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8 W 2011 -21942

ii

Sk



ki
<
i
2
2,
e
J

AB: Amyloid—beta

AD: Alzheimer’s disease

AMPK: AMP —activated protein kinase

APP: Amyloid precursor protein

ATP: Adenosine triphosphate

AV: Autophagic vacuoles

BACE1: Beta—amyloid precursor protein cleavage enzyme 1
Calcein—AM: Acetomethoxy derivate of Calcein
CC: Compound C

cDNA: Complementary DNA

Crifl: CR6 interacting factor 1

Crifl KD cell: Crifl knock downed cell

Crifl o/e cell: Crifl over expressed cell

Co—IP: Co—immunoprecipitation

DAB 3,3": Diaminobenzidine

DMEM: Dulbecco’s modified Eagle’s medium
DMSO: Dimethyl sulfoxide

DPI: Diphenyleneiodonium

Drpl: Dynamin—related protein 1

EMSA: Gel electrophoresis mobility shift assay
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ER: Endoplasmic Reticulum

Fis1l: Mitochondrial fission 1 protein

GAPDH: Glyceraldehyde 3—phosphate dehydrogenase
HSP60: Heat—shock protein 60

IMS: Inter membrane space

MMP: Mitochondrial membrane potential

mTOR: Mammalian target of rapamycin

MTT: 3— (4,5—dimethylthiazol—2—yl) —2,5—diphenyltetrazolium
bromide

MIM: Mitochondrial inner membrane

Mifn: Mitofusins

MRPL1: Mitochondrial ribosomal protein of large subunit 1
NAC: N—acetylcysteine

NADPH: Nicotine adenine diphosphate oxidase

OMM: Outer mitochondrial membrane

OPA1: Optic atrophy type 1

OXAI1L oxidase: Oxidase (Cytochrome C) assembly 1—like oxidase
OXPHOS: Oxidative phosphorylation

PD: Parkinson's disease

PI3—kinase: Phosphatidylinositide—3—kinase

gRT—PCR: Quantitative real—time PCR

ROS: Reactive oxygen species
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RuR: Ruthenium Red

siRNA: small interference RNA

Spl: Specificity protein 1

Tg: Transgenic

TOM: Translocase of the outer membrane
Tidl: Tumorous imaginal discs 1

TIM: Translocase of the inner membrane
Tspl: Thrombospondin 1

TUNEL: Terminal deoxynucleotidyl transferase dUTP nick end
labeling

WB: Western blotting

3—MA: 3—methyladenine

5XFAD: Transgenic mice with five familial AD mutations
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wofol WAL oo wel wEEZ=glole] AZF ZH| A
ek WA= Fler dueA v (29 4) (5, 6). AFAMEE
AUA AR7F A3 I U P oz ATP o&A0] 7] wjio

(7, 8), ATPE =®E&HOS=E Aitsle v EZE=Pole] 759

<
N
N
>
k%)
g
>
o
>
e
rlr
ikl

Aol ol=A @ Zelth
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metformin®] d=sfo|mg ol T4 il mArE A RSt
k= ofolHolE TAHCR W d=o] AAHUH. xRk HT
ATEMA o= 28 metformine] 238]7 G=stolwH <]
W A4 Vo= 3pAvs A3t B FHdw (12, 13).
AR T S MAYTES HEHAA A3l & Aol 1

HAYUSFSE rdsta d=gtolmE ol metformin®] &I}

Part 1. ¥=3to|nHox #AFEE= Crifl gWAe A=
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B Bh% B oo 5 Aol vEZ=eold v)%
e W ded dxsolnye AFeddelt (3, 4). A

AjNew ABY FHol YA obH7FA] A9l HEFZ g o}
7150l Akele] HMAYUSES WA A vk 2 ATl =
Criflolgbs vEZE=d ol yut d@do] 7 wWAY S #ofsh=
aA dwzele vhg vl CR6-interacting factor 1 (Crifl) <=
GADD45 ¥ & T4 &b, Agole AlE 5719
Aol #olst= dMdE oy Fo (14). AR Rl
AZFoA mEZEe o W3] Fol nmEZEgolelA ]
7150l 5 Al e AEelA, H vEIZE=Pete] ribosome
Gy AsARgesty AlEA WYgEo] e+ nascent
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tahs geld £ 9l siRNAES o] &3 Crifle TAAAS

£
k)
ft
rly
iy

glote] 7lsolidel uEREal, Crifl s #ad AR
Azl ApS APalFd vEZ=ole] 7ol AEALE
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W A7 Aol 4 A ST (2).

SIEAA BE adrt SEE vk vk (16). ¥ ATFelAE ARE
AY e AN Ao &l HT22 A FEoA Tsple a7 xelshd
71Ee] BAW vwEZE=gEet  RYR Uwe WS
sIEAZ o ZM, Tsp—10] d=stolme] AsAz 29 F Qe
FedS e 5 Qlodnh Aol 9% A U Zgolde TR

Q1] g3t = calcineurin< p—Drpl2] QALY

i

dojrmglo vy Az o® Drple 4= S7HA mEZE=dotz
olFsll IHEd XS dovle=dl (2" 6), Tspl> ol
calcineurin®] @A3E i, vEZEoto] IHEsh F9 Ent
oty 12 I3 xdH= wEIZEZol Ve odE v T
A& 7hsAdel xe Ao® UERRT ofHd Tsple mhs
MM TETFo] =2 w20 10l FEAC g3 #AET
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ALsA AAEL Qe 7kd ), 7Sl HuHE(d
metformin®] ¢=stolmr  Fde] FHZA Gyt obd FHY A

gde] gk Bz lojgktd (12, 13, 17). Biguanide—class

gy 2|z A<l metformin (Glucophage®; 1, 2—

dimethylbiguanide hydrochloride) + hyperglycemias W3 F+
okEEM 7MY &5 E odE] 2o A 283 A=At
ol2{gt Metformin thAb 2de] T3 49l AMPK (AMP-
activated protein kinase) 9 @AsE Tl 1 AE0]
olfgA=dl, °leld metformin®] &¥}E= peripheral glucose
uptake F7F  AAR ARt S7F SOl <A dd (18).
d=slo]Myy T Aol Ew=L AdAAet W7F glucose
oAb B, IAES, g 2 g ¥ SAEY I v

a3 B ul, glucose—utilizing effects®: 3 YarW X5

aydolgty dEHA e metformin d=sto]w ol 13y v}
WS Ao 440 9 & Ao=w oA, sx|vk A3
AT+ A= metformine] 23|28 BACE1l activity2} 1]

FHA dxstlngel Age o3l

=
ru
>
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P& Slee Ba sklt (12). EF, Piconedt 1
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F5ES metformin®] APPSO} Zvl—Alag oA A4 AdEQ

presenilin®] W3S F7MA7)aL, A A3 AbslE AEYA,

6

M E ) 8k
¥ | I



A 5F metformino] ofWA &=sfolvrge] g RSl YT+
A ol Ais BA "HeAd wAYSd  dEiMe
TAA R W HrE Qi

3H, autophagy+ lysosomal fusione ZEal|A AlX o whuwlz

-2 A2 W =53 &7|as, @il SHA-E &l o9

ol

e
T AE AE A Aoy JF Ay AdSelM AE AFEANE
ut7] 9] MEE Hodhe s shoh (19, 20). Autophgosome
FAL o] gt autophagy 5ol S o of i
autophagosome©] lysosome¥ §3% o] lysosome Y 7}FE3)
a4F5°]  autophagosome 4 w@¥WHS FEA7|A EH=U

=sfo]m ol A= o] gt autophagy 2| TG ol Lt
lysosome¥} &=l WEEo] Eafu = Aol EA17F Azl Ao
A Wz #AFS FE B FHUo (2" 7)) (21).
d=slolmry  &xpo]  AAMEAAN  UEEol EIAHA L

autophagosome©] IF FA o QlFowXR HEIFAS 7k

R

ABSt 2 aggregated proteing= XTI UE=ol wdlHA
ot Al el AL EAFoEM A AEAME delE
7bFeldol 2 A AaE Fal AAHIT (22). Ape 42>
ARAE 545 AU Zer 4eA Sled 7o dd Fe

Stu7h lysosomet autophagy®l 715 o= ZHSH] wiE ol

A Qar, ol@A vPAAQ autophagosomeo] ZHEH 1



el Apel AEE SR MR a7 4 5 deol
Hug uiE Qivk (22, 23). g=stolmye] b B F
shtel ApE APPERE whEolA 1l Het-AlA g HokA]l (BACE
D ool o8 & F FAepb-AlagEHoekAlel i 2y Az FF
o] dojutdA AxESde 7H FEp7E dv (29" 2). shARE
HlEL7E obd  dab-Al g ElokAlel o WA ZW ¥ Fhah-
Al getAle] os ZHY AHES AEe sttty & A
Attt (24). ©]z]d APP processings XA3t= Aol A
Ad=sfolv ol Fe Ag V|How A7) o)FA L Q). HE -,
Hut—Al A8 HolAl== ER (Endoplasmic Reticulum), endosome,
lysosome, autophagic vacuole (AV) ul§-o] EAlst=d (25)
NixonZ} FEE°9 AT Ay ot d=slo|my  $x;o]
HAFEA AVZE A H o] Qu, 11 Yieol= APP, p—CTF (B—
secretase—derived C—terminal fragments), al—
Al ElobAl7E FAE o Qg Flskit (26).

olgst A AFAHRES EUR, B AorE metformin®]
of'A AR WS F7/HE F A=A 2 WAYUSFE stz
93 SH-SY5Y Al*e|A  metformine]  WEl—,  Frup—
Al HobAl  #de FI7A S A e TTMIAE=

golstgnh o)1 Aol ¢3 autophagosome®] WHAFH ZH o]

{o
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Conversion Soluble AR Precipitated
Soluble to B sheet Oligomers Fibrils
Amyloid-$ conformation 2

@) ®

P secrel Hyper \

4 Phosphorylated \

‘{,«j Tau “(D
SR
microtubules ' 9 f
B sheet Hyper Tau Olngomers PHF
conformational Phosphorylated (2ton) Tangles
Tau B sheet Tau

(Wisniewski et al. Neuron (2015))
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(Eckert et al. International Journal of Alzheimer’ s disease

(2011))
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Fusion

Stimulated by
energy demand and stress
Healthy

Related proteins:
Mfn1/2
OPA1

l Damaged
Fission
Generates new organelles
and facilitates quality control
Related proteins:

Drpl
fis1
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Mitochondrial Inner Membrane

ﬂ><‘ | o W @( LI

)

\43'
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Mitochondrial Matrix

Nascent OXPHOS
\ Poylpeptide

7% 5. Crifl ¢ n|EZE=go} 1) oIk

Crifl & MRPL (Mitochondrial ribosomal protein of large subunit)

7} mitochondrial chaperon ¥¥ &<l Tidl (Tumorous imaginal
discs 13 435 #&3t HA o] 1} 2= nascent OXPHOS

polypeptide & v EZX=glo} o] AF9]dt
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Plasma Membrane

Drp1 Oligomers

& =

Mitochondria Fission

1% 6. Calcineurin 8437} v|EFZ =g o} B v X &= 3k
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Lysosome

060

Phagophore Autophagosome Autolysosome

3-MA

Lc3o

mTORT’

Class I
PI3 kinase

19 7. Autophagy pathway 9 flux
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=3lolWy Z& wmuly 5XFAD (JAX Stock No. 008730,

(17F] APP695, Swedish (K670N, M671L), Florida (I716V),

London (V7171) familial AD (FAD)®Hol|S3} 2 7}#¢] <17k PS1

HolZ Wd), Tg2576 (APP Swedish ®HolE &), APP/PS1

mice (Swedish APP and Presenilinl delta exon 9 WHo]E &)

AR 11, 5 F+ Jackson laboratories (Bar Harbor, ME;

i

catalog number 006554) |4 < = 3 Tt.

i

PCR & 43l doxa d=stolmy  dxke  ainp F-9]

ARG T T8l A HE2A AME9 A$+= Harvard Brain

rir

Tissue Resource Center oA do]A A}E3}tE E=EE52 #X4
Helsinki Treaty 2} Guide for the Care and Use of Laboratory
Animals (NIH publication No. 85—23, revised 1985), 181

we ABEFE B W APAE g
17 :
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2. Al 238 I XBAQ metformin Fo] W

3.5 7lE€® 5XFAD Heol 9 ¥7F metformin(200mg/kg) =
Folaith. Metformin = ¥3tUEHF o] =i dHiz =Y
200ul A B o) FEA (n=7/1F). vk Fo o]F oA
AlZro]l At 3 HE BEd] 9% Y= micro—dissection 3}¢]

M A Lo B, 2% ¥ 4% PFA 9 PBS o 124,

AEF 9 M Eu|F (Cell line and Cell culture)
SH-SY5Y (QIzF AlAop AlxEF) ¢ HT22 (vh¢2 aivh A4
AxF) & ARt 10 %9 4 ®obdd  (FBS; HyClone
Laboratories, Salt Lake City, UT), 100 U/mL penicillin 2} 0.1
mg/mL  stereptomycin(Sigma—Aldrich, St Louis, MO)?]
A7F¥ Dulbecco’ s Modified Eagle’ s Medium (DMEM;
HyClone Laboratories, Salt Lake City, UT) el 37° C, 5% CO, 9]

z70% Wit
18



4. A2k (Reagents)

AB1-42 ¥ American Peptide(Sunnyvale, CA, USA) ofA
TSR, Al ARERE Aok ok gtk MG132 (10pM;
M7449, Sigma—Aldrich, St. Louis, MO, USA); 3—MA (2—5 mM;
M9281, Sigma—Aldrich); bafilomycin (5 nM; B1793, Sigma-—
Aldrich); NAC (1 mM; A7250, Sigma—Aldrich); apocynin (10
uM; A10809, Sigma—Aldrich); DPI (10 uM; D2926, Sigma-—
Aldrich); HyO, (216763, Sigma—Aldrich); Tspl (500 ng/ml, R
& D systems); Metformin (Sigma—Aldrich, St. Louis, MO,
USA);  Compound C  (6—[4—(2—Piperidin—1—ylethoxy)
phenyl] =3—pyridin—4—ylpyrazolo[1,5—al] pyrimidine) (Sigma—

Aldrich, St. Louis, MO, USA).

5. Zgt2~v]= DNA % siRNA FAF4]
(Transfection)

FAFdo AMg® ZekAv|= DNAE o33 #oh Crifl
cDNA+ el W5 ¥AbEA ity 1 9=, Spl

(hMUQO03598; provided from Korea Human Gene Bank, Medical

19



Genomics Research Center, KRIBB, Korea), Spl KI16A or
Mito—DsRed cDNAE ARgatqlar, dAFSdS S8 4 AxsFE
Lipofectamine®} Plus reagents (Invitrogen, Carlsbad, CA, USA)
5 olgd A FYAAT. Crifl siRNA  (Santa Cruz

Biotechnology, Santa Cruz, CA, USA) + RNAiMax reagents

o

(Invitrogen) & 48A]7F&t HEslA FA FU3A
6. FIEZEg o}t 75 &4

nEZ=goll] ukel ALE FAst] fElA, TMRM, JC-1
oAAolE T3 IC-19 42 fsliA JC—1 dye (2 uM) =

A2t F, 2Eo heh wA

o,
)
N
S
oft
5
1o
jur)

&< AXbskdvt. Part 13
2 EFolA,  ROSY 545 fleid= dichloro-
dihydrofluoresceindiacetate (Invitrogen) & AFE-EF 11,
F7F4 © & mitochondria 5°¢]%¢l ROS+ MitoSOX Red dye (5

mM for 153, 37° C) & AHg sty ALYt 2= nEZ g o}

7% B4 AL Crifl siRNA = cDNAZS A F9] A7) 24
A7 o] 3o 5uM ABE 24 AIZF AP st & A EHIAY (Part 1),

Tspls & ARF AAeE s 5 1 pM ABE 24 A3F AHgd &

AAE Yt (Part 2). 3 Part 2004= 3714 0% seahorse

20 i B s
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assay & seahorse XF analyzer (Seahorse bioscience) &
o] g3sle] 28 3}t ©]+= mitochondrial oxygen consumption
rate =7%43}lo], basal OCR, ATP synthase 9&%, A}t
A

A2A2] maximum capacity & (FAHORE FEsFY] WAl

mitochondria®l 7|&s< <A 3T}

nEZEgol FEoS Part 19]4+= Mito—DsRed construct®
TYJAIZl SH-SY5HY cellefA] o]Fojxlth 5 uMe] ABE 12413t
2] 3t A EZ oA confocal laser scanning microscope (FV10i—w,
Olympus, Tokyo, Japan)E& ©o]&3 o|v|A& €3, Image J
program (NIH, Bethesda, MD, USA) °& A= 3sklth & o
AA3) K7 $3fA4] super—resolution structured illumination
microscopy (SIM; Nikon N-=SIM) & o]g&3| o|n[x]& At
2g¥" AEZe 3D-SIM imageEs z5S FTHOE  stages
=47 4= F AT o] wf 3t step? =7]+= 0.150 pmolth.
olulx]+= Eclipse Ti—E research inverted microscope with
Nikon's legendary CFI Apo TIRF X100 oil objective lens (NA

1.49) ¢ 512x512 A &g xe iXon DU-897 EMCCD
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camera (Andor Technology, South Windsor, CT, USA) =
o] g3t AL 4 QATh Part 204 Ap 1 uMS 1A17F F<F
MA@ F Tspl (500 ng/mD & 24A1%F A2t HT22
M EFo A mitotracker® GA3F T, confocal laser scanning
microscope (FV10i—w, Olympus, Tokyo, Japan) = o]&3dl
olmAE i, MEIZEols: Aolet B¢ SWelA Image J

program (NIH, Bethesda, MD, USA) %2 A% 3t} Tk

A7 A7 BB FANE 2L 2FelN nEZSelcke] o],
AEY £48 wE vt mEZSeel A%, AEY A4

nEFZEgole] MNEE A A= )

8. Y2¥H EX (Western Blot)

gy

()

9

i3
s

AFe G A AkAF B Ao

phosphate—buffered saline (PBS) = A& &5, @@z
el ah AslAl (Sigma—Aldrich, USA) 7} X &%l RIPA buffer
(50 mM Tris—HCI, pH 7.4; 150 mM NaCl; 1 % Nonidet P—40;
0.1% SDS; 0.5% deoxycholic acid sodium salt) & AF-&3lA]

g e FEagch FEY B

(A

W25 NuPAGE Bis—Tris

-

gel (Invitrogen, USA) °lA #7]49% 3 ¥, PVDF membrane



(Millipore, USA) o] 100 #Z%F transfer 3}ty 18] 1 A3
&<t 5% skim milk®} A -ZolA WHEAIA blocking g ZAX
7 o]% 7} Aol Eo]Al 1 FAeE RESAIF T oA v}
Astet 3= enhanced chemiluminescence (ECL; Amersham
Pharmacia Biotech, England) & ©¢]£-3}¢] Bio—imaging analyzer
(LAS—3000; Fuji, Japan) = W43}t Atgd Az A=
anti—Crifl (sc—134882), TOM20 (sc—17764), TOM40 (sc—
11414), Drpl (sc—32898), Fisl (sc98900), Mfnl (sc—50330),
OPA1 (sc—30573)°]t}. ©o]& EF Santa cruz A]H
1:5000.% 3A&F3ial, anti—-TIM50 (ab23938; 1:1000); anti—
GAPDH (ab9485; 1:3000); anti—Spl (07-645, Millipore
(Billerica, MA, USA; 1:1000)); anti—Sumo—1 (4930, Cell
signaling, 1:1000) & HSP60 (4870, Cell Signaling Technology
(Beverly, MA, USA; 1:1000 for WB; 1:200 for IP)); anti—LC3B
(1:2,000; MBL; Cell Signaling Technology); anti—a2d 1
(1:1,000;  SantaCruz); anti—TSP—1  (1:2,000;  Abcam,
Cambridge, MA, USA); Mouse anti—human AB1—17 monoclonal
antibody (6E10; Signet Labs., USA), mouse monoclonal anti—

APP antibody, mouse monoclonal anti—PS1 loop antibody,
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mouse anti— Alzheimer precursor protein A4 monoclonal 22C11
antibody, mouse monoclonal anti—Alzheimer precursor protein
ABPP 643—-695 C—terminal fragment antibody (25 EMD-—
Millipore, Temecula, CA, USA), rabbit anti—Pen—1 polyclonal
antibody (Oncogene, La Jolla, CA, USA), rabbit anti—nicastrin
polyclonal antibody (Affinity Bioreagents, Golden, CO, USA),
rabbit anti—aph—1la polyclonal antibody (Covance Research
Product, Denver, PA, USA), anti—sAPPB antibody (Signet),
rabbit anti—AMPK polyclonal antibody, rabbit anti—calreticulin
polycolonal antibody (Cell Signaling, Beverly, MA, USA); rabbit
anti—calcineurin A antibody (1:2000; Abcam), goat anti—
calpainl antibody (1:1000; SantaCruz), rabbit anti—pDrpl
antibody (1:1000; Cell signaling); anti—o—tubulin and anti—
GAPDH (1:4000; Sigma—Aldrich); anti—B—actin (1:3000;

Sigma—Aldrich) ©.% 3|43} AF&3}lt).

9. AE B4 £ 49
Calcein—AM, MTT assays Fd3I3ct.  AXE o

esterase®}= &4+ calcein¥} acetoxymethyl ester (AM) 2]

24



ast

o

A3 calcein dye’} AE ol wWEEA s, AHE
AEi7F v ol ZEE o ol & g glo] AE Y
EA5h= calcein dye®] o] HAadtth HF % 1 pMo ==
calcein—AM=< A gstaL, 37CeA 1A% vk § JFFH7|=
(Fluorometer; Infinite M200, TECAN, Austria) %33t}
MTT assays, "|EZE=g o} U dehydrogenasedh= &4 o 23t
AxE 4S5 A3 ZAQdd, MTT dyegs EolFH o] @i
o& #el- MTT formazane F7dstch shxRE AEZ ZFHE7}
ymw x| v EFZ =)o} U dehydrogenaser® 1 7|59l FAdl

formazan ¥4 A EsHA ¥ HFEE 1 mg/mlE MTT
dyeE AHsta 1A13F wiF &, DMSOZ Z4 S =9 multiplate
reader (Powerwave XS; BIO—TEK, USA) % 570 nmelA]
=43l t}. TUNEL assay+ Deadend Colorimetric TUNEL
System (Promega, Madison, WI, USA) = o] &3}o] 335t}
TUNEL assayd¥3E &438t7]  flaid, 2428 5025 F
AR A HE7E AREH AT (0=200/15%). PHARO R, BE
Ax &4 54 49E & wE Crifl siRNA =& Crifl ¢cDNAS
B4 Fo A7IAL 2447k At 3 5 uMe ABE 244[%F &<t

AelE T ojAolE AAEa (Part. 1), T Tspld 143t

.-_;l'x_-! 3 k::l '|_



AAE s F 1 pME ABE 24A1ZF FF AHEsE F ojAolE

Al zretdtt (Part. 2).

10. RNA ¢ 93A FFddasnts [RT-
PCR)

Crifl mRNAS9] <& =4317] 91814 RNAE RNeasy Plus Mini
Kit (Qiagen, Valencia, CA, USA) & o] &3] w2 = %1, 2%
RNAC] RT-PCR<Z v &2 sense$} antisense primerell
tjaf o] Fo} At} human Crifl: 5° —GACAGGCACGC
AGCCTACTA-3" (sense), 5 -

ATCATCTGTGGCATCTTGGC—-3" (antisense).

11. A=F AA A aA6E (QRT-PCR)
Crifl mRNAS] ¢, mEZEgof @ o] mRNA S dolr7]
A8A gRT-PCRE F8st3ltt. o33 & sense, antisense
primer”} A5 AT} Crifl: 5 -
GATGCCACAGATGATTGTGA-3’ (sense), 5 -
CCGTTTCTGTTT TCCTCTCCT-3" (antisense) for Crifl;

Tom20: 5" —CGACCGCAAAAGACGAAGTGAC—-3" (sense),
26



5 —GCTTCAGCATCTTTAAGGTCAGG-3’ (antisense);
Tim50: 5° —AGCA CTATGCCCTGGAGGATGA—-3" (sense),
5" —GAGCCAAGGAAGAGGTTCTGCT-3’ (antisense);
GAPDH: 5 —ACAGCCGCATCTTCTTGTGCAGTG—

3" (sense),5” —GGCC TTGACTGTGCCGTTGAATTT-3’

(antisense)

12. A7]elE 7|54 ndl 43 (EMSA)

Crifl1¢] promotert-918} Spl HAF AApZE] A5 28-S golr 7]
28X, EMSAE 433kt Light Shift Chemiluminescence
EMSA kit (Thermo Scientific, Hudson, NH, USA) & ©] &34,
241t &<tk vehicleol  ABE A IFelAd AFS
TR olF7tEe  probe= T 718 biotin—labeled
oligonucleotides & <I17Fe] Crifl F3d*2]  promoteri-4] el
o) 3l A1 w3t forward probe (5" —biotin—
TTTAATCGACCCG CCCCACC—-3" ), reverse probe (5" —

biotin—GGTG GGGCGGGTCGATTAAA-3" ).

13. 9937 (Immunoprecipitation)
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Spl¢ SUMOylation L5 olrr] 8] WHAIHS

TsT. AETY Wz Balah AA (Sigma—Aldrich)

N

} ¥3= RIPA buffer (560 mM Tris—HCIl, pH 8.0; 150 mM
sodium chloride; SDS 0.1%; Na—Deoxycholate 0.5% (m/v);

Triton X—100 1% (v/v); 1 mM EDTA, 5% Glycerol) = A3 U

i

MAs FESUAT. 47 C oA 24 AZME EHOE A
i A1Z ek Protein A/G  agarose  beads(Santa  Cruz
Biotechnology) & ®Rbgo] € Al&Eol Wol+da, F7F= 2 A3t
7t ZHPOIHA o ®¥kE AIFTE ¥EE %, RIPA buffers

o] g8lA MHeF 5X sample buffers 10 ul Yo+ v

i)
o

95° C oA 10%¥3+ #Ho5F9] agarose bead oA w

pelsglt. 1 0% 4FAS AR FHE 7 AsU BE

14, A9 ZA AN (Immunohistochemistry)

o

WA o AME A XEE confocal laser scanning
microscope (FV10i—w, Olympus) ©° <3 @z3st3ic.
Partleli = A2 ¥Hx24S #A#sHr] 91814, 5XFAD # 9

(6701€, 259 6vte]) YA AdA3} ¥, Crifl (Santa Cruz
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Biotechnology; 1:250) o tiajx FAsF T <17k 3

BN
»
2

daide 40 pmel A5HA dAs S AR, 2

R
i
flo

cryoprotectant £ (30% glycerol, 30% ethylene glycol, 0.1%

sodiumazide in PBS; pH 7.4) o] =-20°Cold HAEAC}

=

)
=

5

ZA L 48A17FE<e Crifl @Al (Santa Cruz Biotechnology;

1:100) & A8k, T2 = biotinylated horse anti—mouse
IgG & (Vector Laboratories, Burlingame, CA, USA; 1:500)
of Aol 2A1%F &t A A EUAT. 2=, streptavidin
(Invitrogen; 1:5000) & “&2olA 2A17F&qF 2 2]383laL, Nickel—-
enhanced DAB/peroxidase ¥-§ (0.02% DAB (Sigma—Aldrich),
0.08% nickel—sulfate, 0.006% hydrogen peroxide) = A|#AA

AT E Fo| HolA Fth Part 39A4E 9 dALKow

I
o
i

FAFR metformin FAFE WS 5XFAD #AE Part 1049 2
o w Hxd dus vkeEojua, AR FE A SlEA,
4GBl dhafiA AT 2] FHAelA 6749 WA Hol
BZH o™, bregmaZFE 0.14 mm ¢ FE (IFY F8)

& Fz wEsg

29
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o] A3dE ¢3fA+= fluo—4 (Thermo Fischer scientific) #zh+=

GABAL ol g UYL AAFAL AL W BHEYo] BLrS

¥

fluio—4 = =4 Y3t 25 FF 25 =7t AXE=R 1
el & ol &slAl, Part 2914 Tsplel st Zae =4 oF &

Srobu izt Sheiut.

16. Luciferase reporter gene assay

ok

otz A

o

M33EES 1X Passive Lysis Buffer (Promega,
Schildkrotstr, Mannheim, Germany) °ll &3lA|7]1., BCA Protein
Assay Kit (Thermo Scientific, Rockford/IL, USA) & o]&3
A=l § y—secretase substrates H7Fa| o] Hbg-& Ao FT)

y—secretaset™ 1319 7|A& A2A Hi, AICDGVPE o=

w7 AL, sle WEsh "u 1

i

5917} luciferase -+ A}
W2 Juminometer (Infinite® 200, Tecan, Austria) °l 2|3

915 e},

17. BACE] promoter activity assay

Plasmid uBACE—-2K (pGL3—Basic vector <¢Fo] BACE1l

promoter A& 7F& (+50 to -2100 bp)) ©] BACE1 promoter
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activity 5785 93 AFEEATE. AIEXE2 Lipofectamine Plus
(Invitrogen, Carlsbad, CA, USA) & o|&3 uBACE—-2K¢%} pRL—

TK (Promega, Madison, WI, USA) vectorg FAFY AlFHT

g2 F9 8 ES normalization 3171 fallA AT & 2443
Lo MAEZEL metformines 24A1F TF A2 ¥il, 1X Passive

Lysis Buffer (Promega, Schildkrotstr, Mannheim, Germany) =

L3l o], luciferase activityE luciferase kit (Promega) =

Al S-S T 3FAE = luminometer  (Infinite® 200,

18. Ap ELISA assay

AP &%+ sandwich ELISAE 7FA3L ¥ ZZAo|y AME lysates
oz SHEAT. AA H2F oy HEELS protease inhibitor
(PD) mixture (Sigma) 7} ¥3%3¥ RIPA buffer (150 mM NaCl,
1% Nonidet P—40, 0.5% deoxycholic acid, 0.1% SDS, 50 mM
Tris, pH 8.0) = Gaf=tt. Sal= 1:59 W&l PI/RIPA
buffer®@ 345ejA 13,000 rpmeZ 30%3F 4°CellA] A&
HolA wud FFE g8 29k 4FAS 50 ugd wMAS

ZHAAE B4 Eo] 100 p¥ Basdv. A2 tAl 100,000 x
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g, 4°C oA 17 &< diliel Hdoh ASHS RIPAC
gallH= EEol wE O FEopRow, uywA= 150 ¥
BHEAE=d 4°C oA 70 % formic acidel] 3so]7]  gal
o] H® & 20-30 3] st 7}z 100,000 x g, 4°C oA 1A[%F
Qb A4 Huth A4S dLS SpeedVac  concentrator
(ThermoFisher Scientific, USA) oA 2A1ZFEQF AX=AA,
Togel B¢ # FHAES 100 ple RIPA  buffere]
galE9en 1 F 2-3 plwke] ELISA 24& 98 AFgE it
AB2l <2 ELISA Kit A=A} ((ImmunoBiological Laboratories,

Gunma, Japan) ¢ T2 EFo| uz} Ay =HE}.

19. Trichloroacetic acid (TCA) precipitation

Media %9 @S EA57] 98], TCAE A3l A9
mediags 5,000 rpmell 537 AAFE ] MM AE=S
Slell=a1, wk= TCA precipitation (10%) (76399, Sigma-—

Aldrich) & $33}%t}.

20. Ay B

Part 1,2 oA+ mEZEgol EYgS #4687 918, Part 3

"':I'H-_E L, '|_'-

.
o
1

1



o] = autophagosomed =2#AL& #IHstr] YA AxAA

J

TS Slrh 712 A Axe] nA AR et ME FHE S BF

2.5% glutaraldehyde in 0.1 M phosphate buffer (pH 7.2) and 2%
paraformaldehyde in 0.1 M phosphate or cacodylate buffer (pH
7.2))%2 117 % epoxy resine o] &3 =4 v}l t}HA] sample
12 AIZE sk 38°Cell wigFEI 48 AR FF 60°C elA
wlgeEc AEL ¥ AHor  wEoXa (65 nm,
Ultramicrotome (RMC MTXL)) T8 grid9lel Eojxith. 4%
uranyl acetate®} 4% lead citrate®® A3t T, transmission
electron microscopy (JEM—1400; Japan), 80 kVelA #2351

drt

21. Microsome enriched crude fraction &2

M 3Eel hypotonic buffer (10 mM KCI, 30 mM Tris, pH 7.5, 5
mM MgOAc, 1 mM B—mercaptoethanol) & 2|3t ¥, piston
strokeel o3& F2lE At I &N A S JAA7]7] LA
1,000 x g oA 24 #2 HAa, FFNe oAl Fobx 100,000

x g, 4 °ColA 3 A7+ FoF I E8Ed

o
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22. In vitro peptide cleavage assay

1) BACE1

BACE1l &4& 4371 S8l o] 5249 7dS do+ ¥ 524
HEgo] dojd § WEHE FFe FAshe deolth. Apgst
7148 MCA-S-E-V-N-L-D-A-E-F-R-K (DNP)-R-R-
NH2 (Bachem) °¢]t}t. BCA AZox wx 50 pgell MEST
buffere]l ola, 7|2 (1 pM)& <l 37CeA 30%3F WA
5 714 BEHe ¥Es 546t BACEL inhibitor IV

(Bachem) 7} #&8]¥ #32] Aol BACEL activityEs HgA o=

I

g

=

=
2) y—secretase
A 3] hypotonic buffer (10 mM Tris—HCL, 1 mM EDTA, 1

mM EGTA, pH 7.4)E Y31 homogenizer® 33}tk 2000

rpm, 4 C, 30 &3F YA A5 NLS A 13,000 rpm, 4
C, 30 w3 4% skl A= 0.5% CHAPS7E g+
hypotonic buffer® tA] &aa] Axur 23S A3, BCA 43

40 pgel AET @S 20 pMe 714 Nma-G-G-V-V-I-

A-T-V—-K (Dnp)—-R—-R—-R-NH2; Calbiochem, La Jolla, CA,
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USA) 2 2413 B WS AA F180] 2 W ot BE 57

sheie.

23. AP1-4o =H| (APi-49 preparation)
ABi-42 FEFOI= 1,1,1,3,3,3—hexafluoro—2—propanol (HFIP;

Sigma—Aldrich, USA) Z =d % T3}, SpeedVac

i

=

concentrator Savant Instrument, Hyderabad, India) £ ©]-&3}%]
HFIP & S2A1Z1 § =80 TeollA E¥stith Mo A8 uf=
DMSO (anhydrous dimethyl sulfoxide) o] =o°]3, DMEM ¢

g45te] A 2ol WA vhFe FEE At

24. FAAZ

SAAE dlA HolHE meantSEM #eE  UERYSIT
257 FAIARD 942 Student t—test or one—way ANOVA
= o]&3q YUY BE FAEAYS GraphPad Prism
Version 5.0 (GraphPad Software, USA)<S o|&3|A 3t

(*p < 0.05, *xp < 0.01, #=xxp < 0.001, ***xp < 0.0001)
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2

Part 1. Apel g% Crifl @@ 742 ZYPHE=

nEZE oty Ts A AT

1. 5XFAD F ¢} g=3lo|m 3zt W A HoA Ho|=
Crifl @¥ia o] A3}

Crifle] #do] d=sfolwy  =el Hoa wWFo] QXA
rolr v xk, W51 (frontal cortex), 3w} (hippocampus) 18] 1L
2y (cerebellum) oA Crifl2l <& 670€% 5XFADoIA
S48 A¥, Crifle] ol AFY, st FelsHA
A9k (18 8A-B, 14A). 3HAW ¥ oA= F235 W37}

Holx ¢kgkr} (1™ 8A-B). o] E3]| Crifle 7ZrA7F 9H

FHAQl APP/PS1 HeME 22 Aoz Yetwto (1% 14B).
PS19] Hol+= AL A| 9 S 70 2 M Z 7]y

oF=3lolmH o] folo] ¥ EZ  5xFADOIA S Crifle 747}
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oy

Y

il
e
o
N
~
o
ofp
ME
ol
v
rir
Sl
o
e
&
30
9%
o
Q0

Zel
7
g}
O
=
=)

Ardl EXTE FalA d=stoln

F-9el M Crif1e] 2dS Ao A3}, mRNAS @ w5 zbzt
35%, 21%WF 3250l
T4, CA3, CAlA|99
Crifl ~@jdo]  <k=sfojujy  Zhatells  FolatAl 345 o
AAEE & F AT (a¥ 8H, ® 1. o5 A, Crifl9]

o] xstolm Y Aol M gasol g

o

o % gl
g9 BEAY Asks D=y WA AGA Crifle] Fart

dojs HolFEw (718l 8, 14A), APP Ho|tts 7l &

2
i)

3
0Q
\\]
1
ﬂ
>
kit
O
=)
=
1o
i3
r-u-[l
oy
b
e
2

AFoeE®E (I9 14B),

of# gt Crifle] W3b7} Apel o&f #ie® Zloleh= 7Hdstel v+

el fHAE deds & F Y (2™ 9A, B). Crifla

HSP60Et= vEZ=gol X Wiz 2ol= A& o] &3
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A et 5ol Crifle &3

)
o
&
o
3%
o
2
>
=
i

Mg 7t dAAs FAaHE AS ¢ 5y (2" 90). olyst
Aol 93 Crifle Z4a7F AEY FHo| Eo]#<l w-gQlXA
¢tolx 7] 94, HT22 A¥Y mouse hippocampal primary

neurons ©lE8) A& Wt w AR Aol o3 a4 A

U
OSL

48
L olZo] B4 AEFo] Few @ito] ohz, Apo

J% wEA WIS & F AU (1P 15A). Apel A%

Aaf Al  MG132 T autophagy®  AdAd 3SMAY
bafilomycing 23t A7F ABell 9% Crifle At 35 HXA
gttt (Z® 9D). 2T, WAL FFEoA e 2EAA dotr]
A qRT-PCRS AA slmsk=d, ABE A I5olA

24X AL A&EA o= Crifl mRNAS #A7F 98

o}

e

(1" 9B). aAIRt b vEZ =g @A S mRNAC= ofF
HEk7E Qloi7lel, o Aol wlEIZEglel i Hnkxow

dojut Zo] ofyzl, Apel Hol& o=z Crifl w9z 2] mRNAQ]

oy

27} Qo

o

o % gtk

2. Apoll 98] Z7Fet ROS7F Spl19] AAF Aol v|x]&= J¢

38 *’H _CI:I_ 1_-_]
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Apell &3t ROST7H7F d=stolwy xde] &2 vAEE,
olgf gk ROSe F7H7F Criflell d&= v 4 & ol Az
L, WSt AE Ags) Crifle] #AE Felasit (14
10A). ROS AAE 3= N-acetylcysteine (NAC)S ApE
Ade & sl @A Adsdud (19 10B), Crifl e a7t
3 HH3AT. ROSe vEZEHo Tfolu AbskAl Tl 9fs)
A==, ApE oldld AbgAlE EAst AlFleEHX ROSE
T/H7IE Aer delA Sl (27). NADPH AbstAl7b o= &
S wiZlsEA Golr] 8, NADPH AbshA|e]l A sA2l
apocynin?}  diphenyleneiodonium  (DP) & ABet &7
Aty A AgsiE  1Fel wlEiA Crifle] ATt
SR (28 100). ol& &, Apel ©3t NADPH AtshA <]

g4 ZF717F ROSE F7FA171a1, olo o84 Crifle] #Apgko]

o
o
iinj

2%rs FIskgltr. Apel 93k Crifl AAF 2ES

Age AAE REZ Pl we AAURE  RolF:

1

AFTESo] 2 78S o]&s) 1 $RE FHHUY (http:/www.
genetools.us/genomics/). ©] A& F3lA AML-1A, SRY,

Spl¥ 2 Crifl AARRIA FrE FHUAL Td FA

i



F3kol, Sple] ROSOl ewatA ¥ xRS & F
AATE (28). EMSA #2408 Fa|A Crifle] ZTZRE F9e Spl
AARRIZZ: BA €8 & & Added (29 10D), B4 BAAE
I AlE] + ZFelA Splel Crifle] ZERY X de] &4
Eatoz WMo ol W FLvt RS ¢ F Y (2¥

10D, 3}2txE). A3y AFo4], Splell SUMOylation®] ¥

a=
%2
O

—
1o

AEe Welshe How zashs $99 FYe womm

FK

A AR AAF FolEv= Byt Holgltd (29).  1EA
ABel °J3 Spl¢l SUMOylation F7F oFE dotr7] 9|4,
Spl¥ SUMO-19] A%o] F7hsteAE 35 WY FdH=
o] &3 <ol HkTh ABE AHElslw 1ElA vehicle A2 &l
Hlsf Splet SUMO—-19] Aol 7= SAF2=i Apell 2l¢]
Splé SUMOylatione S7H&= A& gRlstaitt (29 10E, F).
w3k Spl® sumoylation sites WolAlXl Spl KI6AE 2
FTAA ZFol ABE AHAlell= Crifl @¥Ae] 7HArp Holx]|
UGS #wETFoEHN (29 10G), Al 9sk Crifle] #Hart
Splel SUMOylationell &7kl eIt Crifl #AAke] ARl
FaE7] dds Ak

3. MESZEFel B FA9) QoM Crifld] 4T

40
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A AFeA] dxstolmelA] mEZEge RYgF ]9
grhdol Ba | wk 9tk (3, 30). ApE mEEE=Fole] BAS
B A FEgtezd o Aol 7ot (30). L= oWy
TERHAAL mEZEol moko]l WAL ARdE RS
ARdnd A2 B AT 5 Ak (ZF 11A). §,
Crifl mEZEgol ddte] EAstdA (2" 16) AMEA
FAHE rEZSEol diAd-oRi AbstA <lilbsiel wRE

A Agd FAERA-& Uow AugA Age EFE

12

sk

il
[}

st ZAow uhalA rt (15). 282 & Crifl siRNAZ

ol gl Crifl @A Fs Ta AFHS w mlEZTg ol F39
W3l B2 gestuxt 9, o W siRNAe] <3lA Crifl
gl o] okl 60 AL 7HAas= Aoz et Mito—

DsRedE W&A|7]i= SH-SY5Y Al3e|A control siRNA, AP

=

A28t control siRNA (AB), Crifl siRNA (Crifl KD), AR A &

Crifl siRNA©o] &2 F® 1F (Crifl KD+Ap) = +#

%
o

BS w, Crifl KDWOR%E ABel 93 nmEZ=go} Rk
Yrr I sEd Aol #EEAY (1™ 11B, ©). 18 Crifl
KD ABAHElE FAlel sl& ZEolAE F7HA < W7kgo] HolA

oo, Apel ©l8] Crifle] ZAHT olzlo] WMEZEo}l T2E
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wwe s Fdge FAH0 dAT 4+ Ak A% AvA

B2ES FaA Crifl KD 250 vEZ=gole] Edo] A3HA

olojyest I AE 7 golx WA P2 geladdr (oY

11D). Crifle] mlEE=go} /53 wul o] JgS v XA

HEAee  Fd old ARt dshbed  HAe 99
FEAGHT AYS sgont, oW FEAFE Bt R}

(¥ 18A, B). °ol& &8l Criflel Fart Al st
nEZEZ ol Fxeo Wb Fost d%s ¥ o UsS
13kt

4. Crif19] 47t m|EEZ=go} 7159 nX& 9%

Crif19] Zra7t wEZEgol ok #rhd ¥k oYl 7w
ol ZY A Lol A} Crifl siRNAS A Fsta ARS
At IFelA mEZErY] Jes wAs ESth
EZcgol Bd9 (MMP)+ Crifl KDIgolA #93 #4s

HelE JC—-1, TMRM #45& Fal sttt (¥ 11E, 19A).

11F). ROS A4S S43s7] 913l MitoSOX A3S 3 4y}
o3t F71E ol (28 11G). o= E3, Apel <93+

Crifl19] A7} vEZEgole] el oot weke] wrpx
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o

olyel 7% ol E e &l st

5. Al g mEZEg ot BY B7HAH 7|5 o]l Crifl
Fdo] A= & &%

Crif]l] c¢cDNA (complementary DNA) & SH-SY5Y Ao A
FAANZI Aol 93 vEZ=glolo Fxol RokS #EE
wokth ABE A AYsles W, Crifld #FEd woEw
nEZEgole] ®eko] AREA fAES ¢ F Udu (aH
12A, B), o] IwFelA mlEZE=gcle] Vs o4 E 3Hde &

PR R B

Oft

AR MMP$ ATPe AS-, 9
skt (18 12C, D). 9A%, ABell &3t ROSS7F= Crifl
o) oA Al &wd] 3|&EEE S DCFDASE MitoSOX

Agor sl (29 12E, F). o5 &3 Crifl @A

i

2,
o
2
2
-
N
o

2 fFA8HE Aol Apel 93t mEZ=go}e]
T4 WM 71 oS IEAL F AdeS Felssith
6. Crif1¢] o] ABell gt AX &4 7ol mx= JF
nEZEZole] s ol F UAlA HEE F3 apoptosis®E
olojx 22 ABe]l 93+ Crifl 447} A Ao JF&FS vH = A
ot 7] <1 @l 3—(4,5—dimethylthiazol—2—yl) 2,5~

diphenyltetrazolium bromide MTT)2} Calcein—AM A3HS

43



ST (1" 13A, B). Crifl KD wWeoz% AL
F3kAl A4S I apoptosisE  S7FA AT SHAIRE Crifl &
HaE A7 ZFeAE ABE AHEEtelE, FHAE AEEA o
FoeA 3E HUet (7% 13C, D). TUNEL (TdT-mediated
dUTP Nick—End Labeling) A3& SallA Crifl #Zde] st
AEZEA 3]5e Fo= el 7Msstitt (2™ 13E). o5 &,
Crifl ©@do]l ABell 23 AEX A ol 7|98 &

AT
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(In_cerebral cortex)
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| [ —— o | Crif1 (In cerebral cortex) (In cerebellum)
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e
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™
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29 8. gxsoluly md whgsel $hAke] MeA Crifl Wl 7

(A) 5XFAD #H9| dxudoA Crifl9 #A, AN oA Wil S

B) (A9 AFE 43, == p < 0.01 (vehicle A8 2% 7]=); n.s

(C) =AHAAMo 7 CriflAlE  (Alexa 488) #HAE ol (671

(D) (©F =3}, Crifl F3A359 HdA717F 5XFAD ol 4,
< 0.01 (vehicle A8 2% 7|=)

(B) (©F =3l Crifl dFA 5o dAdd 6o 5XFAD
7 #xp < 0.01 (vehicle A8 1% 7]5)

(F) Crifl mRNA 7} g=slo|my 28] 49 SF4NA Has
xxp < 0.01 (vehicle A& 1F 7]=)

(G) Crifl whido] g=stolmy 3hxte] 9] SFAA FAE

#p < 0.05 (vehicle A8 1§ 715)

o

**p

ol 4]

o

e

() DAB 994& FalA &=3stolWy gxle] CA3, CAL, adlvtollA] Crifl

a

i
o

o
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AB 5uM AB for 24hr
Veh 05h 3h 6h 12h 24h Veh 05 1 25 5 AP
Fresss s s 1133 i
| D D e e e — I B-actin |-———-————————[ B-actin
120
£ w §
5 %
g g
3 3
s “ 3
5 5
0 E
Veh 05h 3h 6h 12h 24h
c Enlarged

Hsp60

Crif1 Integrated density
(% of Veh)

d
AB 2
— &3 Crif1
Veh - +MG +3MA +Baf = i &3 TOM20
- = - - -‘ it 8 3 TIM50
c
[
l-----l p-actin E 1.0 -
gt
150 &
£ I
-2 S
100 2 0.5 1
g <
] 2
2 s 4
g E
. , 0.0 - a
Veh - MG +3MA +Baf S R Fg @ Fe R

A Crif1 KD Crif1 KD Crif1 KD

27 9. Apell 98t Crifl o #av WA 248 T3 dojds g
(A) AB (5 uM) Al ol 93k A7k &3 Crif1 9] 74, #p < 0.05, ##p <
0.01 (vehicle A8 2% 7]%)

(B) AB 24A1%F A g o o8t F% °o]&4 Crifl2 #2, #p < 0.05, ##p <

0.01 (vehicle A8 & 7]15)

=



3} =>

(C) Confocal microscope 3

2417 2] (Alexa 488) #HAE =

wxxp < 0,001 (vehicle A& 15

< Fdl Crifl Als7F AR (2.5 uM)

J (2AIYPRE 10pm & YERD,

(D-E) Ap ° o3& Crifl #at @A A Add od Fdo]

o WAl wrle zuYe &

*p < 0.05, *#p < 0.01; ns +

fFoletA e52 UERd (vehicle A2 IF 71%)

48

92

i

2 1_'_]'| (=

]

1

11°



Veh

GAPDH

a
H,0, treatment
Veh
————— | crif1
- ¢ | caPDH
c
Ap

Veh - Apo DPI Apo DPI

d

Forward probe: 5™-biotin-TTAATCGACCCGCCCCACC-3'
Reverse probe: 5-biotin-GGTGGGGCGGGTCGATTAAA-3

Free Probe

Mean Intergrated Intensity
(% of Veh treated N.E.)

N.E.from : Veh Veh Ap Ap
Comp. - + - +
Probe + + + +
e
IP: anti-Sp1
Veh A
|} Sumo-Sp1

I sp1

--}I Sp1

Input

% of Veh
(normalized to GAPDH)

NAC NAC

Veh

AB

Crif-1 level (% of Veh)

Veh A AB*NAC NAC

1%

Sp1wt  Sp1K16A
Veh AB Veh Ap

Ap

% of Sp1 wt
(normalized to B-actin)

Sp1wt Sp1 K16A

f IP: anti-Sumo1

&
>
>
=

"} sp1

Sumo-1

oo

Sp1

i

Input

“ Sumo-1

1% 10. ABell 2% ROS S7k= Spl 9o A M S A2

(A) FAaksk2 28] (10~750 uM, 6A17H) o &% Crifl9] 4
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(B) ROS & AlAsH= NAC HEA (1 mM) Apell &t Crifle] 7H4a7}

3|85 wxp < 0.01 (Vehicle A& 185 715); #p < 0.05 (Ap A8 18

(C) NADPH AtshAl AafjAl AelA] Apell gt Crifl #HA&7F 3|54,
Apocynin (10 pM), DPI (10 uM), AB (2.5 uM), ##p < 0.01 (Vehicle
A 1% 715 #p < 0.05, ##p < 0.01 (AR A7 1F 71%)

(D) EMSA #41& Z&]4 Ap (5 uM, 244171 7} Splo] Crifl =& R E

Aodew Agshs e A« w5l WA= e sl
A -DNA EAA} SEAEAN Solx W=D yERd, NE: & F59

Comp: AA EA A} free probe: Aeslx] Eal= T A A}

(E-F) ¥%dd FAHS S Ap A7 Splel SUMOylation &

st

SRS gl (BE)e ABel gk Spl-SUMO1ZFe] A& 3to]
=7Fsta, (B &  Sumol FAE  ol&d ABE  AEAl, SplY
SUMOylation ©] S7FHg& HoE

(G) Sp1K16A = ROS °f &8 SUMOylation ©] #7}s 3t EHo] & o]
DNA 2 #H2dA7 ZEAME ABS Halslodn Crifl g7 #A43)

YEYA] kS #=xp < 0.01 (Spl wild type cDNA 7} &4 F¢ &

7158)s ns = oA Bae WERd
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(B=C) Crifl KD & vE&Z=go} #4945 F7HAF, (O) oA+ image j

S

Zg S olgsle] nERZCgol RS B (15T 200 M A¥E),
AADHR= 10 um, #**p < 0.01 (Vehicle A2l 1% 7]5); #p < 0.05,
##p < 0.01 (AR g 15 7]5)

(D) AA3E BA#AE Za|A Crifl KD ZFNA Ap (5 uM, 24A]17H)

A

At IF3 fFARHA vEZEeobe] Refo] WrbHe el (Al

shee A4S vEE=gol, R v gt

2
k=)
i
ry

i
k)
o

lu

==

(B) mEZ=gol BA9E JC-108 =43, »p < 0.05, =#p < 0.01
(Vehicle 2] 2] g+ control siRNA &3 9] 15 715)

(F) Crifl KD ZFo°lA ATP-luciferase 23S X&3lo], ATP AJAto]
aws gl «p < 0.05, #=xp < 0.01 (Vehicle *8]%F control siRNA
P4 4 17 7+

(G-H) Crifl KD ZI%°lAd ROS Aol f#F3tA F718. ()&
MitoSOX #z A¥E yepbd Zlola (H)+ I172& A%, =p < 0.05,

#xxp < 0.001 (Vehicle A8 I&F 715)
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(A-B) ¥9E T Crifl c¢DNA HAF9 A7l MitoDsRed =

il

HE A 7)== SH-SYSY AM¥EelA A (5 uM, 24 AzH = Hestx
nEZcgolE ## image J program = ARgste] BA (OEY
200 7Nl Azz)st Ay (B), Ael o&ll WA d mEZEol RoFw

Zdol7} BE 3)Ed (AAYuE 10 um), =#=p < 0.001 (Vehicle =23t

ok

e P2 £ IF 715 #p < 0.05, ##p < 0.01 (Ap A3 FHE
P4 4 17 7+

(C) MEZ=gol BHYE JC-102 43 Ay, Apel 98 47
RS 7 358, #xxp < 0.001 (AR X g9y A F9 I1F 7+
(D) ATP 24+& ATP-luciferase & =743 Ay, Apel & #4ad

ATP AAto] 3E" sxp < 0.001 (Ap A3 ¥HE 4 F9 I1F

(E) ABel 2lgt ROS Aol Crifl #dde] oJsia fojstA 3)5g,
DCFDA Ade 3% (AAYu= 10 um), #p < 0.01 (Vehicle
At yulE] A F 25 71F); ###p < 0.001 (AR A FHE
4+ 17 N+

(F) Apell 93 mEZ=glol UlF ROS Aol Crifl e 2alA

T sA 35H, MitoSOX A& A (AALHE 20 um), =wip <

4

0.001 (Vehicle 1&gt ¥ e 4 F9 5 715); ###p < 0.001 (AB

N

Agd Ty g4 F9 1F 719
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Reduction (% of Veh)
RFU (%of Veh)

Veh Ap Veh AB Veh AB Veh AB
Crift KD Crif1 KD

(1]
o

150

n.s.

Reduction (% of Veh)
RFU (% of Veh)

Control

Crift KD

TUNEL positive cells (%)

Veh Ap Veh  Ap Veh Ap
Crift KD Crif1 ole

(A-B) Crifl KD & AXAME =82 MTT (A), Calcein—AM (B)
A¥gor geld «p < 0.05, #=p < 0.01 (Vehicle #2% control
siRNA A 2§ 715)

(C-D) Crif ¢cDNA 3AF% 24 A7F 5, AB (5 uM, 24 AlIZHE At
A S SR Aol o @AV IEES MTT (O,
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Calcein—AM (D) A¥& Falr & 4= A, #p < 0.05 (Vehicle =23t
FHE g2 F9] 1§ 715

(B) A T

o

Z Falslr] ¢8| TUNEL AES F38 (AAYnp+=
20 um), ##p< 0.01 (Vehicle A2 “1& 7]5); ##p < 0.01 (AR A& 1=

718)5 ns © o8k ¢kae dERd
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Littermate Tg6799

S | Crif1

—————— — — B-actin

Crif1 level
(% of Littermate)

Littermate Tg6799

Littermate (1) Littermate (2) Tg2576 (1) APP/PS1 (2)
#1 #2 #3 #1 #2 #3 #4 M #2 #3  # #2 #3

Bhassessss Bas |«

Crfi1 level
(% of Littermate)
Crfi1 level
(% of Littermate)

Littermate Tg2576 - B6C3 APPsw/PS1dE9
" 14, U2 dEsoluy FE R oA Crifl @zl 74
(A) Crifl @ ao] 5XFAD (Tg6799) ¢ slintollA] < &kA 743

(2E% 47kg]), #p <0.05 (Littermate 1& 7]5)

h % A e



(B) Crifl o] Tg2576, APP/PS1 Tg © ¥ =2z} slutels &5t
7rAxd) mEEZEgol gaide Wiyl e, #p < 0.05 (Littermate

5 7+
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AB 5uM
Veh 05 3 6 12 24 (hour)

—
)

3

Crif1 level (% of veh)
3

Veh 0.5h 3h 6h 12h 24h
a9 15, e AEFoA Aol 3 Crifl @A) 7+
(A) HT22 M¥EFe] AR (5 uM) A2l & 12 A|7F 24 AJ7Fo] 1S uj

Crifl & o3 2 E =& F A&, =p <0.01 (Vehicle A2 I1F 7]5)
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Crif1+Tom20

Crif1+TIMM10

Crif1+Hsp60

719 16. Crifl @ o) wEZ=gol of 914 #3
(A) TOMZ20, TIMMI10, and HSP60 9] n|EZ=glo} A (77 24t
ek 712) ek 87, confocal microscope % #EEo] Crifl 9

mEEEo ) 9Ag sl

=

(B) 3D-SIM ##& E34, Crifl & TOM20 (&%), TIMMI10 (WJ=h),

.

HSP60 (71&) 7te] 91AE &g, 7P 8% dddd vebhd A=
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Crif1 KD em Veh

&3 Ap
P £ Crit1 KD
TOM20 O Crif1 KD+AB
5
>
TOM40 2 = 100+
c o
&>
TIM50 8%
e
a s 504
>
crif1 w

TOM20 TOM40 TIM50 Crif1

MEZSeol gude] e olFd JS

(A) TOM20, TOM40, TIM50 5 ¢ vEZ=glo} ojuty} Wyt ol =2
ABY Crifl KD o 98] #ZAHEA ks, #+ p < 0.01 (vehicle *g]3+

control sikRNA & 9] 11§ 715)
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Crif1 KD
Veh AB Veh AB
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19 18, Crifl & vEZE=glo} d/%
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(A) Drpl, Fisl, Mfnl 59 nEZtgo} 2d/§
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(B) Drpl, Fisl, Mfnl 59 nEZEgo} B2d/¢3 #d dWadLe Crifl

T AgeA Ue
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Crifl KD Crifl KD
+ Ap

Fluorescence
(% of Veh)

Control

Crif1
KD

1% 19. Crifl KD o] v]EZE=gjof w3, ROS o A= 9%

(A) TMRM Adelx 42 A3, F24 g3zt v Adss
mitochondria 2] ¥Fd9)7F 2 §AH 1 e AE YEY, (AL 20
um), * p < 0.05, ##* p < 0.001 (vehicle #2]3t control siRNA &
9 IF 71¥); # p < 0.05 (vehicle AH#%t Crifl siRNA & 9]

I 719)
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E3 Veh
150+ B3 Ap

g &

Reduction (% of Veh)
2

o
1

Veh +RuR  +Ru360 +NAC Veh +RuR  +Ru360 +NAC

T1E 20, Al %k AlEARE Zol2o] ofd ROS Al g A

ftjo

gl
(A) Ruthenium Red (RuR; 5 pM, MCU (mitochondrial calcium
uniporter) H|Eo]Z& AHdA]), Ru360 (10 uM, MCU Eol& AsiA),
NAC (1 mM)& AR A& s AlxF Aol A& shar, 24413 wjekst ¥,

MTT (a)%} Calcein—AM (B) & 343%, * p < 0.05, ** p < 0.01

(vehicle A8 1% 715); n.s. & F3% A7t 9=
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Age Sex PMI Braak score

Control 1 61 Male 22.75

Control 2 84 Male 26.75

Control 3 64 Male 14.33

Control 4 78 Male 19.18

Control 5 76 Male 23.92
AD 1 78 Male 22.48 VI
AD 2 61 Male 22.75 VI
AD 3 64 Male 14.92 VI
AD 4 84 Male 23.08 \
AD S 76 Male 23.66 \
AD 6 66 Male 15.02 \

E LA Hx4 AME FJR (PMI: Postmortem interval)
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oxidase

Promoter Crif1 gene

a9 21 Crifl 79 WAYS ZA %

Apell ¢Jal NADPH oxidase’t &43}¥o] ROS A4dE 7711,
Sp1¢ SUMOylationo] Z7}stth, o= Splo AALEA S HaAA Crifl
FAe] AAbER Crifl  ©@eid ko] Zadt ole] o3,
nEZEobe] i, 724 WU 6 wE Vs olds s
Har, o)A & Fxstolw ] FAte] WA T A7 AFEAE FEEH
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o i, WU vEE =g ol o9& ROS Aol ¢ FUbEEE,
Spl2] SUMOylation®] ©% ZF7}&tal, Crifl #HAe] 23 nEZ =g o}
W7ol dojuAl Hol MEAE HS F7FsheE #go] REEEO Ao

Sz sfoln P ol WEE sh43t A7 k.
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Part 2. Tsplell 23t L=3lo[rH A2
nEZEZol 7|5 ol 35 AT

1. Tsplo] Apell ot nEZ=go}e] 3}

Frt
)
ME
e
o
X
o
o

&<l

Tspl (500 ng/ml) & 3t AZF AAxe] sk FH, vehicleo|H} AR (1

uM, 24A17H) & HT22 A Hgsty vnEZEgol ok

confocal microscope® @ & E A}, Tsply ARE T

Agsl F aFdAe ApE ©EoE A IFel vlEA

nEZElore] Aojgl ko] A AT VEow IHHAH

(1" 22A). AAERBoR oA B A W, Al <H

mEZEgol Fdo] AEA doju Holrt FopAa T

Roko]l #zE whA Tspld A ABES A gAlol= oAl A3
ek AAst nEZEg ol BokS BRI (19 22B). HEd

nezsaels] olrt fola BT b AEY &AW

MEZEote] AR @A gasgor, @ Axg A

nEFZEol g AR AHEAlCl F7HEAHIE Tsples

AgAlels 4 FAE 3AFsAT. o5 F8AM, Tsplol Apel
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g mEZ=ele] dra Bdd Tz YRS AL
gelslloh.

2. Tsplo]l Apel g% wEZZ=gol 7|5 olE AfETE
gl

DCFDASH MitoSOX @A4§S FalA, Apel 23 ROS 4ol
7 E 3 Tspl®  ABE 4 AHEAlel=  HA ROSSH
nEZCglol Yo ROSTF BF asE RS FAsgint (19

23A,B). uWo}7}, seahorse assays E3lA mEZE=go}o

3. Tsplo] Apell &%t A7 AZARE AfFTE &<l
nEFEEEele] Jle ol & AdE AFEAR oldAEE,

Tsplel 93t B3 {7t Axe A% 9SS nx =X
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dolr w b &tk Apell o8 AP AE o] Tsplit ARE
A Arlel= FeoletAl gl Es MTT (2% 24A), Calcein—
AM (19 24B) A¥g Fd A8t Yo7k TUNEL A3 e
=34, Apell 98 Z719¥ DNA dgk A%7F Tspld ABE &)
AgAlels  3EEs #Ego=A (1" 24C), Tspl9
nEZEgol B3I &IV ARxe E4ES Eolal AMEAE

[

Oft

2
e

e
kS Eel

4. Tsplo] ABell &3t calcineurin 84J3}e} p—Drpl @A 9]

HEE ARF

o

g1l

+o% of"A Tsple] Apel &gt wEZTelote] #itd A&
A 7 Ade=A 2 wAYS dis] AHrRaa stk Al
o3t AE F9 ZFoleeol F7h, IE Q3 calcineuring
A stel o8l p—Drple ¢fo] FAAdtil mEIZEgotRE o]k
Drple] &2 Zdixlew F7ts wEZSgote] 39 7ol
dojdri= A3 ®ark gtk (31). I#ERER, 2 AFoA:
Tsplel 9sliA mEIZ=gote] A Aol AsiE= Zlo]

calcineurin® 435 Aty WU Zojegt= 7S A
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At AFo2, fluo—4 A= SN Alx W Za F= S

Boke wl, Tsplel Apel o3t 29 S7He AsishA Xk

7

ofk
oX,

2 syt (19 25A). AW AsE BRY 4Pe

Z3iA ABell 93t calcineurin @4 317} Tsplell &8 F25H

AsE= e Hol (I¥ 25B), Tsple]l Z# o9 F7bét

calcineurin 43 Afole] WAE Adge & 5+ AT @,
2 vEREeo Bo/g3 #d wale] Tsplo] dFe A %

O
g}
>
—
B
Y
flo
v
ru
g
ng
~
oo
ure)
(A
=
i)
=
rlr
rl
o
o
o
o
S
o

shQlskitt (1 250), 3HAIRF p—Drplel <ol Ap Aol 2l
Hastar o]Zlo] Tsplel el tA] 2&EH= Zls FAgo =M
ABE A st oA calcineurin® So]2 3ZZo] p—DrplY=
slstitt (19 250). °l& &sf, Tsplol Apel ofgt
calcineurin &4 39} p—-Drpl @Al AE Ao zH

MEZCeol nE ZAET HIS FAT 5 ALk
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Form factor (FF)
s e .

1% 22, Tspl o] Apell 9%t nEZ=glo} 3}

s
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1 =]
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(A) HT22 A¥el, Tspl(500 ng/mL)<S 3t A7+

(IuM) & 3

24 ANZ+E
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e
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o
a

Mitochondrial length (jum)
°
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>

Damaged mitochondira
fraction / cell (%)

Mitochondria number/cell
(% of Veh)




BEAE Ay, nEZ=gole] Zo] (Aspect Ratio)9 F9% (Form
Factor)o] 25 AA 502 3EH * p < 0.05, =+ p < 0.01 (vehicle

Ag 2% 719 #p<0.05 (AR AY 1F 71F)

(B) (A)elAgt s T2FAA vEZEgol Reks Axdw A #3

=

ARl ©lal gobd mlEZseel Aot B, AX sty AR
MEEEelcle] ngol %, AE shid vEEE o] 47k Apel

ol T7FHA L Tspl 3 ABE S Agjrlell A o2 35, wx p

<0.001 (vehicle A& 17 715); ### p <0.001 (AB A& 17 715)
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Fluorescence intensity
(% of Veh)

AB+TSP1 TSP1

c

g2 8
3 3

8
8

(% of Veh)

AB+TSP1

C.

Fluorescence intensity
8
s

o

R4

2% 23. Tspl o] Apell 93t mEZ=glol 7% oS 3EAI7S

ok

(A—B) HT22 M >3e°f, Tspl & ¢ AIZF AAe] st H, Ap (1 uM) &
SHA 24 AIZF B<F s & DCFDA (12¥ A) ¢ MitoSOX (71¥ B)

AAS Z3 Tspl o Apel 28t A A ROS ¢ nEZ=gol
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ROS 9] 715 Asgre &92l8t « p < 0.05 (vehicle A& 15 715); #
p <0.05 (AB A& 17 71%)
(C) Seahorse XF analyzer & W|EFZT=g|o}o] AbA 4ARES 57, ARl

9

E)

Had Ah ARFES Tsplo] HEACR 357

h A2l &k



= 150 2250
S s
- Z 200
o S
g 100 £ 150
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3 %0 s
[ = 50
E 3
s o

o
o

Vels AR ARFISR TS Veh AR AB+TSP1 TSP1

Veh AB Ap+TSP1 TSP1

1% 24, Tspl ©] ABell 98t AFAE AFES EANS

(A-B) HT22 Alxel, Tspl & st AzF A2 & #H, Ap (1 uM) =
g7 24 ANZHEeE AEE, MTT (A) ¢ Calcein—AM (B) AdS T
Tspl o] ABell ¢Jst AMx Atd F7HE AsgS &2l * p < 0.05, * * p <

0.01 (vehicle A2 1% 71); # p < 0.05, ## p <0.01 (A A& 1=

(C) TUNEL 4 A+ &, Apel o3l S7he AlZAFES Tspl ©]

of

AEATE A §¢2

!

s+
sl

e

7}

ofr
_O‘L
2
dlo
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Fluorescence
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Veh Ap

- e CaN

Calpain 1

GAPDH

+TSP1
Veh Ap1AB2 - Apl Ap2

————— | Mfn1

'—:::——|Opa1

p-Drp1/Drp1 (% of Veh)

I — — ———— | Fis1

— — — — — — | Drp1

P - G- - = —\ pDrp1(Ser637)

Fis1level ( % of Veh)

I | p-actin

% 25. Tspl ©] calcineurin o] &4 3}¢}

o

R4

A

ol
=
Q

KoN
=

o

CaN A (activatedinon-activated form)
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a2 FAEEZ Tspl o] ABel

(o,
o
2
24
=
i)
=)
)
o
o|X
X
rlr

AsletA 23

(B) ARl 93t calcineurin &4 3}= Tspl Aol & AalgdS &2, *:

g3t ZH A calcineurin FHA S YERY = W= + p < 0.05

(vehicle A& 2% 715); # p < 0.05, ## p <0.01 (Ap A& 1§ 7]1¥)

(C©) mEZ=gol BA/§Fo #HH"E A Ay Tspl Aol
olafA 1 ¢koll W37} ¢lA Wk p—Drpl © thdt Drp—1 & H] &S Ao

ol&] #asta Tspl I ARE 7 A2 g Alef| 3]&4
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Nucleus

% 26. Tspl 9 B3E &dof A3 7|dS 28 BAE

T — 2=

e

ABel o]& MEURE Zgoleo] Z718H4, calcineurin ©] @A 8lE o] p-
Drpl 9 <QIA7|E o1, nEZEgolZ2 Drpl wwd o]XEgko]
Z7tel A vEEE=gol HEAS fE, ol wWE uEFEE=gold] Js

o3 AMIAMES fFEotAl €vh ©o] W, Tspl &

22

AR ol
EAsHs 028l FEAE T AL W UM 2w ol o 243

%= calcineurin ©¥ Aol F7FE uA @ JhsAdo] dar, o]e] upef
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Part 3. Metformin®l| &3 Ap AA F7F HAYF
e A+

1. 5XFAD #¢] ¥olA metformin®] Ap Zat3 84 Z7}e
ABsy B F7+ &%

Metformin  ARE F7HA7l& ZAox dyzlers (12),

e
[N

solmy TRl metforming  FARBIL AR Fe

SAstaA skl A5 2/0dEFH AR &@LU FHEHL

A, 3570 ®© S5XFAD &=stolmy md FHo H7; 1

FAFE metformin (200 mg/kgeday) & 9zt wld FAleATh

(29 77t2]). vlo] @'l -4G8eE dME L5XFADS AFellA,

metforming FAF ¥ 75F09] vehicle TAFS WS 75| H] 3|

1w °lA formic acid— B+ detergent—soluble APy X5 1.54|

A 7SS & & UGy (2™ 27C, D). °olE Ed,

H
o

metformin®] 5XFAD o dAFdolA A Z&aE S7HA 12 8
8 3



b}, AA HIMNE ABLE Z7AAS &+ 4k
2.  Metformino] SH-SY5Y A|XZo)A He—, Zv}-
Al ZGHoA Y 84S FTHIA ABE /MRS g

Metforminel] 23t Ap Z7}7}F APP2 amyloidogenic processing

ZAo 9

=

AAE  &elsty] Y&, metformines SH-

SYSYAREA Atk o] aFeA A7t SUMEF . (19

28A), HlEt—AlAgfHolA e TRREE AR F7F Hof 3l

dlo

S
=

e

7 AT (14 28B). HEF &del s WA H= sAPPRY =

S7kESl=d (2" 280), °lE F

e

metformin®] H|E}—

Al HobAle] &4 F7Eet el wE APPSO HlE HES

FMNRE & 5 AT W, geb-Alae ol e B4 e

aE Gy ffEiM VHol Hi HEIEE HolFal 139

dass AEE SPske Ady FAAE = 2lEy A

o?
o



o

amyloidogenic  processinge  T7FAIFCZH  ABRS oF

VIS 4 = AT (29" 28F). Ul Z, metformin©]

e EL L 8 o L

o

WA o =R o] gt

24 T7HE oFlske AIA LotRI] f8, metforming A 2 gt

TaelM Aa' 5EES sl fvb-AlAdEH oAl Y 2a

(Nicastrin, APH—-1, PS1, Pen—2) £9 uydwzcks 7z

BokAIRE, obl WEtE fEEA gtk (1™ 28G). § A¥E

3, metformin®] WEF—, Frl=Al=glHolAl o] BHS S7HAA

ABE F7HITE 4+ 9

32

.

3. Metformin®] SH-SY5YA|¥oA  autophagosome=

o
r_l

2572 ¥
Metformin®] 2]% autophagic vacuole (AV)$S] S7}7F Hie wf
A (32), AVE Z 4dHR AP AAAFAE olEE (33),
metformin®] ¢]$+ AB 717} autophagy %o &3t FH<2lX]
gz STk A3 9%, Microtubule—associated protein
1A/1B-light chain 3 (LC3) I ¥ 119 <%4& dad EXQYOR

g

Ay
g

S W, metformine At IFANA LC3 T 9Fol
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Z71ekA 9F, 3MAQF metformine 4] g AlolE= olgfst F7H7}

Holxl 5o FH metformin® 34 autophagy FE7}

ZhRe o & A9 (1" 204). wF AgAUFow B

Ale], autophagosome®] metforming 23t 1F2 A¥E o

A H es AP (29 29B). o] FA, metformin©]

autophagy A4S <7MAA AXE  WHel autophagosome=

4. Metformin®] $¢J3t autophagosome 37} AMPK

AZHL A= gEHdS 71

A% AFtelA  metforminell &F Ap F7F7F AMPK &4 9

iy

etk Bt Ao EE (12). o S HAFE] 98A
AMPKA &l A1Q1 Compound C (CC) & metformin¥} 37 A&t
HoolRe] skgl wAle] f1Ask=  autophagosome?] 2, AB

Aol deishs W=, Avl=AlaZl oAl &4 F7h Ap B4

o\

7} Aol oAwWA dER=AE Btk CC2 metformins
sk AHElAl, AMPK &4 S7F A ki, 3MASE

metforming 37 HF39S w= AMPK &Ao] =718+t
8 6
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o] E3 AMPK7} autophagosome =242 A9wtAlof EAsHS

|

et
o

e g AT (29 30A). = 2] P 3 A A, CCeok

metforming 7] A ElAlell sAPPB <7 Zvl—Al A2 H oA 2

44 =7F ABY S7Fet 2  metforming  SF9] wA oA

Hojxl= myp7h B oAlHe As 2l &gl (1" 30B-D).

o] F3|A metformine] 2]+ autophagy % autophagosome

Z7he AMPREAC] 9249 o & gtk thgow, o

c
i

autophagosome WF-7F Ap AAS 9l F&7F 2 5 A=A

-

2ol Heth. AXEA autophagosomed lysosome©] 3E3HH

let

microsomel.® FAH S doju vehicle} metformin

A S vlwdl 2SS v, metforming g Al 284 APP,

BACE1, Nicastrin®] @& =9 ko] F7iEo] Ql¥la PS—-1%

F

7t A3 WS (2" 30E). 3 BACELS A2

AA FEHMHE F71E o], metformino] Q&4 a4 FAHAE

=7F B opy et 7 odwd ke 2A|7F FUkEO] leEs E
Al (aH 30E). ©°|l& &3 metformine] 9%

autophagosome®] F#o] AR S S7MA7I= Wl 74T &
87
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mean % area of plaque

Veh Met

[APs2] pgiml
AN @ s @ N
- 8888888

Veh Met Veh Met
1% 27. Metformin ©] ¢=sto]myy B w20l wox AR HekA 9}

ABpE ST7HAFE &<l

>,
N

A}E

pA

-

(A) 3.5 W€ 47 5XFAD 9 H7 el metformin & 9 4 A%
5, 9 dAd FAolM HE e, the &S section sk Hio] @ Fl -
4G8 o2 AT (AAYYE 400 pm (91%), 32 um (2.8%) & YER)
B) (AE 43, Metforming 744 W Fol w2 F2o] HFgiolA
AB Z8FA7F 5718k, #xx p < 0.001 (vehicle A2 17 715)

(C—D) APy ELISA 45 F3lA formic acidel =+ (C), AlAZA A
o] = (D) ABspd %S AT «p <0.05 = p<0.001 (vehicle

Y 15 71E)
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>
w

AB levels (% of Veh)
[*-secretase promoter activity
(% of Control)

()
o
m

Met

Voh il

SAPPB
|5 e -

activity

y-socrotase activity
(% of Control)
(% of Control)

y-secrotase

Veh Veh

Met
Ry | o
| — ot @ -l 22C11 (FL-APP)

[0 0 | - |

7% 28. Metformin ©] SH-SY5Y A X4 APP ¢ wE—, 7n}-

o

R4

Al HopAloll o3 ZHEe SIS

ok

(A) Metformin ° 2J3] ABe] &Fo] F71gH, #+ p < 0.01 (vehicle A€
15 718)

(B) Wlet-Al A dHotA Z2RH ] &4o] metformin ol o3 F7}H3t
(C) sAPPBR7} metformin® Fxe] oJ&8 o=z Z713h

(D-E) Metformino] ztvi—Al=gfHobAle] 245 FostA T7HA A=
peptide cleavage A& F3llA &8t (D), luciferase A E-S F3lA

(E) oA 3t ® &l « p < 0.05, =#=#x p < 0.001 (vehicle A8 &

h Rk e T



71%)

(F) Metformino] &4 APP-CTF: Z+4d= 7

o
oX,
o
fw
o
=l
)
2

APP o2 wglebA] ok

(G) Metformin APPS} fhup—Al Al ElobA|e] 4 QAE9 &

o

5}

AZIA

- A2l &k



Met
Veh - +3MA 3MA

170
130

100:
70.

55.
40

35
25

18 mEmemE s

10

GAPDH

(A) LC3-19 ©<Fo] metformin © 2l Z7}¥ 1, autophagy A al A<l

3MA 5 @7 A2l 254

(B) A duld ##EHS T3 metformin = A3 MEA vehicle
Ael gt AlsEe] BlaiA Wii-oll autophagosome ©] FAEHo Sl&& &<l
(F7), a EE b 2 FEAE AMHE F X9e Fshe]

autophagosome < AA|3] &<l (Wl 2 EZ)
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A Met
Veh - cc 3MA

|- —-—— ~|p-AMPK

B - e — | APk

| — — — — -actin

B
Met D
3
>
<
o
£
"
c s
>
@
150 a
<

Veh Met  Met+CC Met+3MA

Y

y-secretase activity
(% of Veh)

Veh Met  Met+CC Met+3MA

E
Total enriched 3 ven

- Met

Veh Met Veh Met

= 150
APP 2
— 5
v , .
. - , o
H
PS1-CTF £
@
<
i Nct a9
’ - - — {- LAMP1

19 30. Metformin ©] 23t autophagosome =7}= AMPK A& 7 Zo|

o

R4

3t
=

fifo
J

9

iy

(A) Metformin & AMPK ¢] phosphorylation & <7FA#AH AMPK 4%
Agd HA2E5 FA3 A7M, AMPK E59°]4 Asj#All Compound C
(CC)Y autophagy A&AIQl 3MA Al AMPK &4Jo] #3)¥

(B) sAPPBS <oFo] metformin o 93 ZS7HEE Zlo] CC EE

autophagy A& Al 3MA & A& Aol YEUA] &
93
;) S =

.



(C) #mt—Alzmgd oAl &S peptide cleavage assays =3l &l
metformin A& A A =7}, AMPK AsiA] (CC) Y} autophagy #38iA]
(BMA) AHEA] 35, #+ p < 0.01 (vehicle 2] 1% 7]): # p < 0.05
(metformin A2 1% 71%)

(D) AB4o %S metforming A28k AMEo|A CC Hi= autophagy #
sAE Aefsta &1gh, metformin A 2Al Tkt AMPK A 8] (CC)
Lt} autophagy AalA (3MA) AH&A] 3&% «x p < 0.01 (vehicle &
1% 715); # p <0.05, ## p < 0.01 (metformin A2 1§ 7]F)

(E) APP, BACE1, Nicastrin 2] o] metformin o 9J& 2=
autophagosome ©|4 lysosome ©] ¥3%t¥ microsome 22 TFAH
WEollA  vehicle Agg IFel ®E SUFECl UASE, MES] A
3= metformin o &3] BACE19 vt 7M., “microsome
enriched”s autophagosome ¥ lysosome ©| &% microsome £3&

%9, + p < 0.05, ** p < 0.01 (vehicle A 1§ 7]F)
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Metformin

500mg Tablets
Metformin hydrochloride

—
<

~

Metformin

AB 1

t

Increased APP
processing

t

-, Y-secretase
activity 1

Neuron

Aut®phagosome
umulation 1

219 31. Metformin ol st A #8743 F7F WAUSS et A%

Al 2% e 13 ARAR 7 de] 220 metformin & AMPK &
g4 AFoezEx A AME W autophagosome = =7 A7it}
Autophagosome ¢ Ulf+= ®WEl—, #vt— A=A g oA o] SA4S =ol&
gd, APP 7F FAazow WAEo]l  glol4  amyloidogenic  APP

SAAZIA Har Aoz AR A F7kel 7] gt

processing &
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dz=atolm 2 HolA AFAELL AbHo] oyt 1AVl

FelE AA He dEAH] HIAE ARSI (2).

op7lell A 37l Ao® dHA UAd (2, 4, 34). ol

ofRl ATelM= 53, Apel o3t vlEZE=eopel Wbl it

714 e v EelA  HI T rEZEYoks AlE

gl uAE NS AE AEe xdss AAd

a7|golBg Alaxe] AEe] we T JLs dH 4, 7).

A AAZA o 9A Aprk MIEEEelole V5 g Brhme A

=

71400] WA A gob 13E o] AT Part 1 3 Part

ot

2 of| A u+s] Ak 33T,
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metformin 2]

Part 3 oA A 2
d=sto|m ool gvE ATtk g=stolHE e A 3 F
Ty g=stolwy 11

W X249 metformin & Y=3JPo|HY X B A

}A7A 1

o
&

wek AW X759 AsHE A

Aol ol & fl3l Part

o,
ot
r

el A
3 olHE metformin o xalolu e WEe] ojWa P

v A=A Astngt sl

Part 1. ¥=3lo|nHojx AAHE (Crifl ©HAde A=
Y= v EZ=E Y Vs A AF
AgPAToA, Apel 9§ mEZE=ole] JolAS

offl HAYSZ

B
g AAA el aAE

AN

KA g o} A 7k
nEF&Eglole] iyt Criflo]g=

A=

A gk
nEFZEg ol ribosomeolA] WIEo] o= Az}
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AgdAC] A4 dHAES vEZTE o] yute] AjlEHE RS
ZoFE s ke Zer 4EA Ao (29 5) (15). skARE
Crifl19] ®dlo] Aafje AFol|x wEFZE=egfote] Reko] 71A
Asol Bt Hla, vEFEete] 7] o)l #d Hoxl
ZAow YehEth (8). wEkA, & AFolMs dEstolm oA

Apel oe frEE mEZ=eold 7% ool Crifl whudl]

-’PN

o7 AVle Axd Zojgke MEES AlFA HIAAL ol

2
-1

AP owA, d=sto]my I FERH, ABE AT
AEZ SelA Crifl @adol wdo] FojE5o] dgs L
(1% 8,9, 14, 15) (36).

S, ApE AlE UFe] ROS ANS FT7MA7IE Aoz deA
QI (37), Crifle] #AAF A& F Spl> ROS S7kel <8
AARRIAE G4l FAasHE Zom  ¥ex Stk (38). B

Aoz, o] 7k APE T3l Aol 9g ROS A4 7=
Spl9 HApgAgo]l ZAas] Crifl el #AARFO] FAste]  Crifl
A o] ¢fo] Folme Wtk (7% 10). NADPH AkshA| <]

A AE A e wW= Apel o7t Crifl e Hart 3&EH= As

-

gelgto g, thA] W AB—ROS—-Spl—Crifle HA=EZ geld

AT (13 10C) (36). FHE, Apel o& FdIEcia

4

dex AP-1oly  NF—-«BeoF  #2  AARRIAR] A=

A A=, Apell o8t Crifle] #HaE  3EHAI7]A

e
ot
o
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FAFOEHN (data= HAXA obw), Ap7E EAste ZdelA
Crifl 272 AArbell F2 Spl AARIAZE #Hofdhe Ao %

w3 F 9

W

e

:<I>L_11
32
=
o

A, Ap= AE W ZE oles
S7/HAZIT AL e A =l (39), ofol el Crifle] = ko
W37E op7lE= Zlo] ofdAE #elshy] flE Ze oles
sloll== oF=a A EAIRE, Aol o't Crifl Ao 352
Holxl  skth  (datax  EAAA =), ROS T
d=stolm o] W X3t FadAZE =d (37), ROSel <)

A W= Crifl Ao a7 Wi Kool sehg iy

hf)
o

ool A RE FFE T vPEE ARl A oA HEEA kol

AT AFE PEE SRR ST AnE ElFEdT (2F 8A,
B, 14A). ol&|st wetela & o, IS ARy G 22
ROS7} ZF7hstcta &eix Qe o8 AAFEHAAG DA,
Criflel #3t $&% A47F 493 Zox ®AY. Crifls ¢4
AZL el A BoiRl ABell ot mEFE =g o] 7)E o] 359
7120 ABell 9%+ Crifle] ZAaE <la) Az Wdd Ax AL
g AdE5e]  folding®  mEZE=gol U Etoz ol 4kglo]
AagorM AR AGAE o|FE @uFe] ofo] IAd AL

Criflo] tA] 3| EAA o718 FHo| oldxZE Folstux &)
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W3l BEHA gttt (datas HOIAA %), 1HPE o]
Criflel 93t mEIZE=ote] Vs 352 o A3 AT
A3 vRR7HA R 7 complex®] ©MiA ¢foll= WsyE IAIRE
complex59 FAE FT7tE dEHS 7tsAel vt & F
AT (40, 41). Crifls FEAAI AlZod  ABel 23t
ROST7Hs  EEAG, wEZTglol vhd9uy ATP A4l
N = S RS Holx &tk (¥ 12C, D). o= ApZt
ATP synthaseY cyclophilin D¢ ZAgslodr nlEZE=g o}
A9t ATP BAS Adlisls Aoz deAd 9Joer g (30, 41),
Crif19] s oz wmEFEZ=gole] wdfu; ATP A4S
S35 FEFAANA EPA oz Alzdr. &xv ROS 719

Aeafre v, Aol &% Ax FAH HAE IHFAIIE He

TP RHoew Holy] wEe] (2¥ 12E, F), Crifl<
MEZSel A% 449 ATEeNY AT W Fo
Row ZEAY. EF, Al 3 FHEE B4 o2 YL

al

nEZE ot Ylsold, AEAIES dorl= efler dYA
AARE(39), wEZE=ole] Zgold HX ASfAE A
ZAAAE Apel &3t mEZEEol Tls  3&Fo]  dojuA
SeomM, Zai ol FT7FEU= ROSS F7H7F Apel ofd
nEZEore] Vs oded Tede & ¢ A (I¥ 20).
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shAIRE Crifl  #RE - ofyeh,  wlEZEgol uyute] At
guidoli A 1 Ve Al st o 7] @A S, chehds,

mitofilin, ATP synthase %=

ulf!

of tigk F7HAQ A4 o
e Aol Agstae FAA] wFAYUF] AYE Aoty (42—
44). std, A3 AFA & oxidative stressel &3t AEZ W
el Hed g o] At 12 A3 ME AFEe T Rad
vb glth (45). Yl g AlzeME mEZE=gel o Crifld
oAgo] wEZT=g ol U ribosomeoA AjEo] WAF] L}
A AdA @ dEe oo s Aglshs 9d= 2= (15) &+
Aol A gelgt ok=stolm oA Crifle] a7k, Aol <%
oxidative stress® 13| lEZ=glo} o @iz HAS ubr] 93t
Aol g dE dia Zo 1 A dY F 3 FEe] H
7FedE A o] 7hsAdel WisliAi=, Crifle]l AAA<l ez
HoAe #-dE ribosome HA|S] 74 Q47 ol chaperones
i @ dolgt= M3, oxidative stressoll ekt H o
ko] A= vEZEE ol Y ribosome T AR TS A XA )
ribosome @S] HEH FE Jojupm F fJA|o|A o] whuiz
Hol apgke] 2do] HfiFow dojdrts Ad At AnE
aEs BekE w (46), °] el dEAME F o A
5 A7 SR Hojof & Zlo® HltH

#HZ 2o, vEIZ=Yore Ax AEAY Ve o4 W=y
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9715 neuromuscular degeneration ¥ T W2 W EofA

Rzt Z=7FE3 QQow g (Criflo] olglst mEZEgol 7%
oS WFToE JMR HE AT F2 XE FH FHO]
2 S ASE J|dysk= vk olth (47, 48).

Part 18 A7 ZA3+= Cell Death & Differentiation, January,

22(6): 959-73 (2015)°f =F-o 7 xSt v} Q.

Part 2. Tspld ABel g3t mEZE=Foetd F+x F7HEH
s olgele) 9% 1A AT
Tspld FFAZALY dfds 2AAetL s AALZZRE

AAAAEZ FH H dolv, d=spolHyolM= 1 &R}

rlr
e

ZolE0] Sl&ol WA vk (49). Apel o wEZEZole]
s ol & GEA AN I 3E wAYSZel dEiAE B
A7 HA dsdth 219 AdelM= Tsple AAlel Apel
ot mEIZEgol 2o Wk & 4l TVle oo FEF
AdE FESA H3AaL, ool Tsple]l  d=sfo]mg oA

rEZEgote] wd BHE mdE 7HE F 9de ZheAdel sl

M3 Ao A calcineurin® A 37} p—Drple kS w3HF
nEZEgotE e Drpl olFs  S7HAZIAL ole] uwet

MEZEeold Hud RA% % olgel xdAE F Aol



g
o

Aot (1" 6) BD. L=spolv oA Apell o3k Al

o] 2o] Z7tslar, 1o 93] calcineurine] 43 =4

i)
i

Tsplo]l olelgt AR A H3AEES st Aol 7HdE
AS-A =, AHE E3lA Tsplel calcineurin &3 3tE 2ot
tgol olojAl= mEFZE=gete] HEd d@4d¥ o wE Ve
oy A AR AFEAE T2 ThsAol SUse it
nEZT o] s FdL # nEZTEole] Jle oldEs
ORZIAIZI=H AW AT A wmER, nEZEgol JHEAA
rEZ=gel o da AEAEY S AdE 7Y e4ass
Zb3 Sl Ax A BAAES HlEo] HojAHA d&etal
aEARl ATP Aol dojux i, Ax ddA S 55l
BelowA  F7HAQl ROS FZo] oprj¥m, wEFZIeglol o
Abel T3t BEase] Aol "olAa, mEZE=gol 2 rt
AAA HeE 5 AFZQ mEZEgol Jls ol AveE=
sk ez LA v (B0). IZHEE Al 9%

vEZegote] dEd dAYde Adiehs Tspld amybs Hd

Neuroliginl, CD45, 2813 & thekst FE&A ] #Eshe=

Y=ol At (51-53), 2| Al

o,
=
B

M= 53] 028l FEAE
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o goltt. 1 FAFQ WHoR 9281 FEA w2 HIRE
7}# gabapenting A @& (54) Tsplel 23t ®B3FT Fyr}
nFEE= Ao oFE F3l, Tsplol a2l FEAE Sl
AZAEZE Bk A98s & F Sas #wsd Zolth w28l
TEAE AHAeoexE  FAZA  L-type calcium channel?
s gAeaER BAFENY] wEel (55),  calcium
channel®] 7]& % traffickingel]l ¥#d¥ o] W2 A7F FafFivt
JHEE B AFoA ABS AAFAME = duldt Tsple H3
zkgo] w281 9%t calcium channel FES Fd Lol
7FeAdel s & Ak AT, o281 F S wuid -dhely

A5 288 s 4 9+ extracellular Von Willebrand domain

.

ZFAl 3L Q1A ol & theFst extracellular ligandel] st &A=
7158 7 les AAFEFE Ael7] witel, Tspl-a28lel 9%
2% Aeo] calcium signalinge] =&¥ A k& 7FsAE AT
T v 2Ae sHdETE 3 d=Z, HE a8l A Fo

st A5 AIoA], a28l°] calcium

channel® 7|& X483+ HF3#3H, myoblast attachment4

HqE gk
¥ | I



extracellular signaling o] #oJshs wh3wlitt (56). T3 2

Aol #BHE v AHAoRE AAANEANA w2812 calcium

channel 24 7]s¥+= 5HHOZE Tsplo] a8l FEAE F3
shel Als Ags Fal AAFAMEY] AYA S S AT

A7 wud vk glek (51). Hoprk 55 Aol A ARRE o el
02812] agonist®! gabapentine a281°] AE3| Tspld 02812
Are AdEAIRE,  calcium  channel FAEol= JTFS vHA
ol vhe A Qlal ob¥ A 2 RAAAESE 71 el A QA
ot (57). 2YEE 5% ATol|A] gabapentinel] ¢3$F Tspl]
Zpeto]l 02819 calcium channel?] 7] 2SS ZwksfA 7 ofd,
TR 5HAQ Tsplel 93t 2819 sH9] AE Adgs Add
Ao o et ol

w3k calcineurin  A3fAel  FK506S AgskAY, Drple

phosphorylation siteE mutation A]%Z] DNA constructs 32
FOAA, AF HEE YAST g A — AE Y Ca’t ol

=7} — calcineurin &4 3 — phospho—Drpl? 4 — Drpl?

MEZEYlE olF F7b - WEZEeold ®A F7b -
MEZSEl V)% ol - AF AEA 37 - SEstolnye

Aegolet= 7FA 9] FoA zhzre]l @AY AdAlES As] A3
7S s FaH SyEivd AZbolth, Tspl<e anti—angiogenic
effect= 7FAAY neuro—inflammation8 A3& 7FHLE=ZE
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HEt—, Zmt—AlagHolAl= ARE A8WE o o 7R
Q3 7 oAl (2¥ 2) (61, 62). YRR o] a4F9
ol AxEW dzxstolmge] o] rp&sid Aolw, AA =
theket AE AEHA A o] F oaid FAo]l Frleks
Aow deA Aok (61, 63).

Metforming A 28 Ydxurwo XZA=RZHA 71 da Ho|l=

;

Atk AAlR, dxspolvy dxEol Al wsiM Al 29

ofl
kr
ok
-3
i)
i)
o
fuieu)
o
i
o
-
=Y
__)&I
2
B
By
1o
oo
o
R
o
kit
A\
L
)
\]
ot

sl gloh (64). 7 A3 =2 dAAFor A A 27
G ABAE 98 20]lE metformine] &=sFo]wH A o
o Ags T = QST tig ofoltol vt A|AHO] & Zh-H

W Me A7t BElA ok Metformin® BBBE Fid &

7hsAdol AR, AT Ayse]| wWEdW ofH7A= 1 gl
Wekdol Jgs] AFelAA il Sl olE 59, Kickstein et al.
9] Ao A= metformin®] human tau transgenic mice®t non—

transgenic mice? AlZFAEo]A mTOR A3 A H=E

i

o3
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Ap Zeta7t faske BdE BT (66). AR, o] AgrellA
/A 7159 A HolA okt o]gh RIhE, metformin?
FA4 7eg Hists A% 29t olE 5], chen et al
o] AFrollA= N2a695 AFEFF F2o ABGA LA metforming

19331 o] 7o) H|EF—A] A | oFA] 2]

Oft

A Aol Al e T7F

g4 e FE o

2

FS B3Y (12). AR ojEA
metforminel ¢34 amyloidogenic APP processing®ll ¥#ofsh=
aasl &dol FTUkek=A WEAA ddkTlel & ATl 1
ZARSE= -l I e R R R B = R s o i
AHNE EUE FHEHSY+=H, A= metformin®] AMPK 2%
BEE BAIATIL ol AIAACSE  autophagysE  EA I}
AZt= Aol (67). 7 WA= Son et al. o A5+ AIolA

d Aol o8 autophagosome°] FAEHIL, o] uF-ol=
APP$} amyloidogenic processing®] #oIst= Al A 2] HobA| & 0]
ol EAsta Qlol, AEE AR B a7 H 5 doe Aolv

(33). °ol¥st d¥4=5& EUE metformin - AMPK &3} -

mTOR A& - autophagy +% - autophagosome & O & <lst
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AR =7t e 7HEE AR, o A JHEE FHeh] fIEiA
AgoZ, 35/MEE S5XFAD L=stolwy ndE Hex  AB
=t A7t T7HE S dESH (19 27). vs o ®, HT22
M EFo) A metforming g Alo] B ZAFH S =2 autophgosome©]
=89S AT (28 29). o]gst A3} autophagosome 2]
A3 AAZF BolA &= ZQJA E= autophagosome} lysosome 2]
o] Ad|Eol autophagy flux7t =3AM dehtE A9IA
erolr 7] 28ll, tf-LC3E F& FHUAIZ AEzeA RFP-positive
signale ¥ #Av|Foz A& BTt (datavz EHAAA &a).
Tf—LC3 constructi autophagosome¥} lysosome®] &3 stA =

Alel, W§-2 A= (pH) 7} #4stEs 254 32 AA

w7 ggnt JA H=d (68), #A8 AFeXE metformin
o 9l&jA] RFP—positive signale] <7}slS S22  autophagy
flux7} 23 t7] HTU=  autophagosome®®  fFEHE
autophagy® #4337l S7H= #F8 & F Add vso®
o]# gt autophagy?l ®|EAAN &A3s7F AMPKe| o&4%d=
AMPK A&fAlE AR&sto] &1g 4 it (29 30). =3
autophagosome?®| F7F= WEl—, fol-—AlZH oA A4S

=2 Zol= %, metformin®} autophagy A3fA|Ql 3MAES 3TH/

2

g Ao o]2]3t metformine] &3 sAPPBS E7lE  3Eg

Y

o7 of4staitt. sANE metformin® 3MAE @A A s
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IdFolA HE A=A ABY FT7F= 3 HE AR, sAPPBRE] k2
7= 3l EEA Tt (28 30B). ol# 3 dARS olwl: 3MA
227t ¥ 3HAl metformin®] ©]3$+F autophagy #4435 U]

KA F2 A 2% autophagosome FHA = Erofb o]zlo] fhwh-

o

Al A EHolAl el dA EHEE vehicle g 12 2173 B

ez, HAFHoER AHH= ApY

Oft

e fARNE FR
Fhe welz 4 9l WEY sbsgel Ak vhAmow,

autophagosome®} lysosome©| 3X¥3% microsomel® JAH

AE FFelA APP, BACE1L, Nicastrin (Fvh—A|Z 2] HokA| <]
TARA) o] FestA T Wb Al dA A+ BACELS
Alelg APPU vlk—Al g ElobAle] 8 9450 ol & W3t
A= HolFol (9 30E), 4% autophagosome Ui-olA
amyloidogenic APP processingo] &3] dojd 7Ms4do] =55
gelgk 4 Sl

;2 dyddels 2y, dEsolwiels  AMPKW

<
&

autophagy?] @437t o= a¥E dtks oy A8 RIis:
Qlol gk}, Spilman et al. & oA tiF=2] AB7} autophagy—
lysosome systemel 93l #3522, AMPK activation mTOR
g4 At autophagyE RS F AL, Ap A E AaAA
F A= BT (69). T3 Yang et al. o] A Aol o
d=stolmry mdl FHoa AMPK AU mTOR A&l #|e
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oJ&lA autophagy s 5ot d=slo|weoa] HAX =
A Qes Hauskd (70). 289 EE g=stolwd
Arstol A AMPK® &3} autophagy &43te] AHA  F it

Qe obd7kA WAL ol g % eke, o e F£5 A7)

dash Ao=m Helrt,

o] Ad7dd=, A=A Al 28 GusAtelA B de] 2ogd
G A F5AQ metformino] IA|7]sole] FAES oA F
A= F g2S oA s AAl A Aol AEHYE
w+2% A5 B, metforming 583 dadxlso] e oF
83 dusAs Bu IAV|so]l A FaHo s Foew

ERSEE (17). SuEA%, ©]E 3 metformin® <A 58 A sl

HIEHY B.pE REsiEo=2A 3ty e e dERisiY (7).

to

-

3t sulfonyl ureal insulin® metformin¥} 34 Fo31%9 S

=

T oolgst ALY F7tel ost QIAV]Es A - A%
3 & FHojx= oz eyt (71). SHAIRE o]eldt Uk Alo] A
AHTY 4 Ayes Uy oFEAH SIAER, metforming

E&Foly H87]% RIS A=Ak (APOE  gene

222 metforming QA7 HZALo] oAE Ty QoHF
s wjAl Hod 4 glrk #Heli: metformine] tigk AYA|
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dxsfolye vEREele T2H PHR V% olgow
A% A7 Am BY e, WA B AxPNM Fow

machinery ©]x FHZ ABY AMEL WY FarEE 4
autophagosome 9| ¥t} 52 S fQlso] HPHom g
REAY, WY AFE SN e deE deA
Agolry. 2 AgelMs dxstolmel A SA4& dol=
ARll ABell o3&l ROS 7} F7vetal 1= A3l Crifl gene 2 AA}L
AAFQL Spl o FAF @Ao] FaEo]l 1 HARge]l i ol
Ao mEZCol vuh WAl Crifl o %o #AEs
wERG. ol#dt Crifl o Favs mEIZEobe] FxA<l
T e ol fEd AX 849 AaE HAgAEL
A7 EASH: AFeIME Crifl o Hds 53 2 9 oS
g FEOR FAYE A vEZEYote] Fxs} Vs, votrt
AZ BY7HA Ggor sRgoen dxstoy

ddel B wds FAE = 3Gtk olgA mEZE=g Y
T Ve FATE dxstolmy el F£2 AR EHo] d

o] o
=

T 9l At TR, 4% AlEelld EulE Tspl of#h=

o
J {



o] TS A Mo ABel 3 mEIZEgotd] 27

H
Tspl = ABell 93t A= o ZH ol Frtel %
calcineurin 843t5 Ao zHn nEZ=gole] FXE A3
A mEZEgete] Yleolyt Ax e AN FEoR
FA BE AES & 7hsAol =as g5kt

vEFZEgote] Ve o] Wk olY@t autophagosome ¢ 7

A5 A9l metformin ©] 23]# autophagosome 9| F24S & 3lA
AB Aol 7|AAgs ERIFFCeZHN, metformin FHEo] 93

S Fel @Al dA Tl Astel  His|A

autophagy & %38 A3 W autophagosome & FAA|7|3, 71

Uiitoll APP, WEl—, Ziut—AlaelHolAI7} F7hE o O &4 msh

)

sck olE g

r

7t o2 ARY A 7|AgE
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Abstract

Alzheimer’s disease (AD), a devastating form of dementia is the

most common—age related neurological disorder. Extracellular

AP accumulation and abnormal folding of intracellular hyper—
phosphorylated tau proteins are two hall-marks of Alzheimer’s

disease pathology. Recently, many studies have been focused

on the maintenance of essential and principal physiological
functions or the functional recovery of cellular organelles’

functions to increase the cell viability. Since mitochondrial
dysfunction and accumnulation of autophagosomes are one of
them, this study tried to reveal the mechanisms underlying
between those risk factors and AD pathology progression. We
found out that AP—induced disruption of mitochondrial
morphology and function is mainly caused by Crifl (CR6—
interacting factor 1) loss. Furthermore, since Crifl over—
expression  could recover  AP—induced  mitochondrial
dysfunction, mitochondrial morphology disruption and decrease
of cell viability in SH—SY5Y cells, Crifl might be the good

therapeutic target for AD maintaining mitochondrial functions.
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In addition, this study additionally confirmed that Tspl
(Thrombospondin—1), which is released from astrocytes in
CNS, appears to protect mitochondrial morphology and
functions by inhibiting AB—induced calcium mediated calcineurin
activation and following decrease of p—Drpl level, which also
can be a potential therapeutic strategy for AD.

The association between type 2 diabetes and AD has been
known to be quite strong. This study revealed the effect of
metformin in AP production by showing that metformin
accumulates autophagosomes where amyloidogenic APP
processing is facilitated in HT22 cells.

Based on these results, it is highly possible that maintaining
mitochondrial function might be a good therapeutic approach in
treating AD. Furthermore, this study also warns us for the
effect of metformin that might contribute to AD pathology by

enhancing AP generation.

Keywords: Alzheimer’s disease, mitochondria, Amyloid B (AB),

Thrombospondinl (Tspl), metformin, Type 2 Diabetes.
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