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ABSTRACT

The purpose of this study was to investigate the profile of adiponectin expression in
slow soleus (SOL) and fast extensor digitorum longus (EDL) muscles of 10- and 100-
week old mice, and to evaluate the effects of adiponectin analogue AdipoRon (AR)
on myogenesis of C2C12 cells. Age-associated decrease in muscle weight in EDL was
higher than that in SOL. Protein expression level of adiponectin in both SOL and EDL
was increased by aging. Aging-associated up-regulation of adiponectin in SOL was
lower than that in EDL. AR partially suppressed myogenic differentiation of C2C12
cells in a dose-dependent manner. However, AR-associated suppression of myogenesis
was partially inhibited by knockdown of adiponectin receptor 1. Evidences suggests
that aging-associated up-regulation of skeletal muscle-specific adiponectin may be a
cause of sarcopenia, and strongly support “adiponectin paradox” in the regulation of

skeletal muscle mass.
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1.1 BMER

B EERCIL, L EHICBIT A MERE T
T4 RA T F B e ZOMEEZIL T BE L
7z, EERIZIE, A 1088 B X 0100 JE G o M
P~ A (C57BL/6)) %7z, &ToHO~Y T A
LD eI xfB L ORI L. HEE

&, BRI = A A XA #iIES %
72l REL ) EERMCEHGL /2. T
TO YA, Eii 23 = 1T (P = BERE),
WREERY 50% , B R 12 We R L & 7o 5208k
BYEEETHE SN/ 2, EKIZAHRE
We L7,

1.1.1 Y TIERE

L7z T A8 X ORI, B
GRS ERE L, mREETIE L. 20k,
v 7 X0 —E & =%, Protease/Phosphatase
Inhibitor Cocktail (Cell Signaling Technology) 7%
781 ¥ 1 7z isolation buffer (Sigma-Aldrich) %
FuTHEshizr 7V e gl REY A — b
L, Bradford #: (Bio-Rad) 2 X W #& % v /32
BErlE LA & o8y fllER SDSH v T
VN 7 7 — [30% (vol/vol) glycerol, 5% (vol/
vol) 2-mercaptoethanol, 2.3% (wt/vol) sodium-
dodecylsulfate, 62.5mM Tris-HCl, 0.05% (wt/vol)
bromophenol blue (BPB) ,pH6.8] # T, ¥ ~
I R R TR L2k, 95C T 5 A
WLEEL, SDS AV 727 1))V T I FESKE) (SDS-
PAGE) %> 7k L7z,

1.2 EEMREER

TR T, BERET T4 KA 7 F N
FHERAILO SIS BT B A Ba L7z, F28R
(20&, ~ T A H R A i vk C2C12 A &
vz, C2C12#igid, 2471 as—77 20
=T 4 Y 7ENRFET L - (EA 35 mm)
v, BEEEEIC T T ary 7 vy MREEC
FCH Sz T, —HoMlgtdRIc, 5
LFFERICT 74 R A7 F 227548 1 (AdipoR1)
HHVET T4 RER T F VZEE2 (AdipoR2)
IZK 5 % siRNA (% #1734 %) % RNAIMAX
(Life Technology) # W C S v A7 22 ¥ 3
> L, AdipoRl (Rl-si) & % \»|% AdipoR2 (R2-
si) &/ vy L7z &HRIZ1E non-targeting

b
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siRNA (NT-si © %1 /54 &) & [FEFICE#1C
WML THIRBIC NS v A7 22 a v L £72,
SIRNA & 5\ 3 NT-si |2 & 2 LB IE 24 IRef] & L
7z. SIRNAWEIZ X B/ v 7 57 v ORFEOFF
fifiiE, NT-si |29 % Rl-si & 5\ 1d R2-si LHZ
& % AdipoR1 B & UF AdipoR2 @ mRNA 3 3l &
(2 &0 L7z

F7ar 7Ty MRED C2CI2 Mg Z NT-
si, Rl-sid %\ (3 R2-si CHLER L 721%, s3fLEsih
25 B 2 & TRHEMEAD ML ZFHE L 7.
AL, R BREDT T4 RAT F ¥
7 F 0 7 AdipoRon (AR : Abcam) % dimethyl
sulfoxide (DMSO) |2 L CimhnL7z.

1.2.1 U7Ia4LRT-PCR

ABFSETIE, mRNA FEBL& Qi) 7 v
% 4 & RT-PCR (2 THffE L 72. C2CI12 Milg N D
RNA % RNeasy Mini Kit (Qiagen) 2 X O il i}
L7z il L7 RNA # >~ 7 (~40 ng RNA)
I&, cDNA synthesis kit[ [Prime Script RT Master
Mix (Perfect Real Time) for mRNA : % 71 5 /54
4 ] % i \»» T complementary DNA (cDNA) |
WHLE 7z, 4% L 72 cDNA (& Takara SYBR
Premix Ex Taq I #% M \» T, Takara Thermal
Cycler Dice ® Real Time System Software Ver.
400 (#5534 F) %Ml reverse-time reverse
transcription-PCR (Thermal Cycler Dice ® Real
Time System IMRQ : % 1 /N4 %) %1 -
7z BUGIRPLIE, 95C T30/ % 404 1 7 v,
BT THMH, 60CTIOHE L KHEEZTOD
B W72 79 4 <~ — D%, AdipoR] (%
3" -CTGGGCATCTCTGCCATCA-5" (forward),
3" -CTTGCAAAGCCCTCAGCGATA-5’
(reverse), AdipoR2 & 3~ -
ATCAGCAGCCAGACGCACTC-5' (forward), 3'-
TGACCAGTCCCAAAGACCTCTACTC-5’
(reverse) & L7z WHEMH I Y ta— L L
C glyceraldehyde-3-phosphate dehydrogenase
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(GAPDH) cDNA % H] \», GAPDH |2 %} § 5
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72. GAPDH® 75 4 = — D4 & LT, 3
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v I AAVAR

1.2.2 H$27IHEE

B 12 siRNA @ % W 1 NTosi & LHEL L 72 %,
KB 9 L2 A & R L 72, R L 22 A, B
Wy 92 5k 0> 5 M s AL & R BRI ALBR L C SDS —
PAGE O > 7 )V & 5 L7z,
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v A B & OVRBEM 2 & N2 C2C12 #ilig
XS N/-EY 2 Tk, SDS-PAGE O 7 v
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mA O 5E BT 12 Tk E) % 1T - 72. BPB 7*
TFOVTFImIZ#E LR A CHREIZHT L, 20%
polyvinylidene difluoride (PVDF) & (0.2 um,
Bio-Rad) ™~ 100V O5E®E, 60 73fH, 4T D 5ft
THE % 47> 72, PVDFJEIZxfLCT7 0y ¥~
7 WLHL [5% skim milk, pH 7.5 Tris-buffered saline
(TTBS) ,0.1% Tween 20] % 60 5> 17> 7. %
D%, BHE—KHUE[ 771 K427 F >~ (R&D
Systems), AMP-activated protein kinase (AMPK)
(Cell Signaling Technology), f-actin (Cell
Signaling Technology) | % 4 C, overnight T JX
J& &7, kLA (Cell Signaling Technology,
Jackson ImmunoResearch Laboratories) % %= i T
1~ 2 IR JSOS & 972, Light-Capture (7 b —)
v Cfb22 % (GE Healthcare) % 47 - 7.
5N 77— % % CS Analyzer Ver. 2.08b (7 b —)
efio CEEMIZEM L, 771 XA 7T
FHEIX, WEMEIY o —-VTH D B-actin
VAP 2 AR E T, AMPK ZEHE 2B L Tk
AMPK ZE8& (1209 % 1) Y BR{L AMPK g8 (2
TENENFHM L 72,



—110—
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B EE T, 1080 T AFICBIT A E
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M ETR L2, HiEEZ 5 K2 AMPK 3=
DFEE, HE YA TEENREE Lz 2 oRE
SIHOTHTISCROE L7z, BiEliia iR Cld, s
IZ AR ML 22 v (0 uM, DMSO i) 4
TOfEZ 10 & LT, KHEMHIEZ DML fiE
TRL72. 774 KA 7T 7% 6T AMPK 3
HEOEOMKEIX, siRNAJLE & AR EFF % £
R E L2 IR E AT IS TRE L 72
B, BWIEEE L ORISR L 12, Stk

SOt ORER, REAERMRRO b HE S

(&, —ICEES TR, ZEILEMRE (Tukey-
Kramer) | CHEDREEIT- 72, GRS 5% i

b o THEMERICAEBED ) LHIEL 2.

2. & R
2.1 #$MER
2.1.1 HEE

BREL) OfREs (HER) TilE, okt
BT ORISR, BEE B A TICEERE
BHEAERD Iz (p<0.05) Y, HELRHSEH
FRRO Lol (B1). T A% b IR

157 JsoL
I oL

05

Relative muscle wet weight (mg/g BW)

0.0

10 weeks 100 weeks

1 Relative soleus and extensor digitorum longus muscles
wet weight to body weight in 10- and 100-week old mice
age: p<0.05, muscle: p<0.05, interaction: p>0.05
SOL: soleus muscle, EDL: extensor digitorum longus muscle.
Values are means + SEM. n = 4. Values are expressed relative to the

value of 10-week old mice (1.0)

A% 312 10 BER 12 H T 100 JE G o 15 B MK
flizR L7z, 72, 10 B8EOmE=RISHNT 5 100
HEEFOMEROMAFIL, T A TREYL

i TRED o7,
2.1.2 BRERBICEIZT7TTFTs KRR IFH
Bizh=s

RIFFECTHRR E L 72 10 Bk 7 5 0V 100 8# 0
RUAL T AR I ORI QWG IZB T
TT AR T OFEBNPED b ZIthiiE

SO ORER, Wi s A TITHEE R ERR
WO LN (K2, p<005). L2rL, 8%
REAEMEBD o7 T AHB L ORI
312 10 BF#FIZ AT 100 B TE W T T4 R
P F URBERDSROLND, BT AN
TREHMHIC BT 2 FHMMsHEE TH - 7.
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B oL
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2 Protein expression level of adiponectin in both
soleus and extensor digitorum longus muscles in 10- and
100-week old mice
age: p<0.05, muscle: p<0.05, interaction: p>0.05
Values are means + SEM. n = 4. Values are expressed relative to the
value of 10-week old mice (1.0). Abbreviations are the same as in 51

2.2 EEMRER
2.2.1 AdipoRon (AR) »EiZ > /XU EIC
RIT§RE
AN CH 72 siRNA 12 & 1) AdipoR1 8 & O
AdipoR2 312 mRNA LX)V THI80% D/ v o7 &
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Relative protein content
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AdiopoRon (uM)

0.25 L L

3 Changes in muscle protein content in C2C12
myotubes in response to AdipoRon concentration
treatment: p<0.05, concentration: p<0.05, interaction: p>0.05
NT-si: cells treated with non-targeting siRNA, R1-si: cells treated
with siRNA for adiponectin receptor R1, R2-si: cells treated with
siRNA for adiponectin receptor R2. Values are means + SEM. n = 3.
Values are expressed relative to the value of the condition medium

with 0 uM AdipoRon (1.0)

N7z (p<0.05), AHELEZLHAIERITRO % h o
72 (E3). NTsi T, AR EIIEOBINIZ AR,
BEMIEANOGAL IR S, 5 2787 O
A siRH Hit/z. —77, Rl-si T AdipoR1 % / v
yFY YA ET, AREED10 uM  Tik
AR I X B85 % v 37 BIZEALIZERD e h o
72. L7 L R2-si LB TIE, AREZAHT10 uM
TGS 787 BORDDFRD BTz,
2. 2.2 AdipoRon (AR) #*AMPK ® 1) >
BRAEL ANIVIC R 2
OB E BT IS & D siIRNA ALTE & AR
FEICHE R FREDIED SN0 (p<0.05), H
HXHAEM IO -7 (KM4). NTsi T
X, AR IMINEO LA, AMPK @) Y R{L
LAV L7z, —75, RlsiB XU R2si T
AdipoR1 %/ v 7 ¥ 452 LT, ARERE L
FAAZHED AMPK ) 2 ERAL L OV O BN AN &
7z, F72, Rl-siLB & R2-si WO 12, B4
B AEIRRO Lo T

3. & ¥
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4 Changes in the phosphorylated level of AMP-
activated protein kinase (AMPK) in C2C12 myotubes in
response to AdipoRon concentration
treatment: p<0.05, concentration: p<0.05, interaction: p>0.05
Values are means + SEM. n = 3. Values are expressed relative to
the value of the condition medium with 0 M AdipoRon (1.0).

Abbreviations are the same as in X3
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Hama L7z, 2o#% ARIZAMPK O »
AL L VBN, $ 7 b AMPK # it b &4
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EDTRIEE NI,
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