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AE] FHE AEANES F-RA 5= L4 ATEA 7 H = 492 #3834
5ol et ARG A E APE S FHxlehs 849 A7 ADdE T o ¢
Azl FEE Foto] AlEAPE o g o] A 2HE =] L thE 4] 4 o)
apoptosis©|th. A2l o] 57 A-A o] FFEl gk F e o] W3} 7ogo] A<
apoptosis2] AFE 3779 n] EZ =g o} YT A HH]E = APEESR 249
WH| 2 A8 I} THA (caspase) BAL] TS F3lo] o] Fo| X =t o] AL
N EFZE o} o)uto] Fi}7} ¥ 7] Al &Fehy o] Fo] Xt} (Galluzzi et al., 2007;
Kroemer et al., 2009)[ 1] (Chipuk et al., 2010; Youle and Strasser, 2008)[2]. ©] &] &}
HEZEgolE Se A ZAPE S A sHA] L2 13 DNA &4, A4 849
Qo] =, vhol Y A& L AL A E Y A 5 ThFs Ap=ol] 9] sk
Al 2 Y (Youle and Strasser, 2008)[3]. L& H] A4 0 2 A E AEH &

St g2 S sk A o] 2ol "t d & Fof ¥4 3 A A EAVE &
oAl ¥ A3 E 3, 8 A A 4 (ischemia reperfusion injury),
7P 9 A S8 49314 ¥t (Fadeel and Orrenius, 2005)[4]. ©] ol #3}]

FH ol AT Arpi= A x o] AbE ) Aol 9loj A PGC-1a2] 715 3 PGC-109]
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1. A1 B ] A

& =3}o] ] (AD), 37121 (PD), AW ¥ 2 ¥ (HD), F719 ¥ (amynotophic
lateral sclerosis; ALS) ¥ 8- A A B 3§ A3 NAAXES] A4 7]F
A ah A EAFE ) 2] 3F A o] T} (Jones et al., 2012)[5]. ©] & A o] A A %]
= 54 Fio A A X =44 71918 PGC-1a knock-out WF-§-22 9] A]
T A= A EstE Qg Aot 253 (hyperactivity) ¥ T 3 9] 2 9] o]
UEbd SR 9 oF de] WA A o] FE A A YERG SR 2
A7 WA Aol PGC-1o7F A4 2= whdo] vh= AME & o
Lin et al., 2004)[6]. T=&F o] 2] ¢+ &7 7} ] B-o] PGC-1a knock-out #}-5-222]
ZAA o] YERG 4 E A (vacuolar lesion)-S 9130 & A PGC-1a7}
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NAME 7S FA =Y T8 9GS 32 & 4= At (Leone et al.,
2005)[7].

[7]

[8] AD 34} = o] v EZ =g olo] Aks) 7] 5o, A A 8t H 7] s A8 5 ADS]
Wl Al st A2 v EZE o) 7] s S 2 RE 7118 (Chaturvedi &
Flint, 2013)[8]. 53] AD $-4}2] ] 2] PGC-1a T o] Fo] glor o]= A d
nEZEgole] A e 18]l F7hE A shA] AEY AR Q18 A A 2
AbE o] A 35 {-1-eHr) (Katsouri ey al., 2011; Qin et al., 2009)[9, 10]. PGC-1a.2]
tﬂ-zs;] 7‘:}5\_5 ADE ] HI—O],L: o]_tﬂiol = _g] xq:rL U}Bﬂ;ﬂg —‘?L“B‘H | 1:}{5],01 HﬂE]—
ol 20| =& AJAI 3= BACELS] Wdl-8 F7FA] 7] ufgha] wE} o} o] = 2]
Fg FVMAA M EZE= ol Vs A5k Al E AFE & Fbghe (Wang et al.,
2013)[11].

(9]

[10] PGC-1a2] F# A} (PPARGC1A)S] @< ¢4 7] ¥ o]= PDe} HDO| A€
Al 4] F7ke) et A A7) AT (Clark et al., 2011; Weydt et al.,
2009)[12, 13]. "}-5-2= HD K. &ol| A ¥k o} e} AD, PD, HD 349
PGC-la-f-# A} ¥F& o] 7+4 3} (Cui et al., 2006; Qin et al., 2009; Ranganathan et
al., 2009; Weydt et al., 2006; Xiang et al., 2011; Zheng et al., 2010)[14-19]. u}2}-A]
HD % Eﬂ k]] 3L HH o]:oﬂ /\1 o]_?,.] sl o] PGC- 10(9] H]—z:_;;l 8 /‘\_]7:] /‘ﬂ g] /\}Eﬂg_ /\]—DI—;]
FAFYEAl D}(Chaturvedl etal. 2009)[20] 3 PGC-109] Frpdhdl 2 ALSK. 2
k-9 S EFES T 2575 S AR (Zhao et al., 2011)[21]. ] ¢}
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[13] PGC1-4t3} 4 2~ E g 2~ 28k A St
&} (Chaturvedi & Flint, 2013)[22]. ©] = A Z E 3§14 Aol A Q] 7] 53} 9 &)
Aoz uEFZEg ol 572 #d 34 9 uncoupling T2 (UCP)<]
o] PGC1l-a k& o o] sfe] F-7F gl (St-Pierre et al., 2003)[23]. ©] 2] F
7= v EZE=g ol Al AW o SAAAET(ROS)S S5 7] = A ko
-] o] Z7}e} 7o) o] Fo] X th(Cowell et al., 2009)[24]. ROS thAFe A PGC-1a0.9]
IS U3l H %9 A7 PGC-1aS Z5 A E oA thE ¢ X (ectopic)
UAA] 7] superoxide & A| 71 8= superoxide dismutase 2 (SOD2)<} hydrogen
peroxide & A| 71 8= glutathione peroxidase 1 (GPX1)¢] W& o] F7lstth= A&
B 18 =37 o] Th(St-Pierre er al., 2003)[23]. 7L ©]F ZHE A& F3)
HEZEgof, Al 24, HEAIE T ohddt Al W 7] el EAeHE e
&7 ROX &l 5 & 47F PGC-1aoll &l 8l 24 ¥ =%] AL 91t} (St-Pierre ez al.,
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2006; Valle et al., 2005)[25, 26]. ©] & 1 & PGC-1a7} 224 8H= ROS tAk
ZRagel Adets T ods wely @9, PGC-102] @& 1 45 ROS
a5 b Gho] FTFE wbY| wlio)) AbsA AE Y A Al A= PGC-1a7t
MAERT 7]5S 738-S & 4= At} (St-Pierre et al., 2006)[25].

g A ES] w3 s WA Y] 23S w3 T EE E, 9
B P A g AR E A S AP v gto] deetA ot o5 AW
A Aol o] 3k A E | 2~ B M|+t A $4 S(sterile inflammation), V] 2 =] o}
715 %71, DNA &4, “12] 51 & & | o (telomere) 7542 7} 21 0] 7} Zrol A 1=
Aol F7FetA frt. o) A 7kA| = o 2l g A5 2] 384 WA Tl thek
ol3 7} B¢+ g o) HF PGC-10E A AsHaA &2 vo] ] Ao 7} golx]ar
DNAS] 740 doju Pko] w3} 4 o} gl F5A sl A stE& doFlth= 21s
Rl =0 Wi E vl It} (Xiong, S 2015)[27]. ©] =+l ¢38H4A PGC-1aE
A ASHA € 2w o] 9] Z o] & %] 8}5= telomere reverse transcriptase(TERT)2]
g4 kA o] Fhaslar, p53e] HAH W 22 ST o] A=
PGC-la7} =3} & “1of]) & vH A 3ES 7435k o oA 583 93

.
iy
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Al
PGC-1a9] 2ts} 752 9] Al e REet 12 ¥
AR A g} np7bA 2 Q1 g 3] Al E ] PGC-1a T E S F7HA 2
X At dls g Ao S o] Fol R
(Valle et al., 2005)[26]. ROSE 4] W3] A 320l 7}& 7 -9- PGC-1a.2] F7}¢}
AU ksl 75 2] F717) o] o Xt} (Borniquel et al., 2006)[28]. 917+ 3
W3] M EZe A PGC-108 FLEAIZ] 2 1941 Akst A ~Ed 2~ 713 49
A 32U ROSE] 57171 7HA 31l caspase 39 &4 o] W&l ©1 T} (Valle et al.,
2005)[26]. 7}-9-2= PGC-1a.2} PGC-1p double knock-out F. 2o 4 = AJF 5=
AbgflQlo] A3 o & vpEbu e (Lai et al., 2008)[29] 5 A A4 (congestive
heart failure) WH-$-2~ el o) A= PGC-10.2] 7FA7F ~E g 24 A1 3A 3
AV A AFE 3 2 |} (Garnier et al., 2003)[30]. ©] &F 2] PGC-1a3=
A2 A E O thaLe} el dolA T adt S g
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PGC-1a9] &te} 716& 259 7A1743) 753 s QAT 59 &0l
Fo] &1, 7| 5o oy A H (=14 2554 %, Sarcopenia, T
TV AT, TELTE AW R Al ZW A FrA el ol 27 7] ul -
5 H ol oF g ake Frh Al Bodlo| A of mpzh7FA] B 25 A ol A
PGC-1a8] W& o] F7lebH (& = A d), F54 9 Hglo] 5 &=
nEFZEgol 7l sEAdo] dliar o] 258 FA 5= k= Alo] o 2] Ao
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o8] wra) 71 vl QUrH31-38]

5. WA R A &5
PGC-la7t 24 v 220 A 3= v B2 2] o} F 714} 2] whlo] ash iz,
o5 kol = AANLAETC)] FEA L sh= THFS F047F E 5o

o], &S W3 (Lin er al., 2004; Leone et al., 2005)[6, 7]. ©] 743t
nEZEg ol 75 v EZE ol tAalg gl o &b A 8t 4 34 &
4 TG AA R o] PGC-107F A4 v F9o] =55 A& o
Wd o] S = UCP19] & F7A 2 4= glo], =9 el vizhgl vhg-&
B3t} (Lin er al., 2004; Leone et al., 2005)[6, 7]. ©]| & v A A} 3 9 v] a1 8]

E o, 558 % 22 AT (Leone et al., 2005)[7]. ©] PGC-1a7t A4 ¥
npg-29h= tzH o g2, A ZE oM PGC-1a o] HE A H = Edl A
vh9-29] A%, v ERE ol YA o] FIHEHR L, v EZE 2ok f 4]

% Z 7} th(Lehman et al., 2000; Lin et al., 2002b; Wende et al., 2007). ©]| &
A Well A PGC-1a7F QAaL gl whet v EZ=gfoke] Aejo] Tagh
1: v A thE A S Bl a1 ) e fAF A X U A X (Beige B
brite preadipocytes)®ll 4] PGC-1a7} 5 7}8HH F-AFZ A X WA ¥ =

ZE Al X A 5 %ﬂﬂﬂﬂm4°4ﬂﬂﬁAW§@”4bﬂllﬂﬂ
wollA dE EqlekE Ve g ST R A Al A EhE V] 5 S 6
Hth[39-42].
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Z) 5 vhe} o] e e A B ol Ecellulite) & M HPZ 0w
TAE o] k. o)l @ M AL $EL Ea) 2 B H A @iz 540] ¢
o)z A el Aupia) f7} 3@ s eto] Eol ol d) AhehE) 7] w kol ),
wepd Eololis A vhs e QA0 A = AEE Alete] Zadow

A EE FQohE A Zo] AAet =], o2l ah Al &S 7 A Ao
SES Fubely) W) oA AL vhE S A ety el Al nkE e
AAEAND) A 822 2489 5 A& MAY 5 gon, et

AHE = A R FE R ol mE 24 9] 35 VIzbe] dojA= A
%ﬂﬂ&ﬂ

FAHE ]88 Al (Injection lipolysis)i= A& o & 5= 2= =2
AgAeetell A3 A shAbete] A s #ol wlE A shs U o2 A

o %4 Q1 A& 0 2= PPC A= €] 7] Lipostabil®, Lipodissolve, Lipo-zap,
wmmwl14]EH@%%ﬂ%mmmm@mmmﬂQéwﬂoi

F- A Al A F+31= deoxycholic acid 2 T4 o] 9o, 7Hd ¥ o7 4= 0 g ol w3l
%ﬂgﬂﬂﬁﬂi A8 REAR HZ2 87 w2 Ao ofFolvth e,
PPC FAL7H 2ho] B 1-91o) ZAbSHE A WA ZE ol o) 22 Wt
A A A B 7pEA] &2 A A A 2 28] a1 1T}, Phosphatidylcholine<>
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[27]
(28]

[29]
[30]

[31]

A7V ), PPC FANE A 0 G E A el 3ahA Al
A Aol AF8E & 9l o1}, PPC FA} A A 7L A M Al 7 5
PPC T4l 487] 41 & W8] 4 4] e gkeh. PPC FAbel T o

T A=
i Skl FH Al A 7tel] eEstaL 9o, H e ko] WM S
AA o 2 Vebd = A2 2= gl ¥ = FDAT PPC AR 4557

eHAA ol et AR 7L = 0}7 T w37l phosphatidylcholine-&- 3] &} %]
Aok A0 oI ol ok SL) e, ola) R A Ak
Qlt}. 3tk x]u}ﬂ—oﬂ J_]H 1 535y

w3 AlRbo] SEAA dojd B BISLE o921, R itstal /‘13 &
&= o] Fo] X (heterogeneous) FENTF A A =2, A g o
demands)°] Pr%é} Al Bk A, 23 A A 28 Oﬂ
T7he 2EH 27 wstehis Aol 7] g vl E
w=3HA 9 ’?:‘“’ﬂ Sk, R EZ = ok 7]*01
=01 571 aH%%O]t}«gunﬂanezaL,2011x431 o & Eof, M EZ
PGC-102} PGC1b%} 37, telomered] 7] 537 &9 24 8)=H], o]
- 3}o} 7 ¥ 0} Q) TH(Sahin er al., 2011)[44].

=3t Tl A 7 Eol] u] = 7Hd S " 3h ] A 2] A 7FA " (‘free radical
theory of ageing) ¢l d], n] EZ =gl ofo]] 218 ROS2] A A F7}e} o] & 918
2314 gabo] wgE AAE = QA eki= A o] th(Quinlan ef al., 2011)[43]. E3]

W EFZ = 2o} DNAmDNA) 9] &% o] = w3l of 7| |l v EZ = g0} 7|59
Aslel A A A Fae sli= Aoz AT v 2= 2] o} polymerase ¢
(POLG) "}-§-2= F & (Kujoth er al., 2005; Trifunovic ez al., 2004)[45, 46]- =3}

BolA HEZEFote] oA FAA 7= R85 Fo] %t POLGE

n| E ZE glolo]] 91%]8}3L )= DNA polymerase$! t], 7] EZ = 2] o} DNA 2]
A (replication) 2 DNA &--(repair)°l] o] $Hc}, POLGOl & ol & A
nhg-22= W EFZ =20} DNAC = Wo| 7 S7betal e R
EO]U%(alopecia (hair loss)), = th3% 2 4% (cardiomyopathy)< ¥ 7] =],

ol 2] &t FAE-S =3} e} A ¥ A o]t (Kujoth et al., 2005; Trifunovic et al.,
2004)[45, 46]. PGC-1a &S 53l n| EFZ = glof2] F717} POLG -2 9] 9] 4
% A (phenotype)& 7§ A& 4= A= A& A &sH7] flal, o] o2&
MCK-PGC-1a Tg 7}F-5-2=2} 31| i tH(Lin er al., 2002b)[47]. =<1 ¥ o] POLG<}

ol 7|5 HA, 1)1
=0l

ohi= 2
o uhe} <
:f.ta]
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A ¢k ch(Dillon et al., 2012)[48]. ©] & ©| o] ¥ = A3t

Z ol DNAS] &AW o] of= - #shA| 9] g
ZFatal Q. F 28l = PGC-109] ¥HEl o] U A8
}F 4> (sarcopenia (loss of muscle mass)) <} &<

A A F tH(Wenz et al., 2009)[49]. ©] & 7§41
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6’ -A L H 2 E @ 2~ (6’-N-Acetylneuraminyl-lactose, 6’-Sialyl-D-lactose ==
a-NeuNAc-(2—6)-B-D-Gal-(1—4)-D-Glc):= Sigma-Aldrich = FE G- 3} )
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[211]

[212]

[213]

[214]
[215]

[216]

[217]
[218]

A71e & SL (3-SL & 6’-SL) A & Fol o 9]¢ F-x 2 e st E, 8714
F A7 (A, vk, |, JH e, w9, 3 8, R A e 37 AT 1AL
HEAM Fo| A Gk ¥ 1 E 31Tl E-]E A 9F(TRIzol agent, Invitrogen) & 2
RNAE FZ35t) 7] oll A FE38ho] A &Fé RNASLE & 7 AR Al 2~ 8l (Promega,
n5)& o]-§3te] cDNAE FAsH th T4 ¥ cDNA H 4] o (Fndcs,
PGC-1a, Erra, UCP1, SOD2, '2 GPX1)ol] thall v €] v &9 = glo]m 9}

3 2 H (Applied biosystems; PGC-1a, Mm00447181_m1, GAPDH, %
Mm99999915_q1)E o] -&3}l] PGC-1aE 2] L& 43S 5433 PCR vHS- 2}
218 2 E-F-7 A} 3000 A] 2~ Bl (Rotor-Gene 3000 system)(Corbett Research,
= H )& o] 8313l a 1 AR E = 1o e ST

5= 19 A, SL (3-SL & 6’-SL) 7 Z thu] &7 A4 9 Fd2p 2d w3k
7+ 7150l A (SL F-of o §-# A} “Lf‘ﬂ (T F AR HA S FAZ
tebd Aol th 67-SLe] 75, thitol A7) (& la), ¥4 (5= 1b) Lg] L
LA (52 1oyl A & = = 3}9} o], ol 21A P2 Eol A 6'-SL
Folie 24 ol vl &) PGC-1a2 ¥3H3F o 2] ¥4] t) 4} (Fndc5, PGC-1a,
Erra, 3 UCP1)9] &l 7} vl-§- =9kt =, 6/-SLo| B4 7] of 2] 471,
L5 Ao A PGC-1a¢t A F-AAE9] Ud S FHA7]) = A S g1ed
4= ATk 3-SLY] A5, vt A7) (= 1d), FAT (& le) 18] HEAY
(5 1D A & = 3= vhe} Zol, o 2] 2 A -9 &l A 3-SL Fol & &4
ool vl sl of o A ool HE vk oF ik FUhek A T, 67-SLel
Hlato] 1 537k A Aok

TlaElbE X% lc A wdlo| M o] ¢-SL 2A 5 Aol o3 A7 (&=
la), =43 (X 1b) 2 231 (% 10)9 42 @& §3E Jebd ol
L 1d, B le® = UfE ZM} ool 3-SL 242 A2l g A (=
1d), =A< (5= le) B 5 A (2 109 FAA Ed #stE vebd ot
% la WA & afell A Al 2SS o)zt o] oA 9l fE A d A E veRdI T

= &

AA e 2. =5 F o] ] 9} sfjhol] A 2] SL(3-SL & 6'-SL) =4 = & ]l
o] %F PGC-1a @A k3 =2 3 7}

SL(3‘ SL & 6'-SL) -] & thH] ol A o] e %] el d w3 B 7] 9s}o],

2 ICR PH- 225 AL FE (AR TASAT B

x}vio] Faote] TR, Al F<1 8 2 o](Dooyeul biotech, ) ¢H7l ) E
2591 B TR 65BN A vk 2221 A S B 203:15 )E Th 7
30l (7 e g vkl el vk s P E) 0 R FA R U 25

& Aol & FAsA T (A 24 e S =)

-3'-SL ol ot 7 Aol arel] 3-Al - B E @ ~(3'-SL, Sigma) A ] (] Al kg
1Y F0.1mg AT F)
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[219]

[220]

[221]

[222]
[223]

[224]
[225]

[226]

[227]

-6'-SL F-o] i G4 2] o] 7ol 6-Al L H B E @ A (6'-SL, Sigma) A 2] (7] F7 k

1Y 9 0.1mg 47~ F9)

A AL EQ 2 L= DWE MY - Fo] WA e g Folef 3o nhe-2E
027 FE A0 WU, 12 A7 A S kg ST o] A
2 AT A 2H2 5 vhr} A48T
3-Al ¢ B E Q 2 (3-N-Acetylneuraminyl-D-lactose, 3’-Sialyl-D-lactose 5=
a-NeuNAc-(2—3)--D-Gal-(1—-4)-DGlc) 5=
6’-A] & B E @ 2 (6’-N-Acetylneuraminyl-lactose, 6’-Sialyl-D-lactose %=+
a-NeuNAc-(2—6)-3-D-Gal-(1—4)-D-Glc)+= Sigma-Aldrich=-E -1 531t}

523z H of dftel A 2] PGC-lo i el W3S 57| (5 2a)9} Al 2" =8
(% 2b) 2 & e o]t} & 2boll A BB 6% 6’-SLO| T}, 7} -9 S0l A
'PGC-1a @2 & '3} 'GAPDH W4 Whal o & a4 1 gkl A4 9l

9] (PGC-1a ¥ 2 3 4)/(GAPDH W2 &l 9h)E th 23, 3-SL 7ol <,
6-SL o] el thal A 423 2 LheR 9Lk, 3 9] S0} WS04 6-SL ol 7S
oAtz 88 PGC-1a 2H8] A 57} v - w=9kt}, 2, ¢-SLo] A4 7 <]

i 9] of 2] JH-o) A PGC-1o TH A o] el S = = e BolE 4
)\}\ )\}\];}‘

L2 531 F Bl A9 SL 2 E Fofo o gt i &} &jn} 9] PGC-la
whol iy W skE ety ok S 65 72 ICR nRg-22ol Al ot 8 mhe] & 5fo]
2} 6-SL Fol S ThEo] 257 Aol 24 A& sk Qla, v~ E
S| A A M &} dntE A Zet Tt W= Ul 924E A8l A= W
djutel A 9] PGC-1a @ 2 W3l E 4] (5 2a)9 2HEE (2 2b) o2
HER LT

AN o] 3. 417 Al Aol A o] SL(3-SL & 6'-SL) =4 = A& ol o & {4}

SL (3-SL & 6/-SL)°] 217 Al Lo A & PGC-1a G AA 9} & §AA S 9]
9 S 2ok BT QEAE Folnr] 9a, 0L g
slod

£ @2~ E (Neuro-2a, American Type Culture Collection, USA)< 6-2
EdolES ¥4 5 10% Aol A, 100U sl YA+ 2 0.1lmg/mL 2]
2ERE|2g ¥§35H= DMEM 1 Aol 4] 37°C, 5% CO0,/95% 7] 271 A
HJ Q¥ 3T Neuro-2a Al 32 = WE2 A 2pe}= A F A A o} A 32E
M| 3 =(neuroblastoma cell line)©] t}. & & 60007 2] =2 Al F-9l], Neuro-2a
A 7} 5x106 cells/ml 58] Z1EFAA & Hol= € F ol SL-E 0.1mg/ml2]
EEE A7bskAL 5 A g 2ol A 2443 W FSEI T SL(3-SL T 6-SL)
Aol 1) 71218 A3 & A g AS ARSI o) 8F ] Aol glew, SL
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[228]
[229]

[230]
[231]

[232]

[233]

[234]

(3-SL 3= 6'-SL) & L AFE s 5= AA 10l A8 A L Ao s
olal At &4 xS A A A5 WA 79 9] 1710002 Jal%}o o7
AMES A2 g A EES 37°CN A 24 7E M Fet 3, 27he 21 =2 23]

M A 8kal, Eg]E Al 2F(TRIzol agent, Invitrogen) 2. = RNAE —7‘*% st} A =
cDNA 2 #2] t)/(Fndc5, PGC-1a, Erra, UCP1, BDNF, SOD2, 2 GPX1)°l] o} 5f
v g] ]2}l o]y (Prlmel)ﬂ- 3t = H (probe)(Applied biosystems; PGC-1a,
Mm00447181_m1, GAPDH, 2 Mm99999915_q1)& ©]-&35}¢] PGC-1aE 2] &l
FAte 7935 th PCR WHE- 7 #2418 2 E--7 2} 3000 A] 2= ¥l (Rotor-Gene
3000 system)(Corbett Research, A| =4, &) 0] 83} a1 71 A 95 & 39
HERH AT

532 A Al Fel A ] SL (3-SL & 6-SL) A &= A ol 2] 3 f-4 2} w3
W3S el = 2ot & 390 YR vle) o], Neuro-2a Al 32 SL (3’-SL
& 6’-SL)= 24A| F A €] 3+ o] 7t 3} A 2] 8h#] &2 &t} v nl g A 2}, SL
(3’-SL & 6/-SL) F-o] -2 &4 tl &0l v &l PGC-1ag £33 o] 2] ¥4
o} (Fndc5, PGC-1a, Erra, UCP1, BDNF, SOD2, 2 GPX1)ell thale] 214 3=

UHAY F7HE Bl ¢/-SLo] 2174 Al E el A PGC-1a92t ¥ 1 A&
T g w9 F A F L, 3-SLE S G 37E6-SLE T oA = S-S gl
T AT

AA A 4 FF AL A9l SL(3-SL & 6-SL) 24 & A 2]l 2] 3 f-21 4}
H]—‘(ﬂ &;{] Dz 7],

SLo] A A =5 A Fo) A PGC-1a £ 4219 Wd & E7181= a7} =2 &
Stolu] 918, haah g A9 eSS

C2C12 v] A &5 5 A £ E ATCC(American Tissue Culture Collection,
v =2 HEE 5] £1)3513 2., 10% FBS(Fetal Bovine Serum, Gibco,
u] )7} 32 $1¥l DMEM(Dulbecco’s modified Eagle’s Medium, #] B3, 1| =)
H| %] ol 2] o] E-of] A v %] & W 23A A 70% § F(confluent) %‘ rqu] 37°C,
5% CO, | 7ol A v ksl t}. &8 A2 o] ¥-3}+= 2% HS(Horse Serum,
A B 5, s E e HHX] ]7‘1 v Fsto] =ttt 2% HSE X33t
Hj 2| o] A 4 &b vl 3 5 Aol th e 5= 9] SLS A gk qlvh &4
Nz YA A+5 HHX 3] 2] 1/1000% A 2] st leh. 2+ &S A g e
A EE5-E 37°Cell A 247\] kst 2, 2R A AR 23] Al H ek, Bl
A ©F(TRIzol agent, Invitrogen) 2.2 RNAE 5313t} 7] ol A &3] o]
A eFet 1ug/ul 2] RNASF & A AL Al 2~ 8l (Promega, V| =7)& ©] &3} cDNAS
sttt

4 ¥ cDNA 2 ¥4 t}“d(Fndc5, PGC-1a, Erra, UCP1, SOD2, ¥ GPX1)°]l
th 3 vl ] Tl &1 ¥ Zelo] o} X 2 H (Applied biosystems; PGC-1a,
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[235]

[236]
[237]

[238]

[239]

[240]

[241]

[242]

[243]

Mm00447181_m1, GAPDH, 2 Mm99999915_q1)Z o] &3}4] PGC-1aE 2] =&
GAE 5435t} PCR WH 3 #4122 E]-f-7 A} 3000 A 2~ 5l (Rotor-Gene
3000 system)(Corbett Research, A| =1, &) o] 83} a1 71 A5 & 49
HER LT

%45 C2C12 M)A &5 5 A 3ol 4 2] SL (3-SL & 6'-SL) =4 & A g ol &gt
A e Wt s Jeld = ol C2C12 VA g S5 M ol SL(3-SL &
6’-SL)= 24X 1F A 2] §F F-of otk M g et ] & 2ot v L gk A 3 & 49
Yebdl b9} 2o), SL (3-SL & 6-SL) Fo] & &4 thZ o) B] 8] PGC-10>
Z38}31 o] 2] ¥4 )4} (Fndc5, PGC-1a, Erra, UCP1, BDNF, SOD2, 2 GPX 1)l
sto] Fo A A= S S7HE RT3 6/-SLo| C2C12 M| A <
TH A EA A PGC-1as}t A A& dd & v $- FA 5L, 3-SL
%3 A7 6-SLET Hol A= A& 1S 5= AT

=

HAl e 5, d=3lo]n | H 3 Bdlof 4 9] SL(3-SL & 6’-SL) =44 = A 2] 9
et FAAIE S Hr L QA 5H HAE A Hot

dzsfoln H A g ol A o] SL(3-SL & 6'-SL) 274 & A el ol 2 3 #5314
$E g AT HAE WSS 1Y) 98], 6578 vh-LE T YEETE
(AR ZHE YA Th = ARl 3538ke] F3aL, Al 591 A
= o] (Dooyeul biotech, 1) E 257U &<t T3 Th 8FEH A A vl 5
ek ol 370 (2 2 g ] o] mhe-A R A ) o B E sk glth: A
85 571 ¢57/BL6 MH-2= (351 71 A5 W 35.6+3.3g)0l Al %47 2 o]
Al ek gute] & 2w o & Shar, AF 8F 7l dxstoln] Ak E%‘
nh9-2 (3xTg; Z71A1% 3+ 33.9+2.8g)° 7l w2 8 whe] =2 3}7] 371 9] o) &t
2ol ZJEHLOE AR UFEL 105 S o] 5 Aol & A5k (H A 32

nhe] 5

WZ;L SLO] Ty A & A Aol & HE AE 8rte)

A(&z=stolm] g B SLo| Fol ¥ A b A4 Aol & W2 d=sto]
=d gvka)

(E=stol A g B dl43-SL)w: G A o] el U 5t
3 AL HFE Q A(3-SL, Sigma)E W E 2 T35 (3 FAl kg F 1Y T 0.1mg
77 o) ek =atolv] 2.al (swhel)

(&=3tol A3 Rdl6-SL)wt: 47 2 olwtel T3]
6- AU E 2 2~ (6-SL, Sigma)E = Fo 8 (FH FA kg @ 19 T 0.1mg
77 3ol) ek =atol v} 2.8l (suhe))

]OL%aEE/\ E=DWE W AT Ao Fold =AY v
10 = &8t sEA ) Bashgiar, 12 A A2 g o2 S| Az v A o] A=
2 A= Eﬂﬂ%k% Z}7} 590 mit} 298kl oh
3-AldH e E © 2~(3-N-Acetylneuraminyl-D-lactose, 3’-Sialyl-D-lactose 5=

-

oZi
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[244]
[245]

[246]
[247]

[248]
[249]

a-NeuNAc-(2—3)-B-D-Gal-(1—4)-DGlc) =+
6’ -Al L 2 E @ 2~ (6-N-Acetylneuraminyl-lactose, 6’-Sialyl-D-lactose 4=
a-NeuNAc-(2—6)-B-D-Gal-(1—4)-D-Glc):= Sigma-Aldrich = 5 -4} )

SL (3"-SL & 6'-SL) =4 & A el 2§ -7z &d ¥t s, [ ds 27W

T8 47] (@l 2 HEA G WL E ST W ] Aot E

A ©F(TRIzol agent, Invitrogen) 2.2 RNAE 53813t} 7] ol A &35}

%3 RNASE & A AL A 228l (Promega, V| =7)& ©]-8-3F°] cDNAE &4 O}Oﬂ‘:}
St ¥l cDNA 2 ¥4 thAH(FndcS, PGC-1a, Erra, UCP1, BDNF, SOD2, %

GPX1)°ll thaf vl vl Al ¥ Zelo] e} 3 2 H (Applied biosystems; PGC-1a,

Mm00447181_m1, GAPDH, 2 Mm99999915_q1)Z ©]-&3}4] PGC-1aE 2] %d

GAe 57935 th PCR WHE 3 #2412 2 -H-7 A} 3000 A] 2~ ¥l (Rotor-Gene

3000 system)(Corbett Research, A| =Y, & 5)& o] 8333l 1 A3E & 59

HER AT

i
W
iy
.
D
QL
°
H:I
m_\.,
2

| ol 4] 2] SL (3-SL & 6'-SL) =4 & = g ol 2] 3F §-4 =}
o|t}. & 50 A, &t thH] ] 52 &l ko] Ao A <l
EollA (&=stoln d3k wdh)at {312t
H ), (F=stolm AdF Fell43-SL)w FAA}
b (E=stoln Ak Rdlve’-SL)w 73 2
d o] A 2 vpebd Aol A% 85 A
2ol A 9 8 mhe] & sfo] SL Fo] & -3}
10%{]— /;}o] zA N 64 o}o:] 24 /\1—/\1 o] 24/\1—3,]
8Lkt & 5o VPER nke) o), A4 o] 9f
A = g5 o, 6’-SLo] FolH (E=stol A3t
. el+6’-SL) wol] Bl e A 3= ] (5 5a)9} v (52 5b)oll A
PGC-lag ¥ 33 o] 2] ¥4] th4H(Fndc5, Erra, UCP1, BDNF, SOD2, ¥ GPX1)2]
OFt ol X A RE, SLo| Fo] ¥ A] ¢F-& (& =sho] ] A3 Bdl)o|
C¥-SLE T FE A wd 3 3.9 71 6/-SLell
Hl | A oA o2 go] & & 5= ATk =5, 6'-SLo| ¢=sloln 3 v g
9] w] e} sl kol A PGC-1a2} THAH 4z}c (Fndc5, PGC-1a, Erra, UCP1,
7 oA e dE S SUHE BTl

°
o
=
rle
bt
FE

o)

(T
ko
e
(‘g
ok

o N
2,
N
ON
i

S

[ ra
N

02
=
BNOBN BN
USRS
do do do
N
2
=

on%r&r&

(o]
O
N’

~

S e
2T T
O
fiu)
29
Y

ol

-
=
R

}

My ng
™
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o
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O
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Fol 5 e
_'er [¢)
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=
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o Mz

mm
= jo
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Aolt}, SLo| F-o] ¥ #] &L (¢=3lolv] A% ¥ w)ag 218) A] 7ho) ]Lh
Ax5d HAE gEZA 7o) Ao M A a1 dH H
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[250]
[251]

[252]

[253]
[254]

[255]

[256]

[257]

[258]
[259]

Folg (d=atolr] A% Rlie-SL)w - B 2
@%NQJHMAQZQEQMﬂmquQ °
M m7E6-SLell W EA QA o= Hol s ok = AT =, 6-SLe]
Gzstoly] A3 2l Holl M 7 A AT HE l

A3k Bdlof A 2] SL(3-SL & 6'-SL) A4 & A 2ol 2] gk
FAAEA H 372 A EAE vl 3ot

971 W A3 wdlo] €] SL(3-SL & 6-SL) £A1 & A g ol 23 f-4
2 gAY A wstE Bl fste], 13 78 44 SDrat E 31
& & (R RLE Yttt =& AR o] 33t
a1, A3 521 Fl gl W o](Dooyeul biotech, T g1 E AFU &9
sttt 1455 ol A SD rats Th JJr dolamel (Z & g vl &
o g HFach A% 145 7 SDrat (A 2745 A+t
355.6+£32.3g)°ll Al 747 2l o] A ] g ?L 8] E 2o 2 o, AT 858 o
6-hydroxydopamine (6-OHDA) 53} 1378 o] 3-53-%! 6-OHDA induced SD rat
71 A3k Bl ot 8 mhe] & 5H7] 37 9] Aol g o] A el o' FA R
AL 14528 (VA5 H it 363.6129.8g)1'?—E1 107 &<t o] & 2o &
FAEAT (DA 32 vlE] BE

i1
>
2
TN
&
Y
(x

-t SL7F o H A4 @ 73 & AelE W 4 @rke

(I A wA)T SL7E Fol 4] @2 A Aol & B2 9l md
8vte)

(T A3 w3 -SLyw A4 A o] rel] 3-A| 4 EHE © 2+(3'-SL, Sigma)

Aed (A FA kg G 19 G 0.1mg 47 Fol) = el (SU}FJ)
(7= A3 2dlye-SL)w: Gog A o] ol 6-A] dE B E © 2+(6'-SL, Sigma)

A e (A FA kg T 19 D 0.lmg A7 Fol) 921 2o (87}
A GESE QA 1= DWE v 2750 WA 0= T8 FAr) Ratd 10
F Eot FEA BHerl L, 12 A7 A4 e vk S| A A o] AR

A5 st Z47F 5 vk S48l

3 -Al ¢ B E Q 2 (3-N-Acetylneuraminyl-D-lactose, 3’-Sialyl-D-lactose 5=
a-NeuNAc-(2—3)-B-D-Gal-(1—-4)-DGlc) =+

6-Al & B E Q@ 2 (6'-N-Acetylneuraminyl-lactose, 6’-Sialyl-D-lactose %=+
a-NeuNAc-(2—6)-B-D-Gal-(1—4)-D-Glc)= Sigma-Aldrich & F-E] -] 3} t}.

SL (3-SL & 6’-SL) =73 = A el o]l &g F-x 2 Id W3S, 2 gk 3 27F4]
F 2 7] @k, H)EolA B Bl E a3t Ee]E A 2F(TRIzol agent,
Invitrogen) & = RNAE FE3} St} 7] o| A FE3Fo] &gk RNASL} & A A}
Al 2~ ¥l (Promega, 7] =)= ©]-83lo] cDNAE &3St 344 ¥l cDNA ¥ ¥4
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[260]

[261]
[262]

[263]

) (Fndc5, PGC-1a, Erra, UCP1, BDNF, SOD2, 2 GPX1)°l thall v 2] t]#}<l =
M glo|m e} 3 2 H (Applied biosystems; PGC-1a, Mm00447181_m1, GAPDH, &%
Mm99999915 _qDE °]83t] PGC-laE9] T8 ¢S 57433t PCR vHE&- 7}
WA ZE-F-7 A} 3000 A] 2~ Bl (Rotor-Gene 3000 system)(Corbett Research,
1 Y, &) ol &3t 1 23 E ©7a Y ¥ 7bell YERA AT
T 7a 2 % 7b= 1S Bdlo| A 9] SL(3-SL & 6'-SL)Z=Ad & A g ol &gk
A WEE vebd SR oth S 8577 o] 6-OHDA -] 5to] 1355 9]
3% 6-OHDA induced SD rat 371 A3t 7 dlof) A o+ 8 v}a] 2 5o SL
(3’-SL & 6’-SL)& gk 3 FolahA] oF 7S RHE o] 87 o] =4
28 3lo], AT 13TT 7 SDrat(X“M)OMl g7 Aol Mg thxa" 9]
AR H] ST & 7a B & 7ol A, ] F-& skl AAAF i)
FAAE e Wl 7 % 71 011*1 (T Ak EE‘) T A}
4, (T & A ZE43-SL)T FA AL
gﬁdo e ar (1 A3 2 dlye-SL)T A A
XJ} wEoh e FAE Ytk 1 23 = 7a H = Tbo)
2olo] AH gx2g V|E 2R s W, 6-SLo]
o F‘J (F212= A3 2 dye-SL)yT-S A4 il B S A o (R7a)9) v (=
7b)ell Al PGC-1a2 Eéﬁ& & w41 4 (Fndc5, Erra, UCP1, BDNF, SOD2, %
GPX1)9] ¥&l Hx7b ok Wl 2| A 7, SLo| F-of ¥ %] ¢F-& (971 <= Bod)Tto]]
vl el 2l g7t o9 st vk 3-SLS F-AA Ed 531 @371 6-SLo)
Hl e A A4 o2 Hol & & 5= AT =, 6/-SLo] 91 A3k v F 9
¥ o el A PGC-1as}t A H fF32Eol tste] fo4d = LAY F7HE
Eoﬂ T/\}\E}'

goll M, M 2L 2+, (A< A3 wd)t (1= A3 2 d43-SL)T
a5 (9L A3 BElhe-SL)wrell tshe] S22 o] 3 V]G E o] 85}
A5 58 AEZY 57 & HE77DhE @ A9, 7Y 57] A1k H#H 717]

A 7ke) =)o)t} =7 o] HFA 7] 4= 5cm X 55cm X 8em @] A& AFA}
FAefol™, ¥ 0.8ecm X 0.8ecm ] eFojofo]ar, tpu] A & 724 ]
ER R = =] Rt ] i R R %’4“}04 HFERS Sem 2 7] Al 2HE ATt A9 AL

wp9-225= 717] FHoh 7] el A 3em Bl X f Aol Y& et WFoE Fo Ao,
Agls7] Aol 24 7F 3 7] 7] /\9‘7‘153\‘3} #7602 toll Wed .+ xsh

Al g FRdTh v &7 ARHE Y E gFetd F 7t of 2 Wk o ' gFat A
=olA = A= AlgbolH, & 7H7] AlREE H 7 B E ol vhere)l
el A A kol A 2 &57] AR Wl Al ko] At}

% 8ol LR ule} o], A2 o) o] AdF oz ol Bl ste], SLo| o] ¥ 4]
R (FE A )2 I 57 AL W 7H7] Aol 2~3n) o] 4 @]
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[264]
[265]

[266]

[267]

[268]

[269]

[270]

[271]

[272]
[273]

A B A, ¢'-SLo| F-ol g (1 A WEliSL)wS 2 B7] A
W& 7k7] Alke] stk 7 o) )2 Ak, =, 6'-SLo] 9= A g wd
HollA & o5 (Y 571 2 W7 he 7Héj/\l 71E A& G
AT 3-SLE AE 5 A m37he-SLell vl A i F o2 Hol e o

‘F )\A}}\q
AN 7. 727 E H A3 wdlo] A 2] SL(3-SL & 6’-SL) ZA1 = A 2] o 2] g+
1-

s =
A7 W H 3 Bdlo A 2] SL(3-SL & 6-SL) 24 & A g o] gt
e HE 1] Yste], A 4578 A4 SDrat 2 (HE/AE W A%
(Noda Epileptic Rat)y& S & & (-2 FEH S35t &
X}‘rrf—’r—ol 3}04 FAIL, AT % J Hel ‘11 o] (Dooyeul biotech, EH%

u}ai fﬁ*é%)fli i o}iiﬂ}: @T 65 7% SD rat(ﬂ Sk 271 ﬂl% =
176.3+13.3g)°ll 7| 787 4] Ol e gt SW}Elg 2o g atal, AT 673
A H A S Rl (27 A5 H T 181.8+11.3g)0l o 8 vkl & 317] 371 9]
gol g o] Ao g F X*Hi LAl 65 FFE 105 E4t o] & Aol &
FA AT (A 32 e 5
-t SL7P ol B 4] e 74” 2ol & M2 A4 (8vhe])

- E WA BT SL7F Fol A & BA Aol & W2 /|
] A 5 E% (87h])

(A7 A H A3 2 dl3SL)T: A A o]l A g B E 9 A~ (3-SL,
Sigma) A 2] ¥ (7] FA kg F 19 2 0.1mg 27 Fol) -2/ @ = A3k vl

(8vke])

(A7 A H A3 2 dlie-SL)T: GA A o]l 6-4
Sigma) 21 €l (71 77 kg F 19 F 0.1mg B Fol) 2+ 2@ 2% v
(87t])

yALEH 9——/:(3 —N—Acetylneurammyl—D—lactose, 3’-Sialyl-D-lactose H=+=
a-NeuNAc-(2—3)-B-D-Gal-(1—-4)-DGlc) =+

6’-Al & H B E Q@ 2~ (6'-N-Acetylneuraminyl-lactose, 6’-Sialyl-D-lactose =
a-NeuNAc-(2—6)-p-D-Gal-(1—-4)-D-Glc) = Sigma-Aldrich 2 %€ <] 3} o}

SL (3’-SL & 6’-SL) =4 & A 2] ol 23 f- 22 v+ WslE w23 #2714
F2 A7) @k, H)EolA G v wE 53tk Evl S A 2K(TRIzol agent,

Invitrogen) 2. = RNAE FE 381t} A7 ol A F=538ho] % g RNASF & AL
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[274]
[275]

[276]
[277]

[278]

[279]
[280]

Al 2~ ¥l (Promega, V] =)= ©]-8-319] cDNAE A 315t 344 ¥ cDNA ¥ 4]
) (Fndc5, PGC-1a, Erra, UCP1, BDNF, SOD2, 2 GPX1)ell 3] 1] 2] vy #}1
X glo] e} 3 2 H (Applied biosystems; PGC-1a, Mm00447181_m1, 999915_q1)E
©]-8-5to] PGC-laE 9] Hd P& St 5irh PCR ¥H-8-7F 24 & 2E-F-31 4
3000 A] 2= &l (Rotor-Gene 3000 system)(Corbett Research, A| =1, & )&

o] 83t al 1 A5 & 90l YER ST

2 | 48] SL 24 = Aol o g #-7Ak
.5 9a W X 9poll A, M 2S5 ﬁqu?q}a]z;]g%

W3 W8S vhebdl ERol
sivhel A fa4 B BB 7 AV A (A M A s 2

A S P FAA TP, (PR =2 23S
((Z}Zal/ﬁ d A A ZElee-SL)w A A P (2 F A T g
&
(6]

3t Zdlof) Al 3+ 8 vl & 3} SL Fof 3
1053k 2l o] 24 A gsle], AT 65 7 SD
rat (X“H)o%lﬂl & 2ol A gk o] Ak 2 kat vaus vt 1
A, ¥ 9a H = obol] R upe} o], A Aolo] G 2w VEoR
z;gg o], SLo| Fol g (xFa/A 8 A3k 2ulySL)T-S AAF 2o vl e A=
%= 9a)9} dl v} (5 9b)oll Al PGC-1a-S X33 of & -4 o) 4 (FndcS, Erra, UCPI,
BDNF SOD2, ¥ GPX1)9] =& A L7} okt Hol A A7k, SLo| Fof ¥ A] &
(A7 A Bdyrel vl &l ddl gk w5 %#8}9&@. =, 6’-SLo] -4/ |
A% 2 o 5‘49} ?SHHMW PGC-la

)
i
1 ox
(i
X
o
H
)

o m
N

fo
i
e
it
o
)
2L
1
=
o
s
|
1o
&
¥
rir

AN 8 A E A5 wdlo] A 2] SL (3-SL & 6’-SL) 24 = = ¢ ol &%
18 ) 2ElRE FA 7 A H o)
HEE A3 w42l SL (3-SL & 6'-SL) A & A ol 93 f-AA =d
17 Ho}O% 453 28 TLEET
shth =& AR ol wste] AL, Al
2 o] (Dooyeul biotech, tHERI=1)E AL &+ T3ttt 57 H A np-25
-} gho] 37 €] ?L( Far2 v o] b2 A ' EFeAth A%
55 47 ¢ST/BL6 vH5-2= (44 271 A% 1 25.324.3g)00 A B 4]
el e o gvke] & Eﬂi%ii otar, A5 55 3 AR E A R vpe-2
(R6/2 7| F (B6CBATg(HDexon1)62Gpb/3J, 111 CAGs)2] E &l 24| HD #}-$-2~
Z71A% Bt 26.9+4.8g)°N Al 7T 8 nhe] = 817] 37) 2] o) 3 Ao] A oeR
A &2 WAL 105 54 ol & A o) & FAsH T (A 32 b FE
-t SL7F o H A & A Aol & W2 A dE (8vhE])
(FYE A ZEhT SL7F FolH A G2 G Aol HE A" E Bl
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[281]

[282]

[283]

[284]
[285]

[286]
[287]

A+3-SL): AF7g Aol wtel] 3-Al L E EE Q 2~(3-SL, Sigma)

gd 1Y T 0.1mg 47 Fol) I = & (8vhe])
d46-SL): G4 2 o] wtoll 6-A1 L EE Q A(6-SL, Sigma)
T 19 G 0.1mg 27 Fol) I E (SU}EJ)

3-Alekd 259._.(3 -N-Acetylneuramlnyl—D-lactose, 3’-Sialyl-D-lactose H=+=
a-NeuNAc-(2—3)--D-Gal-(1—4)-DGlc) H=+=

6’ -Al & H B E Q@ 2~ (6’-N-Acetylneuraminyl-lactose, 6’-Sialyl-D-lactose =
a-NeuNAc-(2—6)-B-D-Gal-(1—4)-D-Glc)= Sigma-Aldrich 2 €] -3} t}.

SL (3’-SL & 6’-SL) =73 = A el oll &g+ F-x1 2 L& W3S, 2 gk 37 274
F9 A7) (3, WS A Bk H)uE 643tk E 8] E A 9H(TRIzol agent,
Invitrogen) &= RNAE 538151t 716l A F=5&3to] 3k RNASF & H A}

Al 228l (Promega, V] =)< ©]-8-31o] cDNAE A3t 34 ¥l cDNA ¥ 4]
) 4H(FndcS, PGC-1a, Erra, UCP1, BDNF, SOD2, 2 GPX1)°l o & v]g] tj =} =
S glo]m e} 3 & H (Applied biosystems; PGC-1a, Mm00447181_m1, GAPDH, %
Mm99999915_q1)Z ©]-&3}o] PGC-1a5 9] &d U445 43 o} PCR HH-E- 3}
A2 2 H-F-A A 3000 Al 2= B (Rotor-Gene 3000 system)(Corbett Research,
ANEY, &F) o] 43591 11 295 & 109 Ve

ki
S

a2 % 10b= A HE R dlo] A 9] SL (3-SL & 6'-SL) A = A glol] o]
1 W3S e S o)th & 10a 2 X 10boll A Al 25 S Ak
hH] e =2 ko] f %i A ®ishE 24 AV Ed A (AR E A3
x} w3y Ok)/(rﬂiil AR gAY, (FEE A3 Zd43-SL)w
(A A E A S 2ol (AR = A3 ZE46-SL)
Fr dx} Aol FAolt AE 5= R FAEE 2
2 8 ] & 3}o] SL (3-SL & 6’-SL)S 5] 3t 31} o] 5} A] ¢k
o] 105:7E Alo] 24 A Fste] A2l o] AAE (c57/BL6)S] F- A =}
H 33 ok 2 A3} 1 10a 2 % 10bol] LFEF B9} o), A Aka] o] 9]
ZoE71EoR A2 W, 6-SLe] Fol | (AR E A F

o A t &2 tol] Bl = ] (= 10a)2k 3l vt (5 10b)ol A

2

M

T
-
o
tagl

by
o
2

do do b1 2 o
W

e
o]

_>|~l_‘
o2
E
N
4.1

o]
—_

M ox el mlo Ho L L g N X
b
=

3\1&

2
=
Rl

o
2 & o

oox T Y

2
£

o] 2] 4 th4) (FndcS, Erra, UCPL, BNDF, SOD2, ¥ GPX1)2]
o] X 2|9k, SLo| Fo ¥ %] g2 (¥ = A3 wd)yof H] 3
=l =, SLo] dHE AgE 2El FH ] w &} sl ol A
frAaAbEel st o)A A= HAY F7HE BoFdh
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[288]
[289]

[290]
[291]

[292]
[293]

[294]

3-SLE AR 2 S0 g3 7F6-SLoll vl A A o ol & o 5
)\/\)\/\Tjr

w3 Yakaole] A iz ] (AEE 2% wuh7 (FEE A5
B A43-SLT LE 3 (AR E A8 Pl -SLT ] REFRLE 9 A WsE

T3 AENAE Bt RHEE FPAH S (AR E A3t Zd)at 9
REHEE FIAh/(HET ZEEE FIANHT (FAHE H S
Bd+3-SL)wr el 2R E FAA L/ (HED ZERE FAh T1e]
(PFE = A3 Zd46-SL)w 9] ZEEE FIAh/(H 2T ZEFEE
FYAH S FH =2 HEE IRlet= Aot EHEE FPA S
REFRE AR 39 Akl AR 4 A 40 rpm©] 3] AP =R T EHE
2 =; Jungdo Instruments, Korea) & ©]-83}0] 543151 th 458 F o] ZElZ =
A AGS 35, 5785 ZEIEE A S Festo], 9oj 4 w7hA] 4
A& 783l

L dYE A8 wdo g3 2 RE 1319l A3t & et
Lot & 11 AM, A5 (FRE 23 ) 2ees
FYPAZH/(H 2T ZEFREE FPAIh Y (AR E A3 2 d+3-SL)7
REFRE FYPAH( 2T ZEFRE FYAIR e (HEE A
Rdli6’-SL)w o] ZEFR = FA /() 2 22X FPAhe] =&
LRt T2 A3 116 YER vlef o], % *—1°H 5
Halste], (AR E A3 2w, (FEE A3 Rd+3y-sL)w 1A (A" E
Agk wdlpe-SL)wrell theto] REFRE S8 478 v dls ), 6'-SLe] Fol ¥
(A E A3 2 d46-SL)w - SLo| 5o 5] 4] ¢k (FHE 23 a7 o

vl A 2etr = FA| ko] S7bek Ao =2 vEbaL, 3-SL] F AR ST
f = 6-SLoll vl el A A At 5, 6'-SLo] AR E A gk el A fF A=
TR #E ST = e g g A0k

O‘; HU
oj_,_(ﬂ

AN 9. ¥ EF welo] M2 SL(3'-SL & 6'-SL) A = = gl ¢
2 MLPT <~ ¥H &}

&3 T do] A SL(3-SL & 6-SL) ZA & A 2] 2§ 3] g7y L
MLPT(Modified limb placing test) 5~ H &5 B 7] 93}0], 4 78 v}~ 5
FHUGSE (RPN R T B2 AF 2ol TFohol 9,

Al 5]1 Sl o](Dooyeul biotech, th &t el =) & A< 52t &5 83t %”\1
2 d-7- MCA(middle cerebral artery) ¥ 2} 2 | 1] & & (intracerebral hemorrhage:
ICH)E 2§eh= H &5 222 658 57 Sprague-Dawley rat(H| = 3 1
185.3+15.8g) B 7 BALB/c "H7-2=(H| 5 3 7 24.6+3.8 g) 5 AF-&51
A2 At} SL o] &35 Hlastr] ¢ste], | &5 F2 5 1Akl 2 8

@ 31949



37
WO 2017/123066 PCT/KR2017/000505

nhe] &2 &17] 37) 9] Aol gk Ak Fol o AP B Al (A 24 vk =)
17} Ee]s )

[295] - tHE: Gl gs ol i WA 54 Folt (8vhe)

[296]  -3-SL A ¢]: 3-SL &3l ¢h5h A 57 F-ol 2 8vhe)

[297] - 6-SL A 2]: 6’-SL &3l &F N ulx] 57 Fo 5 (8w}e])

[298] T A G A b AR EE F27EA QL W A RElR 28 E gl o, o
Fdlof| A= = 7 A Fil - 34 Zkell SL(3%-SL & 6'-SL)& 57 o133t

[299] - Wiz &8 F e et v A 57 Folak 8vhe)

[300]  -3-SL A &]: 3-SL &3l ¢h5<l A 57 Fol 8vhel)

[301] - 6-SL A &]: 6’-SL &3l ¢+ w4 £7F Fol i (8vte])

[302] 5 9] 54 3% 2403 A Foll SR (A 2 A A )
23 E TTC (2,3,7-triphenyltetrazolium chloride)E ©]-&3}o] o} ¢} £4o]
ST HE A& 2ol AFEHE lmm FARE A2 31 2% TCC £ 9ol
A At olo] I HH S PBS-4% et LU =R nA s F 7
Ao F ALY L w8 o|u| x| HA A A8l o 7 =A5 9 ) o
T 0= Qg ghs ofefof Zo] RAsI Tk wAH s d gk 541
5] & H 4 x 1-{[(ipsilateral hemisphere area-contralateral hemisphere
area)/contralateral hemisphere]}. & @3] = & -3 o) o ¢t & =2

[303]

[304] = 12=3]8 oA &Y HuE HEe AR E Vel Eiolth = 129
A= YEE 6-SL2 YAl = %752 MCA (middle cerebral artery) 3| 41 o]
7hel 1 mp9-2 Bodlol] A 2] g w, Q1H] Kol A SLel| o] g 5] A A1 &3l
Heaas 3Ee datolr), &= 120 Yebd vle} o], ¢-SL A 2] ol o] &
S| PR3] ATt A 2 G 81 B (50%), A AN I 8 E el
(60%) R =72t G- H A 2 (40%) BFoll A ARt QT H At 3-SLe]
3 A] A7 =4 o] B g b= 6-SLol B At o s HolH S o S
AR

[305]

[306] SE3H ICH E.2lo| A SL (3-SL & 6-SL)°ll o] &k 217 E 3 A& K] 913l A,
MLPT B A E & =313} t}. MLPT Bl A~ E &= ICH f- %= 3% A, &% 3 2 3

Fo Thg3 ol S H T wH L Flo] Hol A 10em Fo} 7 ol ul g -
Hol 2ol grielel 2EdX A5E Arheharh (44 0, WA T

lxl) 0]01 rdo] otdlo] 7P Y & A X A o] = o].—7 Zy okl E

P ohelE ot e] 3, R B S ok ich (70 A A9 o chel: A
WA A9 5 ). A e 2 Y EE HolSel hgAlele) Fau wrel
o2 925k Aol thetel Brbetoich. 3319) 97 Antel] thate] vhgw

2ol A v Ak A4, 04, A (Foj & 2%) D= Bobd =3 1 4,
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[307]
[308]

[309]
[310]

[311]
[312]

[313]

[314]

[315]

[316]

[317]
[318]

T 13 ICH f-% 3 SL (3-SL & 6¢’-SL) A &) o] 2] 3 MLPT A ¢ %= W3l =
b =R ot} & 130)) Yebd uhe o] ICH B Eoll A 6-SL A 2] & 83l &
W, ICH =& #5 2 1972} 3 %) Ao A BZo], v Rt} MLPT H| A~ E
A7h srol At 5 ¢/-SLA glell &gt 214 B &) A a7t = Aol
3-SL9| 214 B & AA g7 6-SLell vl EA F Ao R Hoj & o 4

ol ]
DA PN

O+

A A W

i‘l

A A4 10. SL (3’-SL & 6’-SL) 24 & ]| 2] 731
5 A A A A B 7

o] A SL (3-SL & 6’-SL) 24 & A & ol 2| gt §- x| vha] Wsl U o4
A 2HE B A5H], 4 3 57 ob n}-$-22 (C57BL/6J-oblob) K4S
B (3R RE St B2 Aol FEske] 90,
& (Rodent Diet with 60kcal% fat)Z 25 Fot T8t A% 65
71 ob mF-9-22 (C57BL/6J-0b/ob) B & (Z 7] 4|5 3 34.243.7g)° Al - 8
ake] & 8}7] 370 9] Aol gk Ao A et o' FAe B UL, 105 E]t ol &
o) E FA 8T (A A 24vte] 8

-t 2 SL7F A 2] ¥ 4] &2 31 A HF AL & (Rodent Diet with 60kcal% fat) 2] ©] &
He 2d(8nte)

-3-SL 0] 7 A Al o] ol] 3-A] FFBHE © A(3-SL, Sigma) A 2] (7
FAl kg @ 1Y€ D 0.1mg 47 Fof) =2 8ng])

-6'-SL o o ALA Y A o] o] 6'-A| A B E @ 2 (6'-SL, Sigma) # 2] H (5]
FA kg @ 1Y T 0.1mg 47 Fol) 22 8nt])

ANLESER ~ T DWE W 450 WA o2 Folg =l vhg-25
10 5= <t T EA Bystiar, 12 Az A2 ¢ D}—% S| A Zl et Alo] A
2 A5 WeleE 247 59 v} S48l ok
3 -Al ¢ B E Q 2 (3-N-Acetylneuraminyl-D-lactose, 3’-Sialyl-D-lactose 5=
a-NeuNAc-(2—3)-B-D-Gal-(1—-4)-DGlc) =+
6-Al & B E Q@ 2 (6'-N-Acetylneuraminyl-lactose, 6’-Sialyl-D-lactose %=+
a-NeuNAc-(2—6)-B-D-Gal-(1—4)-D-Glc)= Sigma-Aldrich & F-E] -] 3} t}.

o
2,
>,

' o

o}ﬂ 1:01’

SL (3’-SL & 6/-SL) Z=/d & A g o] o] gk -4} 2§l W35, oA A7
H] WL & 3} ¢l E 2] & Al 2H(TRIzol agent, Invitrogen) &= RNAE F5 3} ¢l T},
71 A F=she] g S RNASE 9 AL Al 2~ 8l (Promega, V| =7)& ©] &8}
cDNAE A aksltt. §43 ¥l cDNA R 24 thd(Fndc5, PGC-1a, Erra, UCPI,
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[319]
[320]

[321]
[322]

[323]

[324]

[325]

SOD2, ¥ GPX1)ell th &l v]&] t]AFel ¥ o] e} 3 2 H (Applied biosystems;
PGC-1a, Mm00447181_m1, GAPDH, ¥ Mm99999915_q1)& ©]-8-35}¢]
PGC-laE 9] e 4-& 5439t PCR WH-& 7} 7412 2 E]--§-7 4} 3000

A] 2~ ¥l (Rotor-Gene 3000 system)(Corbett Research, A =4, &) o] 831531 71

ATE 5 140 YeR o

143 F mdo) Ao SL A& A g 93 £
ot} & 1404 A ZEF-S x| A =+
| AT FA A g n] 2 A, R
A Fy (2 FA A S )T (67-SL Fol 7o 74
A Ak e FA o)tk AR 65 A Wt
T3 SL F-o]3-& 7HE0] 10577F A W
40l Lebd vhe) Zho), 6/-SL 7ol ¥ A3 d
(Fndc5, PGC-1a, Erra, UCP1, SOD2, 2 GPX1)°ll t]5}¢]
vk oF Z71E BolFRi ) 3-SLE PGC-1a9} ¥HE H &

T 97} e-SLol| vl | A iAo & oF gk Wol & o 4= U

= PV E

rlo
o

L

heoye & 2 do i 2

e oo

LS, SLE A e ¥ A @2 LAY AFR A o] & M= V] ob R
(C57BL/6J-0oblob) .2 o A, v 2 Z21(0.5mm, 1 5P L, () FHh=
©]8-3}3L SL (3-SL & 6'-SL) ol ol ek 52 A A7 a3hE Felstgich.
TAA R, A TFo =g Fear =% ¥t
T 0.1MFES SLE I 3o vl & T AV vz ZH E v}
531 Bl RS SLo] 9= A7) W E AEE A

6’-SL) £AAES T4 Foldt A9 4 4d W E v E¥olth &
159014, 3-SL, 6-SL, & CTL-& 22} 3-SL F-o] <, 6'-SL F-ol - E th 2 2 A,
1077 7F LA A o] & Wl 3 w2 Fe] & AFE-38lo] SL(3-SL & 6'-SL)
ZAAES 0L T4 T4 Fol gt &, 7Y o] ] B2~ 5 5] (Dermoscopy) &= ¥+ g
Aot}

1A, & 150 YER vl o], w2 F el o] ste] ¢-SLo| Fof ¥ i
Fo ¥ A & 4 thx 3ol Bl s A A o] Al AE S AT AT
3-8 T2 AW Al A &7} 6-SLoll v A ATl A o7 o7k E =
AATH

AA A 11, =3E2 2o A 2] SL(3-SL & 6’-SL) ZA = A ¢ &3+ 214
FHEH 57214 93 A 3} 9) telomere 7153 ROS ZAof o]k -3}
;AR o R

w3}& 7 Rdlo] A SL (3-SL & 6’-SL) A & A & ol 2|3k A1) -9 H F-4 4}
W WskE 1] fste], A% 4 A =353 2 vbe-2 (SAM P1/Sku
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[326]
[327]

[328]

[329]

[330]
[331]

[332]

258 (A Z R PR & A o] B

%<1 A=l Ho](Dooyeul biotech, g1 )E AFYU 5t

AT AT 65 TR =353 Bl vhe-2 (27 AT 3t 28.8+2.3g)¢0 7]
= 7] 37K ¢] Zgol gt 2 o] ﬂj‘/]:'lo?-—*tvl‘x—}%i"}&ri’, 125 &<t

S Hl ol N
2o oft zll 32

Aol & FAS AT (A 24 v &
Zt: SL7F 5 B %) 92 Ao 4] 013 %*“‘H 8vhe))
-3-SL o at: A7 A o] il 3-Al Y E @ 2~(3-SL, Sigma) A 2] ¥ (F] 77
19 & 0.1mg 47" Fo) =3} 3 29 (8v}a)

-6'-SL ol 44 A o] ke 6 Al%%l%*iﬁli(&sh Sigma) A 2] (5 7
kg @ 19 9 0.lmg 47" 7o) =3} 31 =& (87}

=
6]
ofl

L.

AdEEEQ X = DWE ”H A B-Fol WA o m Fols FAvh v 5
14 5 &t sEA Bashgiar, 12 A gF A2 g o2 3| Az v A o] A=
2 A= ‘%‘iﬂ%k% 7}z} 59 npo}k 435130
3 -Al g 2 E Q@ 2+(3-N-Acetylneuraminyl-D-lactose, 3’-Sialyl-D-lactose 5=

a—NeuNAc-(2—>3)—[3-D—Gal-(1—)4)-DGIC) =
6’-Al & B E Q 2 (6'-N-Acetylneuraminyl-lactose, 6’-Sialyl-D-lactose %= =
a-NeuNAc-(2—6)-p-D-Gal-(1—4)-D-Glc)= Sigma-Aldrich = -8 -1 3} th

SL (3’-SL & 6’-SL) 24 & A g o] o g -2 2§ W3}E, 87H4] =8 A7)

(A, Bk, o, e ), 3 A, A 37RA] e (EAR] R, T E AR,
ATy ol A A ¥l E &t EE]E A 9H(TRIzol agent, Invitrogen) 2. &
RNAE FE315 ) 7)ol A FE38Fo] &3k RNASF & A AL Al 2~ B (Promega,
1) 5)g o] §3te] cDNAE A3kt 3/ ¥ cDNA H 4] o (Fndcs,
PGC-1a, Erra, UCP1, SOD2, 2 GPXD)ell thal] v] 2] t] 2}l H Zalo]n) 9}
I 2 H (Applied biosystems; PGC-10,, Mm00447181_m1, GAPDH, %
Mm99999915_q1)E ©]-&38}e] PGC-105 9] L& Fd<& =433 0 PCR HE-S-3}
A& ZE-F-7 A} 3000 A] 2~ Bl (Rotor-Gene 3000 system)(Corbett Research,

A=Y, i%)2 ol g3 1 AvE = 169 YERAATE

5 16a R 16b3= =313 Edol| M o] SL (3-SL & 6'-SL) =4 = & o] ¢] g
FAA S wsts Yebd Edolth AR 65 A wgkET B wpg-a
(SAM P1/Sku Sle)oll Al 22 8 nhe] & she] 2, 3-SL F-ol i 18] i1 6’-SL
Folarg wHEo] 1277 2ol 24 A3l & 16a 2 16bol A Al 252 SL
(3’-SL & 6'-SL) 7o 2 thH] A1) F-918 A A1 f-d4 Il Wtz A, 7}
2A FREol A (3-SL Fol it A A e Fy (2w 7R <) (67-SL
Folat FAA E Fy/( 2w F-AAgE ] X0tk 1 Zﬂﬂ]r % 16a 2
16bell “FEFH BE&) ﬂO] 3-SL (& 16a)2} 6’-SL (5= 16b) B.5 T %-2] 7] ¢}
HA LA o] ¥4 2 (Fndce5, PGC-1a, Erra, UCP1, SOD2, % GPXl)oﬂ
ko] F-9A = g SIS B, ok 3-SLE At el
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FAA I 3 g7 6-SLol vl A Ao g ot o] H e g 4
[eYRez] 1jr
A AN .

[333]
[334]

[335]

[336]

[337]
[338]

[339]
[340]

[341]
[342]

ek Al EA Q] A9 8 A, SLo| Fo] ¥ ] & X H AL R (Rodent Diet
with 60kcal% fat) 2} 0] & ®- tf 2ol 4, MASMs (mouse T -5 =] 3 &=

A EE)ES ¥2]8}% 3L (Griendling et al., 1991), SL (3’-SL & 6’-SL) 24 &2
el H7bakar v Fakar, Al W H,0, 578 (ROS FX1)& 314, 0.1%
FolA] Aol X 12-well ¥l Edl ol Ecll A 1 w3t ot Al = ROS
X &2 H2DCFDAE o] &3l 4] S H Slth. o] Ao & 9138te], M EE-> HBSS
W 5] & ol 5| H2DCFDA 9} $H7] 30+3F vl =] ATt A 258 EHA A shar
A A gl A HBSS®ll = $th. & 334k o] CytoFluor = | E 2T ol ]3] A
SAHE AT (= 17a).

| EZ = glole] ZA4F8E (Superoxide) AT 745 A A, v EZ =g ol
ROSE MitoSOX Red (M| EZ =2l o} 24+ E- &34 E A 2 E o] &3

=49 At MASMsS 23l A MitoSOX (4 uM) <} 3HA| 9F2l of| A 3750]) A
203 7F v 3 T MitoSOX & 32 333 Z ol E gt & o] &3] Y&

A3z o] & A 7]ol o &l A EE AT} (480 nm T4 /580 nm ) (5 17b).

=172} 1760014, MASMs S =357 el vhg-2 t 2ol A =53 4], SL
(3’-SL & 6'-SL) 2/ =& vl &kl o] Qo] A v]aalgitt. Al ] H,0,(ROS
T2 E 543171 91814 H2DCFDA®}F 3] vl ¥l il (%= 17a), | EFZ =2 o)<
ROSE =43}7] 9814 MitoSOX Red (M| EZ=g]o} 2431 E &3 A2} (=
17a)E g7 | sl St Al U] H,0,9) 1 B2 2] o) superoxide A 2F-2 & 33
ZdlolE o & A& ¥t 24 E] ROS X & Hojrea,
| E 2 glolo] 24ksHE (Superoxide) A AHS A g & 4 AT

% 17a9} 1765 Al E W H,0, 54 (ROS TA)(5 17a) 2 U] EZ =g of2]
Z2+3} = (Superoxide) A AF 24 (5 17b)S VEF W o] tF MASMsS
w3}& 7 7 np9- 2 (SAM P1/Sku Sle)ell A FZ 38 A, SL (3’-SL & 6’-SL)
ZAAEE gl Yol vlaustlth. Al H,0,5 4 35t7] 94
H2DCFDA %} 37 v k3l 3L (= 17a), W] EZ =)ol 2] ROSE 4 317] el A
MitoSOX Red (M| EZ = 2] o} Z4teE & 3 A A (5 17a) 2} vl st T
AU H,0,¢F M EZE 2] o) superoxide A2 &3 S0 E U & &

H At} SL (3-SL & 6-SL) &4 20] ROS X & "ol g a1, v EZ = g0} 2]

ZAEEHE (Superoxide) A4HE A A S & AT

% 18a % 18boll A, & 2w glolA| &5 2] 42 TRAP X 2 E - (Wright et
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[343]
[344]

[345]
[346]

[347]

al., 1995)= At} Qofspd, A3 #=l-S- CHAPS -3 £ v (ribonuclease

A AN A EEHel Q1 FHell 450l A 3043 vl Fgh o), A FE2E (Img) S
TRAPeze HH-& # &~ (&l 22 v gtolA] 714 (TS) Z2fo| v, & 42} 2] RP (reverse)
SEglo|, ﬂ]i ¥ 99, 18] 31 sulforhodamine-2} 2 o] t & T K2

S gholn])e} Z gt TS M 2o vl = 30520l 4] 3041t A F, PCRE
Ayttt o] F A v TRAP AL &2 F 4 S0 E gu7V| & §3=

A sto] dR2vgtolA] S5AS AR Ja A1 2 v gtolA] &5
sulforhodamine (W] th & #5) thH] & SF@AI<12] v] & 95

A 3PA A A a1, HAE] A & 3% 3 F U}, Fluorescein (M0250)-2 Marker Gene
Technologies, Incoll A -7~ 3} 1 TF. H2-dichlorofluorescin diacetate (DCFDA)=
from Molecular Probesoll A1 -1 3131 TF. MitoSOXTM Red, MitoTracker Green FM,
1¥¢] 31 MitoTracker® Orange CMTMRos (MTO)+= Invitrogen©l| 4| -1~ <1 3} T}
10,000x SYBR® Gold dye = Molecular Probes, Inc.ol| 4] -] 3} 31t
Nuclear/Cytosol fractionation kit (K266-100)< BioVision®l| 4] -] 3} t}-.
TRAPeze® XL telomerase detection kit (S7707)3= MILLIPORE®|| A4 <] &} 31 t}.
Telomere PNA FISH Kit/Cy3 (K5326)3= Dakooll A -1 3} t}.

5 18a F 18bi= SL (3’-SL & 6’-SL) A & F-ofof o3t e 2| glolA]| &54 &
=23 A9-Z Yebdt). o] 92X 2 %3 TERT2 ARE/ERE
(antioxidant/electrophile-responsive element) 21 & 74 & 2431 & £ 3
(Xiong et al., 2015, Cell Reports 12, 1391-1399). SL (3’-SL & 6’-SL)Z =3} &%
9 (% 18a) ¥ MASMs (& 18b)E ol A&t &l 2 welolA| &FAl-S
AT = 18a T, 3-SL Fo) i 18] a1 6'-SL Fol el A =5 H
e MZ 2 "7 ud}olA EEAL in vivoE ¥4 3 H|o]E o]t} & 18b &=
279 HEE M EES 725} (Griendling et al., 1991), MASMsE -2 SL
(3’-SL & 6’-SL)7} A 2] #l 12-well ] F Zel| o] Ec| A 1Y vl ale] & 2w etolA|
254 S invitroZ #4385 TH A9 27 SL (3-SL & 6’-SL) A & F- 7}

g 2| golA| A T7HE BT o]y g A= SL (3-SL & 6’-SL)
ZA) E-0] PGC-1a 7}l 91&1e] TERT 7] 504 2 DNA &4 5717
(A2 v etolA &F5A F7HTERT ah# #d - A8 FET = =

=718 T

)Jn
rit
91_',
- 4y
%2
%
o

AA e 12. 59 sl5 F o A2 SL(3-SL & 6’-SL) =4 & X gl o gt
telomere 7] 52 ROS Z4 ol 2|3t =3} & 74 A 3} vk g 3

2ol PGC-1a F A7 A = A, D@3}, ofvl| ZvpA 5974 3k,
telomere 7] 574 ¢} 4 o] 7+, DNA £/, TERT (telomerase reverse
transcriptase)®] = 2 F A A, 1851 p53 SR HAY S o
vk 37 =] ¢t} (Xiong et al., 2015, Cell Reports 12, 1391-1399).
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[348]
[349]

[350]
[351]

[352]

[353]

[354]

[355]

[356]
[357]

[358]

[359]

3

] o] %@,‘73& 4 1’4] S| 01 Eﬂ]i /\]-—Q—Fc] L2 (Weiss et al. 2001), ApoE" F

(C57BL/6 7] H¥HE Jackson Laboratory©ll A -7-ull 5} $1 T}, -7 A} 8 -2 tail DNA S
o]-& 3l pCRE el A1t

485 =3 Zdlo| A SL (3-SL & 6’-SL) A & A 2] ol 2] g telomere
g 2ol 9% =3 I R AR A g0E BU] 98k,

27FA o] AT 24F =4 Bl nh9-2 (PGC-1a+*ApoE) ol Al 7 8 vhe] & 3}7]
370 9] Aol gt Ao] Aelt o B FAQ 2 UEaL, 6 F F <t o] & Aol E
FA AT (A A 24 vlE] BE)

-t 2 LA AFR (Rodent Diet with 60kcal% fat) 2] 0] & & Tl 74 3} =
»d @8rtd])

-3-SL o it LA W AR A o] ite]] 3-Al Y- B E © 2+(3'-SL, Sigma) A ] ¥
(FH FAkgF 1Y F0.1m ?-Tﬂ)i‘%‘”éﬂ% 2.9 (8uke])

-6'-SL o] it: 2L x|t A}E 2l o)l 6-A L B E Q 2 (6'-SL, Sigma) A 2] H
FHA FA kg G 1Y D 0.1mg 47 F-ol) Fo ﬁ"%@}% 2 el (8wte)

#A| 2P o A3 & 9lslel A, SLo| Fo] B 4] eF2 LA " A} (Rodent Diet
with 60kcal% fat) 2] ©] & & & t) 27> A, MASMs (mouse ™ &2 3 &=
A EE)ES 72383 I (Griendling et al., 1991), SL (3’-SL & 6¢’-SL) Al &5
HjeFetol] A sho] v]atat it Al H,0, 54 (ROS FA)S A8l A, 0.1%
oAl Aol A 12-well ¥ E# o] Eoll A 19 vl st et Al 3£ ROS
T2 52 H2DCFDAE ] &34 A4 ¥ At of Ml o] & 93], Al E 5 HBSS
H 1 &0l 5] H2DCFDA <} 3170 30 2F vl ] vk Al 258 EHA A sha
Al 2 3l A HBSSOll +5 1t} & 334ko] CytoFluor Z# o] E gt ol 93] A
¥t} (5= 19a).
N EFZE ol 24k8kE (Superoxide) A4 5748 A B4, [ EZ =g o)
ROS ¥ MitoSOX Red (W] EZ = gl o} 2A3ME 83 T2 2HE o] &3
Z A ¥ At MASMsS 3% 34 MitoSOX (4 uM) <} gH7 bl o] A 3750l A
203 v 3 ok MitoSOX & 32 & 33 Ze o E €|t & o] &3] Y&
A3z 2] &g 7ol o al &= AT} (480 nm T+ / 580 nm ) (5 19b).
% 19a¢} 19bell 4, MASMsS X & w}$-2 (PGC-lar*ApoE") T 22 ol A
FZ 34, SL (3’-SL & 6’-SL) 2/ =& vl F o ¥ oA ] a1 &}gl ) Al 32U H,0
»(ROS 2N E 4 3}17] 984 H2DCFDA 9} 3H7] vl &3l AL (& 19a),
n| E 2 gole] ROSE S A4 3H7] YA MitoSOX Red (M EZ = g]o} 243} &
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[360]
[361]

[362]
[363]

[364]
[365]

[366]

d A2 (2 192)F 37 w3tk Al W H0,% B EZ =2l o}
superoxide Ay 4H> &3 E# ol E g = A% HATE 244 E0] ROS FA &
golreg] 51, v E = g o}o] ZAMEHE (Superoxide) FAHS o)A EH-S o 4=
[e)Rez] Ijr

L W%y .

% 19a 2 19b= Al E W H0, 54 (ROS F7X])(5 192) 2 v EZ =g o}2
Z4F3}E- (Superoxide) A4F A4 (5 19b)2] A3HE Ve EH o] th MASMs <
7l wp9-2 (PGC-la*ApoE/) ol A %3l 4], SL (3’-SL & 6’-SL) =4 =&

)]

Hj o] Woj Al v wshgit). Al 2 H,0,5 735171 918l 4] H2DCFDA<S} &7
W &L (5 19a), M EZ =] ole] ROSE S A 5H7] ¢ 8l 4] MitoSOX Red

(MEZE=gol 243 = 33 144D (X 19a)%) vl &3t ot Al =W H,0,9F
1| E 25 2] o} superoxide A4t & FH o] E 2T 2 A% E AT SL(3-SL &

6’-SL) 224 & ©°] ROS +4| & "ol a1, | EZ = glo}9o] 248} (Superoxide)

Ak A & = AT

¢

A

52000 A, 2 efolA] EEA ol 5792 TRAP L2 EF (Wright et al.,
1995)2 A ¥t} aoFsd, Al 228 CHAPS w3l 81 (ribonuclease & #l| A
EEh 5]l FHell 4ol A 3043 m e Al E FFE (Img)S TRAPeze BEHS
o 2 el 2| glolA| 718 (TS) Zebo] ], & 42}l o] RP (reverse) X 2}o] 1,
)2 %5 99, 19 3L sulforhodamine-2H# o] ) 2 ¥.5= K2 o))}
E3+stt) TS ko] = 300 A 3097 A4 H -, PCRS A 33t} o] & A
U2 TRAP A &S 33 Sl E U 7|2 &35 SA4sto] d=|etolA

]

&34 & gt Ao A 9l 2w efolA] 254 sulforhodamine (W3- o 2
F5) ] & SF o MQ e vl Eol o8 Al AR Az, H A E] A 2

i:,

& ¥ T}, Fluorescein (M0250) <= Marker Gene Technologies, Incol| A -1 3} )
H2-dichlorofluorescin diacetate (DCFDA)+= from Molecular Probes. of] A

T-1 33 T}, MitoSOXTM Red, MitoTracker Green FM, “L2] 21 MitoTracker®
Orange CMTMRos (MTO)+= Invitrogen®ll 4] <-4 3} 31 T}. 10,000x SYBR® Gold dye
= Molecular Probes, Inc.ol| A - 3} %1 t}. Nuclear/Cytosol fractionation kit
(K266-100)+= BioVision®l| A 1% 3} 31 t}. TRAPeze® XL telomerase detection kit
(87707)%= MILLIPORE®N A <1-¢] 3} 91 T}, Telomere PNA FISH Kit/Cy3 (K5326)%
Dako°ll A %13t o

%2 20a 2 20bo A, SL (3-SL & 6’-SL) A & F-ol o 2] 3l €l & v 2}o} 4]
S5 & FA3Ut) o] 5721 & S8l TERT9} ARE/ERE
(antioxidant/electrophile-responsive element) A & 74 2 &4 3} & =23 4= 9l 3t}
(Xiong et al., 2015, Cell Reports 12, 1391-1399).

5= 20a 2 20b-2 SL (3-SL & 6’-SL)E &9 74 315 2.4 (ApoE*; %-20a)3}
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[367]
[368]

[369]

[370]
[371]
[372]

[373]

[374]
[375]

-

MASMs (5 20b)Sol] % 2] a}e] d & v ghol A 854S Ha8 27}
L o)t} & 20a0ll A th& s, 3-SL F-o] o 18] Al 6-SL F-o] ol A
™ AE = A2 dfolA] 54 S in vivoR w24 83T & 20be]]
2o F e M2 ES 72519 (Griendling et al., 1991), MASMsE S SL
(3-SL & 6-SL)7} A 2] & 12-well | & Z o] Eoll A 1Y wj %3} o] E*‘iﬂﬂ 2}ol-A|
e inviro® EA S tH A9 A9 SL (3-SL & 6-SL) A= F-o] 7}

g 2 gtolA] @EA S7HE BolFolt) o8l § 2 7= SL (3’-SL & 6'-SL)
Z4) 2 0] PGC-1a %7}l 2] 6}o] TERT 7]5°]4 2 DNA &4 &7

(A= etolA &F5A F7h TERT a3t e = &S FES F A=

°

g4l

=¥
1

AL

= e

AN o 13. 3] 72 8o A 9] SL (3-SL & 6/-SL) A= A glol &3k 214 298

54217 2dloll 4] SL (3-SL & 6-SL) 4 & A )] o3 217 29§14
W WS 1] lstel, 4% 65 53 ¥ E 29 (HRM2) vh$-2 (A

¥ 33l Hairless 2] @] #holl Al 7 8 nhe] & 3}7] 37 2] o) 3t 2l o] A g~ o &
T2 2 YA (A A 24 vhe] FE) 1057 5<F o] & 2] o] (AIN-76A V| =F

Dyetsth)Z %8 F & M a}4] (CR-10 Y ¥ Minoltath) S-S ©]-&3}9]
ALl A ZAL (A, 5 A9, 33254 A, 532 =4 e, 9lEkE 4

=
49 B2 sk

SO Aol B me 7 8vhel)
Alo

SL(3-SL & 6-SL) ol o]tz ol ¥l stel Aol A} (A4, 8 A7),
U AT AATA A, Aok AR $l4 A A
H“Qoio'o%%?—’?‘il‘ii CEEFSL (3-SL & 6'-SL) 24 & A gl 23
A IR MBS, 87 F 8 AV (A Al W, A, ) 2 8 A3
37HAl A (ZHA 2, thEAFF S, A2 ol A AR HaLE Sl
E ¥] & A] 9F(TRIzol agent, Invitrogen) &= RNAE F53} 31 T}, A 7] ol A
FEoto] A& RNASLF 9 H AL Al 2~ 8l (Promega, 7] )& ©] 8319 cDNAE
35ttt 34 H cDNA 2 4 t) 4 (Fndc5, PGC-1a, Erra, UCP1, SOD2, %
GPX1)ell o sl vl 2] v &}l Zefo] ™ e} 3 2 B (Applied biosystems; PGC-1a,
Mm00447181_m1, GAPDH, & Mm99999915_q1)E& ©]-&35}4] PGC-1aE 2] &
UA& 57933 th PCR WS- 7412 2 E]-F-% 2} 3000 A] 2~ &l (Rotor-Gene
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[376]
[377]

[378]
[379]

[380]
[381]

[382]
[383]

3000 system)(Corbett Research, A| =4, &) 0| 83131 12 29 E ©21a 2

21bol] YERN ST

% 21a 2 21boll A, SL (3-SL & 6-SL) F-o] A thn] A1) 918 o % <l
A Wshs 7 A FA S0l A (3-SL F-of o R AR
A A gk (6"-SL Folwt FAA EA Gy (T FAA L
W Zle|t}. o 2] A A F &0l A 6-SL Fol a7 thxarell
H) &l PGC-1ag ¥ 3H3F o] & ¥4 )4 (FndcS, PGC-1a, Erra, UCP1, SOD2, 2
GPX1)o] & 47t w9 -3tk =, 6'-SLo| 4 FH o o] 7] ek
LA A PGC-102t A FAAE] Hd & S3A 7= 2 & FRldd 5
UATE 3-SLE= W4 o] fda dd 30 &7} 6-SLell H] &) A
Fuldoz ot EolRe & U

_1

H
&)

la 2 21bi= 34228 Bdlof A 9] SL (3-SL & 6'-SL) =4 & A €] ol 2] gk
515 e ot AR 67 73 9743 2E (HRM2)
8§ mhe] & 3fo] thz 3} SL (3'-SL & 6’-SL) 5] -2 7HEof
A 29590t} SL (3-SL & 6/-SL) o] Z thu] At A 21 f-H 2}
2 A A LBl A SL Kol it A A} e oF 3 ) 2t §- 74}
S ek A 21 3k At A Q1 v] (3-SL F-o 7t A AF B ek (o) 2
1 )9k (6/-SL Fol i A EEA Fydl 2 FAA EHE
Aot} th 2] Ao} FA T A o] ¥4 4 (Fndcs,
PGC-1a, Erra, UCP1, SOD2, 2 GPX1)ol] th&te] F-2 4 9= -3 o)
BT 3-SL (& 21a)= w4 g el fr A 2dl 3 297 6-SL (&=
21b)°l] v A i A o= otk Hoj g ¢ o sl

o
N
b
i

j=i
-

Lo N oo

Ny
fetd
Lo
o
= o

0

m =
>
o

4y Jo nZ 12 S
=

AL

AA A 14 A LHEFEQ ~ (3-SL & 6'-SL) A4 Eo] #-3}4
A WA 3 (adipocyte)ol] 1] 2] = & &F

(D 3T3-L1 A ¥ 2 &3}

3T3-L1 AWMAHEE FA| 258 0 2 2E Fate] AF&8 %t 3T3-L1
A HEA| 3 2] vl 3} §-2] 3= 10% bovine calf serum(FCS, 7, 1) €&
Dulbecco's modified Eagle's medium(DMEM, €31, k=) wl| 2] 2 5% CO2,
37°Cell A At F 8F At 3T3-L1 A WA £ 5 th&3 o] oA 7o) o=
WS TH NT;, B4 w3 M EZ (2, Al SEEE A AT,
Al LH & E @ 2~ (SL, Sigma-Aldrich, W] =) 7} A 2] ¥ A3 224 1, 10, 100,
1000, 2 10000uM 2! & 7. A E5-3}= 6-well plateol] € F 2x10%cells 2 #3}]
M E7F100% 2 = A v LsFA T 2 F 10% fetal bovine serum(FBS, 2 %1,
Sl-) 2} MDI solution(0.5 mM isobutylmethylxanthine(IBMX, Sigma-Aldrich, V] =),
1 uM dexamethasone (Sigma-Aldrich, V] =), 1 pg/mL insulin(Sigma-Aldrich,
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[384]
[385]

[386]
[387]

[388]
[389]

[390]

[391]

[392]

[393]

[394]

1] 57)) S E¢He DMEM HI X & 2 g toll 2 F ¢t X 2] 81 AL Tk Al 10% FBS <} 1

ug/mL insulin, & ¥ 3% DMEM 2 & 25t A 2] 8} §lvh. L % 10% FBS %} 7}
225 DMEM 1) %) = 220 n}} W) <) 2 5 A ab] 2| 2 B84 A B8}
it Al g ol 10% FBS7F A 71l DMEM 1| A of] 3 Al U EQ ~ T
C-ANLEHFEL 25 0,001,01, 1, 2 10mM 552 10U 3F A 2549 oh

(2) Oil-Red O €4

6-well pleatol| Al -3} ¥ F, 3-A|GHFEQ A =6 -A|dHFEQ A7}
7 2] ¥ ¥ 3T3-L1 A HM@# PBS=E 23] Al 2 ¥ 2ml12] 10%
formalin(Sigma-Aldrich, 7] =) ¥ 31 102 7F AF2oll Al a2 g A1 71}, a1 ¥
MEZ A%A71 5 1ml Ol Red O ¢ A A] 2F(Sigma-Aldrich, 7] )2 4] o]
2057 A F FHFEE Oil Red O A A FS 410l 23] F1-3]
< 1ml19] 100% isopropanol(Sigma -Aldrich, V] 5)& ¥ol G| A5 =
A7 3 500nmoll A o] FF=E o] &sto] H4H Ao &F& 574 3}3’15}.

(3) Free glycerol®] &4

6-well pleatol] A -3} % 3T3-L1 A/ WA ¥ of] - A dHEHE 2 25 0,0.01,0.1, 1,
2 10mM s =2 A2l ste] 109 &<t vl g vl %] £ eppendorf tubedl] A& g
- glycerol cell-based assay kit(cayman, 10011725, 7] =) AF-8-3}9] free glycerolS
W21} 51 T}, 25ul vl 2] ] free glycerol reagent 100uLS 3 7}8Fo] A2l A 15%-3F
HES A1 71 & 540nmoll A &3 =5 =439 1)

(4) A3 A F=E(cell viability) =73

W3l T oA YEHEQ A7 A2 ¥ 3T3-L1 A A EE cell countmg
kit-8(Dojindo Molecular Technologies, Inc. 7] =) & ©]-8-3}lc] A ¥ EES
Z 3t oF&E A ¥] F CCK-8 reagent 10uL-& 3 7Fabo] 241 2F &b wjj gk &
450nmol A S35 E SA 5 H

[NJ

- 229/]' = 239 /\1 ?J—L?—g_, 5 g}\%o]’ “Ev*@flﬂ x]H(J—/(ﬂ}‘_q]/\i }\]o %QEEL/\%
A7Vl o)) A E W A Wo] ZFASS AL, E3] - A SEHEE QL AE HUet
A3 o) A A ZU] X ubo] A A ATt

5 22a ¥ % 22bi= ¥31E A HW];OM 6-A L E Q 2 (5 22a)9)
FAGHHEQ 2 (5 22b)7F Fol € A HuLH Ak o] W skE vt
o) th NT= th20]H, 0.01,0.1, 1, 2 10mM2 - A LHEFEQ ~ (&
22a)9} 3-A L HFE QA (& 22b0)E 7 ﬂﬂ 0.01,0.1, 1, 10mM 2 g & eI

%= 23a 2 % 23be wsbE A WA Eol A 6-A| L E B E @ 2 (5 23a)9)

3AIGEEEQ A (X 23b)7F ol A9 Al Z U A He] W3E YER =
A £ 01 el An) A AL (Oil red O A @)olth. =R ol A, NT+= thxw"0]H, 0.01,
0.1, 1, lOmM 6-A A HEE Q& (5 232)9 3-A|LHFFE QA (X 230)
0.01,0.1, 1, ¥ 10mM 2 & 72 Ve T
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[395] ¥, 2404 1 = QlRo], Al HE E Q = F-3hE A WA o]
10mM7}A] A 32 A E E(cell viability)ol] & &2 4] &4t}

[396]

[397] 5 245= F3tE ADEA FE A A AEE A= 6 A S HEEQ A9
% &S et =Reo|th NTE= t& e, 0.01,0.1, 1, 10, 2 100mM
C-AULUSFEQ ~E 771 0.01,0.1, 1, 10, 2 100mM 2 ¢S e

[398]

[399] FERE 5 2500 A gleh 4= alm ol AlYE B E @ 2= AHHA 9] glycerol
WH B o EA 07 FTIAA AW A A F T

[400] Al EE Q 2= 33} ¥ A A 3E (adipocyte) ol A M| 3E A EEoll F & glo]
glycerol -8 & F 215k A3l A& AR Fl o, 53]
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