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(57) Abstract: The present invention relates to: a muscu-
lar-atrophy-inducing agent containing, as an active ingredi-
ent, a hypometabolism-inducing substance selected from the
group consisting of TIAM (3-iodothyronamine), DADLE
([D-Ala2,D-Leu5] enkephalin), 5'-AMP (5'-adenosine mono-
phosphate) and H,S(hydrogen sulfide); a muscular-atrophy
study-model production method comprising a step of indu-
cing muscular atrophy by administering said muscular-atro-
phy-inducing agent; a study model produced in accordance
with said muscular-atrophy study-model production method;
a method of drug screening for preventing or treating muscu-
lar atrophy by using said study model; and a composition for
preventing or treating muscular hypertrophy, and a composi-
tion for facial muscle shrinkage. The muscular-atrophy study
model according to the present invention is advantageous in
that said study model can provide an economic study model
for muscular-atrophy study by using a hypometabolism-indu-
cing agent capable of mass production, and can beneficially
be used in testing for the screening of drugs for preventing or
treating muscular atrophy and, in addition, the invention can
beneficially be used as a composition for preventing or treat-
ing muscular hypertrophy, and a composition for facial
muscle shrinkage through a muscle-atrophying effect.
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1
A A
ol B AhAl FEEZA TIAME 0] £33 2= F54 2
olo] ZH|UYF AE &%

N,

s3ol

H- 2188 T1AM(3-iodothyronamine) 2] # thA} & 5ol 7| HESE 29 3 F- 5 4],

D A7) A =22 S o] 83 A 4 257} 2] F-(myotonia congenita),
ZFo}] ¥] = (calf hypertrophy), 7}©] ©] 53" (myhre syndrome), 7}°] . 2~E}El
4 8] o F-(Myostatin-related muscle hypertrophy)< 3 36} = 8] o] S-(muscle
hypertrophy) el ¥} B3 X 88, = oA 28 H48 24 2ol 33 Ao

WE7e

9] = (muscle atrophy)-< -F-%1 %] 2 $H(4]|, Duchenne muscle dystrophy) “Z8 7}
ol g}, A A Absll, &3kAle] A Al 4 F(cancer cachexia), v =3}, 7] 1H
g Aot -FH 8 5 oheFe W A, A el 4] AdEfell A dojdtt e i
|24 59 & did o] o501, LA LH o] A2 A A g
upebA] g gk Aol AR A 5, & F, AA O] <1 Yol o] 271 71A]
o] & ke v X 7] wlitoll, T E5S X5 o] Ajg g4
A7t T a8kt

THEH ARE AT A GAE IUFS T A wd g st
Aolt}. &= X 4 (in vivo) Z 1= 2174 A A| (denervation) 2} 3} 4] & 4=(hindlimb
suspension) W o] F&E AR& AL It} R = A 2 F A= 50 =4
) Al B} 4= (dexamethasone)jﬂr ASHE- 2 (4], H0,9F &2 8444 59
A Eo] #8¥ L 37 FEEAY OG5S 49 glo] A= kA
2 (forkhead box O, FoxO)/] A 3}, L2224 Eo] A H-38) &4 (ubiquitin E3 ligase)
2 I = H o}<F(proteasome) YA F7F T WA o] 3} 2H-g 3 Ak E
ANZAGHZES A A7, Al A F3h2h-8 3
Mix%%wg Z2(Akt1-S6K)E A A 7] = Ao E W] A 2] TH(Shimizu et al., 2011).

E S GA A A A S BT TS R AR E

?_}‘ﬁ,ﬁ(oﬂ & S Wl (heat shock proteins)) 2] WA S 7h4E = Ao =2 g
2 THGwag et al. 2009).

A7 2905 FEAEY 714 AR, dAle eSS 9T 258 7
*Eﬂiﬂﬁieﬂ AE EAZ, HT HalA = 5

G A (GR)°ll A3t F FoxO-ZEHolFo] vl Faf MG d =&

Eﬂrﬂ J3IA A Y FHES FushE Ao e & 2 tH(Shimizu et al., 2011).
B0 B MSFERES 22T A 0 ERE 2ok Bhg S A7,
ol uf WF& ¥ = Ca2+ &} Alo] Eii(cytochrome) C7} 7| 2= 3} Al (caspase) 74 = <}
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o

750 <) (calpain) B9 Yoo HAE BAHE SANA 295 S FEae

Ao 2 Harx o] 9t (McClung et al. 2009).

gk, 1] o) F(muscle hypertrophy)->
WAlsh= deto 2 iAo s A 5-(myotonia congenita), -°} 2|
H] o] F+(calf hypertrophy), 7}°] ¢ 523" (myhre syndrome), 7} o] & ~E}&l 7

tH] o] Z:(Myostatin-related muscle hypertrophy) 5 ¢| 9t} o] & A3t F 53]

Suu A 943 Yalel #3e] FUA
T R

myostatin-related muscle hypertrophy &= &2 -3l of] o] 5} myostatin
FAAZE GBI S 24 Ve S o] T Myostatin<> S A 9HA A 2= (e
Aktl-mTOR)E A A 7] a1 Lekwiad 78] 7 2 (of]: SMAD-proteasome) 2] 24 -
F7LAI1= 1ThE B AR o] §2A7E B = Ag 70 #Aol FuiA

aH) o) o) ep A He

SkH | 3-0}o] @ L-Elo] 211 (3-iodothyronamine, TIAM)-2 #/d41 & 2 (T3,
T4 9] §F A=A =, A oA BAAE 5 9+ A A hypometabolism)
FEEolth A 7o thrkar 22 A&, 1 A, A, 35 53 A
o Mol A & =11 Zr(pico mole) A 5= A 22 93] A ) TH(Zucchi R et al.,
2006). FE gk 3-0}o] Q. LEFo] Rl A ThE e AR 1 A2y o
15553 46,979,750% 2 A17,321,065% 2 E4 W ate] AP EF
gt e 5538 Al1,112,731500 7AA[E o lo th A Abo] 7hsal A 4] o] &9
& olstt}.

Y 2SS gAY ALo] 7 g A AL R EE AP E Fete] S5 S
FET 7 A= Als S A D oA i v iy s
SHAIE A7) HEE B8l skl o, ol A & A AL Fr = A S 0] &3}
71 e ol Mg e S E AR, 2 2 F A a2 E T
TH O E XA 54 B BEA EERE ALE 7S OH 25 548 24 ES
A &8t a2} gkt
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4

v 3} [ Y I E- -7 % (independent samples t-test), P < 0.05)].

T 2E TIAM A 8] 73} ) 23 7F C2C12 2 #A ¥ 2] AMPK 4] 8- v) 2l &} o]
e o]t} A= p-AMPK 2 AMPK %@ of] o gt A & 53 ¥ (Immublotting)
A Azto|t} BE p-AMPK 2 AMPK & 432, Ci= p-AMPK/AMPK &
H] & -8 -5 5 7| & 74 #F(Densitometric quantitation) . 2 WEFH “1E] o) U H A +
SEM (n = 6), *, P < 0.05].

T 32 TIAM A& 3 2 3FC2C12 234 £ 2] Aktl 2 S6K 23 &
H] 33Fe] YEbl Aotk A Aktl L S6K 2He o] o 3k
H 9 £ 5 ¥ (Immublotting) 4] 2 I}o]t}, B-Ci= p-Aktl 2 Aktl ¥ 3 2
p-Aktl/Akt1 o] H&A ¥ &S Vbl T o|th D-E= p-S6K B S6K W
2 p-S6K/S6K 2] & v &-& LFERH T1E o] T3 1 £ SEM (n = 6), *, P < 0.05].

T 4= TIAM A& 3 )23 3 C2C12 234 E 2] FoxO1 % Fox03 %3 &
H]wsle] YERd Al o]t A= FoxO1 2 FoxO3 & o tff gt
H o &% ¥ (Immublotting) -4 2 7} 0|t} Bi= FoxO1 2 FoxO3el o &
HAHFANY HAARE 524 dAnd s #Yg Axlolth. C-D p
-FoxO1 & FoxO1 %3 425 2 p-FoxO1/Fox01¢] 3 v]&-& el
1 3ot} E-Fi= p-Fox03 % Fox03 ¥d 4+ 2 p-FoxO3/Fox032] W&

H] &8 Ve 2 ot [H i + SEM (n = 6), *, P < 0.05].

T 5= TIAM A& 3 23 7 C2C12 34 X 2] MuRF1 2 MAFbx 93-S
A&l e Ao th: A= FoxOl 2 Fox03 W&l o ojj 3t
4 5 3 ¥ (Immublotting) w21 2 7}-o] T}, B-Ci= MuRF1 2 MAFbx & 4=
5t 5 57 =74 % (Densitometric quantitation)2 WEFH L] 3Z o]}, D= 265 9]
REHA-FAF DA S YEd Ao 2 A E 7wk kg BAals 250
AY AL, ARl F FUE RLU)E e A A 7] R EHA-FAL
A& 78 WA ol A <% RLUs - W7 RLUs>Z 8] 2 A E At} [H + SEM (n=

* P <0.05).

T 62 TIAM A 8] 73} ) 2 7F C2C12 Z#HA| 3 2] AR 2 (chaperone) 23l &
H] alsko] WeRdl Alo)th: A= 524 Wl 72(HSP72), HSP60 2
¢hspn]- 7 2] 2~ e (aB-crystallin) %8 2] W & £ 2 ¥ (Immublotting) 49
ZAijolt} B-Di= A 7} AR & gl Wk o) O gt
5 5 A 54 % (Densitometric quantitation)s WEFH 1 3 o THHE 1 + SEM (n =
6), *, P < 0.05].

T7& TIAM Aol & 28 vhula gha] U Haf o}

%

Ay AsAY Frel
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5

DADLE([D-Ala2,D-Leu5] enkephalin), 5'-AMP(5'-adenosine monophosphate) 2 H,
S(hydrogen sulfide)@ ©] 5] 7l “155-o| A A 81 %] = A o AH(hypometabolism)

FEEAS FEARLOE FHoHE 2AF FuA|, 0B A Eiz Fold

=== T
ZHE fFstE 9A 2 E¥etE 2905 A7 Ay, ol wtet
Azd AR E o] 5 o] &3 T F g iz A 5§ e 2E 28
A, A AAL B S FEARY R FRehE SHUS oY B X RS
AT EE A AN EAS FEE R FHohE bl 25 H48
2wl AR AR, F AT AL FEa ] 2 AV s
AL e 71 St A wE Wl g B A =719
R3S Fo g ske] & i S sl

ol 8k, & Wrd& vl A Als] A e

B wg .S A o AH(hypometabolism) f- =528 84702 g3t 295
= A 24, TIAM(3-iodothyronamine), DADLE([D-Ala2,D-Leu5] enkephalin),
5'-AMP(5'-adenosine monophosphate) 2 H,S(hydrogen sulfide)Z ©] 5] %

T2F A e E = A o AHhypometabolism) =& A& a2 -5
L5 FEAE AT

g o] o Ejell A, AV A AL FrEEE S B A A 0w
T1AM(3-iodothyronamine) 5= 21T},

Bk o] A Qo) A, A7) AR Ao A A EF 2= A ¥ S (muscle cell
line)7F A& = L aL, DG Ao M AR = T4 SFHEF = 24 FE
AREE = 9lom o & Eo] C2C12 A3 S0l AMEE 4 QT

Boung o] 9 el M, 7] AT ERANH FRS HFFE 5 g, nr}
FAA O AL AN AFFEL A v|ehr] o] & Fof rhg-2s, RE U
WE B Beehs AAF, B2, % 200, nkel, 9ol /191 52

o -

g o YAl & & ol TIAM(3-iodothyronamine),
DADLE([D-Ala2,D-Leu5] enkephalin), 5'-AMP(5'-adenosine monophosphate) 2 H,
S(hydrogen sulfide)@ ©] 5] 7l “155-o| A A 81 %] = A o AH(hypometabolism)

FEELS Folstel 25 HUHE UAE TP 29% ATRY

o .
o o Yejell A, A7 AAL FrE=d & Bof A A o =2
T1AM(3-iodothyronamine)! <= 1 2.1, TIAMS| o] &3-2 2 H3] 4= 4=
AT AAY TIAME EH735¢] 1= 45, TIAMS] 5ol &3Fo] Fof 4
TEY A S (kg 10 mgkg M ROl H L9 5 o] fibE 7] o] 291, 500
mg/kg Z9SHH FE O] ALYSHA H B2, TIAMS] Fo] 85-& 552
A A S (kg)F 10 HA] 500 mg/kg, B.0F A4 4 2 2 20 W A] 250 mg/kg, F. T
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— /| e
(o) e e ST, Y Y RV BV, BN |
N = O O ~N O W

6

TA A & 25 WA 100 mgked T Do, s= GH, APzl wet
X8 248 4= A}

kg of A Frjell A AlEol A o] A g 53= 0.1 uM WA 1000 uM = S 5=
RO}t AlFES] ok Ae) E AE x| whal A 4] 24 5= gl

g o] A Gl A, A AR F B o FofdbA] 2 B A9l Fo k2 ql
AT 5o, 57 Fof, AW Fo, F5UY 7o, d ot Fof, = 9l
Folubal o 2 el = gl o} Fojub2 o] oo A| g = A& of ] g
A7) AUAF AL A EAZ FAMELR o] F e 4= 9z ol A4
ol &l Fofd 4= 9t}

g o] A el A, A AL FEEA Y Fol35E 1Y 13 A 23]
ol 4= ol o} o]i= AUAL FEEH ] Fo] §Fol wpef 2dE 4 Q)

o] A G M, 295 sEEEY 295 e AdA s Y
Fol &5 e AUA e A w& AHE 2dste] 249 0o
o] &= Fol &% i A mE Aol vl#Hste] 295 B R7F A8t E = Al
718t 3= = v

Egk Bl 2 gy Wil o8 Az 2S5 A xRrd B s ERES
A &gkt

o o] A Gl A, A A -5 B o Fol & Qe A4} v sl
295 A2 ol o] (a)FH Q)W}ZH ANE B = o o= &5
A2 E Fshe] 18kt

(a) THAMFEL] AV = 259 A7) T

(b) p-AMPK/AMPK %8l 1] &¢] Z-7},

(c) p-Akt1/Akt] ¥+ W] &2 7k

(d) p-S6K/S6K =& H]-&-2] 74,

(e) p-FoxO1/FoxO1 & H] &9 Th4;

(f) p-FoxO3/Fox03 ¥&l v &2 74,

(g) MuRF1 L&A o] Z7}

(h) = 2 H| o} <% (proteasome) &4 57}

() =24 @A 72HSP72) L el 74 H

() &3]-A 2] 2= (aB-crystallin) A ZFo] 7HA

kA 7] EH 5 AT RS AT v aleke] (a) LA FES A7) e
5 9] 2719] 7Has (b) p-AMPK/AMPK 28 1] £-2] Z71; (c) p-Aktl/Akt] L&
1) & 2] ZHa; (d) p-S6K/S6K 2 H] &2 Fr4:; (e) p-FoxO1/FoxO1 & H| & 2]
25 (F) p-Fox03/Fox03 ¥Hel v £9] 7+4; (g) MuRF1 23 &2 Z71; (h)
3z 2 e o5 (proteasome) A E7F (1) €54 @A 72(HSP72) HAF O] A
2 (§) & 3u]-F 2] 2~ ¥ (aB-crystallin) L& 2] 7FA R o] Foj 2l Lo 2L
AEEE 1F ol e 5SS 7H = 2
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7

A Sl A, 271 (@)FEH (7= AAF FEed 5ol 55 WA
10} F-ol) A7k Hla s = 5S4 A = .
g of o Fejell A, A thAL Fr =2 TIMAES Z¥A 30 0.
1000 uM A &l &b= 4 - 7] (a)ok WA sto] FHAFE | A1 7]= FY
A 2 A7) 9F vlarste] 0.01 WA 0.200) AL 7HE 5 vk 7] (b)9F
#Este] 295 AT F ] p-AMPK/AMPK W& 8] & A4 Zdlo] )
A

1 uM W A]

Pk

¥ T

i

=]
-AMPK/AMPK & 8]-& 3} "] nLsle] 0.01 WA 2,58 718 7FE 4= At} A7)
(©¢ FH ] 2Y= AT 2D p-Aktl/Akt] HEH H &S AN 7d p
-Aktl/Akt] & 8] &1} 8] 3ke] 0.01 WA 1.0v] ZA2E 7HE 5= ok A7)
()¢} FAF ] AF2 A9 p-S6K/S6K & H| &2 A4} Bdl 9] p-S6K/S6K wHé
H| &3} 9] aske] 0.01 WA 1.08] A4S 7 4= At A7 (e)9F T 5o
T 5 A2 9 2] p-FoxO1/FoxO1 #& H] 8- 47 ¥4 9] p-FoxO1/FoxO1
U b)) v)alste] 0.01 WA 1.0 A4S 7 S dTh A7) (D<) S ko
95 AT 9 9] p-FoxO3/Fox03 W& H] &2 A/ 24 9] p-FoxO3/Fox03
U v)-& 2 v)alste] 0.01 WA 0.89] ZAAE 7HE = AT A7) (g) o TR ste]
L5 AR ] MuRF1 A &2 A4 2.9l o] MuRF1 & g3} H] 1l s}o]
0.01 W=] 2.5 5715 7HE = dth 2371 (hef B ste] 295 A2 E e
3 Z g o} (proteasome) 2] 2 A4} 2 dl 9] 3 2 | o}<&(proteasome) T I}
Hlaske] 0.01 WA 2.000 7S 7HA 5= QI 7] ZEH oF%-2 268
IR olEY 52 o o) FALE ITREolE FAS e = o R
A EH S ol &ste] 54E 5 St 7o 7] 2. E YAl (chemotrypsin)- A}
18 ot AT ATk AV () THste] 2S5 AT REY 454
2 72(HSP72) U & A4 ZElo] A4 bz 72(HSP72) WA &3t
1328t 0.01 WA 0.15¥] Z4AE 7HE 5= Ak 47 (o ddshe] 295
o] - el o] ebwin). o ¢ A~ ekl (aB-crystallin) BHE &S A4 529
& uhH]- A 2] ~ = (aB-crystallin) & =3} 1] 0 5)o] 0.01 WA 1.09] ZHAE
7Hd 4= Atk 2371 (b) A (2) 2 () WA )] AMPK, phospho-AMPK (p
-AMPK), FoxOl1, p-FoxO1, FoxO3, p-FoxO3, Aktl, p-Aktl, S6K, p-S6K, MuRF1,
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g o] o FHjel A, 37 FRELAS IS ART F U= =ER
sted, e Ay Ed e B, FE E, 4104, @il g0l =d & AT

() ZHAFEL F7] B 259 A7),

(2) p-AMPK/AMPK & H] £

(3) p-Akt1/Akt] =& B] &,

(4) p-S6K/S6K -3 H] &

(5) p-FoxO1/FoxO1 ¥& | &,

(6) p-FoxO3/Fox03 %8l 8] &

(7) MuRF19] & &,

(8) 3Z = ]| o] 5% (proteasome) 24 ;

9) =2 iz 72HSP72)2] el 1

(10) &upn)-= 2] ~ & # (aB-crystallin) 2] 23l &,

71 (1) A ek AdEe], S REAS Xl e 73 tl2a Y] S xEe] 7]
W3} e 25 A7) A7) HEtE vaste] 29 FHo M BEE AR ARE
Bk 4= ok, TR EAS A o] thRTH W Ete] oA Y T
L5 A77F S A 25 A RE FEE ddE =9l

71 (2) A3 ef A ste], R EAS Al gk 73 ) 2 2] p-AMPK/AMPK
E ) &S Hasle] 29 Ee] A BE AR RS FIEE ¢ 9
FREAS Ao ato] thaa" 7 H] 1leto] p-AMPK/AMPK &l H] g o] 7HA gt
A 25 AR R AdE otk

71 (3) A 3EeF #Esto, FREA S A S 7 299 p-Akel/Aktl T H
Hl&-& Hlaste] 295 M E= AR 25 J7he ¢ ok FREAS
2] 3 o] th 23 v] W Eho] p-Aktl/Aktl L& v Fo] F743 A 29 E
A58 o= daE 5=l

71 (4) A eF #AAste], FREZD S A e 3 gl 279 p-S6K/S6K
Hl&-& Hlaste] 295 M E= AR 25 J7he ¢ ok FREAS
A ] gt wro] thz T3} B dle] p-S6K/S6K BHEl H)&o] 713 A9 29 &
A58 o= E daE 5= ol

71 (5) A ek #Hst, FREDS A gk a7 o 2959 p-FoxO1/FoxOl
e vl &8 valste] 29159 M B AR G HuEe 5 9l
TR EAS Ay d 7o) thET# H] 1L Eke] p-FoxO1/FoxO1 & H] g o] Z7}3t
A 25 A5G FEE wdE o
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71 (6) X 35eF #HASt, FREAS A gk a7 o 2979 p-Fox03/FoxO3
T BEE alste] TS5 WA e AR S WS o 9
T HEAS A3 o] thERT I} v iEte] p-Fox03/Fox03 %38l H]&o] Z7}3k
B TAEH A RS TR wdd 5 ol

A7 () AR Adste], R EES A g o3 o 279 MuRF1 U &
Hlasle] 2 ZFe /A s X8 A2 Hrte = ol TREAS Ay
o] vt vl alsto] MuRF19] a #Fo] Zh4ash 49 295 A 5d s
b= Qv

371 (8) A e} st

471 (10) A 3ot FAste], FREAS A v gz
& uhe)- 7 2] ~ € ¥ (aB-crystallin) ¥ 22 H] ulshe] Z 9] &9 /A s AR
AeE HJ7te 5 Aok FREH S A e o] izt Bl alsto]

&ujH)- 7 2] ~ €9 (aB-crystallin) @] W& #o] F71e A9 295 A nd g

wrekA 7] AAgshs dAls SREAS A g o] ta ) v]a s
oA FE A7) = 289 A7) F7} p-AMPK/AMPK 2H& H) & 7k p
-Aktl/Akt]l 238l B & F7} p-S6K/S6K & H] & Z-7}; p-FoxO1/FoxO1 %
H|-& 7} p-FoxO3/Fox03 ¢ H]& 57} MuRF1 & & o] 7h4s,
3z 2 e o) F(proteasome) TA] A &5 A Wl 72(HSP72) WA el Sk E
& ujH)- 7 2] A€ (aB-crystallin) B & & o] 7R o] Fol X L O ZHE 15
ol MeNE] = Al A 7] FREAS ZFH A e g FE2 A4S 5

Al dzaeld FRZA A 295 A RS ] FIAE AT 2=

b o A 7] th &2 DMSO(dimethyl sulfoxide), A4 &4 94+,
B, 725 A v e Al & 2 A = PBS(phosphate buffered saline)E *] 2] g+
T g A
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oFEE w5 Qe

A7 (1) A EeF AAste], FREZD S AP d o 279 MuRF1 Hd %8
Hlalste] 2950 AE F7te = vk FREAE A g vto] a7
H| 3 5Fo] MuRF19] W@ o] 7hAgh 74 -9- 95 o W8 oF== v o ot

271 (8) A1 3.eF ¥rdste], R H o} (proteasome) A 578 A & (h) 2
go, TREAS A g vt 29 Z 2 H oFF(proteasome) T =
Hlalste] 2950 AE F7te = vk FREAE A g vto] a7
H| il sfo] Z e ol 4] o] TAadh A5 F9 5 o W§ oF=E wbdE o Qo

71 (9) A EeF BEste], THEAS A 7 2oy 454 v
72(HSP72) A& vHlulsto] 29159 & HUHe = vt FREHAS
A 2] gk o] thztt Hlaste] A gl 72(HSP72)9] M & STt
A5 25 g R dukE S ok

2

2] &k o} o 2t

° B asto) 2ol %ol Y g Wb 5

14
i

2 &

v}v]- 7 8] 2~ (aB-crystallin) 2 &
th R EAS A g dro] 2w
] 2] ~ 8 H (aB-crystallin) 9] & o] F7Fet A §- 2
e 5 9l

271 2) A (7) 2 (9) WA (10)9] AMPK, phospho-AMPK (p-AMPK), FoxO1, p
-FoxO1, FoxO3, p-Fox03, Aktl, p-Aktl, S6K, p-S6K, MuRF1, HSP72, 2
¢tubn]- = 2] ~ €& (aB-crystallin) T2 o] Wh&] £82 vl PAMH o 2
A E S ol &ste] 544 5 Stk did,
H o 53 B H(immunoblotting) & & =4 2 4= At}

wpeha] 7] AR s @AlE FHEES A3 o] 2t 8] alEe]
SAFE A7) e 259 7] F7F p-AMPK/AMPK %8 v & Zh4: p
-Akt1/Akt] =&l H] & F7}; p-S6K/S6K e H] & 7} p-FoxO1/FoxO1 2l
H|-& 7} p-FoxO3/Fox03 ¢ H]& 57} MuRF1 & & o] 7h4s,
3 2 E|olF(proteasome) T 7hA; A4 Wbl 72(HSP72) HA Y] FUH 2
& ujH)- 7 2] A€ (aB-crystallin) B & & o] 7R o] Fol X L O ZHE 15
o)A Aty = Al A9 A7 FREAS ZE ok o272 AT

I o
El
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Al dzaeld FR A A 29 F g o] FIAE AT 2=

b o A 7] th &2 DMSO(dimethyl sulfoxide), A4 &4 94+,
B, 725 A v e Al & 2 A = PBS(phosphate buffered saline)E *] 2] g+
T g A
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B dhd & £ 8 T1AM(3-iodothyronamine), DADLE([D-Ala2,D-Leu5] enkephalin),
5'-AMP(5'-adenosine monophosphate) 2 H,S(hydrogen sulfide)Z ©] 5] %

T2F A e E = A o AHhypometabolism) =& A& a2 -5
TR oW = X R oFoh A =S AT e

g of A Gl A, AV AAL FEEE S B A A o=
T1AM(3-iodothyronamine)! <= At}

g o] o el A, AV Zr) S A A 2572 S (myotonia
congenita), <&¢}2] B] tl Z(calf hypertrophy), 7}°] & 533" (myhre syndrome),
nlo] @ ~EFE 7 1] o] F-(Myostatin-related muscle hypertrophy)©] t}.

g of A rjell A, g o] A AL R EE S A Al
ol k= Aktl-S6K 2] 24 & o Alstar ki Haf o] ko afi=
FoxO-proteasome-2- 4 Al 71 0 24 19| 5352 f-57] wlir-ol, myostatin 2]
Age D 5 = de 24 28 7He sk, myostatin®] A2 =2 Q14

o ol

e

CRER R ES R
YAl A A& BT £ e}

Bungel ATa fERAS oSt H 0 58 b e Aol R AR 5
9o, o miz oFsb 2 0.2 5] 8 7hi 2 Ahree acid)el o8] 4% AT
Bokio] f8eh AF RIH e Gk, WAL, Q1AL B, B E B AAL,

QES A, o} AL I o1 Ake} e R AR o X B )
gtz R dolE, 5 Y2 $Hl dohwclo] £, 5o EEA Arhwo]o] = L
BT SN o) B, L A, A WS U WFE NENF G B FEA
F7LO R Qith o3 T H 0T FEF PR Mool E,
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Bl =27 v o), t]sto] E 27l Lo E, WEHE o] E,
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protease inhibitor), = 3 2~ 3}EFA] & A| A ZHE] A (phosphatase inhibitor cocktail)<>
Rocheoll A -9 3] AF-&3}9 o} RIPA £+ (1% Nonidet P-40, 1% sodium
deoxycholate, 150 mM NaCl, 10 mM sodium phosphate [pH 7.4], 2 mM EDTA, 50
mM NaF, 0.2 mM Na;VO,, 40 mM HEPES[pH 7.4], 0.7% CHAPS, 1% SDS, and
protease inhibitor cocktail)< Tl A %5 9] 5}o] AL8-3} ST} GE Healthcare
(Fairfield, CT, USA)o| 4] -] 38l 4 o)l 4] B.3+¥ ECL A 2% X Thermo Scientific
(Rockford, IL, USA)°ll A 1-¢] g} Restore Western Blot Stripping Buffer= H & 535
4] (Immunoblot analysis)< ¢ 3Fo] AF83F T E7] 8)-3 2~ - AMPK(Rabbit
anti-phospho-AMPK (at Thr172)), AMPK, 3 2= 3 -3 2 Q [(phospho-FoxO1
(Ser256)), ¥ 2= 2 1(FoxO1), X223 32 Q 3(phospho-FoxO3 (Ser253)),

£ 2= Q 3(Fox03), HSP27, & upH]- A 2] 22 & (aB-crystallin),

3 2 3 o 2267 o] (phosphor-S6K (Thr389)), il 2267 ©](S6K),

3 2 3 of o] A o] E] 1(phospho-Akt1 (Ser473)), X Aktl T}& & 34| (Aktl
polyclonal antibodies)™= A A| 1€ ¥ ] =& 2 %](Cell Signaling Technology,
Beverly, CA, USA)ell A -4 &l AF-&-3l3ith. B7] -3+ o -3 7] @2 - 1(rabbit
anti-muscle RING-finger protein-1 (MuRF1)) & of| 3-8t~ 21 vz 33t} 2 &
3} A (F-Box Only Protein 32 (MAFbx/atrogen1) polyclonal antibody)+= Santa Cruz
Biotechnology (Santa Cruz, CA, USA)°l| A -] &l A3}l a1 vp5-2~ gh-d 54
i 90, 72, 60 (mouse anti-heat shock protein(HSP) 90, 72, 2 60)-> Stressgen
(Victoria, BC, Canada)°l| 4] -1 8l A} ). np-9-2

st A 2| 5o =-3-FE A ¥ o] E-t] 8} o] =2 A o} A| &} A| (mouse
anti-glyceraldehydes-3-phosphate dehydrogenase (GAPDH) antibodies) Abcam
(Cambridge, UK)ll A 743} a1 of) o] X] &3] - A F Al o) B] = g}~

H =2 B G(HRP-conjugated anti-mouse IgG) X &-E7] HI =2 57l
G(anti-rabbit IgG)+= Cell Signaling Technology ol A 1= &l A3} T}

2) Al el

C2C12 2o} Al 3= American Type Culture Collection (Rockville, MD, USA)®f| 4|
T3l 10% 5-Ell o} & * (fetal bovine serum, Hyclone, Logan, UT, USA)°| X.Z ¥
4,500 mg/L = F 322~ 2 1% A A (antibiotics )/ 3} - Al (antimycotics)(Gibceo,
Burlington, Ontario, Canada)”} 3+--¥ DMEM #l| ] | 4| ]| &= ST}, Lol A 2=
37°C, 5% CO,2] &1 stol| A B ¥ AT} FopAl L= 69 vl G F o] Eoll A
H o EF F-2A (Immunoblot analysis) 2 = 3A| 3E 2174 5745 98] A5kt
oA 2= 7 Dol oF 80% X 3Hconfluent) A E] Y ] ¥-3} vl 2] (2% H(horse)
A 2 1% A Al (antibiotics)/ & 7] 7 Al (antimycotics) 7} 3£ 3 ¥ DMEM)Z
WA 55U EF A B FHAMEE S EE RS Th vl A = A a A =

o) bt} A5 ).
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HAXE AV FH

C2C12 ZHAE A7)0l the TIAM ©] &35 FR1st7] A5t AL E 4%
v} 3% & vl 3F o] = (paraformaldehyde) 2 327 Al 71 3 Axiovert 200
FstdAn| Ao A 2000 S 2 Gt} FAE fste] FAAR NEES
AEs7] /8l 9719 w8 o2 E vt 2 A 2 9] A 742 Image T software
(NIH, Frederick, MD, USA)Z A}-&-3}o] 4 ¥ A},

4) '3 9 53 54 (Immunoblot analysis)

A|3E3= RIPA ¢5 02 755 11 21 7l o] A (gauge) &S &8 HHE 4]
Floll oal Pl ¥ 1.5 mL vle] AR FHEEZ HFAHT MES 55 53t
A o] A Wl FSFal 10 5 QF4°Cll A 13,000 rpm o2 A 72 81 S T
AA-A E 784 83l = (soluble lysates) 2 A5 NS 53FaL, @il d Fh=
B == ¥4 (Bradford assay)= 5319 2 743}%th. AMPK, phospho-AMPK (
p-AMPK), FoxOl1, p-FoxO1, FoxO3, p-FoxO3, Aktl, p-Aktl, S6K, p-S6K, MuRFI1,
MAFbx, HSP90, HSP72, HSP60, HSP27, aB-crystallin, ¥ GAPDHE © %] 35} 7]
Aste] DA 30 ug @ E -2 8 WA 10% SDS-PAGE “goll A #1719 % 33t}

GlA L A 7| g F5 o072 Ao A Y E 2§24 H(nitrocellulose membrane) &=
SARY. e 527 91X TBS, 0.5% Tween-20 with 5% w/v nonfat dry
milk) & & 1A ZF FF A 2o A ¥h-3-AI 71 3 10 mL TBSTE 104 31

A A F e}, o] F S 10 mL TBST(1:500-1:10,000)° 2 °43] 843 12}
8} A (primary antibody) <} 7| 4°Col| A 3} 5 5 <F HE-g-A| Z1 T}, 10 mL TBST
ol Azt dhlal g ex] 5} 7] 9] ¢ HRP-Z1 57 Al o] ¥] = 22} 3} A (secondary
antibody) 2} 7] T2 1A {F 5o A 20| A ulEksle] ¥h-S-A] 71 & 10 mL TBSTZ
1072 3 A2 gt} A S 534 = ECL A 2= ¥1(GE Healthcare, Fairfield, CT,
USA)C & X ¥ 31 85 ¥ 9= = Imagel 1.47t software (NIH, MD, USA)°ll 2] 3f
A At @l W= GAPDHS| ® k=ol] o8 %3} Ut GAPDHE
A7) A5ke] W& TBSTE 7} 104 5 9F 33] A2 3 & 2120l A] 303 &<t
] ~E o] == (restore buffer)ol| A W] &Fslo] ~E ¥ A 513}

rﬂ

JE mﬁk

wn

) A & & g3 AH (Immunofluorescence) 2 3 % % & M| 7 (Confocal Microscope)
7} 6-d Z# o] EQ] A5 IXPBSE 3 A #3249

v} 3 5 ¢ e 8} o] = (paraformaldehyde) 2 30+ & SF A 2o A LA A F T}, 11

U5 M EE 0.2% Tritin X-1002 & -0l 4] 10+ &<t A gl slo] T34 =

2R 5k IX PBSOI A 3% BSAE &= (block)A ZITH. 1X PBSO| A 1:1002. 2

54151 FoxO1 % Fox039] o @ 913} )2 A% 2 247 91 414 7] 2

1:1,0002. 2 3] A 5 Alexa 488-7157 7] o E] = 22} g4 ¢} WE-SA| Z T} 22

M EE IX PBSE 3 A& gt T} DAPI(Vector Laboratories, Burlingame, CA,

USA)E ¥ ¢H3t vl-2-8 1|t 9 (mounting medium)2 Al 3ol G o =5,

[u—

(o
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08{4

Fo =2 FAE A 3= Carl Zeiss LSM750 3 %% 1| 7 (Jena, Germany) 2. =
¥ A

A

_4

6) 26S = 2 H| o} % (Proteasome) &4 £

ZRAT T 1HE EANSE A8 I = A,
I Z2eolE: FA(EHA A (trypsin)-, T REH ](Chemotrypsin)- 21
7N 2= 3} Al (caspase)-FrAF A4 =)ol Al 7HA] A /A=A 5
71 2. E YAl (chemotrypsin)- A} &2 ZZE| QFo dwld o a4 85&
el = thEA <l Aoz 7kt B3l %] 50 well 9= Al £ 712 E (Biorad,
Hercules, CA, USA) & &4 ¢+ oF 75004 3£ & AF-8-3}9] Promega Proteasome-Glo
A3 7] HE w3 B A 7] E (Promega, Madison, W1, USA)E- o] 83 A 24}
X 2 e Zof ubeg} 7] B E Al (chemotrypsin)-F-AF B4 S A&t} w4 2
SoldE &ty fste] sUZ o A EE Eehs i B8
X 2 E|ol% A A <l ol = A1) A (epoxomicin)S 10 uM 552 304 &
A 2]t ). 7] B E @Al (chemotrypsin)-fAF A& U g spAg o=
S o A= FAE A g /\]E(background signal) =
AFS-E] 91T}, 2232 GloMax 20/20 Luminometer (Promega) % =7 %] 91 T},

2

]2

7) E.yq]t'}\-l
S Aol af el —E—? A=
of| A

Mo.& vhERA I Th 438 4]

m
=yl
-

Z A (o]l AMPK, Aktl ) 9] 4= 1 1?_}{i}o]‘~£al TH
t-71 4 (independent sample t-test )Slf»’._ AZsg ) B4 ¥4 SPSS/PC+E

)&t oM, P=0.05°4 o4& dekshg] E}.

2.438 A9
ZE5 A XA TIAMS] 29 % 53

C2C12 A Fo| X TIAM7F 29 &S FEP=A 04 £ Felshr] Ak
/3= v1] 7 (phase contrast microscope) 3ol A Al 5 P
2008 ool A HH S F4 (% 1B)SHI T

1A 5 1A gl A Q= vkl o] )3 E tl &2 97(16.97 £ 0.32 m)©l]
H|3lo] 75 uM TIAM S 64 7F &<t A 2] 8 9l 2 W) S ¥AI £ 9] H7]+= 0.134)

g Ao Z e

ke
i

mlo
M&&
o&
ﬁ
>
ok

2) TIAM A & ¥ A Z A AMPK 43} A%

L2041 FR1E 5= Q= upe) o] A ELE A oA TIAM A 2] el A
o)zt o]l H]5te] AMPK ¢14H31 7} Bl 8l A Z7hE = A 2790 2 e By
T 12 7 A4 AMPK 9 SR8 9 A}EE A 0 & e E}.@jﬂrx—ﬂgfﬁp
-AMPK/AMPK & H| &2 t] 270 H]3to] TIAM A 2] ol A 2,00 52
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Ao 2 BT 20).

3) TIAM A 2 & A Lo A 328 s dd 49 spfzx4d

= 30 A] Zreldl 4= Q3= ule) 7o) Akel ] S1AME}F 258 T Z ol H3}o]
TIAM A & tell A A 5taF 249 ot F 15 3 8] R14Es) =32 fARg
Ao =2 b} uhabA p-Aktl/Akt] B B8] &S th 2ol ¥)3ke] TIAM
A g] ol A 0.459) WA Y EFSETHE 30). 3 p-S6K -2 TIAM A 2] ol 2] &)
vholx] = A o & ety o 1 A9} p-S6K/S6K 3 B &S )&t v 5]
T1AM A 2]l A 0.530)] W& A & =2 e T 3E).

4) TIAM A 8] 2 A X o)A p-FoxO1 = p-Fox03 | 3tgk= 4

1= 40 ] 918 5= )= vk} o] Fox019] 4] ¥l o 5] H] et
TIAM A ]l A 250 Z-718 /9 (Ser256°0 A1) 7 1§ 3F 912bs} 52
FALEE A o 72 YEFGTE p-FoxO1/FoxO1 23l 8] &2 TIAM A &] 7ol A 0.66 ¥
she 210 & Y EFG TR 4D). EH Fox039] A4 e & TIAM A &) 7
zitoll A A 2 2ho] 7k 9101} p-Fox03 % TIAM ] el A 058
st7) vhebskT whebA] p-FoxO3/Fox03 ' W] &2 th el H]ate] TIAM
Aol A 039n) 2 A IS HERH A THE 4F).

5 MuRF1 2 3d 2 T 2 o}F &4 o kx4

S50 A FRlE = 9= vh el o] AR o] 3 2Hg A s Y v & Foll A
MuRF1¢] 9+&l-& tf o) B])3le] TIAM A 2] 7ol A 1.8¥] Z-7H5 5A 2 5B)3F
" MAFbx 2] W& TIAM A 2lof & 3-8 =] ¢k hth (% 5A 2 50).
ZEHokE F a8 o] 3H41g 54 9] shl VT EE YA -fAF S
) ol H]3ke] TIAM A & wtoll A 1,59 Z-713F A o & YEl o5 5D).

6) TIAM 2] ¥ A Zol| A HSP72 & ¢ 3pH|-= 2] 2~ e &l (aB-crystallin) ] &
A

L6041 g1 4= Q)&= ule) o] HSP72 %
& ohu]-= ] 2= ¥l (aB-crystallin) o] LE =& 2ol B]5He] TIAM
A ] roll A Z+2} 0.891 H 0.631) SFaF 24 Ao =2 Yl ¥HH HSP60
LH A F 15 (FAol= BAA R foehA] &2 Ao e

_—

3.2

Fox0s2] &A1& AMPK 2 Aktl2] A3t gatef oJs] 245 = Ao A
ATt =, p-FoxO/FoxO & v &9 hAas 4k =
3tk 249 p-Aktl1 & A3} o)1= o] 31289 FhtE A K=
frstth A7 A A9 E Foto] &13 5 9l vk o] TIAM v 7))
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A Abel o &l A el 7] ol #ho} sk AMPK, FoxOl, FoxO3, MuRF1 3
3 2 E)| o}<F (proteasome) ©] B/ 3HE HHA Feb A A 71 o] ¥ho dhi= AKtl,
S6K, &= 7 vl 72(HSP72), 2 &uhH|- 18] ~ 8 (aB-crystallin)©] &34 3}
= Ao Yebgt) wpela Eodgel] w2 A Al §- 5252 53] TIAMO|
AHALE frizato] o\ =] thAL7E oA ol whe o] shA}-g-o] /4 35 o
Zohd By A0 g gwd e s sk o 2ud ) A ey
gl e oA o B4 AN H7|7F FolErhE AS BelE i

R (= A W

o
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784
P13 1] T1AM(3-iodothyronamine), DADLE([D-Ala2,D-Leu5] enkephalin),
5'-AMP(5'-adenosine monophosphate) 2 H,S(hydrogen sulfide) = ©] 0] %
T2F A e E = A o AHthypometabolism) 2B A& Fadv o=
XIS, Al B e RS X835 =A72d 8 9% F- 54,
7821 Al lofA,
7] A AL F- &2 -2 TIAM(3-iodothyronamine) $1 <2 9] & F- 54,
773 3] A&l oA,

PR A A E = 2A Fol

[7d - 4] A A E = 73 5=l TIAM(3-iodothyronamine),
DADLE([D-Ala2,D-Leu5] enkephalin), 5'-AMP(5'-adenosine monophosphate)
2 H,S(hydrogen sulfide) & ©] F0] %1 L&l A A8 5] =
#| t Ab(hypometabolism) =& 2 & Folsto] 29 5& st A E
st 295 AR A2y,

8751 A4zl QlojA,

A7) AhAF 522 & TIAM(3-iodothyronamine) €1 29 3 ¢4 El

24

-

o H-
%473} 6] Al53tell oA,
7] TIAM(3-iodothyronamine) 9] o] -8 -2,

A E 2] A9 0.1 uM ~ 1000 uM©] 3L,
TE A9 TE dAAT(Kke)F 10 WA 500 mg/kgQ) 3
AR A =Y.

[ 73 7] Al4gkel] Qo A,
7] AAF Fr A ] Fohal & AT o, B Fof, ] Fof,
S5 Fo, ot Fo, E 9] Fo & o] Foj ] LFoll A HE =
Fo] Wh2lQl 915 T EREY A2,

7% 8] Al4gkel] Qo A,
7] AR o A A= A x|, FES HFTEA AE
EXo= 3= 295 T EEY AWy

7% 9] Al4gkel] Qo A,
7] AUAL F s A o] Fo] g8 i
A WA F 2Bl AW =F A7k vl Elsle] 295 s 246
A& EHOF o= 295 AT EE A2y

(473 10]  Al4gke] WHol ot Az T AT R A A, G} vl arske],
oA E] A7 B 259 9]

e

p-AMPK/AMPK & H| &2 F7};
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74738} 11]

[7d -3} 12]

(7478 13]

22

p-Aktl/Aktl L ¥)& 9] T
p-S6K/S6K e H] & 2] 7hA;
p-FoxO1/FoxO1 %3 v| & 2] 74,
p-FoxO3/Fox03 & H| & 9] 74
MuRF1 @& g2 Z-7}

3 Z g o} (proteasome) &4 57}
AZA @z 72(HSP72) LEl#e] A

¢hupn]- A 2] 2~ e (aB-crystallin) W #Fo] AR o] Fo| X O 2 HE
AEEE 18 o] o] SAE 2te 295 A4

Al 10gtel] oA,

A AL £ -2 21 TIAM(3-iodothyronamine)-2-

0.1 uM W =] 1000 uM A & 3= 73 -5-,

A7 F9 5 AT A G Bl alske],

ZHAIE 712 0.01 WA 0208 74

p-AMPK/AMPK & H]£9] 0.5 W #] 2.5W 57}

p-Aktl/Aktl T v &2 0.1 WA 1.09 72,

p-S6K/S6K el v]-&2] 0.1 WA 1.09) 74

p-FoxO1/FoxO1 & H| & 9] 0.1 WA 1.5 Fha;

p-FoxO3/Fox03 & B89 0.1 W*] 0.8¥] 7Hi;

MuRF1 2H&l &2 0.1 WA 254 Z7F;

3 Z g o} (proteasome) &4 2] 0.01 W *] 2.01] F7};

A5A il 72(HSP72) A 2] 0.01 WA 0.150) 4 F

ot ypn]- = 2] 2~ 2 (aB-crystallin) 23 22 0.01 WA 1.00] ZA2

o] FA X O EREH AE Y= 18 o] o SAE 2t S5 A4
(@) A103Fe] wE A w e FREHE A st b, 2

(b) 37 FREHo] A A7 ZFAF M £ A8
AL g Hrtstes @A 2

=

. 1

A

:

& B2 AR UAE

kel
ot
P‘L
s

=

A

-

14,
A7 GAl(0)= FREEE A 770l DMSO, A8l A A, B
| W€ Al & 2 A &= PBS(phosphate buffered saline)E | 2] &t

b

2

p-Aktl/Aktl & B &9 Tk
p-S6K/S6K & H] &9 F7t
p-FoxO1/FoxO1 ¢l v] &2 Z7}
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[7d -8} 14]

[7d -8 15]

[7d7-8 16]

(7478 17]

23

p-Fox03/Fox03 &l 1] & 2]
MuRF1 ¥ & o] 7ha,

3 Z g o} (proteasome) TA] A
A4 @i 72HSP72) HE el F

etujd]- A 2] 2~ e (aB-crystallin) A 2] F7FE o] Fol Xl PO R LEH
AEE = 1F o] 23E el &= 45 %

A5g ez dAstes 2 5H o= st 295 A8 &
A .
(a) B Al &=
(b) A7) M X &
(c) 471 A T A

olN

7F;

-

Jo rfr rir
offt
i
K-
2
2
>,
do
k1
o O
M

C e

offl It

e _Pla
i
(R
)
&

A 143l A A,

A7 Al (o) FREES A ool FREA thiled v A=,
B, 725 A vl e Al & 2 A~ B = PBS(phosphate buffered saline)E
g gk o] 21} ¥ aLshe],

ZAFE 7] = 289 7] F7h

p-AMPK/AMPK & 8] £9] 7h 4,

p-Aktl/Aktl & B &9 Tk

p-S6K/S6K & H]-f-2] F7

p-FoxO1/FoxO1 ¢l v] &2 Z7}

p-FoxO3/Fox03 W& v] &2 L7},

MuRF1 ¥ & o] 7ha,

3 Z g o} (proteasome) TA] A
A4 Tl A 72(HSP72) AH ] F

¢t uhu]- = 2] 29 =l (aB-crystallin) "0 & o] F7FE o] Fo 3] 0 E HE]
HeEE = 15 ol ge] AnE thehiiz A9

Mg oFEE AASE AL EHOR S 295 P E FE
e

T1AM(3-iodothyronamine), DADLE([D-Ala2,D-LeuS] enkephalin),
5'-AMP(5'-adenosine monophosphate) 2 H,S(hydrogen sulfide) = ©] 0] %
ol A A8 ¥ = A A hypometabolism) &2 & FaA o=

3 g5k 1]t - (muscle hypertrophy) &% B 2] 28 oFsH4] A&
T1AM(3-iodothyronamine), DADLE([D-Ala2,D-LeuS] enkephalin),
5'-AMP(5'-adenosine monophosphate) 2 H,S(hydrogen sulfide) = ©] 0] %
ol A A8 ¥ = A A hypometabolism) &2 & FaA o=

335} = 1] o S-(muscle hypertrophy) & % B 7] A -8 21702 &

\.4

:
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[7d -8} 20]
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[7d -8} 22]
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T1AM(3-iodothyronamine), DADLE([D-Ala2,D-LeuS] enkephalin),
5'-AMP(5'-adenosine monophosphate) 2 H,S(hydrogen sulfide) 2 ©] 5] %
T2F A e E = A o AHthypometabolism) 2B A& Fadv o=
EgtshE b 25 S48 A=

ofel A o 2 f 7% o TIAM(3-iodothyronamine),
DADLE([D-Ala2,D-Leu5] enkephalin), 5'-AMP(5'-adenosine monophosphate)
2 H,S(hydrogen sulfide) & ©] F0] %] L&l A A ¥ ¥ =

Z T Ak (hypometabolism) 5= &2 & o]t Fofl A 7| A of] F-of 3}=
GAE E3ehE U X = U,

ofel A o 2 f 7% o TIAM(3-iodothyronamine),
DADLE([D-Ala2,D-Leu5] enkephalin), 5'-AMP(5'-adenosine monophosphate)
2 H,S(hydrogen sulfide) & ©] F0] %] L&l A A ¥ ¥ =

# o AH(hypometabolism) 5= 2 & 7| A o] F-ol eh= @A & 2 &5+
TH| O] ol W v,

ofel A o 2 f 7% o TIAM(3-iodothyronamine),
DADLE([D-Ala2,D-Leu5] enkephalin), 5'-AMP(5'-adenosine monophosphate)
2 H,S(hydrogen sulfide) & ©] F0] %] Lol A A ¥ ¥ =

A th AH(hypometabolism) F == 2 & 7| A o] Fo8l= GAE &8l
b I 4 .

TH O o R A 8 oot 2= 2 AREE] e
T1AM(3-iodothyronamine), DADLE([D-Ala2,D-LeuS] enkephalin),
5'-AMP(5'-adenosine monophosphate) 2 H,S(hydrogen sulfide) 2 ©] 5] %
TF A e E = A o) AHthypometabolism) F =52 9] 85,

o) ol R NS A E 07 ALEEY] A3
T1AM(3-iodothyronamine), DADLE([D-Ala2,D-LeuS] enkephalin),
5'-AMP(5'-adenosine monophosphate) 2 H,S(hydrogen sulfide) 2 ©] 5] %
TF A e E = A o) AHthypometabolism) F =52 9] 85,

obA 8 H48 2 ER AFESHY] 913 TIAM(3-iodothyronamine),
DADLE([D-Ala2,D-Leu5] enkephalin), 5'-AMP(5'-adenosine monophosphate)
2 H,S(hydrogen sulfide) & ©] F0] %] L&l A A ¥ ¥ =

A th AH(hypometabolism) F == 2 o] 8%,



1/6

WO 2017/003177 PCT/KR2016/006955
[=1]

A'

B .
—— 3,
E #
215 ;
T
@
- .
£ 10
.
O
= 5r
Q
(&
0 : .
Con T1AM

HEEX (7= H91XL) ISA/KR



216

WO 2017/003177 PCT/KR2016/006955
(2]
A. con TIAM

mwm) - e

APK (oD e

*

20

15

P-AMPK/AMPK

0.5

¥

0.0

Con  TiAM

HEEX (7= H91XL) ISA/KR



3/6

WO 2017/003177 PCT/KR2016/006955

[>=3]

iol

_ (relative to Con)
28

B -

HEEX (7= H91XL) ISA/KR



4/6

WO 2017/003177 PCT/KR2016/006955

C. D.
30, | T atewtn thy
§_u T -2 [
i i
@ (Y]
g - 10 o4 -
< | |
00 00 ,
Con TUM
E. | ERT phencts E
12, | S te0d $2,
£ 1w wh o
géu os} *
83“' ) 08
QSRes 04
o2 02!
0 a0 !
oo TAM

HEEX (7= H91XL) ISA/KR



WO 2017/003177

[=5]

A, L B. 30,

516

0
»

{rolstivo to Con)

3gERBERE

ol
©

(retotive o Con)
$ 8

A

: é}m-
@£ 04}

00 - 00

HEEX (7= H91XL) ISA/KR

PCT/KR2016/006955



6/6

WO 2017/003177 PCT/KR2016/006955

[=7]

Protein
degradation

HEEX (7= H91XL) ISA/KR



INTERNATIONAL SEARCH REPORTY

Taternational apphication No.

PCT/KRZB16/066955

A, CLASSIFICATION OF SUBJECT MATTER

AGIK 33/18(2006.01)i, AGIK 38/08(2606.01)i

AGIK 67/027¢2006.01)i, CI2N I5/012006.0 )5, CI2N 5/477Q2016.01), GOIN 33/58(2006.81)i, AGIK 31/7676(2086.81},

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

AQIK 67/027; A61K 31/137, CO7C 211/27
CIZN 5/077; A61IK 31/7076; A61K 33/18; A61K 38/08

Minimum documentation searched (classification system followed by classification symbols)

; CO7C 255/35; GOIN 33/50; GOIN 33/68; C12( 1/68; CO7C

255/37; C1ZN 15/01;

Korean Utility models and applications {or Utility models: IPC as above
Fapanese Utility models and applications for Utility models: IPC as above

Documentation searched other than mintnnnn documentation to the extent that such documents are included in the fields searched

Electronic data base consudted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS (KIPO internal) & Keywords: mmscular atrophy ducing agent, hypometabolism, T1AM, 3-iodothyronamine, DADLE
(iD3-Ala2,D-Leud] enkephaliny, 5'-AMP, H2S, muscle hypertrophy prevention

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2013-0269046 Al (KINSELLA, Todd M. et al.) 10 October 2013 14
See abstract, paragraphs {3065}, 0091, [ 0692, i(HO 31, {0111, [0112] and
claims 1, 19, 20, 23.

A 1-13,15-24

A KR 10-1112731 B1 (JNDUSTRY-ACADEMIC COOPERATION FOUNDATION, 1-24
YONSEI UNIVERSITY) 13 March 2012
See abstract and paragraph [0002].

A US 2006-0035980 Al {SCANLAN, Thomas et al.} 16 February 2006 1-24
See abstract, paragraph [0231] and claims 35-38.

A BODINE et al., Identification of Ubiquit in Ligases Required for Skeleial Muscle Atrophy, [-24
Science, 2001, vol. 294, pp. 1704-1708
See the entire document.

A JP 2006-162346 A (BIOMARKER SCIENCE KK.) 22 June 2006 1-24
See abstract and claims 1, 6, 7, 11.

Further documents are listed in the continuation of Box C.

e 1 family ar X.
See patent family annex

* Special categories of cited documenss:

“A”  document defining the general state of the art which is not considered
to be of sarlicular relevance

“E™  earlier application or patent but published on or after the international

filing date

L7 document which may throw doubts on priority claim(s) or which iz
cited to establish the publication date of another citation or other
special reason {35 xpt,u ied)

“07  document reforring to an oral disclosure, use, exbibition or other

means

“P7 document published prior 1o the international filing date but later than
the priority date claimed

later document published after the international filing date or prionty
date and not in contlict with the aﬂpi;cat;on but cited to understand
the principle or theory underiying the invention

wy

docurment of particular relevance; the claimed invention cannot be
cons or cannot be considered to rvolve an inventive

step when the document is taken alone
oy

document of particular relevance; the clai mvention cannot be
considered to involve an wventive step the document is
combined with one or more cther such documents, such corabination
being obvious to a persen skilled in the art

“&”  document member of the same patent family

Drate of the actual completion of the international search

27 OCTOBER 2016 (27.10.2016)

Date of mailing of the international search report

27 OCTOBER 2016 (27.10.2016)

N

me and mailing address of the [SA/KR

Korean Intellectual Praperty Office

Government Complex-Dacjeon, 189 Seonsa-ro, Dagjeon 302-701,
Republic of Korea

acsiruile No. 82-42-472-7140

Authorized officer

Telephoune No.

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT
Information on patent farnily members

International application No.

PCT/RR2016/006955

Patent document
cited in search report

Publication
date

Patent farnily
mermber

Publication
date

Us 2013-0268046 A7

A

L

KR 10-1112731 BT

S 2006-0035880 AT

JP 2006-162346 A

10/10/2013

13/03/2012

16/02/2006

EP 2621268
EP 2621268
PR
v 4

WG 2012-0445

KR 10-2011-0048137 A

’/3

Ad

1
4

85 A

Al 2004-231999 Al
Alj 2004-231999 B2
Al 2010-2468462 At
CA 2517560 Al
EP 16825111 A2

EP 1625111

f

A
}

07/08/2013
23/04/2014
05/04/2012

11/05/2011

=
cj:

— D — N

Nt
r\J:
()

(@]

(@3]

v

)
R
OO .

_(O(J‘!U'!\JL"D(‘D

<Y = —
[&]
N
9
<O
=
—

e {7}

e

<o
L OO —

3

)

O

N

R

N
5 oS

S

O
rS NS
S S
()
E®&® &

)
SRS SRS ERENGR g:> &
<@
b

S =

IS
HEHENIG
5
fa)
S D

Nl
o
o

Forrn PCT/ISAZTE (patent family annex) (January 2015}




= A 2 A8 3 A

FAZLANL
PCT/KR2016/006955

A, EHo FI= 7| EFG AL FAPC))

33/18(2006.01)i, A61K 38/08(2006.01)i

A01K 67/027(2006.01)i, C12N 15/01(2006.01)i, C12N 5/077(2010.01)i, GO1IN 33/50(2006.01)i, A61K 31/7076(2006.01)i, A61K

T

=
=

FAE AT A(FA S FE 714D

AOIK 67/027; AGLK 31/137; CO7C 211/27; CO7C 255/35; GOIN 33/50; GOIN 33/68; C12Q 1/68; CO7C 255/37; C12N
15/01; CI2N 5/077; A61K 31/7076; A61K 33/18; AG1K 38/08

EAH Z]g okl Sobe o)) i

ST EAEATR B AT AN TR AR HATH | 7] IPC
AR GHALE2AFTR ‘%’ AEFNALGAANFTR: AL HATHe 7]A [PC
T A AL o] & At do]Elu] o] (e o] B ul o] 2] W H A Aoy sl HG)
eKOMPASS(E-3]2d 1 H HAAA| == & 719 = :Lflz XA, A YA}, T1AM, 3-iodothyronamine,
DADLE([D-Ala2,D-Leu5] enkephalin),5'-AMP, H2S, <u|tj= o=t
Cc. #HEH
7l ef AgEHd B A A G 290l 1A 2 A7
X US 2013-0269046 A1 (KINSELLA, TODD M. =) 2013.10.10 14
a°F 9= [0060], [00911, [00921, [0108], [0111], [0112]
2 AEsk 1, 19, 20, 23 FFE.
A 1-13,15-24
A KR 10-1112731 Bl (Ml gtu 2behgd=el) 2012.03.13 1-24
29 g ol [0002] FH=x.
A US 2006-0035980 A1 (SCANLAN, THOMAS %) 2006.02.16 1-24
ok, a2 [0231] % A3 35-38 A=,
A BODINE &, Identification of ubiquitin ligases required for skeletal muscle 1-24
atrophy, Science, 2001, vol. 294, pp. 1704-1708
AA T FAE.
A JP 2006-162346 A (BIOMARKER SCIENCE KK) 2006.06.22 1-24
sk E AEd 1, 6, 7, 11 7=
291 malo s o1 A W o B 3 AR E 2254
F7} 2do] C(A%)9) /) Al o) gl 9 SR EARg E S P
TV ZAEYY BE 9D T Y EHoR =95 AEaH
oz Hol= utAel 7|42 L A olst 53 %‘%ﬂ g o] 71271 Hi= fEu o] 28 ols)ely) 95 218
hiatal
WAL TR AT o cvsgaa g va v se guwes 274 v g 4
TE e A EEDRAe] gl Aoz B
=R E=rEogFEde gy . o 3
1%}% T A)E o 6]]:];] g%ﬁaq g;go%ﬁz yr SEG Ade] s R s el sy o] e o £33
Z5sts 492 1 xFhe] AR A A E e A A gd uy
E=7EFes dFehn Y= T e dmgel gl e Hrt
“‘&" T S EFHTH Fele T

A A A

201611 10¢ 274 (27.10.2016)

A

Hod

-’JJ/\ ‘ﬂi +82-42-481-8578

27.10.2016)
EN AAp
Al M AL 189, 717

Ae A5 +82-42-481-8131

221 PCT/ISA/210 (- W1 A 8-2]) 2015 1€



TAELAND

e = 31 A
ggEsle] da An PCT/KR2016/006955

jf;]jj%é%"” A 29 e =AY

US 2013-0269046 Al 2013/10/10 EP 2621268 Al 2013/08/07
EP 2621268 A4 2014/04/23
WO 2012-044585 Al 2012/04/05

KR 10-1112731 Bl 2012/03/13 KR 10-2011-0048137 A 2011/05/11

US 2006-0035980 Al 2006/02/16 AU 2004-231999 Al 2004/11/04
AU 2004-231999 B2 2010/08/26
AU 2010-246462 Al 2010/12/16
CA 2517560 Al 2004/11/04
EP 1625111 A2 2006/02/15
EP 1625111 A4 2007/04/25
JP 2006-523718 A 2006/10/19
JP 2011-026345 A 2011/02/10
US 2005-0096485 Al 2005/05/05
US 2005-0267207 Al 2005/12/01
US 2009-105347 Al 2009/04/23
US 6979750 Bl 2005/12/27
US 7321065 B2 2008/01/22
US 7339079 B2 2008/03/04
US 7355079 B2 2008/04/08
WO 2004-093800 A2 2004/11/04
WO 2004-093800 A3 2005/01/06

JP 2006-162346 A 2006/06/22 =

X2 PCT/ISA/210 (T]-3- 53] 5-718-4]) (20154 19




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - wo-search-report
	Page 34 - wo-search-report
	Page 35 - wo-search-report
	Page 36 - wo-search-report

