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[Purpose] The aim of this study was to investigate the effects of treadmill exercise on mitochondrial
quality control in the APP/sw transgenic mice model of Alzheimer’s disease(AD). [Methods] The
experimental mice were divided into non-tg-control (NTC, n=10), tg-control (TC, n=10), and tg-exercise
(TE, n=10), and treadmill exercise was conducted for 12 weeks (15m/min, 60min, 5 times/week). And
then, we measured the cognitive function using MWM and the brain cortex was evaluated to determine
whether any changes in the oligomer A, apoptotic-related factors, mitophagy and mitochondrial
biogenesis. [Results] As a result, treadmill exercise significantly reduced oligomer amyloid and also had
a positive effect on proteins (PUMA, Bax, Bcl-2) associated with apoptosis. In addition, through the
treadmill exercise, PINK-1 decreased, and increased parkin, showing that active inhibition of mitophagy
has been partially relaxed. It has been confirmed that the key autophagy markers LC3 and p62
significantly reduce p62 expression in TE group compared to TC group, and that LC3-II/LC3-I ratio
tended to decrease, although not significant, increasing the activity of mitophagy. Next, proteins related
to mitochondrial biosynthesis (SIRT-1, PGC-la, Tfam, and COX-IV) have been identified, and the
treadmill exercise has confirmed that the expression of all proteins has increased in part. Finally,
cognitive has been shown to improve cognitive by shortening both swimming distance and time through
treadmill exercise. [Conclusions] Thus, our finding suggested treadmill exercise alleviates cognitive
dysfunction by improving mitochondrial quality control(mitophagy, mitochondrial biogenesis) and
neuronal cell death via reducing amyloid accumulation, which may play a role in a preventive strategy
for AD.
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At (reactive oxygen species - ROS)E A
A 2EY2E Yo7 o]FAQl AE i7]ﬂ°1
(Joselin et al., 2012; Chan, 2006). £3], vl

o} 7|5 ©]’42 H|iH(obesity), Biz(diabetes), =
(aging), %(cancer) ¥F 0}‘43} ABE P AR
o DA #HE Uh(Reeve et al., 2008:
Naudi et al., 2012: Sanchez-Alvarez et al., 2013).
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o] 3 &=3slo] A3k (Alzheimer’s disease : AD) Ul
2l J Ao m FFAQ nEZE=L o} 7]
1ol vepht Astd ~Ef 28 ST AoR
H 15 A tHRosales-Corral et al., 2012; Joshi et al.,
2014; Swerdlow, 2018).
< ARAR 71987 P54 o7k YERH
A& Agk 32 thoksl S44 9d 90l oaf =7 <l
Tol| A Hat ol g} 30~60M1 < 2o] 2719 = A 5o
N AL8) A A 2 o553 AT (Tttner, 2011). A
7k AD¢H 1 E AGPATE Ao EH FE o ¥
A 718 A efutellA HEL ofERo|=(B
—amyloid: AB)¢] %23} 3} Sl4kstd A Z24 taug] <l
271 Astet @A 7198 9] AAag fddte Hor B
1E A (Selkoe, 2001 Tanzi & Bertram, 2005). &
3], ABE AAAZATE S doA ADS frEdte 73
o124 % 1 glth(Selkoe, 2001). A 71A] T H-4
o] AD A &= FEAEE Tl ABE TAAIA B 119
= ST AY A A7) = FAH o] AR 1 &9
© YAH o3 At Y Rk ofgf o A Frek H2H-8
o] Yeh 7] o] 7&?71@?1 AR Ball 7)o st
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I AD 27 U]E%Eﬂo} W AB
25 77|31 nEEE o}
1'5}/\]5’4 A= nEZEgolY] 7FoldE 4o
Ao 2 H1EtH( Manczak et al., 2006; Hansson
Petersen et al., 2008; Yao et al., 2011; Calkins et
al., 2011; Kumar & Singh, 2015). m=hA ARl &3
o2 Q% WA ESE)} 752 AAANA
aA17) Aol ADL ADA7) 7 D3t
% gelojekn Azhar,
N EA| = v A nEZE S Fallshe 71A
© 2 PTEN-induced putative kinase 1(PINK1)-Parkin
7174& B3 e oz neZseols Ballate] Alx
o) A4 45 FAoke £a8 Axdoz deA I
(Youle & van der Bliek, 2012; Ding & Yin, 2012;
Lazarou et al., 2015; Whitworth & Pallanck, 2017).
StAIRE AD & 2499 HoA PINK-1# Parkin®] &
o] fFolotA aste AR Yeht n|EDA] o] &4
227 BuEdtH(Chen & Chan, 2009). 3
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Parkin®] #d < 9 #A17] Knock-out #F$-2~0f|A] ABS]
=4 0] F7FE UA T Parkin®] 8-S T/ F U E
Ao G4 F7tE AL ol = ABE HAAA AZAE A
&% fA1% Aoz EuEdH(Rosen et al., 2010;
Khandelwal, 2011). w2}4 PINK1/Parkin pathway
& @I E AL ABE A Bk oy} &4
H nEZ=gole] AAE FVMA AHHor nES
an} AL S 7H}d/\]71 2= o]r/h—i /\gﬂgr/].

TE& 9 7197 d55dd SHAY IS F=

1H O T
= Fref 217 o FQAAH(Brain- derlved neurotrophic
factor), AZAAZFAFE A, 217344 (neurogenesis)

o a OOH ] F“’] g” 2131]-0]] '175]qu oﬂgc}:% “W%Zi
o7 434 Jh(Mattson & Magnus 2006; Nichol et
al., 2007; Choi et al., 2018; Lourenco et al., 2019).
53], ATFA 5 ADY ARE AA A Al A Ats)
A 2B 2 gste} 3 AV s FIATIE eR
B YA (Cho et al., 2010, Kang et al., 2013;
Choi et al., 2014, Koo et al., 2017), 5| 23 Ap
a7t om gt 71 o2 R s =2 G HelA g
1=

o] 714 +% & EdEE & =
T 2 LEIA Y S-S F7AIA v A
waleta Aol S frAlsk g 7]
A Aoz 4 A JtH(Vainshtein et al., 2015;
Marques-Aleixo et al., 2015; Marques-Aleixo et al.,
2016; Luo et al., 2017). 53] 4539 A4 52
nEZcg]ol A v EgpA]o] AdE dud S
THA S0l ot 2429 Agof FHAA FT= |
At Bk th(Lira et al., 2013). Goncalves et
al.(2016)& nA A o 2 Hvhe: R e 5 o
977t Ef=d £%(60 min/day, 15 m/min, 5
days/week) S o3t A7} n|Eabx] A &4 Tl
¢l PINK1# Parkin®] 23S F7H1A nERA S &
A EJ_O}"“‘/} 3k Vainshtein et al.(2015)2 €34

%o°| parkin, Dynamin-relatived protein 1(Drpl),

=
o

peroxisome  proliferator-activated  receptor vy
coactivator 1a(PGC-10)9] Hd& T7MA MEZE
glo} AT EA o] T8 g 4TS Fshe A

2 AAETh. o|AH EFel g n|ETR| S DA
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AE W FAE fAer 54 Ao deid o)
A AFAA ] HALT e FA ool
Yehe vEdA e )5S Sed dre AD B
o ulEnA o) BEA S AT E APE BEF Ao
o} W ADY] PlESH B40] £ Fal S E
AL Gelekm oo B Apel BAS BelgTiE &
o &8 QA7) AT Apel 22 718 E TeA e
2 29 5 9l Juge Aok Az e
B 7ol e AD §E vl o R 1277 B
= £l PlERE ol 44 710 MR 9%
& gla] 919 vl EsA s} nEzEzcl A% B
WS BAelo] o2 Ea AB el A7]%0] )
QA gaed 9
A7
yEsE

dzstolr] FAAE AF (NSE/APPsw transgenic
mice, n=20)9} H] FAAS YA (=10 2IA &
A Aoa Fefioron K tistn FEARSA (L% 20
+3C, §% 50%, T3t H%:08:00-20:00, ot &%
20:00-08:00) ol A A5 e, 3 w2 Non-Transgenic-
control (NTC: 107}2]), Transgenic-control (TC: 10
nt2]) 2 Transgenic-exercise(TE: 10ve])& &3}
gom 2= A¥e Kidn FE4IAT &993
9] %91 (KNSU-IACUC-2017-12) 2 Hst

=
S

IH

23

Ho

EY =" % (treadmill exercise)< rodent E# =
U 7]9-(8Lanes, Daemyung Scientific Co, Litd,
Korea) & o] -&3t5l 1, A 71719 tigh A& 9faf &
A7H AA1EF TH10min, 10m/min, 7 day/week). ©]
= wedMe AD AFE e R B 52
Al Koo et al.(2017)9] Z2adl& st 125
(15m/min, 60min, 5 day/week) AA5+4

N

A o

TZ0|Z2HAL

AD AF & dde R 1277t EYud 50| T8
d & $Fu 24 AHmorris water maze : MWM)E 4
Algte] A7 s sE8E HrlettH(Kelley et al.,
2011). WA AFH =ZzaWg o]gd Fv
(SMART-LD) & MWM % Yelvhe 9 Azl ARt<
=733 & SMART-CS Z&I1#(Panlab, Barcelona,
Spain)& °]&ate] AT MWM E=7e AE
1.5mxEol  40cme 93 Fxd ZIYHE
12emx30cm) & FHET 1~2em A= WA A3 &
23C &3 3 g E/E Hrtste] =37t KelA
&7 ST MWME & 6Lt 24 $a8319 o A
5U7HE 234 HolA] ¥ RIYE AT F 9=

12778 EY Y 53 3R 244 84 12
AlZE % pentobarbital sodium(50mg/kg)< ©] &3}
sk, S Gol S St 50mM 14
4~ (phosphoate buffer saline, PBS)E 5% %
FAtt. o] & 4% paraformaldehyde (PFA) 1

St 5 ¥ & AZ3tal T 4% PFA 117 9o
gobr] 4TCollA 1247 AAAA 14390, oz
Z23< 30% Sucrose &0l 54 B AAAIR T
freezing microtome (Leica, Nussloch, Germany)E ©|
g3to] 40m FA S &R} AHe Aot oy
4 4S5 98l o A% F dH3d e Feste B4

7 -80C 2411l B#aigitt

Western blotting

Herd 2 Be)d v 32 -& Bradford(1976)H ol u}
g glds FEd F 20~30meeE  10-12%
SDS-Polyacrylamide gell #719% @ittt
membraneC. 2 Z0]A17]7] A3l transfers A8t
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Y & membrane®] Z57F(Ponceau S)E 1% A5l
% il do] 2 ol ¥ 9 &R 9 Tl A A gFo] gty ¥
FEAEA Eelslrt. o] F 387 FAH E(DW) =

membraned] 4% Ponceau S A AL 5% BSA7}
7M. 1xTBS-T €9 membranes 90%3+ -2
18- (blocking) A1 A th. 12} &4 p-amyloid (sc-28365,
Santa cruz), PUMA(sc-374223, Santa cruz),
Bcl-2(A0208, Abcronal), Bax(A7626, Abcronal),
PINK-1(sc-517353, Santa cruz), Parkin(sc-32282,
Santa cruz), LC3(#12741, cell sinaling),
p62(A7758, Abcronal), SIRT1(sc-19857, Santa
cruz), PGC-1a(sc-518025, Santa  cruz),
Tfam(A1926, Abcronal), COX-IV(sc-292052, Santa
cruz)e 4CeA (1247 o) REEAIFAH. o] F
IXTBS-T §9 02 887t 43] A2 % 23} a4 9} A&
of| A 90T7} HHE-A1Z] ol ThA] 1XTBS-T 49 0 2 8%
7+ 43 AH ¥ ECL €9 (WBLUF0100; Millipore,
UsA)ell membranee TERE HEEAIZL & ofu]A] 24
Al Z~El (ChemiDoc XRS System, Bio-Rad, USA)< ©]
gato] gt #9 § dojrl il Il =
Quantity One 1-D Analysis Software(Bio-Rad,
USA) & Ab&ate] 2T Sl S Ah=3siglr),

Immunohistochemistry

Z Xylenel & %32 Yo &4
w29 & A A sk, PBSE 5&3t 43] AlF & F 3%
Aoz 37CoM 4087t blockingstaith. 12 34
(amyloid, 6E10, covance)E 4ColA overnight(16A]
Zhatal PBSE 33] A4 & § 24 A S A-&ellA 40
B2 ¥9kg Al7]a diaminobenzidine(DAB, Vector,
Uspes RRAZl & B9y o F AgdnA
(DM2500, Leica, Germany) & #23}4ith,

oOl\

Xt=2x2|

F3 " A5 SPSS Statistics 25.0 B4 213

ANOVA)= A8t} Bt 7—}44 Aol & FAHH L
& Bonferroni ©]-&35t] AFE A5S A
Aletath BE B4 9 FAA o4 a=.052 A%

3ksl

|

a2

Ef=g 230 2/t Of2=0|= CHEn MAN|
ZALE0 0xl= g

FE 23t A% HAYES FAH R gl
7] <8l AD tﬂg]sm EAQ) AR AT} 19} HHH A1
| oy

=

| ZAPE S golat o (Figure 1), WA obd Zol= A
A (amyloid precursor protein: APP)2 A& 7+
of gt 2ol 7} ERA] ZATHE(2,15) =3.594, p=.053,
Figure 1B). oligomer AR} oligomer AB/APP ratio=
A 7F 793 Ao] (oligomer AP: F(2,15)=26.120,
p=.001; oligomer AB/APP ratio: F(2,15)=17.264,
p=.001)7} et ARE A 5S AAIeE 23 NTC ez}
Hlwste] TC FHeA frolstA F7kstith(p=.001,
respectively, Figure 1B). T3k ™ol 22| 3}skod Alof| 4]
T TC o] NTC Hetzt vlwste] F=AA AR
(6E10)7} 44E A2 Yeytth(Figure 1E). thare
2 AANZAPE D dEE S 3013 A A ZA

g &7 oAl ph3 upregulated modulator of

apoptosis(PUMA) ¢} Bel-2-associated X
protein(Bax), AIEAFE oA whilAQl  B-cell

lymphoma 2(Bcl-2) 9} Bax/Bcl-2 ratioo|A] J& 3t &
9g Aol (PUMA: F(2,15)=63.974, p=.001; BAX:
F(2,15)=27.528, p=.001; Bcl-2: F(2,15)=37.277,
p=.001: Bax/Bcl-2 ratio: F(2,15) =64.401, p=.001,
Figure 1D)7} YU AL 5E AA ¢ A7} TC R o]

At} vl wate] PUMA, Bax9} Bax/Bel-2 ratios
oA 7RI, B2 folsHAl AAssith

(p=.001, respectively). 3FAIRF oligomer ABZ
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oligomer AB/APP ratiot E# =X —i’r < 549 TC F A&ty T3 PUMA, Bax % Bax/Bcl-2
Rt} oA ZaEdeH (p respectively), ratio(p=.001, respectively) 0] TC Fgtdl] v} 7+
[HCY Aol M= EY=E 5 ] «HZ A FFo| 7 28193, Bel-2 £ 71819 tHp=.001).
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Fig. 1. Treadmill exercise reduces Amyloidgenic pathway and apoptosis-related factors in the cortex of APPsw AD model.
A, B) Representative blot of western bands and densitometry quantification for APP, oligomer Ap, and oligomer AB/APP ratio. C) Representative blot of
western bands and densitometry quantification for PUMA, Bax, Bcl-2, Bax/Bcl-2 ratio. E) Immunohistochemical analysis AP (6E10) in the cortex from each
group are shown(n=4/group). Values are expressed to 100% for levels of NTC group. Ponceau S was probed as housekeeping gene. All bars shown represent
the means + SD(n=6/group). A Bonferroni post-doc test: *p<.05, **p<.01, ***p<.001, compared to the NTC group; #p<.05, ##p<.01, ###p<.001 compared
to the TC group. Non tg-control (NTC), tg-control (TC), and tg-exercise (TE).
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Fig. 2. Treadmill exercise activates the level of mitophagy-related proteins in the cortex of APPsw AD model.
A) Representative blot of western bands for PINK-1, Parkin, LC3-II/LC3-I ratio, and p62 in the cortex. B-E) Densitometry quantification of the PINK-1,
Parkin, LC3-II/LC3-I ratio, and p62 in the cortex. Values are expressed to 100% for levels of NTC group. All bars shown represent the means + SD
(n=6/group). Ponceau S was probed as housekeeping gene. A Bonferroni post-doc test: *p<.05, **p<.01, ***p<.001, compared to the NTC group; #p<.05,
##p<.01, ##p<.001 compared to the TC group. Non tg-control (NTC), tg-control (TC), and tg-exercise (TE).



Effects of treadmill exercise on mitochondrial homeostasis 617

Ed= 250 o8 D|ELX| 7|1H st
127:3ke] ERER 35 F M EZEL| oIS Fefohe
M EskA] HE e & EA skt Figure 2). WA 7
o}
=

EnA 9] AR 2R PINK-13% Parkin® 23
2 HA 7F F93 Ao (PINK-1: F(2,15)=67.675,
p=.001: Parkin: F(2,15)=47.608, p=.001, Figure
2B-C)7F vt AR A5 IS A3 NTC Jea
v wale] TC Fetoll A PINK-1& #-2]3 7171 Yebs:
FolaA AT (p=.001,
respectively). A% EY =R % PINK-1S TC
At vlal FstA AN 7)1 (p=.002), Parkine
o8t Z7M A Hp=.038). =& v ET}A] o] F 3}
9l LC3-1I/LC3-I ratios} p62 Hd +F2

al, Parkin<

TToE Q"Jﬁ}ﬁi
ot} S Enpx| o] 4] n}7 9l LC3-II/LC3-I ratio?] ¥&
< gl A3 Ak 7 f2 8 Aol 7} YERA] @kt
(LC3-II/LC3-T ratio: F(2,15)=3.546, p=.055,
Figure 2D). p629 7% AT b feJgt Ao

(2 15)= 83.879, p=.001, Figure 2E)7} VFeh} A}
A8 23 TC JehS NTC Jeka} v] wato]
2719 Aoz JeEldA e (p=.001), EFE
1 5= AAIS TE A ATC J&a} vlu st f

0

A NTC TC  TE B .
|i i i =F
SIRT_I -“4 g gﬁ 100
o
PGC o |l i i s i s £S .
=5
M T LI T :
COX TV o o— v o o— —
D 150
PnnceauS.Fﬂnrn .3
‘% E 1m0
=
52
g § 50

4ol ngZcgo}
o135}t Figure 3.
Tr4 g 2pol( SIRT—l

Ao L}E}WM p= 001) +5e
oA fefgk zkol7b UERA] gkokth
(p=.071>. SIRT-1¢] 3¢ 713<l PGC-1a9} Tfam<]
e [ 2 foAd Aol (PGC-la: F(2,15)=
32.014, p=.001, Tfam: F(2,15)=27.815, p=.001,
Figure 3C-D)7} UYEhY A A 52 A 23 NTC
Acta} vlwate] TC Aol d st 7Had ZAew
el 2 (p=.001, respectively), EHEY +=&
2A1e TE R el A TC R kol vl&] A4 o2 fo st
A F74e Aoz YebdtH(PGC-10: p=.047, Tfam:

p=.004). npA 2o & AAHEA A4 490 COX-IV
of WdE He b fefek Aol (F(2,15)=9.989,
p=.002, Figure 3E)7} Jept AL A& AAIGH 23}
C 150
I'QEE_ 100 4
e ;“é ET T
i TE ’ NIC TC TE
E 150
*‘:} _=,'=-E 100 #
L g% ik
i E ° NIC  TC e

Fig. 3. Treadmill exercise activates the level of mitochondrial biogenesis-related factors in the cortex of APPsw AD model.
A) Representative blot of western bands for SIRT-1, PGC-1a, Tfam, and COX-IV in the cortex. B-E) Densitometry quantification of the SIRT-1, PGC-1a,
Tfam, and COX-IV in the cortex. Values are expressed to 100% for levels of NTC group. All bars shown represent the means + SD (n=6/group). Ponceau S
was probed as housekeeping gene. A Bonferroni post-doc test: *p<.05, **p<.01, ***p<.001, compared to the NTC group; #p<.05, ##p<.01, ##p<.001
compared to the TC group. Non tg-control (NTC), tg-control (TC), and tg-exercise (TE).
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[CNIC WETC [OIE

Escape latency (s)
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[CNTC mEETC ETE
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1 2 3 4 5
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Probe test (6 day)

= Tk
é.
% #iH
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E
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Escape Distance (m)
= |-|=E i

Fig. 4. Treadmill exercise improves cognitive deficits in the APPsw AD model.
A) Escape latency during 5 days of training days (5 days). B) Escape latency of probe test. C) Escape distance during 5 days of training days (5 days). D)
Escape distance of probe test. All bars shown represent the means = SEM (n=10/group). A Bonferroni post-doc test: *p<.05, **p<.01, ***p<.001, compared
to the NTC group; #p<.05, ##p<.01, ##p<.001 compared to the TC group. Non tg-control (NTC), tg-control (TC), and tg-exercise (TE).

NTC F =z} vwste] TC Ftel|A st ad A
o2 YelgA|TH(p=.002), &= AAIg TE F el A
TC Aol Hls] SAHCR Fosi/ S7H Aoz y
Bt tH(p=.012).

E =g 230 oI5t 2IX|7|59 H

_

1277t Ef = 50| dA7Fl nAe F3=
Shelal7] flell 5 ZHARE At Figure 4). ©
A 54zte] Edlold 713 Bt 7 AR 2-59 7 A
2k frelgt ko] (2 days: F(2,27)=36.731, p=.001; 3
days: [(2,27)=69.607, p=.001; 4 days: F(2,27)=
68.027, p=.001: 5 days: F(2,27)=114.511, p=.001,
Figure 4A)7} Weh AAA S-S AA1G 239 TC He
NTC Feta} vlmste] = Alzte] frefabA| S7kaksd

(p=.001, respectively). =3t 49 AzldM = 443} 5
Aol A fodt Apel(4 days: F(2,27)=10.604,
p=.001; 5 days: F(2,27)=16.924, p=.001, Figure

AC)7F FEM AL A5 AAIeH A7
o Bl wate] 4 Azt el 57
respectively). 3 1257 E¥= ‘?:l 52
HeollAe TC H{etd) Blaste] £ AIZFH2 days:
p=.025, 34 days: p=.001, Flgure4A 9 Ag7t4
days: p=.035, 5 days: p=.002, Figure 4C) <3|
2lgin}, niA e 2 FHo] FE ERIs] e 5utt
o] Egold & T 7% T8 543 A7 (Figure
4B, D) EFo]d 7|3} frAksHAl TC Feke] NTC H et}
Hlwste] ¢ A7} 9 Agl(p=.001, respectively)
7F frela S7kek Ao 2 UepgARt EYEY 5
Sl AHashe A37F UEstH(p=.001, respectively).

= 9

£ AFoME 1257te] EdEd 50 AD Al
A P Bz g n| B2 e o} g 7)ol whet o147
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53 A WEkE BASER RS 97 A9 o

H

2 599t 3, Y=Y $E& AD AA 9] )
éﬂﬁmﬂﬂﬁE%%Mwéﬁiﬂﬁm FTApE 9] o))
o} AA715Y] NS ERAeT. 4, EFEE %

< BT 9] WAIRIAR] PINK-19] 744} parkin®]
712 | EgA o] o] JfAEHG o, QEFA 9| F

2 v}l LC3-1I/LC3-I ratiool A H-2] 3+ Afol= Yt
WA FRAIRE ZHAske 7 gkl vEht e | p627} 2
oAl Ak Ao 2 n| EviA| 9 &o] F7HE A 4l
ek AR, EdEY 52 nEZEg ol AP
HddE SIRT-1 TdoA fFolgh 2tol= YephA] &%k

A9 A A gl Uehsem | PGC-lo, Tfam %

COX-IVE 09]5}71] S7H1FHT oleldt A= EY =
I Fo| dxstoln] AsldA nEDA 9} nEZEE
of AR BN Apel FAT ATAE AA)G
=0 #eo] leS 4t

HIZMA &5l A7 MAL& 45
Zlgxof JEJJH o] B E AT ofu gt 7]
o2 WMEEA] FesiA welzl vt glet, & A
A& gzatoln| g AYF A ol AHeH = Ed
TEe AAE e, nEZE} 7F A, |
A &3} 5o 29E Eudt APATE Fasle]
A %55 AASI T (Choai et al., 2014: Koo et al.,
2017: Cho et al., 2010). webA] &5l 3 AA7]%
HAYSESS A4z g9lst] 98] AD ¥elehy &
2o AR ey} T} AR AAAZAPE S EQlEA
=3

A opdZol= A Tl (amyloid precursor
protein: APP)< 2} Afo] F 7t $1x|8te] o, B2y &
o oal ABE AAATIAY & A e AT &
WA 2 delA Q) eh(Wilkins et al., 2018). F5& {2
T4 G405 o8 2 APPY] F4HEQl Ape] 7
2h] ﬂ@*ili*?”é% FEsl7] Ho] E ATAE AR
e F2Z FOI8 . oligomer AR9F oligomer AB
/APP ratioZ lﬂr’iﬂf?} 23 NTC Jetz} vl wate] TC 3
oA folstA S7HE Ao s ‘erP’L‘ﬂr ok oz
sletd A = TC Hete] NTC Htz} Hlmste] +
HAAl AB(6E10)7} G Z\C’i Ve, ol gt 7&
T AD Bl A AS] 45 Budh Aot U4

ol =
H o
o g
8

2
%
Al ¥

{0

of

st 2345 YERITH(Zhao et al., 2018; Zhao et al.,
2020).

Fgh, AlZA AP 2 HE ‘?l‘i”j‘ A& gl A7 A
pe] FA o] Uehd TC Fke] NTC ez} Hlwste] A
YA 7] @l A9l p53 upregulated modulator of
apoptosis(PUMA) ¢} Bel-2-associated X protein(Bax)
o] o5t F7ket o /‘ﬂ"i/‘}m A T AQl Bcell
lymphoma 2(Bcl-2)& o3Hl 743 Ao = Vehyt
o o] APAFA 11]/\]??} A3 frAFH Apel 4]
o gt AAAEAPEC] MY Atke AS vttt
(Wang et al., 2020).

Efc 55 53 oligomer AR oligomer AP
/APP ratio= Fel8tA Hastlon, THCY Zz}of A]
T GQA FEo] gt Ao yERY 5 ogh AgY
g Hagh AfgdTe dAste 445 et

(Zhao et al., 2018: Zhao et al., 2020). &% ZHAh e
A= PUMA, Bax % Bax/Bcl-2 ratio?] @& S 7HAA|
] , Bel-2 H&dS S7MAA A AAH L] AP S ¢l

1 A2 Jeigth mebA] EFEY 52 Aps A4
/\]7]# AN ZAE S AANA D7 < WA
A Ao YZteE

tAIRE 5o o3 7| o g ABE AN 5 9l
<A gAe] WA oA etk H2 ADAA Rl EZEE
of 7] o] Aol W Z7]o e o= ABY] 4%}
H-?‘ WA #eo] e Ae® B3l tHChoi et

1., 2013; Zhao et al., 2018).

”]EjJer—EAD%ﬂ@E@"é HAg AN £ nER
ZeJo} AlA parkin®] 7] S EHA PINK1-Parkin
As71HEe ERA] A 2d7|1HeR HuEm 9l
(Chakravorty et al., 2019; Fang et al., 2019). @A7}A|
Hug A7dze] w2, PINKIS 334¢ v EZEe]
of B9 AeielA] vlZ AAE 0] W& FEE AN H]
AR 249 nEZrgoliE w97 Ak
PINKI1o] &o] F7tslo] Yol EAlsk= Parking 7l
EZc o} Ut o 2 o] FAIA n|EZEE| ol EAste o
gl oS fHARs AlA m|ESR7F st
(Whitworth & Pallanck, 2017). H|F €3} ¥ chjze
L ETR] 2] o HE] T A Q] sequestosome 1(p62)l 2J3]

2)E] 3

Microtubule-associated — protein-1  light
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cahin-3(LC3-1) ¢} ZAgste] HB32Ql nEZEeols
A= 2 EcH(Pankiv et al., 2007; Kirkin et al., 2009).
2 AFdME mETA Y HAQIAR] PINK-12
Parkin®] 2d-g £A4¢ 27 NTC 3 &3} Hlaste] TC
kel A PINK-12 frefatAl S7FeblaL, Parkine
oA sttt PINK-19] @He] Z7kek AL
Chen & Chan(2009)9] A+ Aztel AA8kA] Ftrt.
nEukA] o] A4 A8t a2 ofel g gk oz
PINK-1¢] Parking §9AIA v E3A] 242 7148
U 7Py skl B Aol s ADZ 918 PINK-19]
o] Z7F8IA . PINK-19] ' 3712 918 v E5A|
= MAIE AR T Parking] @do] fhadte] Azpgoz
nE3kA] o] 3R] ek Aoz AT A E
H = 52 PINK-1& fo 8t 7+4A17]a1, Parkin
2 FosH F7HA AT Zhao et al. (2020)2 &=3}o]
o §A42 HY YAE Ao R 1277 EYEY &%
2 A7) A3} PINK19 74 ¢} Parkin®] 3712 Has}
o 2 ApAzet A8t o] d A= Parkinol
7t R ESA] o B & fEske] A9 7l
< TP 7] ol m|EFA] Q] /HA Q1A PINK-19]
W2 JHaE Ao 7 Azke 4 9k, shA| vk PINK-12%
Parkin®] @&d& vf-§ Exetn 3y 3o e g2
ou| 2 &4 2 5 7] vl nEdpr| ] Akl 3
Mol Brlsith. wekx  WEDA] olF #HHl
LC3-1I/LC3I ratio®} p62 ¥d 5 sttt
p62e LEFTES P uf vy A<l 7
FUE st AZFEA A gl o9l Lo3g 2
Sttt A= p62% LC39 HlAY % FAlo Z3sid
HIAAAY 273 HE LS FESIHA]
%3 37 Fall s o] n BT o] st A
AH Bjorkoy et al., 2005). LC3& Ealet 4oz 9
B9 fluxE FRsks A wiAZ A glon,
L E331Z (autophagosome) & A gT), B Aol A
LC39} p62 Td S 213 A7} [,C3-11/LC3- ratio%t
p62% NTC {3} vlwsto] TC Fetell M fFolatAl 5
7Fe Ao & Yehytt, o] AD A3 9 Hdll A LO3-119
p625 A3 Arbel UX| 3 (Ye et al., 2015). ©l#
gt A3} PINK-13 Parkinell 2l ] E52]7} 7§ A =
2] ol HAAA S nEZE 2oyl AT B F

= 5% S TE J2olA £
2 Yehgth Kang & Cho(2015)9] 4
stoln] P4 Mg AHE o= 12573

A2 AT} g9 Aol A LC3-119] &
A7} Jedtla Bl ol= EF =
9 50l LEFuFY gago] A%E S7HIA v
AR nEZEL LS AAd e PEFA S 5] &
et vt B 4 gl

T2 M EZ=ote] A 9 dEdS MAAT]
£ Aoz dEA drh(Yan et al., 2012). &=3}o]
Ao mEZE ol AT APH 7P Bol A
¥ oA 3 SIRT-12 Sirtuin AY 2 PGC-105 2o}
Agslete] NE7|5s 24T 5 o, duyA #e,
=3} 9 2EY 2 uhg-F E 33 theFet 1 o) Hof gt}
2 434 % (Donmez, 2012: Lalla & Donmez,
2013; Mitchell et al., 2014; Kaarniranta et al.,
2018). ¥ A7l SIRT-13 21 84971419 PGC-1a,
Tfams ¥4 82, AA-AEA P4 £42 COX-IVE
A% 23 NTC Jet2) vlwste] TC Hekel A el st

Aoz YehdA e TE el A e TC A

o5HA 718l Ttt. Zhao et al.(2020)¢] 4
TN E PGC-1ast TFAME] F230] L=sloln ]
H &

30,
]
kD)
T
fm
=

f

P

Y3 A% T el LS TES U eR 8F

o ge vERsdes hdd dE whazA
£ )

1 O
A7le AL S71E ABE AaAE ¢
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o nX & g e Bolsly] 93 FF0 ZAAE AA
A NTC et} vlmsle] =9 A]
7]'0}/\1\—4\4‘ 12537 Egled
A Ay} v wate] 59
172 =4 Ael7t el ] 7HAas }L A 02 eyt
o]& TES &3l Qlx|7] 50| /WA= ATt 7H A ol 9]
2N s 9lon ADE g~uﬂ”°i%%—%£ﬂ ol
R
E}L"ﬂr Choi et al., 2014: Koo et al 2017 Cho et
2010 EE% 1, A717ke] Eled £E0 AD AZ
«l A7) 7Has A8 dain g & 9 g749 &

Foleha 47en

oy
&

to o &
Ac)
N
o
1o
ol
X
ofN rlo

2 d7e EYed &5 tig AD HelgE 54
QA Ag A A3 QA7) 5 vA e Y It
71 sl A T diAbel 18k 71 Elata A
AZAVE FEE g6, WA EdEd %2
SIRT-1.PGC-1a 714 S7HA1A A &9 d A4S
L38l= amyloidogenic pathway & il whe -8 74
a2A71 XS dAlsE non—amyloidogenic
pathway #d @@ S7MA A Ap 99 d & 7
2AZY np et 2 EYe 9| oak Ap T

ABRH o7 QA
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