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ol wie FQootth. 259 s TV WHeERs AAA E0]
7V agAo|t}, 28E secretory organO ®EA] UROFSE L8
(myokine) 55 ®H|sl+=d], F= RNA sequencings E3 AP L84
Fo 93 2AEEE 10099%F 2 myokineso] HuHPTHY wal %o o5
%%+ myokine?! apelin® F9y7} age—associated sarcopenia®s 7J4gHo]
THAGY ol5 wpgoR THoM EulHi: EF (myokine)o] THH
T '2RE 7HAE F dve HEE Als S dTh

Lumican< 34, &5, A&, 4 Zur|d 5 o8 Axe Ax 9 714

e

(extracellular matrix, ECM) 2] 2 FAAE = dF}<l leucine—rich keratan
o

12 Lumicang g ZtuleA] ZzQqst zhd 34t

sulfate proteoglycan¢]t}h
(keratan sulfate) & proteoglycans % 3tH=ZX S H ¥ th Lumican
A vheAe 240 gk ek ARE 7S A Q7] wiEel v EE
HR7E A7) fdopa Bage] QoptiT® ] Zhak o) ¢lo = Lumican ¥,
s, H, ks, A, oW g, 3E A AR A s g Q1

zAolt} 7oA HEEcty Bug vp Qo939 Abed Lumican SAAE
338 7f9] ofm-Ato g o]FZojR T AL 3o}

Lumicane ©J#] matricellular 7152 7FA12 Ut} Lumicane z+Heh
ds Al CXCL1S Aesto=x Frg zhure]l FAdap {-x]o] Fofshar, FEsH

e Be 4d 2373, o So] Fu yRCIMW w chemokine gradient
A

Ay g AolE xAskH, ZAmt Hd Alxe] fAA v ZEIAS
A3 RaddutOt? ] Lumicand A3 269 F 7FA AA Al =dol
A% Ax AR da AWl Bl Zo] JFHU I, 2 A
Rdlo] Aysle] #ojstE Ao®E ARESIT Byl olye} Lumicans T

A 2A D o AE-71A AT Age] Fo 2AREE BaH I,

Flo
™

o

M
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d7AE 2 Y

ATAR

A 3Evfoke] AFE-3F Dulbecco's modified Eagle's medium (DMEM) <
Welgene (BAHA], thgtal=F) oA 98t a1, fetal bovine serum (FBS),
trypsin—EDTA, penicillin/streptomycin (P/S)< Gibco (Waltham, MA,
USA) °l| 4, horse serum (HS)< HyClone (Logan, UT) oA %3ttt Anti—
Lumican antibodyE= Abcam (Cambridge, UK)olA 3ttt 18] B-—
actin®} a—tubulin, myosin heavy chain (MyHC)®| gt antibody 2} bovine
serum albumin (BSA)+ Sigma Chemical Co. (St Louis, MO, USA)°l| A, p62,
LC3B, phosphor (p) —Akt, Akt, p—mTOR, mTOR, p—Smad 1/5/9, Smad 1, p—
Smad 2/3, Smad 2/3, Smad 4| th3t antibody 2} horseradish peroxidase
(HRP) —conjugated anti—mouse =& anti—rabbit IgG antibody+ Cell
signaling (Beverly, MA, USA) oA 93}t Alexa Fluor 488 =& Alexa
Fluor 555 goat anti—mouse—IgG antibody+ Invitrogen (Carlsbad, CA,
USA)elA Y3ttt Westernblot  analysisel  AF&3$t  nitrocellular
membrane< GE Healthcare (Piscataway, NJ, USA)e°l|A, X—Omat X-ray
film< Kodak (Rochester, NY, U.S.A)A T3+ 2™, Western Lightning
Plus—ECL  (Enhanced Chemiluminescence Substrate)= PerkinElmer

(Waltham, MA, USA) ol Y3k}
C2C12 A ¥ % U myotubeE2] £3}

BT AFE3E C2C12 Al3EE= American Type Culture Collection
(ATCC, Rockville, MD, USA, Catalog No: CRL-1772) Z%H <331, 10%
FBS9 1% P/S+ *E3tet+= DMEM x| 2 37°C &3k CO, incubator (5%
COs/p5% air) oA wekstitt. AXE7F 60% confluentd]*]™, phosphate—
buffered saline (PBS, pH 7.4) 2.2 A2 @35S Aol $, 0.25% trypsin—
2.65 mM EDTA® Az]sto] At wjFst3lth. Myotubes® #3HA17]7] 18k

4



C2C12 myoblasts7} 90% confluent a|A™E 2% HSo] 32Z3re DMEM #JjA]
(EsA) 2 4~5dF <t wiekstlon, wix = 1dnttt wehsqivt.

Integrin complex % Akt—mTOR pathway% inhibitiond}”7] <3}
t}okst inhibitor [Echistatin (R&D Systems, Minneapolis, MN, USA), TC—I115
(R&D Systems), LY294002 (Sigma), Rapamycin (Sigma), =< Integrin o7
blocking antibody (MBL, Nagoya, Japan)]7} X&¥ E3ujx= C2C12
myoblastE 1A1ZHE<F AA 28kt o] % ©]& inhibitor?} Lumican®] ¥3H¥

Ra Az A 2-325 Wk,

siRNA transfection

C2C12 A 3EZE Lipofectamin 2000 (Invitrogen) = ©|-&3}%] Integrin a7
siRNAE transfectiond}lth. C2C12 myoblasts?} 90% confluent 3}#H
Lumican®| ¥3td E3uR 2 25k vjokstitt. A3 o] AFL3F Integrin a7
siRNAC] sequence® U©S# 3, tx+ol+= Qiagen (Valencia, CA,
USA) o4l commercialdtAl #wjsl= Negative Control siRNAE ¢35l
transfections} it

Integrin a7 siRNA: 5’ =CTGGAGGTCAATGAACTTGAA-3

AYFFEAH (Immunofluorescence staining)

Lumican® &3 Zxaxys ##str] flete] C2Cl2 ISAEE
5x10% cells/well® density® 60 pu—Dish (Ibidi, Martinsried, Germany) ¢l
F2ZAI AT, AE7F 90% confluentd A, thekst 559 Lumicane| X3He
A= 3d st wiYstlth. 4 E myotubes= MyHC antibody®
g5 WHs B GAste] JHAEskY. MEE 4% paraformaldehyde®
15% =< 3 A %, 0.1% Triton X—100 (Sigma) £Ho=z 10=3F

g s+t PBSE A A3 & 29 BSA/PBSCE 1A7F %9t blockingdlglth.

tlo

o] & MyHC antibody (1:500)7} #7}¥e 1% BSA/PBSZ 4°CeollA 1247t
ZQF WS- Al Fth PBSE Al &3 & Alexa Flour 488 X+ Alexa Flour 5557}



AstE secondary antibody @ 2o 1417t F<F WESAIH T DAPL (4,6—
diamidino—2—phenylindole) A]¢Fo] Fo{8l= Vectashied mounting (Vector
Laboratories, Burlingame, CA, USA) A]¢FS =2 mountingdt &, FFdAn|7A
(Carl Zeiss Axio Imager microscdope, Carl Zeiss, Oberkochen, Germany) <
olgsto] FF olwAE AU FAHE myotubed WA ZEN 2 (blue

edition) software (Carl Zeiss) & ©¢]&3lo] =433t}

AollE AXES 2 NEFAHS 574
C2C12 Ao th3t Lumican? S XA ¢3to], C2C12 Ax2E
500 cells/well?] density® 96—well plateo] #F3t3 ot o2 thekst

(0,1,10 ¥ 100 nM) 9] Lumican®] H7}e wjgH oz vix] & wEsto] AEE

B

of

24N F2 A8AIZF FQF wiekstltr Aoldl= MlES] = Cell Counting
Kit—8 (CCK—-8, Kumamoto, Japan)& ©¢]&3lo] SA3StE ol& IHEFs]
718t 10 Lo CCK=8 Aok Zb wellel H7pste 37T 1A13F
incubation¥t ¥, Infinite M200 Pro (Tecan, San Jose, CA, USA)E ©]&3s}9
450 nmellq FFES S5

MEF A st Lumica®l 932 Cell Proliferation ELISA (Roche,
Mannheim, Germany)E °©]&3t9 Fs3ltt. o|& 7|eshd, C2Cl2 Alx
2x10°% 96 well platee]l ®F3to] a7 sk FHAIZ &, 5% FSB7F 23
DMEMe®] theFgt w5 (0, 1, 10 ¥ 100 nM)°] Lumicang F7lste] AEE
24 A ZF FoF wjokEteit). o] & wjordl S A|A3Fal 1X BrdU labeling reagent®
100 pLA F7kste] 37°CellA 3AIRF REgAIZG 28jar &= A7 sk
FixDentg& 200 pL¥ FH7bsta d2elA 30% #BA8HSAth o)F &d5
AAsL  Anti—-BrdU-PODE 100 pLA H7Fste] d2oA 90% <
HE-S- Al At Washing  solution®® 33 A% %, 100 xL° substrate
solutiong H7}ate] WAMAI7]3, 25 L9 stop solution (1 M H,SO,) <

Arketol Wee WE F, 450 nmolH FHEE SHehov



Total RNA FE3 HA} FPaEL A ¥bE  (real-time reverse
transcriptase—polymerase chain reaction, real—time RT—PCR)

7v7vel Am (Mx YW FEx4)olA TRIzol (Invitrogen, Carlsbad,
CA)& ©o]&3dte AxAtelA e wisdel] w2} total RNAE FE5F3ATH
SuperScript I First—Strand synthesis system (Invitrogen) & ©]&3}o 4
1 g total RNAZHE cDNAE 45153, o]% ¢DNAE SYBR Green (Roche,
Mannheim, Germany) =< Tagman probes (Invitrogen)< ©]&3}o] &3}
Ad wwAE°] mRNA 2HaS  FASFYE T Tagman  probes  (18S,
Hs03928990_m1; Integrin ad, Mm00434486_m1; Integrin B3,
MmO00443980_m1)+ InvitrogenolAd FYsFH 11, SYBR Greens ©|£3H
Real—time RT—-PCRA] A}&3t primerd A7/ YE AKX E= Table 19
LER AT

Western blot analysis

C2C12 A3+ proteinase inhibitor ¥ phosphatase inhibitor7} X 3FH
RIPA buffer (Enzo Life Sciences Farmingdale, NY) & o] &3l &3]A]7] &,
AAE2 (13,000 rpm, 10 min, 4C)E 3 A5 (total cell lysates)E
TH3FA T Protein ¥ BCA protein assay kit (Pierce, Rockford, IL, USA) &
AMEEEe] FEFeldtt =33 total cell lysates % conditioned media (CM) <&
sodium dodecyl sulfate—polyacrylamide gel electrophoresis (SDS—PAGE) &
o Tl =r)e] wep #ed %, nitrocellular membrane©]
transferstth. Membrane< 5% milk—TBST (20 mM Tris—HCI, 150 mM
NaCl, 0.1% Tween—20, pH 7.5)% 1A7FE<¢t blocking3dt TS, AF2ofA
TBST® 103 33] Aojuiltt. 2t2He] antibodyE 5% BSA/TBST®E 3|43t
% membraneE overnight incubation (4T)3F ;. Antibody 2] hostel we}
anti—rabbit ¥+ anti—mouse HRP-—conjugated antibody®Z membranes
1A1ZHg<t incubationdtil, TBSTE 10%%F 331 Aojuiqltt. Antibodyel

Astydl 9 A LS9 signald Western Lightning Plus—ECL  (Enhanced



Chemiluminescence Substrate) & AFE-3F chemiluminescence W& &3]

7hA 8t ek,

Transwell migration assay

ML ol %52 Transwell (Corning Costar, Cambridge, MA, USA) <
o] g-3te ZARsEAITE C2C12 A (5X10* cells/100 x#L)E Transwell®|
w5 &, AxTE olF & £ QIEF 4A1F F<QF  incubationd}3iTh.
Transwell®] filter= ©]&3dl#] & AEs2 WHes o|&3st] AATE <+,
Crystal Violet Fixing solutiong ©]&3}9] filtero] o]&3t NEES &
SHTE ol&d AxE %, dvAd  (Olympus)s ©]&ste] ol Axf
ol A& dgom, e Crystal Violete]l dM® AxEE 0.1% SDS

solution®. & &3l|sto] & =Fs}skSi ot

Lumicand] A & &5 AF
(1) &= A5

Ao AFEE C57BL/6 (male, female) vF--2 2B dERFO] . (A,
el e Fall st opAE HetdT A AdFE=A T specific
pathogen—free Z7lolA ARF3Eith, AREH wheA

HAE AFES  oPANARATAY  FEABRAAAN SAs

1o

>
>
Ho
st
>
fuieu)
ol
rE
=

2 s= =2

B Aol hgat g T % RUS AgsHarh

Young mouse vs Old mouse

37HE3 9 e ket 20704 % <] =3 uheAs

G yeATd (%, tgwls) oM kit



Unloading vs Exercise

9% 9] male C57BL/6 vF2A+ Ao wel 27 (Unloading group,

Exercise group) & 253359 th Unloading group (%3 &%) 2 wpeAe=

o] o] g3t ARSAo|A o] whe-Ae] mElE Wit dviEle A

(AFFAlo1A 9] vieh o] ¥& ¢ AW Atk E 3ol Hx dHE, Asg

w7 AFdle EAVE fle Eol® agE wiE skt Exercise group (%) <

st 304, T 53 = Treadmill (Z1£7]: 5° 12 m/min)<S ©]&3}9]
E

Al A}, Unloading ¥ Exercises 3F%¢F 23)&}9d )

[e) =
dadA §% ofaZ 2o

8599 female C57BL/6 v}~ 7M<< (Sham surgery, Sham)
dA2dA (Ovariectomy, OVX)E Al&st - 4F &t AFSTOEXN
2 4948 24AATE X8t o] & gekst 85 (0, 04, 2 xg 9
Lumican &2 AMEXEFH 33 conditioned media (CM)< "R

mY MO F 58, 457 AT,

(3) Kondziella’s inverted screen test

mpe- A0l 28 =4° Kondziella's inverted screen test'¥Z o] &3}
SAsAr. 77+ wbeA~E wire mesh screen (1 mm 742 wire:s
o] g3t AlZFEF oM, 12 mm® WAL FAzZEE 487)7F ololx FHH) 9
7he-dlel f1A18A §F F, screens AAs] FHASG o] AFHFEH whe-AT7F
screen®lA] "X &= AZHE EolW (stopwatch) & o] &3ste] S54stal, o=

vheo 2ele) AEE BEIAAT

(4) mF$2~9] 34 4 sarcopenic index?] =7
7t FERAO] uteAES dF Al AeS 57T * COE ol&3hy

ARG o] F, phgae] G AATHS AHse] AL ZHAAT



Sarcopenic index+ Azl digt L5 HER OS5 S o] 83
A ASFSI T}

Sarcopenic index (%) = muscle weight / body weight X 100

S A A
2 A BE AY BY Ades 7 ALY Hidy EFeoAE
AAFEFA T F 9 xo] Blw FEAlo]E= Student’'s (—testE, ZF Ad 59

HEX 70 H-2 A2 analysis of variance ¥4 % Duncan's multiple range
0.05 oA ASsFAr. A4 o= SAS statistical software

(SAS Institute, Cary, NC, USA) & o] &3}t

10



A7 A3}

9 24% 37t &9

H| &3 ZEAE  (myoblast, MB)S Z&AXE  (myotube, MT) 9]

ry
Ho
Jo
Ao
rO
by

conditioned media (CM)E FF3ste], dA24AZ FE3 TEFAST v~ 9
T 53], 4573 AA[A ). o] * upeAE At A ES
FAE S48k, ol Az Uist 59 H]E&, = sarcopenic index (muscle

weight / body weight X 100%) %2 YER AT Figure 1A X vl 2o,

me|gmo g

7P % (sham surgery, Sham)E Al3g whe-28} vluwsto] dAZA|
(ovariectomy, OVX)ZS A]8J3t u}-gAofA &4 52 extensor digitorum
longus (EDL) muscle°lA¢] sarcopenic index’} #F4sh= A& #2353

olF WdaAdEA FERYo] IftaT RYE olfgdE F Ses gvdt 539

therst AglgdAo] B 1¥ Lumicane 452 X3 AU thekst

Ao wEdte] Rug wp glgpditiz 90 B Ao H]E3
TEAEA  Lumican® mRNA W3S Qs on, 53] ITHAXE=R

(Figure 2A). T3t B3} ZRAME7 ZSAEEZ B3l9o] wet Lumican

)

Sl wkdo] =7b (Figure 2B)E #wk of

Lumican¥® AT #AAS Al fl8ke], WA diagd

AT Rl wsluke Al ZHoA Lumican® mRNA ##H-S 435S

11



vl (old mouse)? EDL muscle®lX] sarcopenic index”’} #A3Ho 2 A

muscle mass”7} 7F4A%HS & 4+ 194, EDL muscleo| 4129 Lumican mRNA

o= W37t 9lAth (Figure 3B). T3 w4 HAZ 3 A28 AHPA
T AhS P9 E Lumican mRNA &S 7M# =% (Sham) 73 A4 A|
(OVX)< Atoleld o] wWstsE wgsbx Xsigltt (Figure 3D). Wb F-4-af
k-2 (unloading), ™Al Za &= AFSE vheAel vluste] FFAX

vl (exercise)®] EDL muscle®|X & sarcopenic index”’} <7} (Figure
3E) &3} EAlo] Lumican mRNA 23 o] =7} (Figure 3F) 3 #&31% ). 9]
A¥+= Lumican® #do] x3tet Azs=2FE Aol ofd &% (muscle

contraction) o] & JEFES H+= AS ou|si)

_

Lumican® &¥3} (myogenesis) &3 &3}
SEFHJAR] Lumican®] ZFAE 28kl vX= IS A

28t murine myoblast cell line?!l C2C12 AXE o] &3F ;. 2% Horse

serums X &&te B3R 2 C2C12 AES] Z8F3E T2 EAo thekst
% (1,10, =2 100 nM) 9] Lumicans A A sl¥ ). £3tE FE3H4] 29 &,

JA ¥ myotubeE= myosin heavy chain (MyHC) antibodyE ©]&-3F

rir

immunocytochemical staining (ICC)& &3] @At} Figure 494 X

e

vle} 70| Lumican< 10 nM ©]A9] B %A myotube S S/ S
4= Qlth. MyHC" myotubes® 4 Ay}, 10 nM ©]’+2] Lumican®] A=
myotube area (Figure 4C) ¢} fusion index (Figure 4D)& S7FAZAT. 53]
TEEEES st A3, 10 nM Lumican® X 2e WA myotubed
A& A7) & WA myotubedl HES FIHAIZCM, o] 100 nM

Lumican® HA|Ale]l H<L F-gAY (Figure 4E). &5 Lumican® * 8+

myoblasts®] fusiong <7FA7]31 muscle hypertrophyE FE3%S & 4 St}

12



Lumican®] A|X&] F2]3 o]Fel v = FF

Cell viability assays 3 Ay, 3 F% 2% 100 nM
Lumicans A #3t3la o] Heldl= Alxe] 71 Zasitt (Figure 5A).
SHAIRE 23} %= 1Yol Lumican Aol ol Aolqles AxE Fol & Wart
ANor, BrdU assays ¢ AX FA%E 1Y &< Lumican A glel 23]
oA oz MslstA] skth (Figure 5B). 8} Aloll A28 F2lo] A|$hE 7]
ol w3t 5% 294 100 nM Lumicanel] &gt 2oldles ME & TaAhe
Lumican®l 9]& <3} 319 JFo = A
w3k @AM = ZAES] FE= fd AES o]Fo] HQd]
o, Lumicano] A3EZe] o]Fo] HAst=AE AT Transwell

r

migration assayS 83 A3, Lumicane ZREA|FEQ o]Eo= PSS u|x] %

okortt (Figure 6).

Lumicano] Z¥3} #&d HAARIAES T8 v T

Lumican®] T3t di7ists AARIAES] e wX& 3¢S
ZAFeE7] 918Fe] Lumican©] ¥3¥ H3} wX2 24A17F &<F C2C12 AE9
w35 FE3th Total RNAE 3 3ko] real—time RT-PCR& &3l theFst
AARRIAE S WES ZARSIAT (Figure 7). MyHC mRNA 23S 53
myotube®° #3}7} Lumican®] 93 HHES AT F&3F 279
#odt= MyoG, MyoD, Myf52 mRNA & o] Lumican #&3tgS o
Z7FsF Tl ok 153 7)o A 7)o #odst= Myocyte Enhancer Factor
(Mef) 2, Mef2A¢t Mef2CS] mRNA 2@ gk opbe} #3F F7]0
HoJst= Mrfd%= Lumican AHglol g& =718tk o2 A Lumican # ] ¢
o] Ee st v AARIAFES mRNA 2ol F7bgH Lumicanel] ©J gt
Zh-go] ol AARIAFS] W =dS F3 YE] Buk= Lumicane] <] 3)

SHE FE3e] el HAow FokHET)
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Lumican®] u]EZXgo}¢} autophagyel w|X& &

oflgAl tiitell Fo3dh AEZAV|HAR wEIZE=Fol FHFES EE Al
SZATLAAN F7FEe] 2 4 A vk AR Lumican ¢ A 2]+ mitochondrial
DNA (mtDNA) 9] Fdell= d&F= mAA ks <= real-time RT-PCR & &3
BEstelt (Figure 8).

AEZ W Ea A 27} EA (autophagy) & AlE2] Wyl H35)of A
ZFa3 A4S g H muscle differentiation Ao & %% autophagy
7} myotube fusion®]l F&do] AAHYTH'® . Autophagy?l T
indicator?]l p62¢} autophagy marker Light Chain 3 (LC3)2 w2
Lumican # %ol &3] H3}sF#] &3kt) (Figure 9).

=

4k
M X

o
-

Integring ¥ Lumican® 24 713 (Lumican 4249 Integrin)

wno AFE E3 Lumican®] FE£AZ Integrin®] W53 ¢loOy, of
A7}A Lumican® FEAZA] Integrin® isotype®] WEalA LA YA
o}, B A= A4 ZEAEA Integrin isotype®] mRNA 23 ZALE
53l Lumicanel &3l FH¥ = Lwstel #HAE Integring 2uzk st
(Figure 10A). #4241 A3} Integrin o2 abdl TS ZEIAo 7HAE 1
Integrin a7< S7}FsF3ith. 8FAWF Lumican A&l 93t /24 zfolE w2k
S3FA] %31t} Integrin Bl LE3HA]o] 7HA4SaL Integrin B3+ WHET RS
o, 73 F% 299 Lumican A 2lel 93l Integrin B1¢ & wto] F7}sSi T,
Real—time RT—PCR A}l Z} isotpye?] delta CT value:= a27} 23.2, ab
7} 6.5, a7°] 8.2, plo] 7.2, 18] B3°] 10.2% k. & LS AEANA Integrin
ab, a7, pl, 3 °l Hl&l a22] HFo] Ag& ndrh

5902 Z}7F9) Integrin isotype?] inhibitiong %3] Lumican® ZH&
< w7l Integrin®] isotypes 57 38FiLAF &1t} Integrin a2/Bl inhibitor
Ql TC—I115¢%} Integrin ab5/B3 inhibitor?! echistatin® * 2] Lumicane®l ¢] 3}
=29 Z2E3I}E 7 AAZT (Figure 10B, 10C). ¥4 Integrin a7 blocking Ab
] A #]+= Lumican®] 98] SR H LE31E 238 F7FA A 2™, Integrin o7

=

blocking Ab?] w5Alg] HES ZW3tE F7skAth (Figure 10D, 10E). siRNA
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71 o2 Integrin a79 TS JA S WL o]et FARSE AdoE 2T
T AdAdT (Figure 10F, 10G). o] Ays& T84, Lumicand &A=
Integrin a2/B1¥} Integrin a5/B3= /¥ t}.

Lumican® signaling pathway

Lumicanel 93t w3} 2 39 71d& FAMStaAF shich tharst
AlZE (5, 10, 304) &<t Lumicang #2lsto] =33t total cell lysatesE ©|-&
3lo] Western blot analysisE &3l Z#3¢} #=# ¥ signaling pathway & &4
3= ZAFSEY. ZE3F 9 muscle hypertrophy® ©3%ZA<Ql  signaling
pathway?l Akt—mTOR (mammalian target of rapamycin) pathway& ZA}FsH
A, Lumican? A2+ 10%oA Akt®} downstream target?l mTORE] <lAk
5l = S 7MAFHTE (Figure 11). B 2 signaling pathway$! Smad signaling
S ZAFsE A3 Lumican® # 8]+ Smad 1/5/92F Smad?2/3, 18] 3l partner?l
Smad49] QI4FE =2 @A A= JFE XA 4Skth = Lumicand
ZF-8-2 Smad signaling®] obd Akt—mTOR signaling®] #4435 E3] Jebd
S ¢ F Atk 53] Akto upstream$! PI3KS] inhibitor (LY294002) 9}
mTOR inhibitor (Rapamycin) 2] # 2]+ Lumican®] 28] X ¥ LF35 oA
(Figure 11B—11E)¥2 Akt—mTOR signaling pathway”’} Lumican® <3}
=31 29 8 7
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sarcopenic index & =43 A3, OVX o 93 EE L4 sarcopenic
index 7} 743t o™, 2 pxg ° Lumican A X+ A 491 triceps & 3}A
592l quadriceps, soleus °A sarcopenic index & FoAO R F7MAFHT
(Figure 12A). ¥4k o}yz2} Kondziella’ s inverted screen test & &3
kA0l FEE TARSE Ay, 7P Featd Hlaste] WG AEA vheofl A
inverted screen °f wWg#]+= AlZFo] A F IHo| AR OH, 2 pg 9
Lumican ¢ AHAl= w28 Z85 FoFor FAde #Fslv
(Figure 12B). ©] A& &sto] Lumican ©] <52 & T7HA71a &€&
F

SN A SN F1sdth
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ST oly2l Lumican® 2do] F71skith ©]+= Lumican?
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olg} o ¥t

B oA Fo = LA E A Integrin mRNA 2& = v w9} Integrin
inhibitor 2 3¥5 %3] Lumican® 8= Integrin o2/pl¥} Integrin
a5/p3E AAISFAY. AT Lumican® 84 7+4¥S $3% Ligand binding
assay”’} Ht=A] A Q3}31, Integrin ab, B1l, B3e 7179 inhibitor A @& &3+
F7F A A destvta AbE . 9 Integrin a9 WE oAl= ZREIHE
=

AstS A2 (Figure 10F) 3=, o]+ Integrin a7 &3 oAAo 23tk

ﬁ

compensation effectZ2A o=, o] 3%t & Integring? Wd FAE
o]FolHol & Ao FHHT FF o Integrin KO mouseE £33 A5 A¢
A dQsirta Aok

Lumican® &4 %<2  Lumican® F&A° AFFHY
modificationg &3 EHAQ IHAT Am oFAlY] T Thsdor oo
7 dthal @eEnh o2 33879 oppjmAto® o] FolX Lumican 9]l 1671

oju] = AFO 2 o]Fo]Z  Lumican—derived peptide”’} collagen—stimulating

activity 2 A= AT A9 BRauEgrh B AFoA AsER
A998  $HAEFT s (FAREA wReA)el Lumican®] @A
(intravenous injection) 7} "h¢-29 I&5ZFS F7HA7IL 28HE FEAF
(Figure 12)S %3 27442% A B8A4A2A4 Lumican? 7l Felskdtt

A9k Lumican?] ¢kA|3loll+= 33871 ofu]=Alo]el= Aeko] Q) wfjFo F3
A5 T IEAMEASY Lumican 84 w8 &A1 ATHF99
modification< Lumican® &3}# <l kx| 7=z ojojz Z o7 doker},
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Table 1. Primer sequences

Gene Forward primer (5'—3") Reverse primer (5'—3)
MyHC ITa AGGCGGCTGAGGAGCACGTA GCGGCACAAGCAGCGTTGG
MRF4 GACTGCCCAAGGTGGAGATT AAATCCGCACCCTCAAGAAT
Myf5 ACCAGAGACTCCCCAAGGTG CAAAGCTGCTGTTCTTTCGG
Mef2A CCCAGCCACGCTACATAGAA TTGGAGAGGCCCTTGAGTTT
Met2C GCAGGCAAAGATTGTGTGCT CGCCTGTGTTACCTGCACTT
MyoG GCCATCCAGTACATTGAGCG GCTGTGGGAGTTGCATTCAC
MyoD TCCGCTACATCGAAGGTCTG ATGCCATCAGAGCAGTTGGA
Lumican CTTTGAGAACGTCACAGACC GGACTTTGGAAGTGGACCGA
mtDNA TCCCCTACCAATACCACACC GGCTCGTAAAGCTCCGAATA
Integrin a2  GACCAGCTTTTCACCGCAG CAACATCCACGAGGGAAGGG
Integrin a7 GATCGTCCGAGCCAACATACA CTAACAGCCAGCAGCACT
Integrin 1  GTCACCAATCGCAGCAAAGG TGTCTTCTGGCCGGAGCTTC
18S CTCAACACGGGAAACCTCAC CGCTCCACCAACTAAGAACG
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Figure 1. Muscle—derived factors increase muscle mass in mice.

90% confluent C2C12 myoblasts were differentiated into myotubes by
culturing the cells in DMEM containing 2% HS for 5 days. Then, 24—hr
conditioned media (CM) were collected from C2C12 myoblast (MB) or
myotubes (MT). Sham—operated (Sham) or ovariectomized (OVX) mice
were intravenously injected with non—CM, MB—CM, or MT—CM for 4 weeks.
At the time of sacrifice, the muscles [gastrocnemius and extensor digitorum
longus (EDL)] were removed and weighted. Muscle mass was expressed as
a percentage of body weight (sarcopenic index). Each bar represents the

mean + SEM (n = 6). *p < 0.05 as compared with the OVX/non—CM group.
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Figure 2. Changes in Lumican expression and secretion during myogenesis.

90% confluent C2C12 myoblasts (MB) were differentiated into myotubes

(MT) by culturing the cells in DMEM containing 2% HS for 5 days. (A) Total

RNA was isolated and real—time RT—PCR performed. Each bar represents

the mean £+ SEM (n = 3). *p < 0.05 as compared with the myoblast group. (B)

Total cell lysates were subjected to Western blot assay with their relevant

antibodies. (C) The 24—hr conditioned media (CM) were collected and

subjected to Western blot assay with an anti—Lumican antibody.
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Figure 3. Exercise, but not aging nor estrogen—deficiency, stimulates Lumican
expression in muscle.

(A, B) Young mouse vs Old mouse. (C, D) Sham—operated mouse (Sham) vs
ovariectomized mouse (OVX). (E, F) Unloading mouse vs exercise mouse.
(A, C, D) Muscle mass is expressed as a percentage of body weight
(sarcopenic index). (B, D, E) Total RNA was isolated from EDL muscles and
real—time RT—PCR was performed. Each bar represents the mean + SEM

(n =5). *p <0.05 between the two groups.
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Figure 4. Effect of Lumican on in vitro myotube formation.

C2C12 myoblasts were differentiated with various concentrations (0, 1, 10,
and 100 nM) of Lumican for 3 days. (A) Myotubes were stained with anti—
myosin heavy chain antibody (MyHC, red) and nuclei were counter —stained

with DAPI (blue). Representative photographs of immunocytoche— mistry
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(ICC) are shown. (B—E) Their quantitative results (B, number of myotubes;
C, myotube area; D, fusion index; E, frequency distribution) from ICC are

shown as bar graph. Each bar represents the mean + SEM (n = 3). *p < 0.05

as compared with the control group.
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Figure 5. Effect of Lumican on myoblast’s proliferation.

(A) C2C12 myoblasts were incubated with various concentrations (0, 1, 10,
and 100 nM) of Lumican for indicated time periods. Cell viability was
assessed using a CCK—8 assay. (B) C2C12 myoblasts were incubated with
various concentrations (0, 10, and 100 nM) of Lumican for 24 hr. Cell
proliferation was evaluated with a BrdU—-based enzyme—linked

immunosorbent assay. Each bar represents the mean £+ SEM (n = 4).
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Figure 6. Effect of Lumican on myoblast’s migration.

The migration of C2C12 myoblasts through Transwell filter was assessed
with 10 nM Lumican. Cells were incubated for 4 hr. (A) Photographs of
migrated crystal violet—stained cells are shown. (B) Quantitative analysis of

the migrated cells. Each bar represents the mean £ SEM (n = 3).
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Figure 7. Effects of Lumican on myogenesis—related genes.
C2C12 myoblasts were differentiated with or without 10 nM Lumican for 24
hr. Total RNA was isolated and real—time RT—PCR performed. Each bar

represents the mean + SEM (n = 3). #p < 0.05 as compared with the control

group.
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Figure 8. Effect of Lumican on mitochondrial DNA content in myoblasts.
C2C12 myoblasts (MB) were differentiated with or without 10 nM Lumican
for indicated time periods. Total RNA was isolated and real—time RT—PCR

performed. Each bar represents the mean + SEM (n = 3).
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Figure 9. Effects of Lumican on autophagy of myoblasts.
C2C12 myoblasts were incubated with or without 10 nM Lumican for
indicated time periods. Total cell lysates were subjected to Western blot

assay with their relevant antibodies.
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Figure 10. Possible receptors for Lumican in myoblasts.

(A) C2C12 myoblasts were differentiated with or without 10 nM Lumican for
indicated time periods. Total RNA was isolated and real—time RT—-PCR
performed. Each bar represents the mean + SEM (n = 3). (B, C) C2C12
myoblasts were pretreated with Echistatin (Integrin a5B3 inhibitor) or TC—
115 (Integrin a2B1 inhibitor) for 1 hr. Then cells were differentiated with or
without 10 nM Lumican for 48 hr. (D, E) C2C12 myoblasts were pretreated
with Integrin a7 blocking antibody for 1 hr. Then cells were differentiated
with or without 10 nM Lumican for 48 hr. (F, G) C2C12 myoblasts were
transfected with negative control siRNA or Integrin a7 siRNA. Then cells
were differentiated with or without 10 nM Lumican for 48 hr. (B, D, F)
Myotubes were stained with anti— MyHC (red) and nuclei were counter—
stained with DAPI (blue). (C, E, G) The myotube area from ICC is shown.

Each bar represents the mean + SEM (n = 3).
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Figure 11. Possible signalings of Lumican—stimulated myogenesis.

C2C12 myoblasts were incubated with or without 10 nM Lumican for
indicated time periods. (A) Total cell lysates were subjected to Western blot
assay with their relevant antibodies. (B) p—Akt/Akt expression level. (C) p—
mTOR/mTOR expression level. (D, E) C2C12 myoblasts were pretreated
with PISK inhibitor for 1 hr. Then cells were differentiated with or without
10 nM Lumican for 48 hr. (F, G) C2C12 myoblasts were pretreated with
Rapamycin (mTOR inhibitor) for 1 hr. Then cells were differentiated with or
without 10 nM Lumican for 48 hr. (D, F) Myotubes were stained with anti—
MyHC (red) and nuclei were counter—stained with DAPI (blue). (E, G) The
myotube area from ICC is shown. Each bar represents the mean + SEM (n =

3). *p < 0.05 as compared with the control group.
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Figure 12. Systemic administration of lumican increases muscle mass and
strength in mice.

Sham—operated (Sham) or ovariectomized (OVX) mice were injected
intravenously with various doses (0, 0.4, or 2 pg) of Lumican (5 days a week)
for 4 weeks. (A) At the time of sacrifice, the muscles were removed and
weighed. Muscle mass was expressed as a percentage of BW (sarcopenic
index). (B) Muscle strength was measured in mice by measuring hang time
using Kondziella's inverted screen test. Each bar represents the mean + SEM
(n = 6). avs b, Duncan’ s multiple range test * p < 0.05 as compared with
the Sham group; means without a common letter differ among the three OVX

group, p < 0.05.
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ABSTRACT

Sarcopenia, or muscle loss is an important public health problem but there
have been no approved drug for its treatment. It have been well known that
exercise increases the amount of muscle mass. Because muscles produce
and release the variety of factors (known as muscle—derived factors or
myokines), I hypothesized that myokines can increase muscle mass and can
be used as therapeutic agents in the treatment of sarcopenia. In this study,
Lumican expression is increased in skeletal muscle of exercised mouse and
Lumican secretion is increased during myogenesis. Lumican treatment
stimulated myogenic differentiation of C2C12 myoblasts and stimulated Akt—
mTOR signaling. Lumican—induced myogenesis is blocked by inhibitor of
Integrin a2/B1l or Integrin a5/B3. Also, intravenous treatment of Lumican
increased skeletal muscle masses and improved muscle strength in
ovariectomized mice. The present results indicate that Lumican possesses
the pro—myogenic effects and a potential as a therapeutic agent against

sarcopenia.

Keywords : Lumican, Sarcopenia, Myokine, Myogenesis, Skeletal muscle
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