHA-FAF A 2z 1 (Insulin—like growth factor,

IGF-1< €% sy x3td dFexe zgo] Asteo =

Aoz GelA QAW AFwsAAe AGF PGl WA= FFo
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ADAMTS59] siRNAS AZsigls o, viel=eizta vazle] G
ol F7F stermE, ADAMTS57F AA|Z wpolZE|xba) dl a7

wellel 71kl Slee stk oo, AAE WwdelA =

Z7bsta G A= g Srtets AL #deld = gt

O otgo®, wolZuzty "o =7] W3te F 2ol e
GAG A& 4olo wWiglE 9u|stEz, GAG-TA axE FIlstax
sttt mlolZ 2ty HZH O GAGE ZERo|W Ao|E / Huigt
A 0o]E (Chondroitin sulfate / Dermatan sulfate, CS/DS) & &%,

FoMs difE DSE FAH Stk CS/DSe GAG A& %

o
L

= 6 TF7F &84 . NHDFe) 9 CS/DS-das

pot
k>
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= AARE W, wpol= R U=

W3S siRNAE &
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=
Z,
x>
)
2
o

—

A71E 7P A FaAFE G4 FEFoldl AHolE FAaA
(Chondroitin sulfate synthase 1, CHSYD)o|%la, I ©Y29o=
FE==Fo]¥l F3% <2lz (Chondroitin polymerizing factor, CHPF) 7}
daATl= ZAem YErstth ofo] Abgl ¥R A ML F A4S
AA Bde stz gt A" EXoA = F HEHA %ot
gRlst7] of# 9], CHSYl+= madayg2AL (detolat, ELISA,
Enzyme—Linked Immunosorbent Assay), CHPFi&= W& 39 Ay

(Immunofluorescence Staining) 2 3 A3t} Ui w3loA+=
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CHPF= #ashs A% HoFglth mepA, whojeegzta sl

A7] WM3l= CS/DS-FAdase 7= s CS/DS gAdol F71sked

$9, IGF-1 & x3hel )%elx 1 ago] Zawdel grtw
el gk mebd, IGF-19] wlolegtat dmee] ojd 2

mRNAEL  EF7bhA grow,  odAA A¥E B IGF-1o]
npeZeiha WIS AAE F/AZIE Aol ok, AA ¥ A

(Post—transcriptional translation) 73S Ea g AS
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[Z2¢ 1] Hle]Z=2zt (Biglycan) ¥ ®lZ¥ (Decorin) & EA®
9 ZE=Eold AHolE / tulddHo]E (Chondroitin sulfate /
Dermatan sulfate, CS/DS) T4 T8 EAE e, 6
[ 2] QA =319 A R9joA g nlo] 22zt ¥ .25
[ 3] AP =38 AHE J9joA g tlzde ¥st...... 27
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[Z28 6] WA =39 Fx3 o)A vio]ZtH H=Z™
O MRNA B ettt et 33
[Z¥ 7] Normal Human Dermal Fibroblasts (NHDFs) 44 A
Disintegrin and Metalloproteinase with Thrombospondin
Motifs (ADAMTS) 59 =t# (Knockdown)o] @& wjo]=¢
ZH HIZAE] T T i 36

[Z28 8] WA =3 9 Fx3ld J9 A9 ADAMTSS 2Hd

[Z™ 9] NHDF¢|A] Chondroitin Sulfate Synthase 1 (CHSY1)
T+ Chondroitin Polymerizing Factor (CHPF) 8] =t}g-o 9%t

o] 22|33 HIZ- Y 7] Fh e, 41
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[Z2F8 10] AR =39 Fx3 Ay ZFHA9 6 71A
CS/DS—ZAHETAES MRNA & i, 46

[Z28 11] WA =3t W Fxstd 2F A9 CHSY1H CHPF
T HEE ettt eenens 48
[Z98 12] NHDFolA ded A A% AA-1 (nsulin—like
growth factor—1, IGF—1)¢ &% wio]Z23td Hzd d¥F
L= T TR 53
[ZZ8 13] NHDFel|A IGF-1°¢] 2Jgt wlo]Z 2tz HZAY
MRNA T 3 55
[2¥ 14] NHDFO|A IGF-19 W ZA3E T #lo|=
HZY GBA BHY FTh e, 57
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Fo=, MMP-12 27| Zepll faasols Fesh diFelr 53]

Z7bE = Aoz vehdrt (Liet al, 2013b, Xia et al., 2015).

Z2H 223t (Proteoglycan, PG) 9] 9 9 F+7

r2H e=E%F (Proteoglycan, PG) 2 34 @A (Fo] X=E, core
protein) ¥ FFAFgoR RHAA s oA FYIAW| =ZFYIt
(Glycosaminoglycan, GAG) At&Z FA 9T PGE &9 9= GAGH
gol web FEE F dedl, GAGE IEEoE AIE
(Chondroitin sulfate, CS), Hrt&t A#o]E (Dermatan sulfate, DS),
Aetet A o]E (Keratan sulfate, KS), &dutst A o|E (Heparan

sulfate, HS), &l3# (Heparin, Hep), 3| L¢FEAF (Hyaluronic acid,

1 ] 2- 1_l|



HA)S 6 7HA 8o +75H, ©o] & HAT oejdoz 4 oy
Zo] glo] o7 A FTLE (Perrimon and Bernfield, 2001).

PGE PAbe mRe] RAZel W AL, wwH =277

o
2
ol
)
o]
3
flo
ol

A 9143 Vs Aoz A& FWAH A7F AAD

oltt. zHe PGe} & PGE =7]o w1}

e

TE e, &2 PGell=
Aoz CS/DS PGRl wiol=8zty} dlZ¢, HS/CS PGSl H AEZE
(Testican), CS PGel #H]Fd (Bikunin), KS PG< dH=ZREH

(Fibromodulin) ¥ Fw]ZF (Lumican)©] St} & PGoll= CS/DS PG2l

=)

|ZA1ZF (Versican), HS.CS PG¢l HdzF (Perlecan), CS PG<l

ZZF (Neurocan) ¥ o}1dzb (Aggrecan) S°| Sttt PG & &

=+

i
rln

vlo] ZE 7t (Biglycan) ¥ W|Z¥ (Decorin)

ol 2|7k} HlZd2 22 {FA-F 5 PG (Small leucine—rich
PGs, SLRPs)2] o7 (Schaefer, 2014), Yol 7} ER3
PGE <eA SQith wlo] 2t By A L tha WdE AR o] 52
T2 v #EEy (Lietal, 2013a).

gz 4 @id (45 kDa)ol 3t DS AMER AR
(Carrino et al, 2011). <QIZF ¥ = wjekd 4 <QIzF 19
AAF-oFA* (Normal Human Dermal Fibroblasts, NHDFs) ol 4], 23t
FEiel dla™ (Intact form, SgAFE—dl A7) ¢ 70-100 kDaolA]

A, Al My zxHOME Edl® PG x4sEo] wEHEG

o

o] F4Ql nlol= gy} "2 wE ool Astes skl



(Carrino et al., 2003).

npo] ZEj 7k A4 W@ (40 kDa)el F 7le] DS AMER
T8 vlelZEzke] PG FHl= 7 9 DS AlES 7Rl 24sh
@ (Intact form) olGAt&—nte]l=exta &t DS AbEgs 73
gL —nvlo] ZF2]7F (Monoglycosylated form) 0.2 Z+zF ¢k ~ 240
kDa®} 70-100 kDa°llA] AZE%t+ (Jin et al,, 2015, Lee et al., 2016).

slol2e 03 e Fehl Agel AF® dAow Awsol

HgA AHFE QAN IIE Ror dex Yrh. UFHL T
ZgjAlo] 71d FEAWMARGFA—-1  (Matrix metalloproteinase,

MMP-1)ell o&f ZaliHA] ¢%s Ry Hlojae|zt e Had
FAA AA v~ (Fobx v~ Knockout mouse) oM F
FARE] AA BF EarAs Fe ARE 7H gk gk ok
55 YeR At (Corsi et al.,, 2002, Danielson et al.,, 1997). &gt

vlol =27ty g7 e vl -FAE -3 @il A sl (Non—glycosylated,

core protein) i WALE—wlo]Z |73} & dlo| =7ty dF ™ 9
A JeHs e AT Aol s w5 9ol ofstdn

(Hwang et al., 2008, Schonherr et al., 1993, Seidler et al., 2006,
Tufvesson et al., 2002, Wiberg et al., 2002).

i mEYAAM ®BA A+ (Elastic fiber)& I &
Z1ofst= Fest x4 ARolvh o=ty HAvE
EZ¥xdgt A8l (Tropoelastin, detA~8l ASA), yBHHHA-1

(fibrilin—1) T vlola=zdBd-3d SYFZZ 28 (Microfibril—
3 A 21

| &3
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related glycoproteins, MAGP)¥} 22 &4 Af A&y A3
2+2-5t}h (Reinboth et al., 2002, Trask et al., 2000).

w3 ZwolA PGol ek wah olg Abdl QAW 9% we

g
R, ey sk W wuAs il 2ol duud =277t

Adeqd  19-gvdwgdzal EF  (1,9-Dimethylmethylene blue,

DMMB) vl & Fall FAkst GAGE A3 e wl, 1 <ol A3t

rir

AL sl (Oh et al, 2018). Fxdolr= oS Hiurt @A
ekorar, el A E Y ALl oF 1z uFe] "ad
wdl (Li et al, 2013b) X NHDFolA  AFe]d ZAbel o)t
AL —utol Zj 7t 8 F7F (Jin et al., 2015) Fo] ¥ %tk

vo] ZE|7kyt vlZde thofst Ae AY Exkel ds #gshe,
W& A=A o1z (Transforming growth factor -8, TGF-58) 9= 2%

T Agste] TGF—p AT E k3 A| 7= 7|52 3t} (Hildebrand et

ol

al., 1994, Kolb et al., 2001). B5o°], rfo]2gzt> =4 2
(Bone morphogenetic protein, BMP2), BMP 4%} Wnt3a, %3 A%

o1zt 48 (Epidermal growth factor receptor, EGFR)¢| ZAgts|

2

A3 AGS 73A) 71tk (Babelova et al.,, 2009, Berendsen et al.,
2011, Chen et al., 2004, Iacob and Cs—Szabo, 2010, Miguez et al.,

2011). "z =3 dAd /2 AF A (Platelet—derived
4
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growth factor, PDGF), EGFR, Met, IGF—-1 % IGF &4 1 (IGF-

IR)l Agel Az AL

o
ol

1 @b Ao® 4elA ok (Goldoni
et al., 2009, Iozzo et al., 2011, Nili et al., 2003, Santra et al., 2002).
Hpo] 22kt dlade R i AEeA ERAFEEA 2 (Toll-like
receptor 2, TLR2)9} TLR4E &Aslsl= Zo=z  HudHdt

(Babelova et al., 2009, Oh and Chung, 2019, Schaefer, 2014).



CS/DS chain

. Decorin
Biglycan
Core protein
b Common linkage region
I s ]
Conversed to
CHPF2 Dermatan sulfate
CHSY1, CHPF
Ser CHSY3 CONVERSION
Core protein I '

CSGalNAcT1
CSGalNAcT2

* O e D ; Chondroitin sulfate elongation

Xyl Gal GlIcUA GalNAc IdoUA

a3 1. vle]Z8Z (Biglycan) 3 HIZ# (Decorin) & BEAE U &
Zo|d M#Ho|E / tjulgtdHo]E (Chondroitin sulfate / Dermatan
sulfate, CS/DS) &4 #3 BA:

TreE =g (Proteoglycan, PG> &4 ©¥a (Core protein)
8 A =222t (Glycosaminoglycan, GAG) Ab&o]l £o] & 8
glojth, (a) wrolEyzty dzZde &2 JFA-FF PG (Small
leucine—rich PGs, SLRPs) 2] 4oz Z+zF 2709 1702 GAG AFE9]
2°] At (b) GAG A& & CS/DSe &4 #dS vehd A %ol
A=A (Serine) 1o GIcUA B 1-3Gal f1-3Gal B 1-4Xylp1—
(GIcUA—-Gal—Gal—Xyl—; GIcUA, Glucuronic acid; Gal, Galacorse;

Xyl, Xylose) ¥ 7%= ¥ 3% A4 %9 (common linkage region) 7}

6 ; ,H *E 1_'_]'| 'fﬂr T



FAHTH CS/DS AFE9 A$ GalNAc (N—acetylgalactosamine) 2}
GIcUAZF HEEA o 2 s 5w CHSY1 (Chondroitin Sulfate Synthase
1), CHPF (Chondroitin Polymerizing Factor), CHSY3, CSGalNAcT1
(Chondroitin Sulfate GalNAc Transferase, CSGIcAT), CSGalNAcT2,
CHPF2 (Chondroitin Sulfate GlcUA Transferase) 2 oI 7}A] &7}
#olstoy, CHSY1, CHPF % CHSY32 5402 GlcUAS GalNAc
T 2 FFskal, CSGalNAcT19F CSGalNAcT2+ HHA & 92

GlcUA®] AW A GalNAcE F&3sl= &84S zh=t). CHPF2E GlcUA

Au
-

o
2

EERIe )



28 ZA] =287t (Glycosaminoglycan, GAG £ 6 77+ 1ot

A PGOIM 4WE vl gol GAG #3e @ Solxom

GAksteEx] gk Tgk g Autelx Hyaluronan  synthases
(HAS) el s €. std, U] GAGE T F4tst GAG
kil & 4 %lem, CS, DS, HS, HP, KS7}t

BT EFHEY o5 ol FAEEe] i, SolHel 3 wuAlo

apparatus) oA A ETH H& FAslE HlR o]Eo] A He

e
=
)
o
fu
@)
w
)
w
~
@)
"U
)
[‘\[‘
;*i
N
B
2
L)
[
rm
o
[aO
o
o
>
)
lls

Bafo]] Hzet= 7)%0] 913, HP PGE A=y 4l (Serglycin)o] 2
adH A 9l=d], vl ME (Mast cell) @ @=o] tst ddto] #o s},

CS/DSs #A8 @4 AAHE tgolA oloja dstes shAlt

Fr2o|gl A o]E (Chondroitin sulfate, CS)$8} Tintgk AHo|E
(Dermatan sulfate, DS) 2] 34 33

CS/DSe &4 #e JHAlE= HS/Hepdt F49stw, DSE CS7t
8 -":lx_! _'q.l.'\-'_ T



u:°1'

AEa v AR KS= JRAFE] ofe] tE "ol FatHET
CS/DS, HS/Hep®] a4l o] A& §A=d Al (Serine) 7]
FUst 4 e o] £AFoE  FAEo  GIcUAB1-3GalB 1-
3Galp1-4Xyl B 1— (GlcUA—-Gal—Gal—Xyl—; GIcUA, Glucuronic acid;
Gal, Galacorse; Xyl, Xylose) % %= ¥ ¥ A4 H9 (common
linkage region)E @A o] HAe B mAdde= B
xylosyltransferase 13 2 (XYLTI® XYLT2, [ 1,4-
galactosyltransferase—VII (B4GALT?), B 1,3—
galactosyltransferase—VI (B3GALT®), al B 1,3—
glucuronosyltransferase—III (B3GAT3)7} Uth. 1 vYo=z 7}
GAE 5olA]l 7 iR g Fo] dEHom FAEY. CS/DS AHES
749 GalNAc (N—acetylgalactosamine) & GIcUA7} HEEAH O Z
A% CHSY1 (Chondroitin = Sulfate Synthase 1), CHPF
(Chondroitin ~ Polymerizing  Factor), CHSY3, CSGalNAcT1
(Chondroitin Sulfate GalNAc Transferase, CSGIcAT), CSGalNAcT?2,
CHPF2 (Chondroitin Sulfate GlcUA Transferase) 2] o34 7}#] &7}
#oystty. CHSY1, CHPF % CHSY32 %5202 GIcUASH GalNAc
T @S FF83, CSGalNAcT1¢E CSGalNAcT2+ HIWMA #3839
GlcUA°l  FRA  GalNAcE HF#sh= @& 2zt CHPF2:
GlcUARHS 43t CS A& 67) &2 @Al 28] 4%, Gal
G C—4 == C—6 Tl st o] sGAGY 545 zk=th 1 #,

DS ¥y o]= (Epimerase) ] 93] AGlcU’} aldoUAZ 3y o]
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DS At&ER A8 1, CS/DS—4—0-sulfotransferase = CBST,
GalNAc4S—6ST 4 USTe zgo=z zpatslect (Mizumoto et al.,

2013, Sugahara and Mikami, 2007).

Ul—Haque et al., 2004, Kresse et al., 1987, Seidler et al., 2006).

A Disintegrin and Metalloproteinase with Thrombospondin Motifs
(ADAMTS) 5

ADAMTS5+= A Disintegrin and Metalloproteinase with
Thrombospondin Motifs2] TAALo R, ol1d A o] = 2
(Aggrecanse 2)#t1 % <4&A Q. o]5L otladzt (Aggrecan)
;A Gl Glu373-Ala374  ATS  Adshe tFEEH
gz ggoldo]=2, ofd Ful Z=dWlF}, HIFu] BE LdlQl
o2~ 2d E=w<el  (Disintegrin domain), EE&HAZEY EH<l
(Trombospondin domain), A|Z~HQ-%% Edel (Cysteine—rich

domain), A~#o]A EuwQl (Spacer domain)< X33ttt (Gendron et

T o
10 -":lx_! ""l"; -T

-
=]
1

L



al., 2007). ADAMTS5+ ofz#Ezbs wallstes 2 &4 Qdx
dzZd, vZgzt 9 B8zt Brevican) ¥ #F2 & PGol o3t
g Ba) FAo] B uEtt (Gendron et al, 2007, Verma and

Dalal, 2011). T3t o} Xg¥l E—null "2 (Apolipoprotein E—

juil]
all

null mice) o4, ADAMTS57}F @A A A=, A0 57

of

743k =9 (Atherosclerotic aortas)ol Blo|Zg| 7ty w2 A 7lo]

=29 7o)l Ryt (Didangelos et al.,, 2012). 181 3 F =3}

A&d—FAF A& Q1A 1 (Insulin—like growth factor, IGF—1)
IGF—-12 o8] =49 Ax AE, 47 9 titE 293 veks
A4 Tes sk ZARY T AF A F ghdeld
(Christopoulos et al., 2015, Laron, 2001). ¢17F IGF—1<& 70 719
ofpAto®  FAET QlEdd FARRE A FEE VAL vk
a8y 7xA AR Eaetal lad FEAle Afets IGF-
19 593 1 % 452 s J3de 2= (Lewis et al, 2010).

gzl EZ2Al Flojylo]= 484  (Protein tyrosine kinase

ki
ro
)2
R
&
®
o
i
flo
o
offt
oX,
o
SN
rlr
v

receptor)?l IGF—1 &4

GF-1€ s%% mdat A9 BE A 244 AyE =3

A JAx FAhete Aoz & dHA 3127 (Yu and Rohan, 2000),
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Rl IGF-1 &M fas oY 7 =3t S4s FEdts Jlow

flo
4l
«
N
N
i
=
=<

o] AXtt (Bartke et al., 2003). ¥¥-olx IGF-1
(keratinocyte) oA += HH A ¢¢ow, NHDFAA &A= 8] H o)

w=3tE oM FAsked, IGF-1 #8419 2

H

rir

L e R
Al A dReh ]l dRell A Zpelrh glARk, A w el A wt

IGF—1¢° g3t g4 &7 Yebdt}t (Lewis et al., 2010).
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S Pz W 24
AgAT. A dEde BEE mE AdE Asdsta /)9
QG ANRE A 2AS Wgom, BE AFAA AW FE
wopth o et W) Ao EHe

no. 1510—-129-716, 2015—-12—-11)

AL W%

12 NHDF&= 10 AlellA 19 Al Afole] 27s @A 715Ake] 23]
EEAA FEEAY. 19 v, 10 % & BloF 8% (Fetal bovine
serum, FBS, Gibco, Rockville, MD, USA)Z} 1 % 3dAYdzd-
AER Ento]al (Penicillin—streptomycin,  Gibco)©] e
Dulbecco’ s modified Eagle’ s media (DMEM, Welgene, U,

dighwl=n) wjA % 37 T ¥V 258 5 % CO2 &7t FAYE

7ba AlZE I AEE H ST

SiRNAE AFE-3 F3AA FE (Gene Silencing)
NHDF+= H] %4 84 tx siRNA (AccuTarget ™ Negative

control siRNA, Bioneer, W, tjgtel=) =
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x4 siRNA (300
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28 EF E4 (Western blot assay)

S|

2 Eats A

A

=
2y

ftlo

st gdwAS F=317] $3l Complete Mini

M

T ZHol= oAA ZHeY (Roche Applied Science, Indianapolis, IN,
USA) ¥ xAggo]l= JAA  Zeld  (Phosphatase inhibitor
cocktails, Sigma—Aldrich, St. Louis, MO, USA)©¢] 323+ ¥ 1X SDS-—
AMZ Wy (Sample buffer) 2 AXE 8l HAAE AL oA F

AXEE F8% b5 95 TollA 5 &3 7t et =8, #rjd 9 d s
A=zl f&l AE wF wAE FRHIAT. FU T AlEA
FE3 FYst HIg HwAE 4x SDS-AE wHe 3t
95 CelAM 5 & &t 7HE

Z2 Az As, @A FE52 ¢8] Complete Mini ZZE|o]=
AAA ZH Y, EATHO|= AAA ZHY, 15%=2 SDS (1.75 %)
1 2-wIEEE  (2—Mercaptoethanol, 715mM)o] &3 4x
SDS—&3f ekFHS ARG AA] ZdAE o] &35t E4% F A 59

FAE SAdsta, FAlel wek 4x SDS-&38 &ods HrrE H

UEZAMEZ7 @~ v (Nitrocellulose membranes) 22 %%t 5 %
GAF2 xpdst & uS 31 20 ydE 1 A -z A9 o E&

(Polyclonal, GeneTex, Irvine, CA, USA) = e F2 2 x} 3|

rl

(Monoclonal, Santa Cruz Biotechnology Inc., Dallas, TX, USA)=Z

Wel BE (Immunoblot) §th 1 o Z8he skt w3 (Enhanced
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chemiluminescence, ECL. Thermo Fisher Scientific, Waltham, MA,
USA) S Abg-3ale] &5ttt CCD Zh2F¢! Amersham Imager 680

(GE Healthcare, Chicago, IL, USA) & AME-3to] X2 1o A 2H=

ke

vxs W52 B AL wud BAdHL g-owl (g-

actin) T+ #9S (Ponceau S, Elpis—Biotech, ©#, th3stil=)

AFd AANT FPEL I ¥EE (Quantitative Real—Time
Polymerase Chain Reaction, gqRT—PCR)

Hjoke  NHDFoA RNAiso Plus (Takara Bio Inc., Shiga,
Japan) & AF&3slo] & RNAE 8 3t First Strand cDNA Synthesis
Kit (Thermo Fisher Scientific)E AF&3sted 1 wlo]a =13
(Microgram) ¢] & RNAZE cDNAZ WA A xGA2 A H o wah
TB green ™ Premix Ex Tag ™ (Cat # RR420A, Takara Bio)Z
AF&-3sle] 7500 Real—Time PCR A|A~®] (Applied Biosystems, Foster
City, CA, USA) oA qRT-PCRE F3 ). Zeto]lH= AL A5+
223 dT (Oligo dT)E AMgstal, 2 Alges 729 Zegho|ns
AREFITE Zefolm qde 3 1o ydekitt. PCR 271 50 TCeollA]
2 &, oloyA 95 TellA 15 == 40 F7], 60 TeolA 1 ol
HlojEl 200 o RAEgow, 36840l thet A wd e

o] st EAE S
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F42A¥AGEZAA  (Enzyme-Linked Immunosorbent Assay,

AFESEe] #a3 F Complete Mini ZZ2E|o]=  AAlA ZHe Lz}

IATEo]= AAA ZEH Aol EiE 1x RIPA &3] fdo0= Xy

(Bicinchoninic acid protein assay, Sigma—Aldrich)°l] 23}
AR} 9 s Fdst R o9 Byo AES A ZRHAY
A Fo] we} CHSY1 ELISA 7]1E (Kit, MBS7203596, MyBioSource,
San Diego, CA, USA)E AF&35lo] ELISAZ =4 3t}

dY9 34 A (Immunofluorescence staining)

A EHS g8, Al SR ABES 24 A oY B 10 %

(Epredia, Kalamazoo, MI, USA)& A}&3ste] =ekst v CHPF
sk 1 2 @A (1:500) 2k A 7kE Fel ¥eol 4 TelA WAl
Hj Tt o] % 2 2 Al A2eolA 1 AIZF 5 1:4009] alexa 594
(Thermo Fisher Scientific)E AFEsta, AX 3 iz A&
DAPIE 1:10000% Z4&e]A RT 10 & 7+ AMERTh 129 ohs

Faramount Aqueous Mounting Medium (Dako, Carpinteria, CA,

-
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USA)= ARGl A2E i vAltto 2 & 24 dvld (Leica TCS

STED CW, Germany) 2 AF&3lo] &3 oju|xE 5t}

A Z% 217t IGF—1 (Recombinant Human IGF—1, rhIGF—-1) A&
rhIGF—1 A2]& 913, NHDF= + 9% DMEMelA 48 AJgF &<t
=AY I S 250 ng/mL% rhIGF—-1 (R&D Systems Inc.,
Minneapolis, MN, USA)& =33et= g ¥ d% DMEMO=
Age Az AIEZE AHEsta mRNA 9 @iz 245 93|

e,

A 4

GraphPad Prism A3XE9o] v.5.0.3 (GraphPad Prism, La Jolla,
CA, USA)= Ah&ste] Al 24& F3Rd. W-31=EY U A4
(Mann—Whitney U #7%), €5<& H3-+9 #HA  (Wilcoxon

matched—pairs signed rank test), &%+ ~374 (Paired t—test),

(o]

] A BEAFEA] (One—way ANOVA)eo] o]o] EHZY (Bonferroni) 2]

ARG ARl IaS Bludt ARe Al R ol e 53 A
A Hd + ETeakE gAENCH, $A4 142 p <0.05%
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¥ 1. AHe9 =Zgoly AFA (Primer Sequence) 55

B3 FA%

AlE A

(5° =3 , F: Forward, R: Reverse)

BGN

DCN

XYLTI

XYLTZ

CHSY1

CHPF

CHSYS3

CSGalNAcT1

CSGalNAcTZ

GTC TAT CTG CAC TCC AAC AA

TGG ATG GCC AGG CGG TCA GT

AGC TGA AGG AAT TGC CAG AA

GCC ATT GTC AAC AGC AGA GA

TGT CTA CGA TGA GCC TGA CG

AAG CGG TCA GCA AGG AAG TA

GGT GGC ATT CCT ATC CAA GA

GTC AGC ACG AAC CAG TCA GA

GGG AAA GTT CCC AGT GAC AA

AAC ATC AAA GCC ACC CAC TC

GGC AGC CTC AGA ACA AGA AG

CGG TGG TAC AGG TCC TCA CT

GAA TGC CAA GAG CAG AGG AC

TGC TGA AGA TAG GCA TGA CG

CGA GGA CTC TTC CAC CTC TG

TTG CGA AGG TGA GCC TCT AT

CTG ATT GTG TGT GGG ATT GC

CGG GCA GGT GAA GAT ACC TA

20



CHPF2

ADAMTSS

IGF1

IGFIR

3684

AAG CAC CCT GTG GAC ACT CT

CTC CTG GAA ATG GAC TGG AA

GCT ACT GCA CAG GGA AGA GG

GGC AGG ACA CCT GCA TAT TT

ACG GCT GGA CCG GAG ACG GTC

CTACTT GCG TTC TTC AAA TGT

CGA GTA CTT GCT GCT GTT CCG AGT

CAC AGC GCC AGC CCT CAA ACC TGT

TCG ACA ATG GCA GCA TCT AC

TGA TGC AAC AGT TGG GTA GC

21 MET



% 2 288 14 ¢4 55

27 gz =5 AE W3 FTFA

Biglycan Goat IgG AF2667 R&D Systems

Decorin Mouse IgG MAB143 R&D Systems

MMP-1 Rabbit 1gG Customized Lab Frontier

Procollagen 1A Mouse IgG SP1.D8 Developmental
Studies
Hybridoma Bank

Tropoelastin Rabbit IgG PR398 Elastin Products
Company, INC

CHSY1 Rabbit IgG GTX115638 Genetex

CHPF Rabbit IgG PA5-26056  Thermo  Fisher
Scientific

ADAMTS5 Rabbit IgG PA5—-32142 Thermo Fisher
Scientific

B —actin Goat IgG sc—1616 Santa Cruz

B —tubulin Rabbit IgG sc—9104 Santa Cruz



A7 A3}

A3 1. A4 wate AR B3 A5 wo] e e dme W
WA A wsE SR xAelx wolZFelw dade WsE
e 39 w9 9HAE A, Fwst e4s EA7

da EFFozrE nEwE oyel RAF xd sl AN

$A, o]lFAlE—ntolZE|Zt  (Intact form, Biglycosylated—
biglycan)> 243 PGHERS] nlol=gfxtolal widAt&E—nlol =23t
(Monoglycosylated—biglycan) ]t} GAG AF&Eo]l gl A waiz
(Core protein) FHE= A Z7H4 =& Zal¥ Fgojop. xA
ARz 7= YEehA] AT, 19 29 o] o|FAlE—nlo]ZE 3t
(> 140kDa), @@AbE-ntel=elzk > 70 kDa), 34 @ e
(40kDa) &l Al 7HA @8z #&AHAL, Al 7HA FuHE BEF &

Fgol  fos gasglth  wlelFezte  A7E ogaba-

o]l =8|zt WdARE-wlolEEr B S et dA dANE-
ol Z2 7t (Glycosylated biglycan)ol]l thal] EAHS  AFESH

gzl Ao 243 PGIEHE wAlE—d7Y  (Intact form,

Monoglycosylated—decorin)©]11 GAG AF&o] Qe a4 iz
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Buttock
a Young Aged - + ChABC
Biglycan g

240- ' '

140-

Intact
form
100-

Mono-
glycosylated
form

70-

_ Core
protein

pactin | i

b Biglycan
s 12 *%
> =
ﬁ ‘g 1.0
‘s € 0.8
52
5 06
2204
e
=702
& 0.0 T
Young Aged
Buttock dermis
C .
Total glycosylated Biglycosylated Monoglycosylated
Biglycan Biglycan Biglycan
70 140 65
135

(=]
o

60
130
125 55
120
50
115
Young Aged Young Aged Young Aged
Buttock dermis Buttock dermis Buttock dermis

o
o

Average molecular weight
of glycosylated biglycan (kDa)
[=2]
(=]

[N
el
\V]

LU =3HE AFE Z9] o)A 9] Hlo] Szt e] W3t
ol 2]k WS Wy =9l o] Ao dwMAS FE384] 9

A~H EXE (Western blot) &2 &RI5FAtE (a) T AlE= &9 X2

o

=9t dHE A4 @ (Core protein) 2 A S| F= ZE=REO[E
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ke

24 AS7F BF wpolZEtolete s AT p-dd
(Actin)< tx A3 (29 #AEZE, Loading control)E YeRTE
ImageJ& AH&sle] AS s A sta, thx Asd p—ddo] of
3 ®Agstel vERHTE (b) A @9E 4=+ (Relative protein level)
e A W3t w4 (Fold—change) o] H+ £ X735 YER
g (N = 6). (c) ®A=S CCD 7Hdgl, ol ojulA ==z
(Amersham Imager)& AR&3sto] AbEHom, A, oJGAlE—nlo]l=
g7 ddArE—vlol gzt o2 YERGITE (N = 3). A4 42 W
-3EY U A4 (Mann—Whitney U A7)& AH&ste] AT (xx P

(F2lg+) <0.01)
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Buttock
Young Aged - + ChABC
100-
Decorin
70-; Intact
form
50-
Core
“protein
pactin [
b c
Decorin Decorin
K-
5 12 5580 *x
> (=)
® —~ 1.0 I 2 x75 \
) —
§ 208 2£
8s, 5g™
= G 0.6 L2 9
o= | -
2204 g 8 60
- 0.2 s £
Y , 2% 9
Young Aged < Young Aged
Buttock dermis Buttock dermis
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=
i
flo
o
o
ol
ol
2,
o

>
T,

A 24 At B gaselEs As ATtk p-dEe 29
AEEZS YehdY. (b) Imagel]E AHEste] W= Fws 248k, =2
g-oglel ojal mAste] etk A B 3 ge
AtfA el W3k wje] H4 £ XFeAE YERAY (Young; N = 12,
Aged; N = 14). (¢) #A&2 CCD 7hdlel, opmiF olmj#] T2 73
(Amersham Imager) & AFE-3Fo] AF=H Y (Young: N = 14, Aged;
N = 14). W-31EY U #42 AHgste] 4 &4= s3I (= P

<0.01)
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Glycosylated
Biglycan
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Buttlock Forearm
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3 W M~ © W
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1yBiam sejnoajow abeiany
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Biglycan
P =0.065

Buttock Forearm

Ponceau S

— T T 71T T 1
S B O un o

wn

N N v v o o
(eBueyo-pjo4)

|aAs] uiajoad aAne|ey

Aged dermis

Aged dermis

1% 4. B3t AR A3 o)A g who]| Z ]z W3

ZHe St
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1At (@) % Alee ol
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IREE
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10).
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ol =g = et

AL-EE
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(Wilcoxon matched—pairs signed rank test)
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Aged
M #2
BF BF
100 :
Decorin
70
50
Ponceau S
b c
Decorin - Decorin

< 1.5 *k% 'E) = 90

> g g
£5 5280

s € 1.0 5=
8 2370

a® s 3S
- g2 60

E IE 0.5 y E
== g £ 50

74 s

0.0 : . R — .
Buttock Forearm < Buttock Forearm
Aged dermis Aged dermis

2gow HAGST (a) ChABCE A2e Agg §4 2A4sto] 2y

o

A 24 At 25 gadelss As ATtk p-dEe 29
AEZS Yebdth (b) ImagelE AMEsle] W= Zxg 48k, =

B—del s RAgste] vepdllch Ad @ld FE g
AtfA el W3k wje] H4 £ XFe3E YERAY (Young; N = 12,
Aged; N = 14). (¢) ¥AFE CCD 7hlg}, o} ik ojmA 73S

Abg-3le] A& 9t (Buttock; N = 14, Forearm; N = 14). 33} 1]

wg 99 ol tu) stgelre] wEe Axo] wlwsti, A £A
o AFE FE-29 AP Aol FRHUTG (- P <0.05, #ex P
<0.001).
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a BGN DCN

w 6 *kk 6- kit
@
>~
29
(= -
$5° 4
€3
=
2o 21
- =
E I;I
0 T 0-
Young Aged Young Aged
Buttock dermis Buttock dermis
b BGN DCN

10+ 154

104

54

Relative mRNA levels
(Fold-change)

Butiock Foréarm Butiock Fore:arm

Aged dermis Aged dermis

I¥ 6. AN k3ot Fx3 Ay oA HpolEI HlZd
|

of

w252 98 By 243 AW YA wohe) Fud z

»

—

A F RNAE FFst1l, BGN# DCNe| wds qRT-PCRZ =461

th Zb 3224 mRNAS e 36849 WAooz WA, (a) WA

-+

w3h HlaE Sl Al WE) s ZFEexE YL

o

Eis
W-3EY U HAAS Abgste] 4 45 F33d. (Biglycan,
Young; N = 8, Aged; N = 7) (Decorin, Young; N = 7, Aged; N =8)
(b) Fw3t HwE 9fs ddol tin] sieholA o] WS #xof Blwst

I, BA BNe 9ZE PE-#9 432 A

ofo
ol

b} @59l

o

p

(Biglycan, Buttock; N = 7, Forearm; N = 8) (Decorin, Buttock; N =

8, Aged; N =8). (+x P<0.01, #*+ P<0.001)
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E3tol A wpolSElzkat ™ol Fadts Zlol AR S
ofye}l wniol=Ez, HZY w3 aivb F7HEY] "Wied Aolga
Aztstn 7Hde AR AAs o] AdelA e vH A
w3y IFEFAS vlolaZojdlo] (Microarray) 2 Hlw FX33}
1 A, wpolZEikdt dade] el Al gk Kt Y =8
a4 T ADAMTS59F 557 dztAHo]= (Neutrophil elastase),
WAL B (Granzyme B)7F S7HTh o] & S5 degtAHo| ==

W ghelo] 2 HA 29km, AR B 2F wel 94 A3

ADAMTSS57F wHedo]l #xl #9t7] wiweol ADAMTSSE HA O =
Agedet. ADAMTSSeHE Ralass, Fo 7|do] ofxdzto]a,
dzd, vpolZeEzt @ Bzt 22 o PGell gk @ Fa)
A% 4y FHTF (Gendron et al., 2007, Verma and Dalal, 2011).

ole] ADAMTS5 siRNAE AFge] NHDFe| T3t & Ax

%_

i
_\-:Ll
ﬁ

WMok MAE 4 Q9 5 A Aol Fetetgich W

A A ADAMTSS5+ =8 743} (Glycosylation) 2 13l 7 A

Hdo

ol wet 2717F 24 vebd 5 glow, EAstE A o> A
4 (Pro—form, 100-120kDa)<> thef4l o & 100kDa®l w4} AZFo=
ety dad d4 8 (Active—form)< ¢ 2 A7) (70-85
kDa)olld ettt (Fosang et al., 2008, Kumar et al, 2012,

Longpre et al., 2009). 1% 7°Ad= F 7FA 2 JEHJA A4 d=
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44 Feo] ADAMTSS57F WeERstal, ADAMTSS siRNA ¢ A}

mlo
o
i)

Z (Negative control, NC) siRNA ¢ A¥XE vy uf,
AZ &3l Al=elA ADAMTS52] wwid wkdo] & oAg Zlo]
glE et 283, ADAMTS57F AAHAE w Ax 3=
nrol 27k} Hlmde] wid HdS 4 A3 5 A BTl st

UERRE. ey wj ke wiA el = 2 AfolE HolA

: 5 2] ) 3



Biglycan
a (Lysate sample) (Media sample)
4d 5d 4d 5d E 25, *
D o~
SIADAMTS5 - + - + - + - + 2320 ’_‘ *
o C
; S 15
.Blglycan ew . Ol A I ‘gg ’—‘
2 [intact form o3 1.0
Z D . . . ' -100| 8 % L o5
| Decorin g . 55 k)
intact form . 80 WL sd 4d  5d
ADAMTSS [ [ Decorin
[ pro-form 100 (Lysate sample) (Media sample)
tive-f 2.0 *
active-form | mw - lso .
B-actin [ e = v 16 |_|

Relative protein level
(Fold-change)
o =
o o

e
o

4d 5d 4d 5d

ADAMTSS
pro-form active-form
T 15 15
S [ siNC
ﬁ g Khk ek Fhx o kkk W siADAMTS5S
T € 10 1.0
g
a®
k-]
g E 05 0.5
sL
€ o0 0.0
4d 5d T 4d 5d

o)

1% 7. Normal Human Dermal Fibroblasts (NHDFs)elA A
Disintegrin and Metalloproteinase with Thrombospondin Motifs
(ADAMTS) 59 %¥t2 (Knockdown)®] W& ulo|ZEtd vl =@
d F7t

ADAMTSS siRNAE NHDFe A3t 7 4 o = 5 d Al AL

Sl = ke wAE B

r
o
)
_OL
2
id
o
il
>
bt
1o
avy
=
i
il
j__o“
[
T

e
il
o
4
09‘1'
_0|L

(o]

R i, Image]E AREste] AE AEE A8k, tix A

59 g—oule] thsl wgstol ek A wwd SE ghe A

Y 3EAFAHIE Lee H, Lim J, Oh JH, Cho S, Chung JH. IGF—1
Upregulates Biglycan and Decorin by Increasing Translation and Reducing
ADAMTSS5 Expression. Int J Mol Sci 2021;22(3).
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= o E 4
AQl Wgt o FH £ BT eAE UERdY (N = 4), 53R E ¢

ot

S 2 F3dct (= P <0.05,
HAA (Paired r—test) S AF238t] EAA v ) (

w2 <0.001)

; L e



A3 5. ADAMTSS 8L UAA 39 Fuox F7lsta Frcdlo
Ae 9 S/

NHDFelA ADAMTS57} H}o]

i

gtz g Zdhe] walo F2sH
71odgti= A gelstgiorg, I vUSo® ADAMTSS57F :=3h9k

S Zrhetel waeld wlolZe7ta Hlaee] wEme] zhish:

8cst 8d). mRNAZ} ZrAste olfr= EshA] AR, 9=
s ADAMTS59 waade 74 F71glow, dad B3R
AEE ADAMTS5S] 7 &4 dol7] widel AHAz &t
Aa7b TUretE S g 2wzt gl

o]E T3 W mslellA o] wpolZE|xt A Frshol A

dadl 2@ fFofvdt vk wdlel weh S7hd ADAMTS59
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ADAMTSS AD.AMTSS
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A3 7. 3td JFox e CS/DS—-FAda4 @+d A3

AZ - Adelx RNAZMS &3 CHSY1® CHPFO A7}
vho] Zg 7t "zmd e A7) WIE ALt A ] i
=stolq %= CHSY1, CHPF9 71 6 CS/DS—-FHEAE9 mRNA
Sl

dEe dFEstuar Ao Al westelM  wbol=ERte Av]e

FA gagded a2y 29 3), °] 6 /A CS/DS-FHEA
mRNA+ 23]8 S7lshs A&FS B9y, 4Ao] CHSY1¥ CHSY3E
AQsta FAACZE FAT (ZH 10a). Fwstelr] nio]Z gt}
dzde] 27 FostA S7H8ed (2™ 43 5), 6 7FA CS/DS—

2 Foue HEkE Holx ofgkth (Z1¥ 10b). mepA ol gt

CS/DS—-aA &4° mRNA W3tz E w3loa PGe =7] W=
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Jeg faE BEom CODS-FHELT Blars dA @]
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23 8. NHDFAA IGF—12 AAF F71 glo], vpo|ZE gty ¥ =zZd Y
duld WS SR,

A3t 1o wpo] S ket dlaglo] wshel yhedste] o] FrAdhe

2
o

HAFRTE VA wsel A vlolZeine wdzel fhastu

damee] wHFe BANOE fosH @AW Fik AL wolH,

Frslollds FAANCE fFostA & Faste AFAAW EHITH
el e3tellA wholZE|zt WEmH T i Y HAa
SHogs AWE £ glden, x=3d RN Efard
ADAMTS59] 57k Qe #ali7t Frhehe A3E RT3tk

A gl A A QY] FRIE fhAstE AoRE F g 9l

o, A AAE vl ez "™ i wstE AT

e

ﬂll
Olr

2 8ol A F Qlue 7HEE AT odn] AdelA oy A%
AAE Agalrweka, 1 FoA % PIGF (Placental growth factor,
But A <14}, AREG (Amphiregulin, ¢43dl=#), 18]3. IGF—109]
vhol= ezt "zde] HEFEs 7RI a3 itk 1
SoME IGF—1° o35 W3Sl F7h7F 7HE magolqiv]el IGF—
15§ Bxoz A3t

ool NHDFell rhIGF—1 (Mzx% <1zt IGF—1, recombinant human

IGF-1)& Agste] nlel= 2ty dlzde] ddo st avtel A&
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71 =

ol

stk A2 AFelA 2700 W o4 NPAE vEow

rd

g3 IGF-1 #A& 348 2%, 18 A 2159 FdaS 3741
ng/mLolP 70 A 152 =4S 92.7 ng/mLE 200—300 ng/mL
B (Zhu et al, 2017). ¥ dAFo|M+= 250 ng/mLe F=7}
AgHoz 3§ 7Fed W Hi, 250 ng/mLe IGF-1&
NHDFell A ]33 tt.

a3 129 YEeRf oA

rN

Aol M ME Gell=d A wjeF WA=

¥
Jo
ol

t A Exox A o, volaehat b e
o]l IA Frks s ST F QST vpol=E gk AI7HA|
FelzE yeited, AE GalEelA wiola=g kel 4w
(40kDa) 7} 7F¢ ZEstAl AEEAom 245 ojgAtE—nto] =3t
FH (> 140kDa) &= A=A Hd==th 183 ddAkE —vlol =zt
Fel > 70 kDa)E  FustAl HEEHJT. wigE HiA| oAM=
o gArtE—ntol F k> AstA,  w@dAbE-ulolZEE Fv|EH
AZHAD, 4 @A wlolagxk AEHA &k rhIGF-1
Agle] o8 Be FEQ vpolZEzt @A o] FriRor (IH
12a) &A% e olFArE—vto]=2xt  (Intact form) ¥l
A5 dE SAor BAFe o, Ax Eall=olA 72 A3F A, AlE
Hi ek iAol M= 48 AZFE 72 AIZE Aol EF foetA SR
(1% 120).

243 o] ddAE-d 7 (Intact form, > 70kDa) 2] a2

AL galBd A R A AR fosl FhRen, 6
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a3 E (Core protein, ©]&FA,
FolakAl ANt A gl BN FIIEHE
ke iAol s AEHA

g ASE U SAHCR

ool s 48 Alztel], wiA] AlmelA =
FromstthE RS BHolFqth (19 12d).

<50kDa) 9]

7+t "lmEe] A7]= rhIGF—19]

oottt (2% 12b). @AE-d =]

B8-S o, rhIGF-1 w7} S717F A%

24 AZF "Hl48 AJ7Ee

o8} Z7hae,

olgst =7l W3+ IGF-19 # 4#AA &2 d 7]ded g3
CS/DS—FA aa7F T7hste] nlel 2zt "z &0} 9t CS/DS
GAG A& dol7t S7hehr] wWwd + v

g rhIGF—-1& Adstal Hdol 72 AZ7kA wlol=8 2k
U] mRNA FFS SIS u, ZE AHdA Fos wgs

Kolx otk (1% 13). °]

vpol =2kt b=

AL F7h WEe]  ohel &2

A2k

<

o o
I 0] S o

regulation) &< A2
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=
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@

)
)

1% 12. NHDFA €™ FAF A% AA-1 (Insulin—like growth

factor—1, IGF—1) o] &g uto|ZEzte dzd @9y Idd F7t

rhIGF—1< 250 ng/mL2 -s%=% NHDF?
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Fod drERslnt.

| B7g3s

3]

el o

Yebit (N = 4).

42

o (x P<0.05, =x P<0.01)

;3}1\

g

H s &

54



o

BGN
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Relative mRNA level
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-
o
1
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o
o
1
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19 13. NHDFAIA IGF—1¢] &3t nlo]2E 2t dZ# e mRNA %
§ W3}

rhIGF—1< 250 ng/mL2 %% NHDFo| Ag3 ¥, Azt 7o uwh

oz RASAIL, o] FHl vlws 9 Al w3} dfee
T

1o

qE + mEeAw YHAT (N = 4). 544 gL gens

t=37de ARl T

=

Oz aE (AX99) ibid.
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A7 9. IGF-1& NHDFoA weid A

18

= 733t wlo| 2k o
FZH9 dud dd S F/MAITTH

IGF—1¢] NHDFelA wfolZe|ztat dlzyle] wheald des
771 B elA mRNA 27 #2E A okgivh, 2-d IGF—12
gz Mo ZypA)7|E Aoz = oA Q7] uwio| (Blackstock
et al, 2014), IGF—1°f oJst nfo]ZE|zt} dmde] HAF $ WA
7t %5 A

ol& sl AAFE AAlstE oFE vrtol4l D (Actinomycin D, Act

M

D)s} WoE AASE AFEZIAN = (Cycloheximide, CHX)E
Agstn 1 'ads FstaA vk 714 AdE EE rhIGEF-1 A g
Fe] 9]l 12 NHDFeol DMSO (Dimethyl sulfoxide) thz &% Hi& Act
D, CHXE 18#3F &<t AHest F Fadv. Ax &3l= AEE
g 8 EFoz EXNEAEUY, Act D A AlgeA wmlolZFE
tlzde] 243 el (Intact form) 2t 34 @A (core protein) 2
& DMSO tiziel M9l 2ol rhIGF-1 &=l o8 felakAl st
Rbd, CHXE Aelshd rhIGF-1o] 2% 2 F7p7h HoljA] o= A&
gelstitt. Act Do} CHXell thdh whgo] Z dofxl 19 =Z=2Eehal
(Type I procollagen)& 213te] (Blackstock et al., 2014), Act D%}

CHX7F & &3 Zs #led = A3l (29 14). o83 daE

O

}

rlr
P

°l,

off

3l IGF—1° 93l ute]Zezta} dlmd @ o] ofo] F7}

IGF—1el €3 AApe] S7hRus AL & waid oo S7) wiedd
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b Biglycan
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1% 14. NHDFol|A IGF-1¢ ¥4 A3sE F3 vlo|=dts vz™d
G e St

ot -wlo] Al D (Actinomycin D, Act D, 1 pg/mL) F&= A|ZZ 3 A|v]
= (Cycloheximide, CHX, 25 pug/mL)Z 7]A Ate] == rhIGF—-1
2 A2l NHDFel 18 AlzF F<t A2 gt Al gsiE 2 ajekd )
Ao dwAe i BFoz FEAHIU. Atz WA okl
Image] & AME3dlo] 4A1S AEE w48taL, tix AlEQl g-dEef o

A wgstel Uebdch 4ol WM £F ghe Aoael wa wee 3
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vlol =zt "lZde] did A4S AHFor FIHA7IE A
Qo= IGF—-1°] & dWAYZF TAst=A TEFIC. uebA
rhIGF—1 == 23] ADAMTSS5 Wdo] wWal=x] FAS T

ADAMTS52] mRNA FF2 rhIGF-1 AH# % 6 A7tz 8

>
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Gl £E22 AdgiAel WSt v H £ xFexE yERAT (N
> 3). A% vl dUEihEA] (one—way ANOVA)el o]o] ©Yl
o] A} AA (Dunnett’ s post—hoc test) &2 F&3 T (+ p <0.05,

#x p <0.01).
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rlr
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o] nolZe 7t

=

Eis

LS

& Azl o

ALd EX02 24

3 x4 PGE

-
R I

1. J¥

Z

al

i

Exo=® o

Eats|

4l

o (19 29 3).

3ol A mlo]

el

=
A=

7213} (Lee et al.,

3t

A A

o8

o]

Oo]:

o]

=y
o
)

o)
o

=
3R

—

Nd

A 743t Aot} (Carrino et al., 2011,

d|

2016), tl=Zd2 2717} 9

zH =z dad E5=

Ry

Li et al.,, 2013a). 7194 #AxHEA o=

| —
R

3t

%)

)

N2 %= 717} AA N, AE 85 7] ol A]

1 Az

1
L.

FZol7] W=ddl, PG

65



0E 71 @i g9l pGer A B8 wAtE FA s o] witel
FZo] HA ¢, HeEol (Urea)ut HU A3t AddAdA
(detergent) & AHgstAY ol&wd 7 (Column), =2t +3&
Aol o]gsh= Wo] olgFa itk ARY, w3 oA IR
714l o2l B84 B4l FAH, ALdAR ZE R A=l

ol F7HH ]l MEFol g ] wEel He FE0] offe

ot

(1
2

Gtk & AT = ANt o7 ALEE = w83 g9l gyt
SDS (Sodium dodecyl sulfate) S =9l SDS—&3] £d&

ARSI, F2 SRR vol=gxty dade oM HES F

AR, PGE adtHo® FEshs W diEides oxls] ojxdo]l

ofo

oot gAEl BEFoM PG uwdoe] RdEE e}

o

27 Yeh}r] "ol (Bell et al., 2013), =7}4<¢l E2o] Qs
F A I wE A, A s ASo = YAE By

2o AR HwA Al dM (Lee et al, 2016)o)u, AA3AW A

s
z
>,

o

i
2,
2

iy

o2 HARSE A7) @t (Danielson et al., 1997, Li et
al., 2013b). =& GAGS] Holo] dsir e WA EAE & ([P°S]-

SO4) = &8l Mz e GAG Ateel EHE WAMIEAE AlAbeto]
GAGHolE HAF+= Hiukx At (Al Gwairi et al, 2016). °ol&

gt 0% golsl Aavt slaE S ol
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1F 2-1. x3ldA bl dEdes EIEe g24A=E
ADAMTS5E AAsHA € ZA AlAL

w3t A wpolZ gt wlmMe] Bd W3 VjdE Ager] 913
mRNAS] W35 Felatglon, ol w3 @wd wsts Ad9ysi)s
ofgtt (29 6). 29, 71d @MAS HAALe FHoE HAYshs

AL AA Ao AEsrle Ferh = F vk Ax 9 7)A

45 wEste Zol §FE 4 ed, AL ATl I

obrelztE  welishks F &aol7l "ol Iy ARelM=
of1#zko] X3 A obMFEelMd FaF PGZE otyr]  uwiEel

ADAMTS52] ogto] Al B %A ¢k}, kX vF ADAMTSS5+ AMH

5 =2 PGQ vtolZ 2k dlZd, wlZAZE (Li et al., 2013a) &
zgsk & PGE st RuEAY (Oh et al, 2011). o]+ &+

At T wSle Al ADAMTSS] ot d5-e] deAds gy, &

Aeld FeHlls BIske wlelSHtd dlads #Ejste] v
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2F 2-2. x3olA HelEEY HIZdE

Mo
Fl
ly
foi
>
!
>

ADAMTS59] 9v],
Aol = (Collagenase), <AzkAHol|= (Elastase) 2F #2

714wl aae dF 23 AN T3 J9ds o Ao

epil Ae B, 1w WY wHw ool 4 Ytk ®#,

i

ATeA  wlelZEZt ZTho] MMP-1¢] H<L JIrtets dYE
NALNE i (18 16), AAR vzd B&7t Fw3t 37g o)A

e ARe wBaE Sagdn 9

o\
ke
i
Mo
bt
390
32
)
S

1 et al.,

2013b). webA  wHlel= 2y} HA™

lo
M
[

o At HR waE

I

Ag 4= Q= Ao 7 #dE ™ (Iranmanesh et al.,, 1991),

iz
r2
-
rlr

ADAMTS59¢] wlo]Zg]zty} dmde] 3] gaidts SHoA A20]

V3t S AAEA L o] TE NHDFo|A Hlo]&

i

w2 wdo] ADAMTSS siRNAS F¢leo] 93] =7}

N

ih)
&

2 93 4 Ad (2 7). o], wahE AL o

1=
—z

ZZ o ADAMTS52] mRNAS} vz W&ol 374 F7glon 53]

ADAMTS58] &4 JFHlo] dido] Frtstr =z (13 8), AAR

w3tE RdeoA ADAMTS59] 7]14<Ql nlol=gzk, d"FAS x3HsH

ofe] wuael ®airt dold 4 e tehdth 1ela o FehAl
68 .__:rxﬁ-! _'-.;.'ZI_ -l_-ll =



ool wAlZ oleld Gk uwebd, B Ageld pHd g

jur]

[FoZ, ADAMTS52] A= 5§ =3} WA S 93 A= degoz

1z 2—3. ADAMTSS5 ¢ #dEs A3} 34,
stH, 79 79 ADAMTSS siRNA @] &3k nio]Zgzt ¢

dadle] Bdyd F7tke Ax fidlle A2ddMes #9vd Jow

714 S A Aete] HFAow MEAd T =84 714
EZo] gA 7] wlF] (Oh and Chung, 2019), wiA|7} o]59] HF
5/A7) ofyth. ElA AE $ES FET u, dvrEA el
fART =R s AW dA SDSE istal Al SDS—4-3)
goaloz Ax wE FAA A=, o HAelA T AE
Gl oln B84 AZ7|E dmdEe] AR ] FE9 F 9k
e AE glE ARCA BEw wlelZEzty "z S

FEAo® o] Z8A AxLAVIAAA 7l

it
.
e,
o

o
%)
S
o
o,

Bdoln B W wAelA wel2H HEAe ZA7 Wate)

wah Aty ZAOME YgA FH"i= dE] ADAMTS59]



mRNAZ} ZHashes 7hed] @do] /b (1" 8cét 8d). ©

e

g

Aol M TEA] ool W &tekA] okAINE, Fiedtel = TGF-

al.,, 2005). 1o % B35t @z ko] Frleh= A1, H|RE A X9
yHeo] ADAMTSS57F ol sHfsol 7] diEe AAAAd Ao
ZA A FE3 dwiag Hlwst 19 8de AyoAE Fost =M=

7} gk Zo]tl (Wernersson and Pejler, 2014).

1z 3-1. k3toA Hpo] 2t HIFAEY AV|E W3 7
CS/DS—FAdase dud B4 g ByEHd 12

I oo, A% wgtelM el wpojee gt i) A7) WEkE
Adstr] Ha A" EEe® CS/DS-FAEAS wulHs
dEetaa Pop add AEe VIES 7 E48ke 24 A ReA
PGE %< 38R FEoHA HWA AR X3 Aol Az

AN Axuc 7Ae wlge] 4TS ¥ wEe], 7)de

ARG ol AdiAorE AmelA Ax o "] n]Eo]



o7
e

™
T
22!
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7} 71e A

/1\1_-__

15

pia

o

=

[P)o =
(Non—

Apgs— o]
Sx]

VA 1

(Blocking solution)

oA H

=
J

24 e AN Fe)
Z'

s

(Immunoprecipitation,

o 2o,

I (Fringe domain)

o
R4

07

Aol Wel 538 (Immunoblot) §lolE HEEH,

1

@

o A gz —fo]

L.

.

I YA EH
2]

o

o))

(Albumin) ©] 1}
X

olE 14

1
o] 3f A

.
ol

3] CHSY1
o

50 kDa$ 70 kDa H-3%ol
[e)

(Monoclonal) & AF&3}a1,

140kDa
CS/DS—

&

o

=
il

719

reducing)

.__;rxﬁ-! _'-.‘I.'Z_ -1] -
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B SISlTh (Tian et al, 2010). AA=, $d 2203} gk 2315
Hla e o, o] RueMuts 529l WstE wolA= AN siRNAE

|

J2] st A BollA e B2kl ¢k 90 kDa $:¢ ¢X7} o}d 50 kDa

4z
r
2,

=
Ne #4225 &

a
2

|7} o351 Q7] wjFEel & w2 o) BAo] Q7 H T
a4 CS/DS—-stdah FolA wlolZFEZty "EmHe AVE
V& IA FAAFE CHSY1# 1 g0 2 7HAAFHA CHPFE 7+7)

ELISAS} woyggagago=r  gQlsiqity (1% 11). CS/DS—

L
oX,
ol
o

b WA westellA HAasta Fwesteld  Fbe Zlojwt
ZIdist o, CHSY1elA= WA w3teld FAACR {984
At 93|y FUlshe Aol B FwdleldE Fod W)

SIth CHPF= WA wstel A Fhashe B o] Boja FwsleA ke

A Zaste APl RYAW AN FYH BAjolol Fou
MEtE A olel Ak AP, & @40l wwd gurt o

N
2
ol
N
rr
i
XN,
§2
2
it
ol
[>
v
Mo
(b
i)

2
JL

[
ol
Y
)
X
[ o
rm
re
-4
[Ulﬂl

AshelA CHPFO wae]l a4 APEd, A77h Aasy 248

F7t2 A 5kAF mRNAOA CHPE7F ZHAE A ¢

rlr
P
o
Hu
=
i
o
s

el = e oAA7F 3o dAAL dAFEReE FEHHACR HdES

We)7) o), o]e] #alME E UE /MR PEse o] Bas
" SEXE



1E 3-2. 3telA mlo]ZE Y "lmd 9 AVIE WA= 7)A:

GAG—E& a4 3 714,

GAG AbZel HsiM = 8l a7t S7FE 5 olvh GAG 24 24 el

22 o asavt #oseE AA™, GAGY FE HAdd=

12

AFEfo] IA do] = (Exo—glycosidase), A= agfo] FA| Hlo] =
(Endo—glycosidase), A3}go]= (Sulfatase) ol &3l o8 a4 E=0]
Holstal ZlA&F  (Lysosome) oAl #al7F S5 ¥ T (Cechowska—
Pasko et al., 2002, Griffin and Gloster, 2017). o8] &3l a4 FolA
olyEUYdHel=7 DS Eafiel wofsta, IF =3k RNA A[EA
(Sequencing) vl AF Aied Hd A oip] WY =3}
AL BEoe] 0.544 JFFOE ZFoE FE EAEArt. o]
ol E Yol = i Hrke Ade AlEs Bk oy vhol =g gt

dale] A717F S7keke e 328 5 U3lth shAIRE GAGE] &4

1F 3-3. x3telA uto]EYztd HIZLe IV EIATE 7R
CS/DS—- a4 AT I A7E T AMELE A7 B AAL

CS/DS-FHAY 02 Folrt thE FHL Avinm, Az Ao

-
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CHSY1¥ #dlel Fvj=s A7F AT ©] A w3h #A oA
CS AF&9] 6-0—-%3 (Sulfation) thH] 4-0—-=k3}e] H]& (4S/6S) 3%
CS AFES Hol7b At Ad Haola dujgkel &gy
Zg o}l (Polyamine, Spermidine)©] 12ZtE A|EoA o]z 3t &Alo]
gt CS AMES AFsks CHSY1H A% 5 sshr|7]= C4ST2
4-0—-AXEAAHY o= 2 4—-0-Sulfotransferase 2)9 2%
A BTk WEolth SRS AR, CHSY19 AL & W
5—UTR (Untranslated region)? RNA AlE7% ([RNA G-
quadruplex, G4)=Z <3 A= <Sl=dH, ZZolvlo]l G4TZE
°ksiAl A CHSY19 WS F7MZv= Aotk (Yamaguchi et al.,
2018). ZFeloprlZ w3telA ZaHo] Qluks Bk glorg olg
ddE Ay7F E sty A4 4 4 9o (Minois et al, 2011,
Nishimura et al., 2006).

g, dde] slojMd= SdEdol wskel ddsie] # de

ok
o
o
o
o
e
(%
ol
2
_
flo
=
Z,
x>

A2 (Small RNA
sequencing) & A =wo] AT 7]M, miR-2042= vlola=
RNAE 3497 w3std AZoA S7bste Ao=2 Yelwe=d, o]

miR—204+ CHSY1S H]5E3}e] CSGalNAcT2, CHST11, CHSTI15

Y HHe dA3] HEE soRE FAHGT gFARE o9} T
71345 AZEE 5 A2 Aeltt (Kang et al., 2019).

w3l CS/DS A A F DS AFEE ASE o)F A AA

#HE DS A&EE ASA7]eE 2491 DAST1S dstke a4 Sobx

rir

74 A L) ¢



ube-A  (CHSTI47~ mice)elA= EDS xndadz o] Ii7}

&

Foke 2tk Bl Yt (Hirose et al, 2020). CS9%-—
CSEALe-DSH S -DSEALELE olojx]=  CS/DS A A ofl A,

CSY A3 #AHw CHSY1d CHPFE vB]E3SE 6 /M &47F ofd th&

)
>
)

>~
>
>
<
(b
0%
o
o
~
('
fk
kD
o
=
BN
N
%3
oft
I
(L
>
E
T
N
r
9
N
rr

f
2
O
wn
Ao
o|\
X
X
o
4z
il
o
o
>,
S
o
rlr
%
1
iy
tlo
of
:(u)L_‘,
@
wn
N
=
Hr
=2,
>

Z o3t 7ME e o343 Fasttl (Chajra et al., 2016, Min et al.,
2020). @A = DNA A@A ] vl XA 7)== stAq &

Al4AA  (Polysaccharide sequencing) S E3 +x% #4

o

= FHA

Fe 2% @ 74 wel @ 5 e

N
o
o

Ot

NNEe B4

2F 3-4. FuddA wol|Zansd dzdy A/t Fhse 29
v 28

Ul w3l A wolaelztyt dlFZ™e AV|= FAadk, ol

iy

el A

i
o

Fgstel= Vlee okstR oloXin. shARE
Fwstoll M= GAGE <fol F7hetd= ol disiMd= 29 Bavt
A AA W (Bernstein et al., 1996, Gniadecka et al., 1998, Oh et al.,
2018), wpel=e|ztat dagle] A717F Srbehs Zlel dieir = 2

E7E QLelTh olel il ¥ AFeld Agow wilod, rid 9
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ol =gy} wlade] A7|7F Frkske Al & GAGE AHolrt

Zohdtks Zeldl, F7hE GAGY deol mi: ool wAE o

oO{'

ko
gaides 2 7HE FESAE 7 Ad 44 CS/DS GAG A9
Hol7} F7vstd A4 Axbele] A7, A& 2+ (Adhesion molecule)
T OE Ale]E7RD (Cytokine) ol thdh zstsfeo] F7kd 4 Slth
el ol F3 AT AE FA, AE FF oy 9@ FAY FE
AEstAl AbdEel 98s v H 5 Aok (Venkatesan et al., 2011).

S GAGE ARe] F3 Hd 1000817H4] &3 dfste] i

Bgas 7%e e ged Ad Fes® R 4ol

o]
|97 GAGY} Bl AREW, Fraty 9% 240 GAGH

Zrhsidebe $23 34H9 A9 34 ZabA 9 5 vk

2 4-1. =FelA w2l YzAe] P IGF-19 g e
B3E B¢ 71 /12 A% 1%,

B oATeNE w8, vl Fe 2t dmAe WAl g IGF-19)
24 ERE G 9% w8 B velZelns vawe)
ool A UFHAAE, 15 24 HAUZES 3] wEAA

oottt 3t A IGF-1 A+ dgo) wa 7asts Row deA
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O

9o (Babelova et al., 2009, Kolb et al., 2001) ¥4 F= 4 ¢y

w3te} #wHol Qe AHOoZ HY (Oh and Chung, 2019). ©]¢}
wHste] 292, IGF-1°] whelg|zty dads 2dshs A&

e

oJF o 2M, IGF-12] ¥% %3} g theh =dARM] 7Hed=

WA [GF—1°] NHDFolA AAF & HAS 7F3lslo] wlo] g7y}

o

zye dds A 24%S HolFod (29 12-14). IGF-19]
PISK-AKT-mTOR Z=2& &l Hds F A A= 2
ety 4] 2t} (Christopoulos et al., 2015, Laron, 2001, Lewis et al.,
2010). 8y IGF—-19 wlo]l=zka dlzZdel djst o3 =43

HEgt Bas ozl AAbE Wstert 24

ftlo
o
=}

[
)

& AE §30 wE et Aow man AF A A4

obM o M= IGF—1 A& o]z xa} v mRNAZE 7L,

Ni

12 A oMEelA+= Hiol=8]xF mRNAE Wsh#| x dad
mRNAYF F7F8lth (Gennigens et al., 2006). Y2, MG63 =5%
A E= Zol AlxFe] IGF-1&% A 3PS w, vlo]=2]zF mRNA
wee 7kt (Yu and  Rohan, 2000). A& AXoA+=
vpo] 2|2k} dlFy 5] gk mRNA @& W37t glolth (Bartke
et al, 2003). ¥ <7elx= NHDFel| rhIGF-1§& AHAE o,
ntol 2|t dmye] Wl o] mRNAS] HAb wisiglo] 4
ZAE A o=, Act DE A2lsto] AALE Abdsttiete o3| IGF -

1o o) HolZeta dm wdle] Zrhsgiort, wel A4
77 -":rxﬁ-! ":I:I' 1:]

| &3
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CHXE Adstd IGF-1el 2Jst wlelzgxtat dade]  S7ht
A e = Aoz uA & ¥ AFHUAG. ot A= IGF-1-mi70
Hod 7437t wholZaElztyt dlmZd wwE w3 Frte]| 7jod
Ues ARSI Bl wQleA dAF ol 3R] IGF-1 0|
Aasl= Ao2 dEA td (Babelova et al.,, 2009, Kolb et al.,
2001). °ol& ¥ <79 Aol didste] FEskd, I w3ste
yHoA IGF—19 0] 43R g, ol RHEHo=7 ulo|ZF|zty}
dzZAe] AAF § Hoo] a1 xduo] duid wo] FHAad S &

At (Lee et al., 2016).

1 4-2. =3}oA uvlolZE T wlZ el didt IGF-19 9 77]
Z7F 71A ) gk nZ,

gtA, IGF—1e] 23 nielZeizty) dm o] S7F Aol glojA,
ol59 AVIE FAldl FUHT (2™ 12). ofel on]  AF-eA]
CHSY1, CHPF, CHSY3¢l sl &1, Al &2 5 IGF—1°f 2|3

mRNA S 7}§lo]

i
i)
i

o

] Z7kskv, CHSY39 Z7} Zo] 7} At

(B =Fof| A7Z Ax ¢kors ), T 78 149 Act D, CHX A8z}

off
2
o
>
il

o] CHSY1, CHPF, CHSY3Z #&3<S uj, A

ol
o
o
N

IGF—1°l ¢Jal F7ks @]l Wsirh dAL AAAR]D Act DollA=
JE FAEHPATE, HGAAAR] CHXS] Mol oJsf Fhidtes A&

& 5 AdTk olell, Al &4 wF IGF-1° g We AstE et

ki

o
&
i)
32
>
=

, "ol =221 "lZ-e] A7]= Act DOl 93] IGF—19]

. “ 71
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ot A7) F7F AAEA] wWEel, dA7Ae] A¥REE CHSYL,
CHPF, CHSY3%+= IGF—1°l 9§ uto]aeiztat vavle] A7) vstE
Avdslr] o]Hth, o] BAgel e ahEo] Wl = glon, FrhHql
Aol a7¥h

PGS GAG #Hole zde didt A7 Hie= AL gARL, o

ol TGF=87F e 9=y Wy Ao PGS GAG A}

il
£

a8 #HEZ AxeM wHelEEzt GAG ARse AR

(Hyperelongation) o] 7]osttt= ®u7F Qb 28y TGF— B9 A%,

IGF—19 AolM = ] XYLT13 CHSYl % GAG-FAHELY
mRNAYH L F7HA71= Aoz yesth (Al Gwairi et al., 2016,
Mohamed et al., 2019, Rostam et al., 2016). 184 x3}%
R E TGF-8 37} #asts Aoz dEd 9gorz w3y
ylFo] A CHSY19 mRNAZF Z4stA 97] W&ol TGF-5 A%

Al CHSY1ol wish 34 x4 A7} obd 7heAdol =

17 4-3. =394 wlo|ZE R " ZAY g IGF-19 98k
ADAMTSH5SAE 53 vle|ZE 2t "=z F71 713,
T IGF-19 wlo]ZEzty} "zl @k sk A2l

s
33

BN
2
)
kn)
e
©

, Ao ® ADAMTSSel st &% =4S &3

19 Azl g8 ADAMTS5 3ol ZAaxEa, ApzFowm

dfolZelbst dmed WA WAS FE A 9FAY (19



15). A= AMEolA IGF-1 Aol <sf] ofzdlzt &3] a4l
ADAMTS59] wtdo]l Zagvdy Rug dvb ed, o #<l9]
A9} HA3tch (Blackstock et al., 2014, Zhu et al., 2017). wWahA,
2 A9 Ay ADAMTSS57F FFeolA wpolzgizhy dazds
g 4+ sler, IGF-1¢ ¢33 ADAMTSS5 od Fae

npolFelzkat Blme] el el 71 & S tehic

M

1F 4-4. IGF-1 A% AL 7|F3 #A3}Y FredoN AdH=

EE E=wel  oad, AL 2R A WyE
WezAssgdor FAYS W, IGF-1RY Wdo] 3] Zof

kel
(-
o
I
o
il
A
Py,
K3)
=,
2]
(L
2
=
o,
N
Y,
‘2
-
2
=
(ol
K
(0
ok
e
—\|1~

it
2

HAaskal MMP-19 #d2 SVt (17 16). o] el Xatef u}
vpo] 27k} HFYS molxdt A TP A ZEhAl [

A o] EqfAa At (Corsi et al.,, 2002, Zhang et al., 2009). X3+

-
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welo] gujHom  obsEi 2, Bl olEe ¥

ot
B>
=

ADAMTS57F Z7lets o] RRA o= 71os Ao Azbew, wal,
upol FE] ko] frat AFHCEE MMP-19 F7hsh Fetde iz

olo] X 7]ef|, vtolZE 7t} W7, IGF—13 ADAMTS5E= 38 w-35}9)

ro
b

2 Holth, wlelZezd dmUS AW AFrasAL

ADAMTS5E 9Alsla, =& IFox IGF—1 A5 AES 3AA|7]7]

Ir

J8 IGF-1RE BHIAE 5, oE5S 2AsE A I w3

An e Ao 389 5 9 glolth

tlo
ol
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Abstract

The Expressional Changes of
Biglycan, Decorin,
and Their Regulatory Mechanisms
in Skin Aging

Hanon Lee
Department of Biomedical Sciences
The Graduate School

Seoul National University

Skin aging can be divided into intrinsic aging and photoaging,
and the main features are wrinkles and sagging skin. As molecular
mechanisms, a decrease in collagen, a representative substance
constituting the  dermis, and an Increase In  matrix
metalloproteinase—1 (MMP—1), a collagen—degrading enzyme, are
well known.

On the other hand, proteoglycan (PG) refers to a glycosylated
protein in which one or more sugar chains called glycosaminoglycan
(GAG) are linked to a protein, and these are also the main proteins
that form skin by binding to matrix proteins such as collagen, elastin,

and hyaluronic acid. Biglycan and decorin, the most abundant PGs in
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the skin, contribute to the maintenance of skin tissue by stabilizing
collagen fibers and protecting them from MMP-—1. However, their
expression changes or regulatory mechanisms in skin aging are not
vet clear.

In addition, the decline of growth factors in aging is considered
important, and insulin—like growth factor 1 (IGF—1) is also known
to have reduced blood concentrations in the elderly and reduced
action in aged skin. However, the role of IGF—1 in skin aging and its
effect on PG have not been well studied.

Therefore, the purpose of the present study is to elucidate the
expression changes in biglycan and decorin, their regulatory
mechanisms, and their relationship with IGF—1 from the perspective
of intrinsic aging and photoaging of the skin.

First of all, tissue biopsies were performed on the skin of the
sun—protected buttock and sun—exposed forearm of the young and
the elderly to confirm the changes in biglycan and decorin in actual
skin. Then, the dermis was isolated and the extracted dermal
proteins were analyzed by Western blot. To characterize the change
in biglycan and decorin in intrinsic aging, I compared the buttock
dermis of the young and the elderly, and found that the amount of
biglycan was significantly decreased and the size tended to
decrease. For decorin, its protein amount did not show significant
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difference, and the size decreased significantly. Next, I examined
the buttock and forearm of the same elderly subject, to confirm the
change in photoaging. The amount of biglycan has a decreasing
trend, and the size tended to increase although not significant, and
for decorin, the amount decreased significantly while its size
increased significantly. Thus, in intrinsic aging, both quantity and
size tended to decrease, and in photoaging, quantity decreased but
size increased, showing a difference in PG size regulation between
intrinsic aging and photoaging.

Next, I analyzed mRNA expression using quantitative real—time
PCR (qRT—PCR) attempting to account for the quantitative change,
wherein the mRNA of biglycan and decorin did not decrease in both
intrinsically aged and photoaged tissues. Therefore, I assumed that
it was not a decrease in synthesis through transcription, and that
degrading enzyme of biglycan and decorin such as ADAMTSS would
increase. I treated Normal Human Dermal Fibroblasts (NHDFs) with
ADAMTSS siRNA to check the change of biglycan and decorin
protein amounts, and confirmed the increase in both biglycan and
decorin. These results indicate that ADAMTS5 contributes to the
degradation of biglycan and decorin, and subsequently, it was
proved that ADAMTSS5 was increased in aged tissues, confirming

that it contributed to the degradation of biglycan and decorin even in
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actual aging.

Since the size change of biglycan and decorin means a change in
the length of the attached GAG chain, I examined the expression
changes of the GAG—synthesizing enzymes. The GAGs of biglycan
and decorin are classified as chondroitin sulfate/dermatan sulfate
(CS/DS), and most of them are composed of DS in the skin. Six
types of GAG chain elongation enzymes of CS/DS are known, so I
treated NHDFs with 6 types of siRNA for each enzyme to check
their involvement in GAG chain length regulation of biglycan and
decorin. From these results, I found that the enzyme which reducing
the size of biglycan and decorin the most was chondroitin sulfate
synthase 1 (CHSY1), and next was chondroitin polymerase factor
(CHPF). Therefore, I attempted to investigate the actual expression
of the two enzymes in human skin tissue. Since it was difficult to
identify their expression by western blot, CHSY1 and CHPF were
analyzed by enzyme-—linked immunosorbent assay (ELISA) and
immunofluorescence staining, respectively. In intrinsic aging, the
size of biglycan tended to decrease and the size of decorin
decreased significantly. However, CHSY1 tended to increase,
contrary to what I assumed, and CHPF tended to decrease, which
was 1nsignificant. In photoaging, the size of biglycan tended to

increase and the size of decorin increased significantly, but CHSY1
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did not change significantly and CHPF even showed a tendency to
decrease. Therefore, it seems that the size changes of biglycan and
decorin are not mainly mediated by the expressional regulation of
CS/DS—synthesizing enzymes during skin aging process.

On the other hand, the action of IGF—1 is known to decrease in
aged skin. Therefore, I investigated the effect of IGF—1 on the
expression change of biglycan and decorin, and as a result, found an
increase in biglycan and decorin protein levels. However, the mRNA
level did not increase, and it was confirmed that IGF—1 acts by
enhancing post—transcriptional translation through inhibitor
experiments. In addition, IGF—1 was found to inhibit the expression
of ADAMTSD, which degrades biglycan and decorin. Through this, it
was found that IGF—1 increases the biglycan and decorin, directly
by increasing the protein synthesis, and indirectly by inhibiting the
action of the degrading enzyme. Consequently, it could be
speculated that a decrease in IGF—1 level in skin aging leads to a
decrease in the synthesis of both PGs, and also an increase in the
degradation of PGs with an increase in ADAMTSS.

Finally, I investigated the regulatory roles of biglycan and
decorin on matrix proteins in NHDF using siRNA. As a result of the
knockdown of the biglycan expression, the expression of type I

collagen, an important component in the dermis, was reduced, and
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the expression of the collagenase MMP—1 was increased.

In the present study, I observed changes of biglycan and
decorin in intrinsic aging and photoaging, their regulatory
mechanisms, and their functional importance. The main changes are
that the amount of biglycan and decorin decreases in aging, that
their degrading enzyme ADAMTSS5 increases, and that the size of
biglycan and decorin decreases in intrinsic aging and increases in
photoaging. According to the results of the present study, it is
speculated that the quantitative decrease in biglycan and decorin in
intrinsic aging is due to the increased action of ADAMTS5 along
with a direct decrease in protein synthesis caused by the decrease
in the activity of IGF—1. In addition, it was confirmed that the
quantitative decrease of this biglycan leads to a decrease in
collagen and an increase in MMP—1, which are hallmarks of skin
aging. However, the size reduction of biglycan and decorin in
intrinsic aging and the size increase of them in photoaging did not
occur through direct expression regulation of CS/DS—synthesizing
enzymes. Taken together, in the process of skin aging, the action of
IGF—1 decreases, resulting in a decrease in the expression of
biglycan and decorin, which is further exacerbated by the increase
in ADAMTSDS, leading to direct or indirect decrease in collagen.
Therefore, increasing IGF—1, biglycan, and decorin or inhibiting
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ADAMTSS5 could be a novel strategy for improving skin aging.

Keywords: Proteoglycan (PG), Biglycan, Decorin, Skin aging,
ADAMTSS, Insulin—like growth factor—1 (IGF—1)
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