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27 9 wg ZAE A CTRPIZET 1 99

Adipokines® family % 3F4}Ql  Clg/tumor necrosis factor—a-related
proteins(CTRPs) & thoksl 79 XA &A3y, &2 1loly} Z&FA o z-&
st =y AL o] 2EE stk FHE Ao o)t CIRP superfamily
o] 3yl Complement-Clg TNF-related protein 1(CTRP1)S dEIHEIAE
(vascular smooth muscle cell)olA Td ¥, 42H SHE FE3= collagenol
A+ von Willebrand factor (VWF)E A AIst] A el dAadt AFTES e
i B sojdrd. HEgH CTRP1S AWM 3 (preadipocyte) 2F W Z2H ARSI
tumor necrosis factor—a ¢} interleukin-18 5 =23+ 3] A|¥AFo|A CIRP1O]

=7 HHEYa g om, ARz A A FH|HE 292 adiponectin®]

‘d

TRl AT ¥, 4% FHE dAvto] vk k. 1eu CIRP14] o] 3
= A 7S Al FS Al A CIRP1S] Hee WA A eokth, 52 A4
ol 7bestH, o8 WA AAFS o5 &4 F doju= A AA I FAsTE. o
o ¥ dgelMde BN FxHAA AL ZSEAME(myoblast) St Z¥HAE
(myotube)ol 4] CIRP1¢] "H¥ H=E WAL}t AU} A28 53 (western
blot) o2 Wjaste] L& Fde Qlafuin, Fgt A FARI=Y TolFddT
2 ASE SHHY IS ARSI St 2x24s WA
shelAlstel CTRP1O] A S-S dolril 11 o9& otz gl 1 2
Ao SEEAERY kel AdEHe] SHAEAA AEEI A A 9
CTRP1e] & <fo]l T7leklal, o5 ALE EX3 23 IHEAXEY THAE
oA CTRP1¢] wairdo]l S7hs= e & & 4 Ak, A4dd FA =¥
TolYYdT, AN, AT AdSAe] TS CIRP1ez WAz gteta A g
Ay A5, AT dest, G EARng FAKLEY FolgddFTol Alx
of AR g A Aol CIRP1S] R o]l 71 H= Ze &9l & &+ U
A=" Exste] CIRP1S] A& Fhs Qs & dat FANLE Tolddsal
A gz ARY CIRP1S] o d ko] S71%h s & & = AAd. o=

E 2b Al M= CIRP1o] T 23 s k= A

BT WA AR oh
o

94 HE W CIRPL, FAN=E 2ol YF, THAE



oz W oE)eE A EA 9
CIRP19] 27} 11 99

K| v} % 2] ©- tumor necrosis factor—a (INF-a )'?, resistin®?,

5,6,7,8,9,10 11,12,13,14

adiponectin , leptin , monocyte chemoattractant protein-1(MCP-1),

adipsin, plasmininogen—activator inhibitor-1(PAI-1), interleukin-13,
interleukin-65 ¥¢3 vhFst wjdo] Fu] &A iy 7)gelw 0 o]
A A oA ER]EE @A adipokinesghtal o). o] 3t adlpokines%
o] 7kA W AlEe] WAxdARoe]| AA FFS Fa "HA EAs=
leptin, adiponectin, resistin®] ¥H&Eo]X] g

oA 3h, 5 gar Ao

.

E. o
8 =

Toll oJstH 24470 €] ofm|=Ate® o] Fo X adiponectinol+= Clg/tumor
necrosis factor-a-related proteins(CTRPs)o] #+-& 3dht}ar 3o} ™ adiponectine
signal peptide’} 9l& N-terminal, collagen-like motif, Z@]al Clq®} H]=gH
globular C-terminal Al F-# o2 o]Fojx 9o globular domain® 3z %
= INF-a9F w9 fAFsheh. Y wheba] Clg domain (~1350F0|=4b) o] BE oz
Clg/INF @izt o 7 RFdAct ? zpdmdo|a wA&E= tumor necrosis factor
super fami ly(TNFs) 7} o8] 7}A] 45Hbg, I5HA, o3 EA| 2~ (apoptosis), A
8 o& THIHAL g INFoF Clq proteine M= HIRE Fx2F5 Zbe=t).



dhipe] M (exon) T SIEE(intron)ol A 22 o 53t%E TNFs@t gClg protein®]
zko] ofm| =4kl E stalkA 9GS AsHs), oYt AME=E F O] A A
H]

2
o AA B34, Wdwrg 53 ge A oled Hg2

QL
BN 031 N

Kel
adiponectin®] 9+ CTRPsoll+= CTRP1~7¢] X% o] 9dt}. AWA|xe] <
adiponectin®} @8] CIRPs ThFst T/ x4 EAst=d =2 1toly &5

Ao Zgsto] oy AAYALEHES sty CTRP2+= adiponectin® H] 52
S8 A Eo A AMP-activated protein kinase(AWPK)E @A 3}lste] ZulzAdlel %4
S Z7HN 7| A AkstE SRAMAIZITE. Y collagenous  repeat-containing
sequence of the 26-keaprotein(cors26/cartducin)e]gtal <&z CIRP3E thE =
A5 T =FMEe 98] vElvba Akt(protein kinase B, Al AE - F2] - O
AFS ZAdE e Fo3k ;5\_)9] NE ARE SAHFAA AFAHEE w=d 28
ghoh ? CTRPS = Wt Al g o A e ot f3aF Edwiolrt by gk sk §
e doith # CTRP6= ol a7t s x| d ulo]#] ~(African Swine Fever Virus)<]
ATl A ARgE =T ofxZe] gt A utoly s GEs AlFshe w79 FHAAE
A7) fleiA = Helaot HT14440] ol otz e]7l siAE wiole| 2E HAlsh:=
o] AQgh] ojuf, CIRP67} ofZe]7} HAd ntol 2= BAE YU st
T2 opbH7hA] CIRP6S] ofZe]7h S x| d whole] o] 7] d& dex]#] ). ™
CIRPsOl Al ¥ & 2E @i d o] Al (target cel) ¥ 752 A= A7}
AP Jdoh. BE CIRPsv= 724 7| 2992 A% A F (trimeric form)< 4
st dH-+= ©f yo}l7} N-termianal cystein residuesS 3E3$FsH oligomerics 34
S gAsioh, FH Ao 95k CIRP1S & #9824 3 (vascular smooth muscle
celDolA Td=z, A SFJS FEse FeHl(collagen)el U= von
Willebrand factor(WF)E <lAlste] AA e diad dHTE o sech.”
CTRP1S @& (monomers),  ©] @A (dimmers), A& (trimers) % 534
(multimeric)$} & A& FE= Bu] dilzS yeplity, 53k CTRP1S A WA+
A E (preadipocyte)oll WER}I LPS(proinflanmatory cytokine) AF5& &= ¢ A
WASEO A It BRE Ho] BdoA dFRkeS AT, o] dk LPSa
HA AR INF-a 9 IL-Boll oA T o] AL A WAl A CIRP1
Fiegkth. wEkM CTRP1Z LPSHES, AAEe M 1] %= CytokineWts T&
st A5, ke 27, dadsHI #do] . g5l e Her drExl A
Z sye= AEgE CIRP1o] H ol T&AEFQA (2012 F3AE(myotube) ol A
AKt (protein kinase B)$} p44/42MAPK(mitogen-activated protein kinase)®] A1
BAEE AT AoZA Akt Edste AP Al GLUUI-4(EEY &4

O
—_
=,

N
2

o

N
iy

O

4)9] Asd EfY ufo IHA L=dE57 SFAHAAE Hew B HS
t}.? o]ei3t Avbi= zZF oA CIRP1o] thAtE T2 g 7198 4= e AL A A
ok, 3 AxFE CIRPLE HAddl TS o dix=vtol vlaiA 83 x93



Wol Velshe A4S @
4

o
t}. 18} CTRP1O] %F,
Q

F Es UE 7|delA oWd 283 st dFS VA
A= F O AT & deAde] .

ZolgdFF(muscular dystrophy)ol & 523 & A AL 2 2AS EF
o2 s HIAY IHHToeR ddHeR P THASE BAY. dA7A
B2 9l FAATE B HAa, el EAjshs Wl st e
A8 oty ol EAshs B, AEWe] 54, Ak ¥y dazs
o o]l oM EAT = glow, IH AR FIEE FANME TG
How o] gl dA vt IAbEo] Bojshs Aoer dyA oy RE I
Aol EstA WA= . Rl 2 2AFARAAN IHAE=EAA
(myogenic regulator factors ; MRFs)7} T 8% 9&& st 202 Bl HIlow
o] T @A THAAHZAJNAR TFHEHE MyoDs} Myf-5= SAH AHAEE THE
AEZ fFeshs 985 ot olak 5B 2E A Myogenind} Myf-6= 5%
AZE SHAZEE &3 A7e 982 o =3, 24749 dAlel o= 43t
(growth factor)E°] #4328S 3l Aoz 9hs)x|al gl 772290513

25e Aol JHedul, 28 W YL & &4 F Lok AN Y}
AR 0 whEba] 2 Agabs i ERAIES WAl whE CIRPL 2d WEE
e, JFoxA} = z
o sster A e T2, T4 9
olHd Ar= ddelA oml 9l

F ek,

—



II. A8 ¢ 9y

1. Yx}e) % (Primary culture)

AAapelo] Z% A 1-2gS phosphate buffer pH7.2(Gibco BRL, Rockville, MD,
USAH)E Aol & 7k9)et 25 o] &3] &A ohxit}t. o] A& 20ml Z3l&H[=
A 2ml 0.05% trypsin-0.53mM ethylenediamine tetraacetic acid(EDTA; Gibco
BRL), 4ml 0.2% collagenase type IV(Gibco BRL.), 14ml 1X phosphate buffer(no
Cl, Mg, pH7.2)]oll &aL 37°C, 5% CO* oA 1AZF Agste] AlxE Esiitt. o]
2 w3 28-S 98] 10ml 0.05%trypsin-0.53mM EDTAS F7}skar 37°C, 5% C0* o
] 30%7F A28k - high Dulbecco's modified eagle medium(DMEM; Gibco BRL)ell
20% fetal bovine serum(Gibco BRL)¥} penicillin-streptomycin solution(Gibco
BRL)S At v} 10mlE 78k trypsing S3AIZITE. 40um AE o 3717]
(Falcon Co, BD Biosciences, San Diego, CA, USA)Z AW AELE Ldojlar 20%
FBS high DMEM(Gibco BRL)10ml-S #7}ste] 1100rpmoll A 1087 A4 &2 sfo] Al
E HJAAG, AA-" AXE] 20% FBS-DMEM A|3Enj koo Zo]A 75em? culture
flask(NUNC, Rosklde, Denmark)ell 1X10°A|Z4== wiFstich. w2 37°C, 5% CO
2T A staL E3HE A e AEE FAEH] A= AlETE AFA Sk
H] & (confluence)©] 75%°]7do] 7] Aol 0.05% trypsin-0.53mM EDTAZ A|XZE nj
FHANA EEAZIa A4l et Athuleks Al o5 wigel S 3Y

el R TR o7 e

2. AxZej¥(Cell culture)

el A A dapjgste] A FHEA xS JEE 37°C, 5% 0% i
%71l 4 high glucose Dulbecco's modified eagle medium(high DMEM)ell 20% fetal
bovine serum(Gibco BRL)¥} penicillin-streptomycin solution(Gibco BRL)S *]&]
3w H ol A FAH S 4 k. SEEAFEAA FHAER B2 o] ZoUr] 9l

)= high DMEM(Gibco BRL)® 2% FBS(Gibco BRL) ©. & wjokolS- A &fst}.

(71 WA 2 3}8ked A (Immuocytochemistry)

THFEAEZL} FHAMEE chamber slide(NUNC)Oll 24A13F 71T}, A3 wjFst &
Zlo]=E 2}7FE methanol (Junsei Chemical Co, Tokyo, Japan)3¥} acetone(Junsei
Chemical Co, Tokyo, Japan)& 1:1%& 3|43k golo] :1AHAIZl - 2% bovine serum
albumin(BSA ; Sigma-Aldrich, Strinheim, Germany)£ <o & 30% &<t blockingA
71Tk, 1:1002.2 3]49 3k rabbit anti-CTRP1 polyclonal antibody(Kim, K.Y. et al.
2006)7& 4°Cell Al 24A17F F2F Wk AlZIth, Wk & TBSE (1M Tris, 5M Nacl,



pH7.5)° 2 53&nttt 58 A H (washing)dtal 1:1002.2 3]A13F bhiotin conjugated
anti-rabbit IgG(Vector Laboratories, Burlingame, CA, USA)E AlL2ox 30&7F
WHe AZITh o] IBSEelo R sEwith 59 Al slal 1:10002 343 avidin
conjugated fluoresein isothiocyanate(Vector Lab)& 30%3%F A-2olA &2l & t}
Al TBSEH o= 5&Eultt 58 A F 3Tl fluoresein isothiocyanate(FITC)2] 75

M-S F83] d|F7oF 3o}, AlZ 3k & FITC mounting medium(Vector Lab) o %2 <&
glo]l=of B-stalo] & 33w 4 (Olympus, Tokyo, Japan) o & #-zHalt},

(W) A=" EF(Western blot)

kst AEE protein inhibitor cocktail(roche Applied Science,
Indianapolis, IN, USA)E % 7}3t lysis buffer reagent(Cell Signaling, Danvers,
MA, USA)200ulell &3t & 302 &<t 53vth voltexingdt & 4°C 13,000rpmo =
3087 AR, AFdas Ealsle] -70°Co B33}l Micro Protein Assay
Kit(Pierce Biotechnology, Rockford, IL, USA)E ©]&3}o] BCA Wy o= thuldol
TEE AY v, %o @S Biorad Mini-PROTEAN II Cell(Bio—Rad,
Hercules, CA, U.S.A)= ©]83}o] acryl-amide gel(Bio-Rad, Hercules, CA, USA)I
7199 %33 polyvinylidene fluoride(PVDF ; Millipore, Bedford, MA,
U.S.A)membrane®. & o] & A ZIt}t. o]5% membranes TBS(50mM Tris-HCL, 150mM
Nacl, pH7.5)&Mot}7} 5% skim milk(Becton-Dickinson, Franklin Lakes, NJ,
USM)E  ®E9]  1AIRF blockingAlZ1t.  rabbit  anti-CTRP1  polyclonal
antibody(Abcam, Cambridge, UK) X+ actin antibody(Santa Cruz Biotechnology,
Santa Cruz, CA, USA)E 4°C overnightA|ZIt}. Wk % TBST(50mM Tris-HCL, 150mM
Nacl, 0.05% Tween20, pH7.5)&Mo =z 10&Entct 5H A FH 32 horse-radish
peroxidase’} ¥+ anti-rabbit IgG secondary antibody(Cell Signaling)S <o
A 3AIREE REGAIITE, gkg 5 TBST-E<f o= 10wttt 5/ A& shar dAjnkg-2
enhanced chemi- luminescence Al 2F(ECL ; Amersham, Arlington Heights, IL, USA)
S o]&3te] X-rayZEol FEAIA MYGIEAME E3lo wE didS 545k

Hjalsko] WOkt

(7F) %2 54 Muscle frozen)
AN IHFH(FAALEY Folgdds, IF A, eSS 7 $Ak9
Sx2AE 2AFAANIY. AA &do] T &) isopentane(Junsei Chemical

Co, Tokyo, Japan)< W x§& H]7 (beaker)ol F% A]7]3l, isopentane®] %A o]
= 7

A7l Az 27F gopx, FHld 222 AiS of 7230 3 & § -20°C
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AN FHFH(FAN=Y FoldgE, IFEY, RS s40x A
1 HAAE TimTAZE 54 9A-3ta 2712 acetone(Junsei Chemical Co)oll LA
Z0t}. 2% bovine serum albumin(BSA ; Sigma aldrich Co)&9o =z 30&5<t
blocking A1Z1t}. CTRP1 antibody(hCTRP1)**E 4°Co|A] 24A17F HoF wk-g x| 71T},
Bkg & TBS(IM Tris, 5M Nacl, pH7.5)&9o= 7iwitt 3¥ AlA3}L biotin
conjugated anti-rabbit IgG(Vector Lab)E& AoA] 303t ¥H3 Atk THA]
BSENo=z 7intt) 3 AMZ 3k & avidin conjugated FITC(Vector Lab)E 303
Az REEAZIT, Hbg & TBSE o =m 7iwith 3 AlF g ¥ FITC
mount ing medium(Vector Lab) &2 Z&a}o]=ol %-&3alo] &333m 7 (Olympus, Tokyo,
Japan) & & -z},

4, RNAFZ=H 9HAA TFELHEHH-S-(RNA extraction and Reverse

transcriptase— polymerase chain reation)

Qe 2 F A Ao A CTRP1S] mRNAS] @d & SA438H7] 9184 RT
PCR(reverse transcriptase-polymerase chain reaction)A] &s]H Qkch, H* 225
20um% 10732 cutting®d A= Trizol(Invitrogen)S AlF-&3}o]

&3] (homogenization) A ZIth. RNAE 260nm spectrophotometry(Nanodrop 2000,
Thermo scientific, Rockford, IL, USA)ollX A& ks &eldit}.

cDNAT oligo(dT)primer, AMV-RT, reaction buffer(reverse transcription
system, Promega, Madison, WI, USA)AR&SF % CTRP19] primers A&3ato] v}
e 202 P(RE Aldsttl. 94°Col A 533 &t 7 94°Col A 1:+7F,
57°Col A 13, 72°Col M 12 &< WHgAI S leyele® 7o &lo] F
35cycles FE(amplification)AlZl 3 72°C oA 10&7F ¥k$ &} th. CTRP19
Forward primer+ 5'-CITCTCTGGCAACCCACTTC-3'©]al Reverse primert 5'-
ACTGTGTTGCCATTGTGCAT-3' .2 479bpo]t}. S3+% cDNAE ethidium bromide®E
Z7Fske] 1.5% agarose gel(Invitrogen)oll Al 7] 53}l bandE Image anysis

system(Bio—Rad, Hercules, CA, USA)S ©]-&3}o] w43} t}.
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| - e - CTRP1
h B—actin

92, 2" EFd o3 A ¥ CIRP1EE v

Agezdel Qe SxuALe SEALe gude A% FEee] 9av

okTh. T EA LS} wlasto] B kA Eo A o] CIRP1E] whafdrdcke]l 57 | As 3
g Yt

ZEREAFZANME MEZA (cytoplasm)olAle] CTRP1e] & o] A=, vhalgle =
A Eo| Ao MFA BAEE AEAoA2] CIRP1o] ©do] S7le AL #& o
AT}



2. A4 22437 FAF 229 CRPILAN] L

CTRP1o] A2 #31%+= Ao wE (CIRP1 HHAAEE I H I, o5 &
2 Aoy sizpate]l Tz A oA CIRP1e] ey S7HS W Z 2 315 Al A
Myl 9rel Bxo AP, Al Fajel-3 ]~ E 23| (Duchenne
muscular dystrophy ; DMD) % dZFAl 5"l oAl -4 (Polymyositis ; PM)
7 9] H 2289 (Dermatomyositis ; DM 3] x2S o3k 7334*3‘ HH
A G54 SHFHA RS R IdESHAAE b
(muscle fiber)F®eol A& o] CTRP1o] HdE = RS #AZ 3k 5 9)\9111}. old
A A5 S5 CIRP1Y] el vlal FA <l
o] AL H Aol FPE = FAFEZ 0 CIRP1L] W o]
T AUAT(LR3).

_{
¢ rd
d

(Dermatomyositis ; DM R T} Y 2ERY ZS54HQl
)

CIRP1e] &le] T7F ¥ Ei5s ¥ & 5 U

10
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CTRP1
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Normal
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Kl

IvV. 1 &

proteins(CTRPs)ol| <38} Ziﬂi
of o]} CTRP19] W&

HE A EZAA AL
A el das dd5S
(platelet receptor)¢l VIFS A
t}. 12y} CTRP1o] VWFel & Apgoll FheakA = gFobA] Hadtol A o
2 AHAA LS sheAE & 5 glAnh® CTRP1S AW 4| Zol| A Yep
L INF-a b IL-B & A vt 2 FHeo Az oA tjz=ate] H]ste] CIRP1
o] Wgo] FrtEo] AR, AFFE CIRPLS FHoll FUdshd diFxtol Blske] X
= g4 d9ds BHAXNE Ao Ba Holx Juh? I A E AT
CTRP1S A3k C2C12 <-3-A|Eoll Akt 9} P44/42 NAPKS] @A o] &3] o
= =" 5% ¢ 23 CIRP1S APshA] &2 tizxatel HsiA Al1d 4
33t ol T ARl Akt o P44/42 MAPKo] S7bEo] &3t wHWAA A e
GLUT-4(glucose transporter 4)¢] EgiF oz Qg XA o|x ExgIZT47t Ay
of tlata o] 7jejstriar BaEo] . ol A= HekE uw CTRPLS *F
T A A A APAoR EE AR JFS vHoZR AA dlAtet

ﬂ
9

ErGUiAb -l o] g 4 shal dth.” wEbA CTRP1S 35S X3
o] A B & Aolgtn A7ZtE).

A CIRP19] o3l A 7] @Alolar 82 # oA CTRP1e] &2 813 %] A]
ek, o] B AdME AEe w3 E A ol A SR
AL} ZFA LA CIRP1S] Hd g WA ESS dAa 2~d Ex2
2 oHa A 8 Hokrh, 2 A ZSEAEA S CIRP1S] Tdo] AJANE,
A3} @ HAF A AFEAo|A ] CTRP1S] W&ol F7td AL #F T 5= 9
ATk, Aw7hA ZLAE] CTRP1e] & #et i AFe Aejolth. Ax 4%
Al A AZE &% Afe TH5EAo] dojue= < FA Ho Aa, AFE
ek E4H H%Ur 02 M2 A7 4 s 25 A Axy 23 &
o] WART. 25 FA AEY Fol olFoyAH AMEA FAE =5 AR7t
= 7F= AL %ﬁﬂ(myonuclel)ol o5 AR FHAA ol FE. P ojyjd A =,

M E B3t B4 CTRP1®

( O{N
o
rot
18

9_5

CTRPLO] & WAF Ao ofmd Jae §9 @A) 2z
A& ol gatel AP STt PR FAN=Y T FFF AFH 2FHA
YTy NP TETSe 23W B4 S2A2 W92 85 M sl
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Abstract

The Expression of CTRP1 in the Patients with Myopathies
and Cultured Human Myoblast/Myotube

Seon Hwa So

Department of Medical science

The graduate school, Yonsei University

(Directed by Professor Young Chul Choi)

The Clg/tumor necrosis factor-a-related proteins(CTRPS) are one of the important families
in adipokine that act mainly on liver and muscle tissue to control glucose and lipid metabolism.
According to the recent studied, CTRP1(Complement-C1q TNF-related protein 1) is one of the
CTRP superfamily that is expressed in the vascular smooth muscle cells and, significantly
prevents platelet thrombosis in vivo by inhibiting Von Willebrand factor(VWF) binding to
collagen, thereby blocking the collagen induced platelet aggregation. In addition, CTRP1 is
expressed in preadipocytes and up regulated in mouse adipose tissue inducing tumor necrosis
factor-o and interleukin-1p. It was known that CTRP1 may play an important biolgical role in
adipocyte and immune system function. However there has been investigated its roles in the
much time.

The present study was conducted to investigated the functional role of CRTP1 in muscle
repair and differentiation in human skeletal muscle of the patients with myopathies and cultured
human myoblast. Cultured human myoblast obtained from normal muscle tissue and muscle
tissue, obtained from patients with [Duchenne muscular dystrophy, Polymyositis and
Dermatomyositis] and normal controls were analyzed for the expression of CTRP1 by
immunocytochemistry and western blot. In conclusion, the expression of CTRP1 in myotube
was increased compared with in myoblast. Based on these results, the muscle tissue from
normal individuals and the patients with Duchenne muscular dystrophy, dermatomyositis and
polymyositis were analyzed for the expression of the CTRP1 by immunohistochemistry and
western blot. It was found that, the immunoreactivity of CTRP1 was strongly expressed in the
regeneration muscle fiber of Duchenne muscular dystrophy. These results showed that the
expression of CTRP1 is increased in regenerative and degenerative muscle fibers and also
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increased in myoblast differentiation. Our study suggests that, CTRP1 may play an important
role not only in skeletal muscle development but also in regeneration.

Key word: CTRP1, differentiation, myoblast, myotube, myopathy, degeneration, regeneration,
Duchenne muscular dystrophy
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