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= 3h(ageing) @4 ©ll A autophagy/non-apoptotic autophagic cell deathS &3+ biological adaption¥} ©] 2]
FA-3 xHo] A S aggregation disease), 53] A W(Alzheimer’'s disease), FEE W (Huntington
disease), ¥ =3 (Ischemic disease), Z ] Y (Prion disease) Tl 7|3t A4 HAH S Atgel E2-25KE X
Stet= -3 =3} in vitro, in vivo mouse AT E E3| o]t ALeit. ol & HlROE w3l oA wE
A8l aggregation disease®] A E- FENLS 9T drug targetS AASt, 11 S AostaA gt
HASHRE AT AFAH dFEEE e 2o

=

(Breakthrough)
HCS: autophagy/cell death/aggregation disease =& |RX X} &=

aws | —— | |
Transgenic mice

Clearance

E2-25K
Knockout mice

@

Clearance

Aggregation

Jlsd= disease

(adaptation)

_EEE W RIOIE He

Aggregation diseases: Therapeutic targett NI
Atg5, E2-25K, & more

(ATHREY =4E)

Jls Ao
(disease)

AREE

= Autophagy, cell death, 18|31l ageing process®] #A7]1H 8-S B¢ aggregation disease®] pathogenesis
£ olafstaa . olE s B AFAAA HFHOE setupstd &8& F<2 high contents screening
(cDNA, shRNA)S .2 autophagy, cell death, aggregation disease A 27 FHAE 9|3 dAolojrfo]=
o = (10)3tr 1 7S AHEtaA @tk olEd AFE S8 4 pathway WiANIAE EESHa
pathway network map-< 24 gttt

- UPS$} autophagy, cell deathollA] key 9&& st= 8 47 (Atg, E2-25K, Al-fF=}

mouse®} knockout mouseE ageing, autophagy, cell death®} aggregation®d oA A%t = F7} Al
T A dEl in vivo 713 ¥E AR Ed, AZF AWl Wl FS A st At Ik Elal A
"} (APP/dTau), @& & (Htt-Q), ALS & aggregation A% F&=X97 2] double transgenic/knockout mouse ¢
TE 53} disease modifierZ24 2] MZ 2 /dE R S}

)¢l transgenic

o] 3 ATFE F3, aggregation disease®l A 4l druggable targets E=ZE3tal, o]o &S AATD A
oA (small compound)E high throughput screening, structure-based drug design© = =3tz 3ot
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[FE71e3 A
o =394 A3 (aggregation disease®] F84) A7 $84

1. MEL A °(aggregation diseases)E EHHE FL& =3

Genetic mutation or

A Ag. environmental factors
o
T T T 1
_ . . Z] o Bn=

(11) Aggregtion discases (A2l 49| % B

o] groupdll &dh= tEA AW T w3} \4 \4

Fibrils Dissociation ; :

ol wgshs A A<l A uj(Alzheimer's disease y from micfubums O"Qime's 0"@1%@

AD), d®® W(Huntington's disease, HD), & W Neurofibrillary Nuclear Lewy

. . - Plaque tangle inclusion body

(Parkinson disease, PD), Prion disease 5°| o™(1H

v ¥ ¥ ¥
1 A, e s o goops i 4
J1Sed demeitid CHSEdSEe UlsSedse
Aoz BEHT
(¥ 1) Aggregation disease® ZE#F¢ T8 <l
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Aol H& wASo] AMEZUA aggregation®= 54l 7] wEolth olHF
aggregation o}z 1 E4o] 2 A A FARE o]AE0] FAHM W S Yo7 pathogene®E 283179
1 58740 wj¢ Atk

(1-2) %9 917} pathogenic aggregation

1-2-1 v} (AD®I4 amyloid hypothesis):
Amje] F8 U2 amyloid hypothesisoll 7118}, e w#o] ofdZO]E(APP) processing product?! amyloid

betad2 (Ab42)9] A4t A e gt A 8A LR A9 2Ho| g "%011:] Stk T8 o] Ab42 ARk Tk Aol 7—1'7—1'
o] Bol3 AelE wjZol AZA MESHAA AHLE A Ut §HE, Abd2e AFE Ab427} oligomer, fiberg ¥4

st Aol 71y el 1 pathogenic
role®] 83t QANAH I IthIH 2). whebA

Aol ito] opiz, AHE A7} ol Gooetase) | =%

& aggregation(amyloid plaque)< 33 AAtA X apap - — i —- ‘ — Memory loss
A AAIsAY, A9E aggregatesE Al A3 Production Aggregation

= Y E= An) AR5 T8 targeto® APP R

Aguigdsty gtk 3 9 E,  amyloid
aggregates A|713l= passive immunotherapy,
active immunotherapy”} 917 3%l 7} 919 (2008. 3. Alzheimer's meeting at Keyston), &% X|u] X SAZ Z2t3&

By Qe A% 2 ol

(28 2) X} HoellA Ab42 aggregates(oligomer)?] &84

1-2-2 A|Wj(AD|A Tau hypothesis)

Taut microtubule-binding protein©=Z cargo transportdll F83 7%+ st ok Iy FAHO|Y stress Foll
©J3 phosphorylation 59| modification Tau T2 ©] microtubule 28 ZL2]HA st A Zujol| A aggregates(tangle)
€ s 2™ 3). olHT tangle> AmjEAS] HojM WHEE Fa 5F Fo dUE, gain-of-function °JLt



loss-of-function 712}l ts] o} =& 3l

o1}, memory losss®| dementia®ll critical Tau

factor7} H3 Qoo  Eusd oy I — :mF w _, Memory loss
aggregation®| 7]2+¢] ofsfe} Alofo] thgk A SFIOR
T 27 AR, A9 targetoE FHEY]
AL Tk (2008. 3. Alzheimer's meeting (“1® 3) Tau o A o] modification¥} aggregatesoll ©]% dementia

Mutationlmodification aggregates

at Keyston).

1-2-3 971 W(PDIA a-synuclein, Parkin)

#7E WY F8 54 T UE, W0l asynuclein®] oligomerE ¥/33taL 2173 E A aggregation® Lewy
= PDelA] pathogenic hallmark® %11 QITH1H

Parkin©|\} deubiquitination enzyme$Ql UCHL-19] Ed®o|% AU Fol|A pathogenic T
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4). T3+ ubiquitine/ proteasome system

Aol i3k ZalE %3]-0:] AZWH protein aggregatesE =231
Sol el 9 AFE n Aok Tt oFY o]l F aggregatesol Vo
gk olsfe} 2HE 53] Hlv|sit} oaSynuclein — — Lewy body — PD
® @
1-2-4 AEE H(HD) mutation aggregation

d®E W S polyQCAG repeat)y= EFstI U= WWA (a9 4) A=A protein aggregates %2

(Huntingtin: Htt) 52 Q (glutamic acid)®] Zojol| we} thil o] A

FU ol A aggregatesE At 540 U™ 5). HD T ZHH pathologicdtAl FAIE polyQ ©HE(Q 1007 ©]
AES dHE WY F8 dRIoE FHM, aggregatesE FEde A F8& ATFY dFS ¥4t Utk
Htt-polyQ track®] F7Fe} W A7|7}F whaldsta(2d 6), S7HE SAMOl polyQ tracke] 3 Fo| Al aggregation®
o2ZH AAME toxicdtthe Hirp @o] W FSG ow, Drosophila EH ol A anti-aggregation peptide® T3 d-&
78-% &R ol 3 neurodegenerations A A A 7] L lethality S Hlo{ WA gt o] 213 A7 aggregate®] 24 o] HD9| A
olel T 3ta A AL ATt

QOQOOAQQOQOCAANQNAQAAQ E I M
. . s W __4
— o,  — up - NN Res-
o s NN
. LSS RN
Poly{Q)-track protein Aggregates J R

Numiber of CAG Repests
(19 5) A" ™ Bl PolyQel aggregation?t 2 opeer e Regee

(29 6) PolyQ®e] Zeo]¢} HD 227

1-2-5 39" (Prion disease)

PrP Tl A o] EAmolo] 9J3t pathogenesis =8 aggregation disease?] F8.3t o7} Hth PP Tl Fe T2 W
S} aggregations 5311 1 A7} neuronal disorder’} WA, ofA EA7|Ze A WA A] grol XA o] o
HeS 73tk o] Aol aggregations ZHFH= signal®] 7FH-E WS- Fa3lt



2. AFFA Y F53 Frlete @ dRES A e F2 N Y S5 £4

Percentage of People Age 71+ with Dementia by
Gender, ADAMS, 2002,

9 65— 694l 70-74M 75— 794l 8OM| o] &t

Source: Plassman, BL; Langa, KM Fisher, G4G; Heeringa, S0G;
Wicir, DR Orfstedal, MB; et al. ““Prevalence of Erementia in the DNEJAIE 2 BB E|HA DX X012 AR = M2 A2IEln den
United Seares: The Amng, Demographics, and Memooy Soady™ X|0je] ol 2l X 2= s T E=Ho|H ARl AT} o] 20| Hot Sk
Newmoepidemiology 200725 125-132. = =

=2 &} O] Ll =]
(29 7) 20079 % 2ol A g (1% 8) &=l A 1

W

. Aggregation A< o]3f £F; MZL A7 NFE AR 3= FAA

rlo

oM, 74 AT P

=2

HollA AF ¢ aggregation disease> 1H3} ALl A A7} F453] F7)st
A28k JARE T oo A 5ol iEjAs S o] o] FoA 1 A X3l

(31) 719 Y o7 A8A AT AZE HHde 7 windowE B8

Aol AFe dgke, ojn] 24zt AW Efof Ao ddEo] HeAL gtk dE Awje] A%, amyloid A8
AAst = W, 181 tau®] 79 hyper-phosphorylations HAIstel = A7 28 Folu of2] AFH ol Xxaid, d
HE, 3371¢&, 18 prion diseasedl M= -2 Hlssith wEkA ols w43 SUkete o€ AWl disl MEL 3y
o] A5 windows 82 gt

(32) ol =X &3 A8 FTFAY EAAT *=F

20001 xRkl SojAm olgjdt AWo] FFAQl EAo] EAste Aol RiH7| ALt Amyloid, Tau,
synuclein, AHH F& T3t o] EF AZUlA soluble = insoluble oligomer$} aggregatesE B4 36
ARl E4o] wAd Aot

3-2-1 719 ubiquitine/proteasome system(UPS)2| 7|
o]2]3t aggregatest= biochemical definition®] inclusion?= THE A SR 7]E9] UPSH 93t degradation® 2+ A
Bfstz]ol] Ao o] =2tk UPSel ojg 20| opd A2 pathway] AAIZF B3 AHo|th



322 A2& A2k i F8: Missing linke] 2
2000 Zof o]2]g aggregations ZHdh= MER Foke] AL BFo]l AZHT AlEY] 47139 homeostasis,
aggregates®| | 7(clearance) 5ol ¥ autophagy St

EHope olgdd AT gpd HUYE £ e Environment Stress
missing link®  $43) Aeluld S ATHow ! '

Keystone symposium on autophagy, 2007 keystone Adaptation +— Autophagy — Autophagic cell death

symposium on non-apoptotic cell death, 2008 _/ \_ A
keystone symposium on Alzheimer’s disease). ©] &°F Ageing Aggregation disease

= cell death, adaptation, =3}7p3} 3| 1A= 0| (18 9) M= disease network window
912 9).

4. Animal model& %% aggregation disease 979 ¥4
Autophagyoll 8¢ 9&-& 3= Atg59 A knockout(KO) mice= El U A lethal phenotypes HRIT dH
Ao KO mouse?] brainold Uit aggregation?] 717} HaE 9l ok (Nature 2007), FHEEo]A o] AFE o#gh
A o] A4 s5 AWEDY AFe ot A7+ Al AWt ok &, inducible mouse model©]Y} transgenic
mouseE &3 in vivo validation®] FAHH | =EF oIt

(B2 ZA s 73]

1. F5EE Autophagy EoF S (A2 pathwayst £2712 g3 o}

el AAG aggregation disease] AT

7}e] disease-specific pathogenic U<¢le] EAlsty, 7k 74

o N

! - _ ~ Staravation
9] BoJgt o wiEel I Ao =& Yt signal Autooh
W, HIZo o]#3  aggregation AFEQl  pathologic utophagosome
aggregates®| degradation/clearance ZHAol HAE A ZL 1. Induction
—— — —

autophagy pathway’} LAE L 1 AF7} vl SdstA
Y= Ut (2007 keystone symposium on autophagy).
o] =xollME AAE FHAe] WA g Bt &
< ol glem(Td 10), L 71 S8l W shdol
i3 Itk b aggregatese] Aol oI diseas (29 10) Autophagy®] ¥4 5%
pathologies®] ¢+slol] tjsljA= implicationell gk Hi7}

AR YA, =3 2RI ddE F8 /EA o9} diseased| Aol thEt 7de v 2

A Pl bemn P WY o WY D O | I o PR

(1-1) Autophagy9] o3| @8

1-1-1. Autophagy pathwayTt8 A2 Autophagyt starvation 7101} damages 9k 79 autophagosomes 3
433t mitochondria 5 23¢ organeloltt TS A ASH= survival signalolth. o8 HA o HAsteE FHAk
dzo] @A Fs] o] FolA AL 9loW 1 pathwayE s DAY (1 11).

ol



1-1-2 aggregation A% AAA:

A A, < ischemia 5ol A Aggregation ——  Suvivll | Autophagic cell death
autophagosome B} 2] vacuole©] 'THH I Disease Autophagy Disease
Slol Awstel ARl Al ANHL 3] S ST
t}. tl%o|, protein/organel clearance®] o] @ @
317] Wil o3 Ago] aggregation Alzheimer's Cancer
diseasecl| A o] L 7|t FHo] Lﬁﬂ%ﬁ?ﬁ)ﬂ)’; QE:E:]T::'?
AskA AEES du k. B3 Atgd Ischemia Ischemia
knockout mice= &4 ¥ lethalityE E.o| 2|9 Parkinson.. Parkdnson-.
aggregation°]  $7kl= ALE  wFo
aggregation diseasedl A 71 ®&o] FRHT, (719 11) Autophagy, cell death aggregation AW AAA B2 %

HAAE et B AFelAe o8 d clearance pathwayE ZASANZ HHOE autophagys FEstAY A8t
= S O $Eskal O pathwayE P8 8HAL S

(1-2) Autophagic cell death: autophagic cell death®] Ao & 53t aggregation FHA

1-2-1. Autophagic cell death 7121
In vivooll A= A non-apoptotic cell death7} o] WHEM 11 7|Zolu} Hdol tigh @& #alo] 1xHa U
. I %, Atg TAAE A8 non-apoptotic cell death& H.ol™ vacuole®d 3 SHFHHE cell deathE Hol& type 1
M ZAE S autophagic cell deathel 3t# 1 9IAE grat7] A&t ot (11 12).

0

Death Typel
signal P cell death
Death
signal
Death —p | E""j' Survival &

(¥ 12) Autophagic cell death 7 <]
1-2-2 Aggregationol] 2]t MZAME, autophagic cell deathe] A& &3 AW Ao
AggregatesE M7= #A 0] autophagy?! W, HE3 aggregates®] %3 canapes-independent cell deathE
53k, olitE AtgZ7t 98-S 3h autophagic cell death®] A& w2l AARHETE whebA

HAAL: olH typed] cell death Aol I 71%% mechanism ATE 3+ aggregatesd] 2|3 neuronal
degenerations Aolste= MEL windowE AEE 4 31719 autophagic cell death® ZHst= FHAAE T8ty 1 &

A4 ekt ik

(1-3) Genetic control®] ¢|& ageing processE AT F& tool AF

o

Autophagy, 71&°l| ageingoll &S F& 202 2 U3 starvation, calory restriction &2 BH3| AAH 2



pathway©lth. < C. elegance, 32| knockout &5 53l autophagy 877} longevityoll ##EH le-&

AR Autophagyw aggregation 23} WH3] #HAF] 91O autophagys F3 ageing processs AT3t7] ¢
3}&] cell model (LacZ staining, senescence), h‘ansgem'c mouse &= ©]-83% ageing¥} aggregation®] FEAAE FHE
TE Stk =3 99| aggregation disease 5 ageing@ ¥ WA FHH Qo] AT T EFFA o] 1B HT

2. Cell-based screening®| breakthrough® &3] Z(A|¢): High contents screening power

(2-1) High contents screening (HCS) technologys H4% ZH :
B A7 A 797 signal pathway, disease pathogenesis®ll ##HE f+H4-E functional screening®. & st
high contents screening (HCS) technologyE =13
o= setupstil A3 A #EfARE T

(H
o=
ot gt (2" 13). & A7olA Autophagy=

Cell-based functional screening assay: HTS

STEAY AAEE SARE B A7) ATA Human genome era (2002) w=) Neuronal Individual Genes
ATEEE AR eE dFor dEstus @
HCS technology= A AAIHSoE AA 7Hsdd Functional screening era: s

) - Massive isolation of &= Seseseseses>
screening method & aggregates& A| A3h= pathway neuronal effector gene \ \

& 2z & € Aoz Jgen.

Cell culture with assay £rrdotor gene

(22) HCSY B34 9 9. 298 84 &

u Effector: degenerative diseases, brain function, signal transductio
ojm] xjuj ®ellA secretase, Tau aggregation, Signal I dimulus Effector genes
A A™M" e

Huntingtin ~ aggregation,  ischemia, aga
autophagic cell death®lA] functional screening.Z (18 13) Aggregates clearance pathway = HCS system
pathway BEHAAE ATHOR WEST 1 /15e ATET Tk JoA B2 FAAE 1uﬂs4 #eE WolA in
vivo validation®] ]3] Er€g world-competitive system®S 21311 9)o] aggregates clearanced| 588 714 stelet
a3,

3. Autophagic cell death®] £oF 719: £HH F7HF citation® 2 F24 A
B AT A71A AEZAPE pathwayol tidk A7 APS HIFOE autophagic cell deathE stz gk
Autophagic cell deaths Z¥sh= S TEdla, 1 7152 A|oJ5tER aggregation diseaseS A|015}7] #13to] HCSE
autophagic cell deathE wi7ldh= AlF-F32HE WE3tal, aggregation diseasedl|A 1 9&-& FHstaa drh Sl AF

SgFol oleld ATE mechanism ATE Fa AYAIE T T ENTE AT £ U

4. Animal 29 %3} aggregation disease] in vivo 7|5dTY A4 FB

k

B AT AME Atg transgenic mouseE A|Z3F ©]7| ageregates clearance®} HHH F2 M ATE 73t 9
Th E3F aggregatess FASh= 4A15Q1 ER stress, 12|21 UPSE Z3HH Huntingtin aggregations Z&dh= E2-25K %
Z+9] knockout miceE AlZste] FHakal Qlth o] #Jol|= Tau, APP, Huntingtin transgenic mouse®} cross3t®] aggregation



ek

disease®] pathogenesis®l WA= @& TFH37] SI% system©] T5=0] 9T} Autophagic process7} ©]2]gt
aggregation diseaseS #oj& 4 ¢ in vivoollA] validationdt7] #@t =E= ©]#3 mouseE ©]&3t4 aggregation

disease2] transgenic mouse model @} crossdte] aggregation disease®] A|1E ¢ ATE FY3taA} k.

-

-
o~
e

HAAE:  FHHLE, next
i hnology?! HCSE o] &3t : -
generation technology GS & Agaregation diseases
pathway novel 32+ 2=, & A+
"-'21‘@1 Oﬂ H]’%Tg: T ‘IQI‘;ﬂX} 7]%‘%?’, la Alzheimer's Prion Huntington’s 'S(;R‘Egia
o O]U] Q—E_’S]—_ﬂ 9}]\% trm]sgerﬂc(Ath), (jTease\ dlse‘ase d|s|ease ‘
knockout mouse(F2-25K) 5< ©|-&3 in > Apts Tem Prion Falye Hg >
: =2 Il = T E" (Q
o ST EAHE AR AP | | @@ _m ¢ - 3
i\%‘ athwa % O]‘g__s}_oq a e ates‘% ® - Ath E2-25 H|p2, 9?7 «Q
_patway EETEE 1 8 v v 3% A4
AAFLA = FHAAE BESAL in Q
- A i
vivo validations 3]  aggregation ‘ @ % <|\>de>% aglj;:g;e;":ion
) o Py
diseaseE A|o1& drug targets EZ3}1l, - QQ
#d AYe Aojsked =33 basisE Pathogenic aggregation/cell death OR  Clearance by autophagy
Algatelet ARETHIE 14). ol& 7|& Pathogenesis Recovery/adaptation
AT} TlEo] aggregation disease AT

of M2& ERTE vlEs) 2 Acs
A,

(2" 14) Hoke] ZAI 2 FAAlelA

slAdstaatate Ao o



0 a743%e 28 3%

51. 7197 deAd 2 g d7d9 &5
- SRR AT A7 AS E8
T HAE T8 2070 A= A FAAT EHL O 7 A8 Jhe fAA JledTUr & A

Egﬂﬂ”@r }1,}9] A7 stEetE o2 eo] B AL o, TEFAAY] ASH TeoldE A8 A
£A4 FA7IA o] Ay ojok T
- Transgenic mouse, Knockout mice,double transgenic miced] T3t 715 &4

Atg52] transgenic mouse, E2-25K knockout mice, dTau transgenic mouse, PDAPP transegnic moise
PRPP KO mice & ©]213 mousezt?] crossE& &% double transgenic/ko miceA 2} % 7]5AT+= =%
Al F8e S8l AREL T =9 in vivo 750l AFEH Stk FoF Ves Ao ATE T3 A
A"k 33 o] 717k ¢t o]E9 7]%5E EF in vivoolAl validation 3}7]dl= A|7FAH o2 ol 7 A4 H
8. 53] obesity, virus infection 5ol tHt £ preliminary data €.
- B a7 &8
1. & A7 HAE S8l =59 AFAAE 719 S&3sk] wIF GRLIAA o 4178 (2010F) o] L7 F4] ¢
A& ZA Q] in vitro, in vivoZls A7} 7l A.
2. Autophagy®] &% A7 group A S S8l core AT7H(30-50% T4) B4 L.

5.2. 7193t F2¢<¢t

- Autophgay activation®] ageing= Oﬂﬂ'/\] 71 A, obesity 5& ZH3te ATAAE AY-FsH 7| GA (ol =
A AFA)oA BAFAo] Ao FEAT =9 T

_ dTau mice 1 A°k3) Ak} T 7ol Au) =E(Rundbeck, HEHE CDA A A= =2 9.

2

T

- Y% autophgay @43} compound 52 F7} ATE T3l in vivo tests HA 7G04 2T need

A (e, efficacy, PK &) 719l 7]=old 7}5.

_10_
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(6-1) N1 FFH 22 F713l= Autophagy ST TF

- Autophgay+ 2011d =0l A7 <A
ALz AF. FHAAE AU B 5’& .

- o}# autophgayoll A o] Thfdk Aol g A57F %7 =2
moll Al P o] g3, o}% mammalian systemol| A1 8] TheFgt A s}
s AAE S5

- Cell death, Cancer, neuronal disease & ¥¥ =4|83](Cold Spring Harbor series, Keystone symposium,
Gorden conference) 59| 7%, A7 W9, F7FA ol i d5(sH3 7.

- 2009 &Y AEZA LA Dr Y. Osumi (autophagy 7N &= 53 #3E, &Y autophagy AT 5F +=9l.
drY MAAH ZFAHo]A ", o}4 mammalinn systemol| Al Z7] T A|(Personal communication).

- Autophagy®] 7|Z2A TN & ABATE AT Frs
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717 A7 FE yeast syste
of g AF4d AT= A=
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(6-2) Autophgay #d AW X 8A N FF

- AutophagyE &3 aggregation disease therapeutics Al =3t T3 7|9 F7}

- 53] x3}(anti-ageing), =3} AW (aggregation disease)? AAE AW X 54 7T &EoF 232011 Autophg
ay in Keystone symposium, British Columbia, Canada)

- Harvard University (Dr. Yuan group)&°l|A] autophgay activatorE $& small molecule screen.

- ol d A A AT H AT FAC vlFo] & AFd HEA A+ 2, signal 75, compound &
7] screen) B A7l AdYdva Aw 3
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