creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

upA}

S

o
1o

AeE

1 oA TNF—aol & st
G- AlFEd AL A E3H

Studies on the role of TNF-a in propagation of alpha-
synuclein aggregates and immunotherapy targeting

alpha-synuclein aggregates for Parkinson’s disease

2022d 84



]
]o

];j.
]:
:7};

)
%ﬁ;:
)
18
];{
%_

]\__.
a

o} -"ﬂ-

j
33
J;z
%—%

(<D
<l




3L

4,
=
-

o}

TC

ik IS

<+, primary Al

Ay

BTG [5-7].

oA

°
pul

Aol th gk S 7F Bl T

LS

)

%

s
ool A vk [2, 3]. o] " ATl A

Ay
fn

ojm [1], o

M

‘]

S
<l

T

x4

ANM dat=AlrE e Al

A AE

ol
=

Gl

=
=
=1

-

L —
T
=]
=

]

5

A

il

B

)

m]
2
T

=
=

A A9

KR
o

]

=

A

s

thal 4 A gk v ok kS0l of WA



= wwolMes A ARl TNF-aZb &ak-Alrad 3419 s
st 71del diste] stdstglan, vk da-AlpE SAAE

Bl o2 sk W AR A el

2 oeRe] 1ot AAEe Aol Bew WAANS Ayatedn
23NAE in viro AHE Bakol BB vl AotwALN A H
e AAEe] AT-ARIAY AL AkE FAANATE A

golstth 1 FollA TNF-o/F 7H8 Fo8x a3E5 Hol TNF—oZE

olftwt ofyz} HlolAF: AE 9] wE  AAR vacuolin—13
rab27a°] & RANIE ARGt Laf—AlmEd e &H|7}F gholiaF Alx
o] W& AEE E3to] o] Fol3E &It o= SASP (Senescence—
Associated Secretory Phenotype) 2] #-H|7} 2to] 2 ME 9] wlEof
ofs miZlE k= B udn) oy g ARAS WAl 3 CLEM
(Correlative Light, Electron Microscopy)= &3 <3t—Al7Fd

SRA} ol 2 Fo] EATEE AL & 9 o 25 F TNF-ai



W= in vitro ¥ olYE} in vivo

"

A 2l

).

R

FLS

0
o

—
fi%e)

ofpy

=
-

s ELo | 4o A

H

il

FLS
o
i+
el
o
el
Y

o

EE 3

Y

AYA
= -

=13

1ii

Experimental & Molecular Medicine, Jul 5 (2022)

Experimental Neurobiology (EN), Feb

L —

R

T

H:2016-22010
28;31(1):29-41 (2022)°] = o =

279 ArAd
3 AT

=

F



s

........

e
m = — N N N N ap! <t <t o) Lo © D~ o~ -~ o O i
. — o™
: ML
| B
-Ir..-.

v

-

B oo =2 i IR

W

.
jast

s 1 g
oy PPN

=S S S

™9
N oo

L
L

E
o

71

71

1.2.3.2. MEZEZ O} 71500 i

1.2.2.1. &3p—A
1.2.2.3. Braak Stage ..o

1.1.2. 4 ¢
4l
1.2.3.1. & 3}—4]

1.1.3. Al
71

17

M
1
1



11

B e

H
23!

1.2.3.5. A

.12

12

1.2.4.1. 71573 9158l FRAF

12

15

1.2.4.1.2. 32 A

16

1.2.4.2. FEHAY G TR e

17

.18

1.3.1. &up—A

.19

=
O cececcccctcctccocecococccocosocococoronne

1.3.2. &u—Al 72 A4 7]

.20

o
s

9 Lo A3

Ay
fn

1.3.3. Al

21

1.3.4. &ul—A

.25

.25

.25

1.4.1.1.

.26

27

T ATEH

1.4.2. o}

27

1.4.2.1. =34 ZER

.28

3

0

S

—_—

j,]_u

H

1.4.2.2. 1]

&Y

.34

—
25

TIT 1. Braak SEAZE wueeee oot

25!



.38

A (GWAS) it

...40

A1

42

X

<

B

43

B

2%

.45

46

AYPA R

58

BT e

J)

(@]
Lo

ujy
—_

FB] ST

o} 9}

L

i
JE

TNF—a ¢ &3}—4]

.62

.65

B

t ol aE

TNF—-a

...68

m

...85

w0

™=

3%

AZAT T oo

101

T

A AT e

)

;OO
e
i
JE

o] oFst—2]

=
=

SR

7}

)

)AO

A ] AA &

olo
o
il
JE

JEEE ERELEE S

=
=

£

p——

1
|-
i

ot 1
JHL
|

Vi



103

104

...108

>
1

w127

o

=

132

...132

)

=K
W

™

p—

0

K

.

T

... 137

B
op)

el

..161

o
Bo

mr
N

165

FETE BB e e e e e e e e e e a e e e aar——aaaaann

Vil



1%
31 AAEAAY A S FMAL] FH e, 34
TIT 1. Braak SEAZE oveeeeeeeeeeeeeee e 35
T8 2. FEH Y HHTIA e 36
2.7V ST T FA 37
33 TE FHQAAF (GWAS) o 38
T 3 L= AFZH TF e, 40
T 4 S -AFEFAY AED AIF e, 41
F4 2ERA F0EE FAXFER e 42
X5 1A EY 9 4HA FEE AFEH e 43

2%

6. AP AFEE A R 47
F 7. AN ARG AR X ATAA S 48
38 A AREE AR ZEkol M 51

5. A shE v Aol A e dut-AlrE RIS Al 23T Kt

F] R G BE e 69
T 6. AR QA AA A ] dak Al E ] A fel o] G 70
9 7. 95 A da-AlwEd A9 S AT 71

¥ i)
Vi1l ""‘\-_E g -



1

TNF-a & ¢3—-Al7Ed A 23

I3 8. TNF—a & €3 —Al 72 A3t 28 e 72
9 9. TNF—a 82 AlA L dut—Al72H Ayt A a3...... 73
19 10. In vivooll A &at—Al7&4d dutef tfst TNF—ag&....... 74

TNF—a 7} 53 SASPE &ul—A|7Ede £HE oA AEY
ol Z o7

1% 16, golAF AEZL 8] JAE TNF-a 1% €3A 7249
] 2 7 e 82
19 17. 2ol aF el YA = G uk-4] A SAA 83
9 18, G —Al57E 9 BH] o sk RAB27a - AF Al A G &k
....................................................................................................... 84
3%
AdAE 9
3O Ao AR AFEE AR e, 93
A=
ix f]x—-é -‘;‘_'1'.5 o



919, G- Al w2 A S 8] AFEE TR S5 gy -
A T B T e 109
19 20, dF-AlgEd SA A ds &A1 9] Eo]Ad (dot blot)..110
10 AR A A R e 111

% 23, A &AL 114

9 24, A 2] A BV=-2 vlAlolu A EZ Q] dut-Al 72
B 7 oo 115

9 25, A SR o2 MFH & A EA] A BV-2 v Aol M| EE 9]
A=A FEFH U Z7Fl e 116

9 26, @AY A Al g2 SAAY MAEZ duk AL 118
In vivo 1A E5AF

1% 27. mThy—10—-<3—A|F=
WA= - AlwEd 1S A

i

1% 28. mThy—10-2 3 -AlwEd FAAg vpe2ofx 5
WA= I -Al7Ed 1S A (JA-LIG-Al7FED) ... 120
19 29, 5 A 2] Western blotting coveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeae, 121
2% 30, 3 ZA 2] DOt blOttNG e eeeeeeeeeeeeeee e, 122
1% 31. mThy—10-2 3 - Al 723 FAAS vp-g-2ofH 45
WASL= I —AlFEH A B3 A 123



719 33. mThy —10—-< =372 9 FEA G vpp-2o) M 5

Wl A —AlFEFH uAol A EFTS A o, 125
1% 34. mThy—10-23-Al7Ed FAAG vpe-2ofA 5
WA= I —ATEY Ao A e 126
47
e
9 35, @SN L -AlwE SHAA Y AE Hol F7}
WAYZT} Wel A REplo 2 A ] ot A2 A . 136
FI7HE R
AYAR ° Y
¥ 11. 2794 2] Differentially expressed genes (DEGS)......... 165

xi A L) ¢



ofo] 2=
AB: Amyloid
AD: Alzheimer's disease
a-syn: Alpha-synuclein
a-syn¥4%9: Multimers of V40G variant a-synuclein
AP-1: Activator protein-1
BiFC: Bimolecular fluorescence complementation:
C12FDG: 5-dodecanoylaminofluorescein di-B-D-galactopyranoside
CLEM: Correlative light-electron microscopy
Ctx: Cortex
DDR: Damage response
DEGs: Differentially expressed genes
ELISA: Enzyme-linked immunosorbent assays
F: Fibril
GFAP: Glial fibrillary acidic protein
GO: Gene Ontology
GSEA: Gene set enrichment analysis
HMGB1: High mobility group box 1
HP.: Hippocampal area
Ibal: lonized calcium binding adaptor molecule 1
IFN-: Interferon-

KEGG: Kyoto Encyclopedia of Genes and Genomes

xil



LAMPL1: Lysosomal membrane protein 1

LPS: Lipopolysaccharide

M: Monomer

MgCM: Conditioned media from microglia cultures

MgCM-Control: conditioned media from microglia cultures treated with
DMEM

MgCM-LPS: Conditioned media from microglia cultures treated with LPS
NLRP3: NLR family, pyrin domain containing 3

Pacx: Parietal cortex

PD: Parkinson's disease

Pfcx.: Prefrontal cortex

PFA: paraformaldehyde

PMX: Polymyxin B

pS129: Phosphorylated a-synuclein

RT-gPCR: Quantitative reverse transcription-polymerase chain reaction
RNAI: RNA interference

RNAseq: RNA sequencing

SA-B-gal: Senescence-associated p-galactosidase

SASP: Senescence-associated secretory phenotype

SNpc.: Substantia nigra pars compacta

TFEB: Transcription factor EB

Tg: Transgenic

TLR2: Toll like receptor 2

xiii



TNF-o -/-: TNF-a0 knockout
TNF-o +/+: TNF-o WT
TRPMLZ1: Mucolipin TRP cation channel 1

WT: Wild type

Xiv



13
P

L



Al

1.1. A7 34 A
1.1.1. @94 3

o
i
e

!

)

1

(PD),

,Wo
<)
N

]

(AD), 9}

= 3] v

o)
= =

L.

hva
1

F2E 3 Ak (

1

k)
pal

B—sheet—rich 3%

-

i

2hal &2

3}

|
obl o]

&

il

Mo

o}
o
KW
T
<
7o
=0

} &k

]
=

-]

Ay
a-

[,

u] Ao} A
.&13

Ager (17, 18],
g}

wl
=

AFAy7E HuEo[15, 16].

=

T

.

ml H Al &0l

o =
iO

™

w o]tk
o4 IL-6, IL-8, TNF-a9 Z7}& &<l

J

S
ax

3

oM ¥eA TREM, CD33
;(?‘_

i ol A7k QlTH13, 14].

],
o

0]
pal

=

ok
BRI Ak CSFelA

=

]

dxpo) A}

o



1.1.3. A Ex3}
A Ex3E thekdt YA, 924 A= (DNAEA, telomere 7157k,
TF AR @st @ AR AVE AE N oEte] AE FV|7F

FHoE AT AU ALY Hedo] WE AT T gololtt

0::'
rﬂ
o
>,
W
o,
N
N
“n
é
=
b
b
i?i
£
kel
N
o

w3k AMrs w3t @49l B—galactosidase  (SA—B—gal) 9
457}, cyclin—dependent kinase inhibitors/cell cycle repressors
pl6, p53, p21¢ <=7}, retinoblastoma protein (pRb) 2] <Q1Ak3} 7FA4
cytological markers (=3}—3d o]AAMA foci; SAHFs, w=3}—3d

DNA &34 foci; SDFs) S7H7F Ueh Fejstz oz Sofjs

SaEtis 598 4D Qeh24-26]. ® B4 AT wse A%
By Ao B R J15A AselE sl ks AL Ay [27).

SA—B—gal &457F p53 W DNA £A ¥-8-(DDR) Al3E ¥§3h

Al w3t 57 o] dxstolm Bl 971 $at] H oA gelu it [28].

%
o~

Ea
LN

ok
r*oﬂ'

babe] ¥ %A CSFelA] 2718 SA-B-—gale] #HHe

S8R [29, 301, w8} G 7t 7St

rlr

& &g [30].

w

A& gk



(substantia nigra pars compacta) °lA]

SNpc

[e)

R

(PD)

g

O~

hu

71

)

—_
1o

5

u
A

5|

2=

5

0]
pal

19 2

A

Al

LHER

(@)
=

el of e

[e)

=

|

el

1A NN 2@AZ 7}

T

&
1

: 1_'_” '

314

S

[,

o

iR

3
1l

-

™ 5ebA o A

] o

PR

A 3

o)

ZHA Ao A Qo dAZE A S e whet s

[e)

(@)
=

h=3

A drebd kA

S

Al
o

o] VeEbthar el A Qlvh.

o]

FAEe] ol

<}
)

o

A
A

0]
=

=
o



B

Br
0
)
~

0

2SR A 7HA

he

s

B

Mo

o=

Yep

55

1.2.2. 91<& 0 ¥E 4

St} [20, 411].

N

1.2.2.1 &9 -A|7Ed9 4

)

of &at—AlyEd SHA7E

E o} of Al E

o] 2174

w
ol
Njo
‘mo
™
i
=

FH SAAR A HoAsl du Al ER e

JE

ijA!

o
XA
olo
oy
R
KR

B



2]

oA 347

o)

=

]m (DLB) g-atel 4]

A

A

A

o}

%t A2

= SAHANA

=R

ol A

t}[43—-46].

B2
fie}

o
T

x
!

]_O

)
et

Ay
fhn

sttt [42].

0
o

=

2 A4
3

[e))]
=

NLRP3(NLR A<,

AFO] TR,

ol
R

I MPTP-PDu}$-A RHEloA, FA=A=2 F

[19-21].

i

ojy

o]

i

kel

.

oL_.j_

=

o 23y

ol A
d o]

S

T

°
pul

S5

N

LERIE

o

s whg-
g 2l gt
A A}

o} [48].

-
] o] A

= X5
L

Al

SERIOE SRR E I E
3

-

°
hs

striatum®l ¢

ATh [14].
] A &7 0]

A
=

=

&9

]

sl

=

e
of vk

g (LPS)E FAF

]

=

A
W oA 3] b

SRR WA



)

mAY Fel

)

file)

j—

.z.rl

el

<3

st — A7 2@

o] A g7g o]

o3 Z A
= O O

1.2.2.3 Braak stage

o

A w2t

Atk(2¥ 1)[37, 49].

Olfactory bulb®} enteric plexus©lA] ¥

!
s

K
K

Ho

A E o]

g o o) % W Astwlo] Avw

1.2.3. & o Ay 7A

A3E =3}

defA vk (2% 2) [50].

A

1}

o0

=3

o %

1.2.3.1. &9 —-A| 7=



T

°
pal

B—sheet rich

!
tobar A Qlek[53, 54].

9 -l ERel L2l mvizh

i I

Al

L

T

o4 7of A

T

0]
pal

g Ef el
= 3

tH51].
ofu gk
]

T

R

A% el zAe A -4

71221 of) 4

HH

EDIEESS
o] 3

A b= o] H] 11
A A H3].

ahitel

o

o] AutE= Al o

).

gH-AlgrEd Hed

o)
=

3 o A

o]

T

=

-

g

A7 3 e

o

I A

RNE =
— =

AL A E 9|

T

L

%l

o

° mEZEg] o}

el

-

S
)

A
o

1.2.3.2. | EEEg 0} 7]
th 750l &

MAUZ 2 Aleke oA 1 glet,
v E @ elote] 7]



ay
%

&

A -19]

£, vlelEREeele] 2

A ATH55].

30

X
=

#lob

v g o}

FAA7}

ul o
1o -

a5}

O
Ei

o
7O
A

H
zel

M

B

-
RN

LRRKZ

DJ—1,

sty SNCA, PINKI,

o 515
T2 =2

s

AP AE G A0

L]’i

H ROSE AA3

=
T

AAE

I ZbE AspAEdAn golaF o

ks

=
o

nEF=golo] 7]

1.2.3.3. AAFAEH XA

B

W

A el A

o] 7

57 ROS7F gh_le AeH[59].

e,

]
=

)A
4

oF
P

ﬁo

ze

w
i

3L
O

A7 A 9ol AAA

Q1 s

A 2

R

A7 Al

AZPAEH A=

it

.'r,
1

.?5

g

f*ﬁﬂéﬁ
| el



o

of
ol
ojn

¢
i

el
e

olyz} ABtAEGAE Tuul AL nEE =0l 7] 5 Aol

]
=

71 el

Ay
s Y

th = A AEHAE Al

Mo
]

~
o

R

NR
ol
;OO

pase)

ZHoksE, gholaE, e = ok 7]

v

T ROS+=

9lt}. ROSe]

Rk

RSB

ZH ok,

Ry

falg,

t} [60].

35t}

kls

,._ﬂo

54 @

b otye} ROS+=

o] R

Aot Al = HEAstE ™ ROSE

A A A[61].

H

1.2.34. A3 EF

Atol E L4,

Aol A

7142

PSR
1

pig

_foT

A

o[19-21, 62—

1;53\

1

% e

BAEY3} 5 S7HE

3L
O,

vl Ao aL A

/g 3k m Aokl

TC
a-

64].

)

ofyel 1= H 29l (6—hydroxydopamine,

E[l_

o)

t}H65].

o
1
of

SNpcof A

1
T

MPTP) ol A wl Aol M 224 A

e A 2o et

10



g7l

9

v
a-

al Aok Al

S

TE 9

Ao A k-4

=

-

o}

TC

-

HoAFETH67].

ol
)

—

0

o)

=

A7}

o

we =
SA— B —gal

T

L.

o}

T

°
pul

EREE
%7k

71

Akl CSFe} ¥ elA

1.2.3.5. Al 23}
np71Ql SASP ¢ dup-AlpEd

o]

o g7l

o
A

tol 521

710]&

11



Lamin BI1,

= 3hebA |

s

IS

]

o] H o

T AR ~ TS99~ -
C I o T N M bowm o' G T =
5 W 0 5 ~ " o N & ™
) o R ey X <
1A ol g < = B o H ron A
) o cl o a3 = 'R — )
o 5 5~ 4 Topowx M ox o T
. 2 o < - 0% E g Eid 0
g - NL 9 | S s o= B Qoo™
) R T T o3 2w ~
a TS O®w oz X RO Yoo 2 B
Ho i by o~ ™oy 0 -
= B o E > S o
o ~ [ K e} o — [@\] ‘_ln_/l
G e O_ OE Q ﬂ_% T . E_L ~
= = o s 2P = IS B O
R RIS R B RS S S i
ﬁi, o 9 - < o MW x oRan, w, o %
; o X 3 > -
= 3 % o o+ wu QO Jb = o < il m.m
ERS ®w 0T - = g = T~ < e
Zo M ok o Hﬂ an L omo oI K — W 2
© M r oo B M2 %% T o®
ol T~ ~ . T o = o ® X0
| ~X ] <0 ,i X al - ﬂ_&l
W BT I H Jl oF = EU © ok 2 TF
Jyo o R S C
oF K] Mmoo T o ! X =S [ o- el il
my A (o) W S i ~ o BB 0 3 e = =
~ Noom NN = om o= X B R R
H o of B <] ) (s oy o < = INS o < =~ s AL
Nio . ) SR W o%  m R 0, m_ mﬂ = - m_u o
Py TzrzzErEooreapi 27
— e =~ - o o e — oy < 1_,_Al
N©Y W R oy W YA U G TR~ I T
& oy ' " — @ o w o i = 1 = g X H.. ~ M_u e
—~ B o <~ S 4 o5 T o= E R T B R B wr
m N S T S N T4 o = . Y < ox
&) ;]o of @\ . ~ T il ~ () res —_— —~ | nw N < @) il
T W R e S = ©w w3 I 5w
» @ Ne oF R % T

12



o] v

=)

%

=

point

SNCA

Fazelt

el
;Lmo
T

vl A o] el

el

ol =
2(531:

3

I

o]

=

Hl&
=

7@ A (SNP) 2 2

Z|

o] o
=

o

53W A  o}n|ito]
Edololrt,

-

R

AL3T, A30P, E46K [73-77],
missense

It} A53T

PN

wh

=

T

o

a4

TEYeY) o=

o A A k.  GWAS 25 A 72 41 JQEEA
L= e

2 SNCA Q] missense =11 0|

]

-
o)
=

]

GWAS AT =25E G51D, H50Q7}F 9 th(78, 79].

wel o=
A (L) ol A
AS3TESIH|E 7}

u

WTS— A FEd Bt w27 do]u s}

[801,

Bz} 9o

)

s

Al =

L
R

7171 ZAfel A

=

=

1tH[81]. E46KE¢im o]

PA

10] o]

Folrhr) 7k

A
o

JS ®olty RuEQTt [77,

O
T

7HA1 7] 3L
SNCA triplication &-=}7}

o se 3
13

=

sapuch

Z7MN70tk= Har) vk [83, 84].
t} [85].

o
=
% o)

)

82]. SNCAZQ] multiplication<
A
[e]

duplication

=
o



—PARKS8

LRRK2 (leucine—rich repeat kinase 2)+ 7}o|dlo]=¢} GTPase

7FEEol = w71y ka9 oF 45 ApA| sttt A A Tk [86]
LRRK2E 7P &3 & A8 e s7lEg oz defx Qlrh(87,

Fheldlol= A4S S7MAIZIT L B Hojglom A=, EanlA
A A E] Ao BoJsitta Z1o] C.elegans, PF-ARE, Al EH o] A
A A9 -91].

TS LRRK2:= 42X, #olaF, dEF, rEZT= ol SoflA] o]

A= olHd Ax W AARFE LXEHVF, vEZE=goL]
SRy, @ FAde dodde & ¢ dn [92]. AAEE FA

wolx LRRK29] W@e selgion Uu-AwEas @7 wiol

H At [93, 94].

—PARK17
VPS356& 7H FHZol e AdAA 4 ded v FAAR
whole—exosome next generation sequencing (NGS) . & 5§ Zrolxlt}
(95, 96]. 7 & <elxl VPS35 =AR®ol:= D620Ne|th. VPS35+

trans—golgi VIEY 2] dEFo 93] %o T3 gEZH &34 9

14 i PRI, Y [ s
kA LT
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TH

™
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o4 VPS35 D620NE]

A2t #do]l Utk Hela Ax

o 74

e
H

FATH[98].
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o

o

—PARK?2

HFE 2ol sbobA] )
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i} Al

9]

1=
R

v} 7]

=
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‘ot [99].
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Fith [100].

o =]
AE ds

)

9715 (ARJP) &4k 4] PARK29] 4
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ARJP+=

Atk [101].

—PARKG6

PINK1 (PTEN—induced kinase 1)
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=

2 A7)
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Ak

™ [104]

21tH[103]. Parkin®} €7 mitophagyll o]

vEEEeole] 75 o)

o
pu

PINK1¢] A

o

—PARKY7

2 DI-

uH
Hh

o

s

kel

FEAMA DO RA MEZEgol AEYARYEH K

tt. DJ-1

=
T

E[_}__

1=

o A ok [105, 106].

Parkin¥}

oAl et [107],

$42

DJ-19

—_—

PINK1#} $7 AFStAE#H A R

Stk [107]

A< AE #4

o
A
!

1

1.2.4.2 5}

T (GWAS) ZH-H

A

o

e

i Al

A7

el

n]Z A% SNCA (locus
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o

3) [108-110].
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dol-A AL T FAAY ZrE g Yt T¥A
telrEl erte| = ulARFA Mdd Lu-A5FF™ Replol

FE 0 1 kel #de] 3l s BAF3T [72]. Repl312e]

oX

HFEAALS Ank A9 9 3% =S XA &) T o2 gd A ¢
& 5]l LRRK2+ P755L, M1869V, E1874stop %
G2385R¥ 7 o7 LRRK2 =AW o] 7} ofAopl 4 oA 71 = 9
A& F7HA171= o= vebs Tt [111].

AAAA dd golaE F2 el aAME
(Glucocerebrosidase) &=  #olAFaA S FIAMHBZA|ITOIAE

FYst= GBARAAZ  Zhesel o3 HE-=FIAE HddS

ro

derelsd B3 SFAAAR | OA 84S 2= maaolth GBAL 9
s

)
i

b o= E™ SHel

k%

off

o] 23, gtolaFel 7lE A
Frolgirhar A AtH112]. o]FE=ARielE 7 dapellA w1
AR E7F F7Egre] FelESivt [113].

olz] GWAS ©lxi= GBAWCl7} &l fddAels RojFltt
(locus 1) [114]. GBA ®WF2 A glFrel] uwhe} vrefsiAl vHer
gharol 4] N188S, P201H, R257Q, S271G, L444P ¢} e og Ed

ol AbelZF gl E laL SIS AR Y] 3.2% 7 FAH Ao T

17



14071 9]
Ao zH,
SRR

S

T3k,
ofiel 3719

1.

[e)
=4

EEES

o)
bl 4709 7] Wk o

°©

(i3
=

-
X

SNCA-FA =}

- A HR L

1

o
=

Tudoe=w vd 5 Qo (19 3) [116].
A~ A9 KTKEGVE

s

ok @A 7EA 2

-
i

BEFS 7

=-p

7} HE e

]

© B—sheet %%

&l
t}H[119-121]. ©] & < A] membrane binding®l

1

Fo} [118]
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upzuko 2 dul— Al A AAbe] #FHsE v 22 Aot
AtH[140]. LF—AlFFH knock—downmF-$-2~o A AA (Arachidonic
acid) 2 DHA (Docosahexaenoic acid) &= Rt & thAbE ), AAS] /-9

7+A3la1 PI (Phosphatidylinositol) &+ PS (Phosphatidylserine) o] A4 2]

DHAS €eows} ofdg: Zrietairh. Wl da-AnId shid
nhe oMt obA-CoA BAEAY BAY HMG-CoA HATAZ

%319 lipid droplet2 %2 5™, TAG (triacylglycerol) 7} S7}38k= Flo]
JAHAT. -l HEdo R Q18 lipid droplete] S7bshs
AR A AUAE Ba 2 odFd AEFA FAHdn [141,

142]. o=l 3t A3t= dut—Ar 2] AAYALZA O] o 25 ATt
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ZU2 FA, A FEE ER—Golgi—v|E4l, v d Al

Kl

NE™
W o2 AAA A ErlE ks o] FlE gt} [143, 144].
- Al FEH2 1. secretory vesicle2 &l A X Ho 2 Eu| = AL
2. MVB(multivesicular bodies) & &% exosome ¥& H] 3.
NATAF T8 0] 4. HolaFs Sl FHlE  AvH(IE 4).

MVBE: eloladst §3h st RajabrA Zekxvl wugasn

3t MVB, d4Fs % GI-AwEe EBH7E AEOlA
FAEqH[154, 155]. A&hFA = LESA-w7f  FH] 7]HQl
autophagosome ¥} MVB2] &3S %239 amphisomeS %=1l plasma
membrane™ §g3te] UF-AlFIFHES sk WHolth HE
Ao A= - AlFEA e 207} LRRK2-RABe] <& wi/l®cty

B3 &9rH[156]. LRRK2-RABS - AwZFe]  Zgh=n}

$Al0] B3 W7 Wt FATOIA WS FAHOR FHg F9) A
Fo SuEam HAEHow AMA ged  Fadds 3ol
21 E| QATH49]. whebd] Lob—Al3E A9 el o8] F4R1Yo]

AP skol A Aol AL vhgsl MR FH BFNA vel P4
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A A T el o3k ZA S AJAFRIE(, 165, 166].

A Q] G-l E RS sk Aot Al FEA= toll-like
receptor 2 (TLR2), TLR4, cluster of differentitation 36 (CD36),
macrophage—1 antigen (MAC1), nicotinamide adenine dinucleotide
phosphate oxidase 2 (Nox2), Bl-—integrin ©] S1t}[13, 167—170].
deld AAAEANMY &2 TLR2 9 lymphocyte—activation
gene 3 (LAG3), cellular prion protein (PrP®), Heparan sulfate
proteoglycan (HSPG), a3—subunit of Na+/K+—ATPase (NKA) 7}

AL, o

ulfe

o 27t dsh-AREAS AAHT ALY AR-AFFAL

£

AR Fdshsd sty AAAEE doel ngdael S,
A ME ApEA T #elo] vty deA Stk (Z¥ 4)[149, 171-
173].

o3—subunit of Na+/K+—ATPase (NKA) 7} A¥ 9 <3-
ArEde]l 42 W EEkEel HWBEAeA  Au-AlFEE
HEUZA AP om[174], HSPGel & wizjEchs ARalo]
B ek [175].

ojdATeld LAG3= mlg] 4% dup-AlyEd golundy 4

%

d
o

23 #;rx_'! _-:I:I : 1_-_1

| &3
I

'Iu



T—

T

7}

[¢)

=

d9

1

E

hs

st glolaFe 7

= A FEF A9 fn vitro A ¥ ol A

=

T ol

& 231 o]

AZA AR EA]
& TLR27} &ryp—A

9

1o}k [172].

o

LAG39 A 93
_/‘r:

S-A R FE
o
=

)

L
kel
=

T

cé_
o3
7FNZ1tka e A QTH177].

st A}
=2 =
= O

T

o}

‘]

FESAT ol AHEE B
S

TLR2: A7 A

o] &
LAG37}
7 go]

A 54

o
o e

e AlE 2ed PARKS

N

A

S

o)

A7, k-

Y

s

3=

}

A
fu

|

A=A A vfe] e gt
o

Rab359]

| —

R

o

R

S

°

He xd9

]?_:']_.
1t} LRRK2 JA|A|9] Al&-

FAA Q)
PA

o

7)) &}

3=

}‘\l_

il

+ LRRKZ2+ Rab359]

t}. o]

o1

8| k1Tl

-]

[,

A <

24



i

g

ol
Alt
=y

507 7k

gH= oF

|

X

5)°] At}

1.4.1. 99X 84

el

B

A RO R vt

o1

O
o
il

=
;OL

TEY

RIS S

Ava
S I

A7 Al

’

B

T FHIo= F7HA

o+ [179].

;|

39

‘or
T
i
N
oy
T
ﬁo
rd
=K
oS!
NA

X
_ZTI

25



o]

31 TH180].

35

3)o
E3

o
A

e

2 MSA © tj

g N

1

ol

i
A

H

o]

J)

s

ey

)

TSt

TC

gjuirre] thE Welukg

A8

i
A

5

1.4.1.2.

Jlo

vl E 2 (Transgenic mice expressing human

ot

o
-

a—syn under the PDGF— promoter, M—line) °42] A&

ge

TC
a-

184].

Bt [183,

a3=

& ol A

vt~ F Y (Transgenic mice expressing human a—syn

<
<X

71

=

AR5 A

Rige

under the Thy—1 promoter, line 61) |4 2]

ANM Ldap—Alr 2 Al

=
=

th [185], o], @2 A7

FoH[186—189].

ks
T

&g oo

7 el

E
Lon_
4
X
o

26



r <

o
R
}ru
—
=
=
o~
[\
i
i
P
=
Q
oS
>
i
o
ﬁ:{
kil
=
3

4
&
8}
nh
ﬁ
Erl
g

ZAN Ak A7) ARE B LEUE, oL EE L BBl &

T At 7480l Sl

— =919 g4

Mol Eoe gAles Qe sl duEshuc Gy okl

N
N
=

o,
v
=)
1
ki
k%)
[
v
il
L
N
I
2
:(u)L_',

i
(i,
O
rlr
o
o
o

fAbe B3



X
1o
N

1<)

o
ol
£
k
ro
Y
L
[>
i)
Mo
4
ue
>
L
oj
1o
)
L
oo
o
)
N
k]
39
o
it

¢+ 721 dopamine agonist®+< ropinirole¥ pramipexole©] )1t}

— MAO—-B (monoamine oxidase—B) & A A

71AqN e E=3nl kS F7MA 7= W oltl. Rasagiline, Safinamide”}
7 & d e MAO-B JAA oY, 7] 9171EH X855 93 dR ey
Al AgE = Qe Wholt). g dR Tyt AN PR g

Sokn AgA% 3 AR F otk Wz FE BE, 0¥ e

—COMT (catechol—-O—methyltransferase) <A
BE FEW 7] GAY A AHE = ol dR I}
a4 (COMT) el &l w3ll= = As WAk Wolth. e drREgS}

A AbReY W E LT XS Asit)

1.4.1.2. H]E314 X84

—Anticholinergic agent (Trihexyphenidyl, Benztropine)

FRFUAL e AR AHGE Hi opFoms FE WAL
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—Metal &4 X 8¥
A7 metal@H X5 O 2= deferiprone©] Ut} Hof F3prbs3st

H Aol EARA MM S AATH. Sl d Ao

S gt 71w B do| A Deferiprone< 42 #| Aslo] uf—

—GLP-1 #¥ x84

il

2R 2R G4 WERIE-1GLP-DO A% FAAZA,

A G AZMA = Exenatide (3%4)), Semaglutide (24}, Liraglutide

(22H) 7} ]l ).

& #¥ X889

B2—adrenergic receptor® #-&#91 CST2032¢F TLR29 AARI
NPT520—34, NMDA, Sigma—158 #d AVP-923 o] glt}.

AVP-923% FDA <% 714 2kE (dextromethorphan ¥

quinidine) & &&38Fo] AFg8t= Wi o]th Dextromethorphan< NMDA
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FEA AIdAZM  glutamate® serotoning FA3}il, sigma-—1

FgAe AgAEAN  ZALrh QuinidineE A AMEIS

R

dextromethorphan® AFS}IhAIE A AA|A AVP-9239 A &E5HS
S7HAZG L e loem o] RS AREEte] levo—dopaZt ek

SIS EZS  IaAAYE Ay BRaEdu[206]. A

NGRS A gash SR-ARIA PN Bk,

AR T a5 veply 15 B8 ES SEte A3 BarE i
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1L AZEHYPY A8oM S35 = DA F7

=
9z F=5

oful o] CHlE}, BF
A

=
Huntingtin

=
=3

Superoxide dismutase 1

(SOD1), TDP—-43
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Braak stage 1&2 Braak stage 3&4 Braak stage 5&6

1% 1. Braak stage ©Alel] web el AYAYS spAwE YERd.
A7 Aol wet da-AleE SFHA (Folntt) b ¥ Ao w
HAY Aol F7dol vebd (k& F12tv]: Cortical Lewy body,
=t &1 Brainstem Lewy body)

o
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monomer Fibril

n Aggregation & misfolding P21T DNA dagame T
SA-ﬁ-galT

HO. . NH;

[ ] Neuron
HO™ 7
Doplamine H Senescence

Neurodegeneration

o [ A NH,
|
"Dopamine quinone ’ ?
: - proteasome
m ROS “\ dysfuntion
n i - g/sosome
y TR dysfuntion
Mutation gene
PINK1, DJ-1
LRRK2, SNCA™
p _ % Pro-inflammatory
* *« cytokine
Microglia Activated microglia
B Mtochondria dysfunction n Neuroinflammation

a9 2. RIS gy w2 A9y S, vEZE=l
7154l ROS (AHgAEd )& A AAE7 AbEE. ROSO <o

NAE Femow FAT
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® 2. 7154 &S #9E A%

Locus Gene Inheritance Description References
Park 1 SNCA AD a-synuclein [208-210]
Park 4
Park 2 PRKN AR parkin RBR E3 [100]
ubiquitin protein ligase
Park5  UCHL1 AD ubiquitin C-terminal [211]
hydrolase L1
Park 6 PINK1 AR PTEN-induced putative [102]
kinase 1
Park 7 DJ-1 AR Parkinsonism-associated [105]
deglycase
Park 8 LRRK2 AD Leucine-rich repeat [212, 213]
Kinase 2
Park 9 ATP13A2 AR Cation-transporting [214]
ATPase 13A2
Park 11  GIGYF2 AD GRB10 interacting GYF [215]
protein 2
Park 13 HTRA2 AR HtrA serine peptidase 2 [216]
Park 14 PLA2G6 AR Calcium-independent [217]
phospholipase A2
enzyme
Park 15  FBX07 AR F-box protein 7 [218]
Park 17  VPS35 AD Vacuolar protein [95, 219,
sorting-associated 220]
protein 35
Park 18 EIF4G1 AD Eukaryotic translation [221]
initiation factor 4
gamma 1
Park 19 DNAJC6 AR HSP40 Auxilin [222]
Park 20  SYNJ1 AR Synaptojanin 1 [223]
Park 21 DNAJC13 AD Receptor-mediated [224]
endocytosis 8 (RME-8)
Park 23  VPS13C AR Vacuolar protein [225]
sorting-associated
protein 13C

*AD: autosomal dominant, AR: autosomal recessive
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® 3. A A8 AR (GWAS)

CHR BP szzl;]e;st Err;(;t (gltlgfer EAF Odds ratio
1 161469054 FCGR2A  C G 0501 107 (105-109)
1 171719769 VAMP4 T C 0195 0-93(0-91-0-95)
2 18147848 KCNS3 A T 0904 1-12(1-08-1-16)
2 96000943 KCNIP3 A T 0242 0-94(0-92-0-96)
3 28705690 LINCO0693 T C 0379 107 (1-05-109)
3 122196892 KPNAL T C 0172 109 (1-06-112)
3 151108965 MEDI2L A T 04367 0.94(0-92-0-96)
3 161077630 SPTSSB A G 0674 0.94(092-0-96)
4 17968811 LCORL A T 0159 0-92(0-90-0-94)
4 170583157 CLCN3 A G 0326 0-94(0-92-0-9)
5 102365794  PAM c G 0703 106 (1-04-109)
5 134199105 Chorf24 A C 0102 0-91(0-88-094)
6 30108683 TRIM40 T C 0245 0-94(092-0-96)
6 72487762 RIMSL T C 0284 107 (1-05-109)
6 112243201  FYN A G 0805 107 (105-1-10)
6 133210361  RPSL2 T C 0967 0-80(0-75-0-86)
7 66000851 oor . A T 0051 0-87(0-82-0-91)
8 130001909 FAM49B T C 0723 094(092-0-9)
O 34046391 UBAP2 T C 0734 0-94(092-09)
10 104015279  GBF1 A G 0851 0-92(0-90-0-95)
11 10558777 RNF141 A G 0878 1.09(106-112)
12 46419086 SCAF1l T C 0404 0-95(0-93-097)
12 133063768 FBRSLL A G 0490 1.06(1-04-108)
13 49927732 CAB39L T C 0740 1-06(1-04-109)
13 97865021 MBNL2 T C 0230 107 (1-05-109)
14 37989270 MIPOLL T C 0438 0-95(0-93-097)
14 75373034 RPS6KLL A C 0787 107 (1-05-110)
16 28944396  CDI9 c G 0309 0-94(0-92-0-96)
16 50736656  NOD2 A G 0599 1.06(1-04-108)
17 7355621 CHRNBL A C 0648 0-95(0-93-0-96)
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17 42294337 UBTF A C 0-653 1-07 (1-04-1-09)
17 42434630 FAM171A2 A G 0-606 0-93 (0-91-0-95)
17 59917366 BRIP1 T C 0-164 1-09(1-06-1-11)
17 76425480  DNAH17 A T 0-833 1-08 (1-05-1-11)
18 31304318 ASXL3 T G 0-498 1-05(1-04-1-07)
18 48683589 MEX3C T G 0-550 0-94 (0-93-0-96)
20 6006041 CRLS1 T C 0-128 1-08 (1-05-1-11)
21 38852361 DYRKIA A G 0-283  1-07 (1-05-1-10)

*CHR: chromosome, BP: base pair position, EAF: Effect allele frequency
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A AERY ol]s T3l HAudE. dEd #u]71-dE 1. Secretory

vesicles E3& #1]=¥, 2. MVB (multivesicular bodies)+ exosome&

5

E[l_

K

x2

s #H]®E, 3. Autophagosome® MVB¥ §3%3te] Amphisome=
5ol ¥H¥, 4. LRRK2-RAB & #Zto]aFs Wai7b obd #ulA
olaFOoE Fsto] WHIE FLET. AEUE oldd W ABAE
&4 (LAG3, TLR2, HSPG, Na+/K+ATPase )l o3 €4 &
o°
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¥ 4. 48R 9 HY X8

NI FDA Status
(Phase)

ABBV-0805 1 Passive
Affitc;)pgoza\o 1A, 2 Active
LU AF82422 1 Passive
MEDI1341 1 Passive
Prasinezumab 2 Passive
UCB7853 1 Passive
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%5 WYX EY 9 €3 ey N8
Name FDA Status
(Phase)
Antagonist of the G protein-coupled
AKSTA4290 2 C-C chemokine receptor type 3 (CCR3)
Receptor-related
AVP-923 3 Mixture of
dextromethorphan and quinidine
Ambroxol 2 GBAL activity
Anlel38b
(diphenyl 1 Inhibitor of protein aggregation
pyrazole)
Atomoxetine 1 Norepinephrine uptake inhibitor
B11B094 1 LRRK?2 anti-oligonucleotide
Inhibitor of
BIIB118 1 Casein kinase 1 delta and epsilon
. Mixed ligand for
Blarcamesine 1 . .
sigmal/muscarinic receptors
CDNF 1/2 Other
CNM-Au8 2 Metals, Other
CST-2032 2 Other Neurotransmitters
CVN424 2 Other Neurotransmitters
Clenbuterol 2 Clen_buterol, .
a 2-adrenergic receptor agonist
DNL151 1 Inflammation, Other
Deferiprone 213 Metals
Dipraglurant 213 NMDA antagonists (Amantadine)
Exenatide 3 GLP-1
Inzomelid 1 NLRP3 inhibitor
Kynmobi Approved Dopamine receptor agonist
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https://www.alzforum.org/therapeutics/biib094
https://www.alzforum.org/therapeutics/cnm-au8

Liraglutide 2 GLP-1
LTI-291 2 Activator of glucocerebrosidase (GCase)
Levodopa Approved Other Neurotransmitters
NPT520-34 1 Antagonist of TLR2
MSK-DAOL 1 Other Neurotransmitters,
Other
Nabilone 2 Other Neurotransmitters
Nasal Insulin 2 Amyloid-Related, Other
Nilotinib 2 Other
Nigne
Posiphen 12 Block translocatrinoFrgl\?Lalpha—synuclein
PRO01 1/2 GBA-related
Rasagiline Approved Selective MAOB inhibitor
Safinamide Approved MAOB inhibitor
Saracatinib ! the Src/zilglhlll;::]?lryogf kinases
Sargramostim 1 Inflammation, Other, Unknown
Semaglutide 2 GLP-1
UCBO0599 2 Alpha-synuclein aggregation inhibitor
YTX-7739 1 Other
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https://www.alzforum.org/therapeutics/semaglutide
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AFA =

X 6. AP A AFEE A

Ao ARG F A= ot ol 71

Name of Antibody Manufacturer Catalog # Dilution used
Mouse monoclonal BD Biosciences  Cat#610787  1:1500 (WB)
anti-a-synuclein 1:250 (ELISA)
(Syn-1)

Rabbit polyclonal Cell Signaling Cat#2642 1:10 (Immuno-
anti-a-synuclein Tech EM)
Rabbit monoclonal Abcam Cat#ab51253  1:500 (IHC)
anti-phospho-a.-

synuclein (EP1536Y)

Rabbit polyclonal Abcam, Cat#ab59264  1:500 (IHC)
anti-a.-synuclein

(phosphor 129)

antibody

Mouse monoclonal Abcam Cat#ab25630 1:10 (Immuno-
anti-LAMP1 EM)
Rabbit polyclonal Abcam Cat#ab24170  1:1000 (WB)
anti-Lamp1l

Mouse monoclonal BD Biosciences  Cat#556019  1:10 (Immuno-
anti-CD63 EM)
Mouse monoclonal Abcam Cat#ab6313  1:1000 (WB)
anti-Cathepsin D

Mouse monoclonal Abcam Cat#GT1032 1:1000 (IF)
anti-p21

Polyclonal anti- Sigma-Aldrich, Cat#G7652  1:50 (Immuno-
mouse 1gG gold EM)
secondary antibody

Polyclonal anti-rabbit ~ Sigma-Aldrich, Cat#G7277  1:50 (Immuno-
IgG gold secondary EM)
antibody
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HRP-anti-Rabbit Bio-Rad Cat#170-6515  1:200 (IHC)
secondary antibody

HRP-anti-mouse Bio-Rad Cat#170-6516  1:3000 (WB)
secondary antibody

A v <k

SH-SY5Y human neuroblastoma A|3¥i= o] AF-o 4 7|3t 2w
oF ul B31¥ [226]. RAB27a AR A A= A2Ae A Ao whet A=
RABZ7a shRNA (Santa Cruz Biotechnology, Inc., Dalla, TX, sc—

41834—SH) el ¥4 =ik

Dual—cell BiIFCA| A ElS o] &3 A E7F A3 A3

Dual cell BiFC FE kA a Lo o) Ao 71<3 & 213" [226]. v]Ao}

WAEZFE A& MR = VIS, SV2 3% kel Aesta ol & o

B 7. ABANN AR AZE EFAAE

Name of protein Manufacturer Catalog #
Human IL-1B Prospec Cat#CYT208
Human IL-2 Prospec Cat#CYT209
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Human IL-4 Prospec Cat#CYT211

Human IL-5 Prospec Cat#CYT213
Human IL-6 Prospec Cat#CHM231
Human IL-8 Prospec Cat#CHM231
Human IL-10 Prospec Cat#CYT500
Human IL-12 Prospec Cat#CYT-101
Human IL-17 Prospec Cat#CYT250,
Human IFN-a Prospec Cat#CYT-520
Human IFN-B Prospec Cat#CYT-236
Human IFN-y Prospec Cat#CYT-206
Human TNF-a Prospec Cat#CYT223

Primary "] Al|o}a Al E 4]

Primary ©"|AloluA|¥XE o] HustofZ wjorsh[7]. 14" Ao}
C57BL/6 w}$-29] tix 1dE 37 ° CollA EfA-EDTAZ 3|4 A
primary VAotwAMEZE AT T2 AXEE DNase 1 (Roche,
Basel, Switzerland, #11284932001)& A &|3$t & 500 x gollA 5 & &

QF G4 #2381 10% fetal bovine serum (FBS) 7} &% DMEM/F12

sl

u)t]jo}Z re—suspenddt. poly-D-lysine—ZH ¥ Zdo|Ed AXE &4
ol & £ 37 ° CellA] wiFul#] DMEM/F12/10% FBS <QtellA] wjjeFsth,
3—4dvitt A2 A2 WASI AL, 10 A o v Motu A= Ed ]
EE A dojdl. &g ste] 38t mlMot M ¥ = poly-D-lysine-

A E Zeo] Bl 2ol Aol AE-E.
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Primary 3@ A7 A X £H]

—

Primary th¥ 3 AAAMEZE o]dAFolA 7&=s A3 o] Fv|g
[227]. 9413 C57BL/6 v}~ X+ Sprague Dawley Rat2] vjo} 16
AF (E16) sfofell A a2l th ¥ 3akQl &< (HBSS containing 10
U/ml papain, 0.2 mg/ml cysteine, 0.5 mm EDTA, 1 mm CaCls,
0.003N NaOH) oA 205t Aol g t}5 =2 DNase I (Roche,

#11284932001) & H7hst & HolAR S Fof =eld oz 245 L9

—

Al % AAEYE Z8 AEE 931, Poly—D—lysine/laminin—-= ¥

H  ZYo]E XX poly—D-lysine/Matrigel-3%  (1:100; BD

Biosciences, San Diego, CA, USA) AW E&Hol AXE Zdo]yd 3
itk A2 WA 2 wdket A EZE W eF, A

Z7 " x| F£1]

Primary "|Alo} A= A3 Ad 60—mm vl F Ao Zdo|8 g 2

<, vehicle (DMSO) =+ LPS (100 ng/mD & AAFIAF A A A (1 pM)

A 1TAIREEE A T 5, Aol EE AR AR (A T

o

T, M2 vlrjolell A 4A7kg <t vk ARE-SE AARIAF S AIA €} LPS

AAA = S 2 NF—«kB 9 #1#] (Bay 11-7085; Tocris, Ellisville,

MI, #S7352), AP—1 QA4 (SR 11302; Tocris, #2476), LPS A A

(Polymyxin B; Sigma—Aldrich, St. Louis, MO, USA #81334).
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Quantitative reverse transcription PCR (RT—qPCR)

RNeasy Mini Kit (Qiagen, Hilden, NRW, Germany, #74106) & A3}
o] primary U] Ao} A 3E 2} primary XA A oA RNAE #2]3F ¢cDNA
9] 342 iScript ¢cDNA synthesis kit (Bio—Rad, Hercules, CA, USA,
#1708891) & AFg3t iTaq Universal SYBR Green Supermix (Bio—
Rad, #172-5121) 9} 243 primers& Ag-3te] EEH: A4S &
F A7, A primer FJE = ofg] 3 8¢l 7] Al ¥, CFX Connect Real—
time PCR system (Bio—Rad, #1855201) & AF&-3t31 a1, wh9-2~ A& 9]
thermocycling program-<= 95° C, 30%, 40 cycles of 95° C, 5%,
58° C, 30%, 284CT5 o] g3sto] ~Jr#l mRNA #¥E& =7, Axls
Glyceraldehyde—3—phosphate dehydrogenase& AFg£3to] EE ACt

values (GAPDH)

F 8. A A AHEE Zeto|H

Gene Sequence of Primer Application

Mouse TNF  Forward CCTCTTCTCATTCCTGCTTGTGG gRT-PCR
Reverse GGTGGTTTGTGAGTGTGAGGG

Mouse Forward CCCGTGGACAGTGAGCAGTT gRT-PCR

CDKN1A Reverse CCAGACGAAGTTGCCCTCCAG

Mouse TP53 Forward GTGCTCACCCTGGCTAAAGT qRT-PCR
Reverse AGGAGGATGAGGGCCTGAAT

Mouse JAK1 Forward CGTCAAACCTGTGTCTCG CT gRT-PCR
Reverse CCCCCAAAGTCTACGCTGTT

Mouse Forward GATCGCTTGCCCAACTCTTG gRT-PCR

STAT1; Reverse ACTGTGACATCCTTGGGCTG
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Mouse Forward ACTGCACCCAAACCGAAGTC qRT-PCR
GRO«w Reverse TTTCTGAACCAAGGGAGCTTCA

Mouse IL-6  Forward GCCAGAGTCCTTCAGAGAGATACA QRT-PCR
Reverse TGTTAGGAGAGCATTGGA

AATTGGG
Mouse IL-1oc Forward GCACTTGGGAGCCCTTTCAT qRT-PCR
Reverse ACAGCTTTAAGGACGGGAGG
Mouse Forward AGAAGGTCGTGAAGCAGGCATC gRT-PCR
GAPDH Reverse CGAAGGTGGAAGAGTGGGAGTTG

Western blotting
Western blotting== o]de] 7]+ A Zo] Y3H[7]. Amersham
Imager 600 (GE Healthcare) 2F Multi Gauge (v3.0) softwareE A&

191z, olw#] B S} AFstE 98 Fujifilme A48

ol

Senescence—associated p—galactosidase (SA—B—gal) &4

B-galactosidase 712l C12FDGE AF&3to] SA—B—gald] &4 574
Sk Poly—D-lysine (0.1 mg/ml; Sigma—Aldrich, #P7280), Matrigel
(1:100; BD Biosciences) & FB¥ AW EHel primary ABAEZE &

golg 3 & v} d 1 A7t 37 ° CollA bafilomycin A1 (0.1 nM)

o
AL
o
.

&, 2 AZHERE 37 ° CollAd 33 mM C12FDGE A2 &

Wolg g el e e o] Aol F&adn, Aol A4

ogk

1=

A AR X 60 71 AT[226]. 78] Sl AEE 8 WY ¢
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Fola, JFEGMOZE 4' 6—diamidino—2—phenylindole  (DAPI;

ol

Invitrogen, Carlsbad, CA, D1306)Z AF&3%F. Prolong Gold Antifade

Reagent (P36930, Invitrogen) = AF&3}o] whg 3l ojujx] WA E ¢

34 Zeiss LSM 700 confocal laser—scanning &l =| Z o] AFg3.

A5
B6;129S—Tnftm1Gkl/J v}~ Jackson A&A (Bar Harbor, ME,
USA, #003008) =55 gt & A&fe] xFstd S48 xdoA AMS

Sk o BE kA E FE A HA 1FY st

2
2

o 5] .o
- FA¥s

o

ol BE S w7 el &3 —AlFE9 (200 uM in PBS) 2 37° C,

1,050 rpm 2] A3t shakingoll 4] 9 =t ¢l FH|o] A}

&3} —A| 7 Z A V46 myltimer stereotaxic T

1079 % C57BL/6 nh¢-2~ol dab—Al572 "% multimer B ¢
% 2954 (PBS; vehicle control)< intrastriatal T3 wF¢Ae
ketamine hydrochloride, xylazine hydrochloride (3.5:1, 2.5 pl/g)&
o] g3tel wiHHE. 30 G whHES o]§3te], PBS, Lu-AlFIFave

53



multimer (6 pg) S BF 2 pletel] E3$Helo] stereotaxic U LEZH
striatum (anterior/posterior, 1.0 mm; medial/lateral, 1.5 mm;

dorsal/ventral, 3.0 mm) at a rate of 0.5 pl/min.

1.2% Avertin (0.23 ml/g) = o] &3] ¢ 20F 3 v} A= np3 g o}
& a2 AAAF 3 v, A7 4% paraformaldehyde (PFA) &

Slal F A 48 AJZHE]E 4 ° CellA 4% PFA

r ol
u
ol
O
£
o
o,
>,
oy
i
il
o
Iz

5 o] g3t A, 1 T ¥ = PBSE o] &35to] YAISHA AL, free—
floating slices W2o% (40 pum® F7) Vibratome (Leica

Biosystems, Germany, VT1000S) & o] $3}o] A+

A7t £4 W Az 35}

Vibratome= ©]&3] Free—floating®2] 2.2 AL ¥ ZZH(F7: 40 pm)
4% BSA, 0.1% Triton X—100 7} 23 % PBS (PBST) & &3¢ ot
T O ST 1A} @Ak 4 7 CollA Mol AR, e, PBST®
YAl &, 2xekA|9F HESA]7]31, avidin—biotin—peroxidase complex
(ABC Elite kit; Vector Laboratories, Burlingame, CA, USA,

AR
Al

#PK6200) = o] g3l ¢

gt

AE=E 7A=3% 3,3—diaminobenzidine

ults

(DAB) & A&ste] A5 a1, olu]A]+= ZEISS AX10 microscope

(Carl Zeiss, Germany) & ©| &3t A5, Fshd &= 724]-& Image] (NIH)
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RNAAE

RNeasy Mini KitE AFE3}9] RNA(Qiagen)ES F%3F. QuantSeq 3
mRNA—-Seq Library Prep KitE AFg3}9] libraries (Lexogen, Inc.,
Greenland, NH, USA)E 4|3 NextSeq 500 sequencing system®©]]
Al ¢cDNA+= 75-bp @Y 2ot =07 Al E (Illumina, Inc., San

Diego, CA, USA).

RNA A4 (RNAseq)

RNA sequencing= ¢ TopHat2 (version 2.1.1)S AF8-3F. HTSeq &
o] g3t Ho|EE A8k DESeq?2 i+ differentially expressed genes
(DEGs:; fold change > 1.3, p—value <0.05, version 1.24.0) & &4 3}
71918 AFg-E [228]. ClueGO, Cytoscape plug—in©. & gene ontology
(GO) enrichment analysis &8 [229]. GSEA Java program GSEA
4.1.0 & gene set enrichment analysis (GSEA) (Broad Institute,
University of California San Diego) #2413 DAVID datasets (version
6.8) = ©o]&3tod, DEGs®el GO enrichment®} Kyoto Encyclopedia of

Genes, Genomes (KEGQG) pathway & #43H230].

Enzyme—linked immunosorbent assay (ELISA)
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[231]. €3 =Al7rEd @A 49 A ZHsto] Srjstal 25w 2H
ARESE Ado AFSE A JHE X 60 713 TNF-a Mouse
TNF—-alpha Quantikine ELISA Kit (SMTAOO0B; R&D Systems,
Minneapolis, MN, USA) & A&}l a1 Al 2AFS] A Ao whe} A el2 X8

Sk
= .

Correlative light electron microscopy (CLEM)

35—mm {2 i HAlel VISSF SV2 M7 50%-60%7HA 2 w744
HjFgk. Confocal @Aw|7d& ol&sto] AEe ol A& ¥& (LSM780;
Carl Zeiss). 2% paraformaldehyde (EM grade; EMS) Y

2.5% glutaraldehydeE ¥3}3l sodium cacodylate buffeS ©]-g3}o] A

kel
it
o
(1)1_1‘

DAAAF. YA, A3+ 1.5% potassium ferrocyanide
2% osmium tetroxide (OsO4)ol)A 1A|7F5et 4 ° C & 343sta, 44

o] o+ (50%, 60%, 70%, 80%, 90% ,100%) <& 7} 1082 A &

Hof] =3 0 2 60nm &Efo| AR Ausla, A|| w8 st & 2% uranyl
acetate (10 &), lead citrate (10 minutes) (5 minutes) ©. % o]& A
S tpgow 2y BES 120 kV Talos L120C T3 AAF dw| A& o] &

sto] #2493 (ThermoFisher, Waltham, MA).
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SAA =

GraphPad Prism 9.0.2 o] A3 =31 A7 Fouls gRlstr] 98
ALEEL ARESE FAIAE AL ofdlet E. Two—tailed unpaired
Student's t—test, one—way analysis of variance (ANOVA) with
Dunnett's post—hoc test, Tukey's post—hoc test, two—way ANOVA
with Bonferroni's post—hoc test, Tukey's post—hoc test (GraphPad

Software Inc., La Jolla, CA, USA).

o]y H
RNAseq ## raw A]¥7 dHlo]E+= National Center Biotechnology

Information®] BioProjects PRINA797925¢] # %3k

a2 ¥
e s Ay Aedsty sEd 4 sevy 91939 sasted d

3% (JACUC SNU-171207—2-5, SNU-190721).
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2438 v AotwA Eo A EH|H = g3 -AlwEDY A9E £F
3t= 7HA A=

3 st Mot EE] Lut—AlsrE ATt et FEFS LotrT|

$ste], wAetw A XY LPS (MgCM—-LPS) %+ DMEM MgCM-—
controD< AH#3ste] L FAWIXE  Bimolecular Fluorescence
Complementation (BiFC)A] 2~ Hlo] 28] 3} t}, o] BiFC Al A~Elo A= <t
F-AlrEde] AE A9E QAP VenusBFs SallA 54
Ath[226]. MgCM—control® Blwd-S wf MgCM—-LPS ] g]tol A
BiFC—positive AZ7F 4%3] S7Hles S8 = AL, o= &a-
AlarEd e At F7F oS oulsitt (19 5A, B). o]i#wk ofy
2} MgCM—-LPSE A @3t primary AZAFoA du—Al 732 &
7V S7HE S ST (2# 50). o] ¥ st A= A3t vl Aol w A9

Al od QIAE Sk AlFE Y] BHE ST o & FE &
el

o s, du-AlFEd Astel] #odh= AAE Faab oheFd HAL
AAAEZ AFEste] 27 WA E ATk AAF GAAZ= Bay 11-7085
(NF—«xB AP A A]), SR 11302 (activator protein—1 (AP—1) JdA}S
AA) 7F AFEE A Aol A EY DMEM (MgCM-—control), LPS
(MgCM-LPS) = LPS & AL AAA (MgCM—LPS+ AL A1 A =
A ste] 21 HiAE AL Fo] BIFC AlAvle xzglsle] gl
MgCM—LPS+SR< A28t Aol A MgCM~-LPSell 23] S7het dut
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—AlrEd a7 gage sl (1" 6A, B). ol @ Ayt dvt
5 7M7) 7HEA RIAZE AP—19] #ojehs QIA S BolEh o4
P A3 o] LPS AAARE ¢4# X Polymyxin B (PMX)E A&kl &
ol LPSell 23t wlAlobu Al 327} wnfske 7HAd Ake] &bzt flolA

= Ao % Kol ddo] & 3qyH &

o
o

ot

gl

x2

.

L.

2L

2 BAZAE B9 IL-

ofo], AP—19] &l wdo] =4

i)
rlr

H]R
1B, —2, —4, =5, =6, =7, =10, =12, —17, interferon (IFN)—a, —B, —
v, TNF-oa & 91 ol& A4 Frua Agsdnt [232-238]. 1 th
+ °l5& 77 BiFC A &dlel] Agste] dut-AlwaEd AaE F7HA7]
T AxE 238Y 89, TNF-a 7} /Mg =87 235 Yepd S &

sttt (18 7A). LPSE A3t vlMolw A L 27 #H] 5= TNF-

0f] & shelet7] 919wl Alobu Al £ o] WA & Fol ELISAS 433k},

LPSH gl (MgCM—LPS) ol A1 TNF—a2] ¢Fo] Z7}glon o]= [LPSY

&l mlAlola A EH TNF—al HH7} S/ AALs (139 7B).

TNF-o 8 €3-Al72d Agts} &1 57}

TNF-ag BiFC Alxge] A4 AHgsto] dup-AlpI3de vt
TNF-o &35 8ttt 19 894 Ho], BiFC—positive cell ©]
TNF—o gl oJa 718t oM, o]i= TNF-aA 2] kel wet S7ts)
= AL gttt (19 8A, B). o]#1d A= TNF—o/f 43— A 72

Wel AnE FANALL gtk Ah-AFFAY skl GlofA]



TNF—a? &35 3t ¢ &135t7] §35te] wild type (WT) =] Aol Al
Z9F (TNF-a +/+) TNF—oafdA7F A/ AE vlAotw M (TNF—a—
/=)l LPS B+ vehicles A 2ldt & 23 v & L3Avh. 1 ob= 7F 749
M A E BiFC Al &gl Heldt & dup—Al73d e du fgtE g4l

&k th. TNF—ofr A2} A7 vl Ao Al 22

¥
i)
e
rlo
PN
oY
=
N
il
_‘N_'l
Ac)
o,

Aol Al BiIFC(+)cell o] Zas s s A om (19 9A, B) ol
TNF—o7Z} vlAlot A X7} f- Lok Aus7tadAd oAl e da-s shth=
A& AJAFSHLY

In vivool s TNF—a2] &3}—A]5F

il
i
Ao
Y
K=
o[}J
N
i
ot
o,
_O‘L
N
1o
gI:
o

&3} e Ago] WA T [239].
M g4E dn-AR2aYT domdndg oA R

VG yltimero] 93 dul— A2 W adAte] o 7Ekor

rir

=

2
io,

TR
old AFAdte] wret A—AlFEA Cmultimers PH-AE ] 9

39t TNF—a +/+ (WT)#HS$ TNF—a —/— #H9] striatume] PBS &=

= A9 — A FEFA % nmultimer Y8 T 7Y 205 & w27t Q1A
g A -AlF2E (ES129)FAE ol gste] AAzAY S BAE
g5

o] M Ao gl o], thaFdt Hx] e Aut—AlFEF A multimer
= TYUs WT FHollA pS129 Aol th st A nkgo] S 7138kl (Motor
cortex, Cingulate cortex, Rhinal cortex, Amygdala), ¥t WT F ]

vehicles FY& HolA el pS129 WA EHL2 A9 glas Il
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(13 10A-E). TNF—afdAAA F (TNF—a —/—)% A5, &3t—A|
FEAVmultimers FYFL W) WT (TNF—o +/+) ¢l H]3] pS1297}

343 7r4aeS skttt (28 10A—E). o183t in vitro, in vivo©l

Mo Aats g e R TNF-aZt dat-Alp3d Ay S33vs s
& vk
o %, TNF-a dot-Al572d Bulo o &5 dobrr] §4,

o2 AdS AT Primary A7 A EZo] TNF—oaE sEHZ At
T A-AlFEAL WskE A ESTH TNF-oax 2ol o8 AlZelA] g
dut-AlFE e It v ol Ao F B s e upet SUFee gelski
o (29 11A-D). I, WT (TNF-a +/+) vAHolmAEZe] LPSE A2
ato A2 WA E primary AZGAE ] A2 5 primary A7A ] Hl
A5 ol du-A7EFd FEE ELISAE 53 &<ls3dth TNF-a
FAAAA(TNF—a —/—) vlAoAEZRE A& A S A3t A
oA Aut-AlFEFAL] FH7F g s (29 11E). oY

& Aot Aol A EZFE 9] BHlE TNF-o7b AL oot

TNF-a ° 93] =5 AP x3
ABAZAN TNF-aZb dt=AlrEd ] 2vlE S7HA71= vzid s

of that &S A1x}t, Vehicled} TNF—aZS A AAFE A3t 3
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transcriptome #492 3} t}. Unannotated, duplicated A A& #| A 3t
Soll, 24424708 FAAZE Rl FAESL Tl Ao whet
(fold change >1.3, corrected p—values <0.05), 118709 A=
DEG (differentially expressed genes) = &l3}3itt (18 12A, F7}
AR X 11). DEGE2 Gene Ontology (GO), functional enrichment,
Kyoto Encyclopedia of Genes Genomes (KEGG) 4o w=, A3
w3k Al APE 9 g A 9 EA], Toll-like 8] A5 WHE 3} 2
Hodnkg-of #o] At (18 12B, C). Functional enrichment 4] 3}
vlz7FA] 2 Gene set enrichment analysis (GSEA) Hl©]E+= DEGE©9]
p53—9olZEA A E w39} WA BHo| PSS HolFET) (18 12D). ©]
o} Yo 22709 DEGES JAK-STAT w34 2ol #oditts 218 &
Attt (¥ 13A-0).
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transcription—polymerase chain reaction (RT—qPCR) = <13&}3l T}

P21, p53, JAK1, STAT19] 2&&o] TNF—ax gl 2ste] 2 v]stA
7 & skl (1% 13D-06).
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p21CIP1/WAF19] W3}, dF AFo]E 7}ele] 4], senescence—
associated P—galactosidase (SA—B—gal) &4, @2 ujo]o] &2a} 7
2 EAS 7MAH o]#)3 2 senescence—associated secretory
phenotype (SASP)E dE3tty T3 3t [240]. @2 n|ol= A2
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WA ] ol EASE a2 =EH ¢
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Zrjoj= AE 2A9 Autz @olAtty deA rh[241]. o)A A4
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AAEe] dEuloj7t FA FF AR fXEHE S gelsilth
[242]. = A AMEANA AE AR "Eu|o] o] &AL FRlst] o
%22 primary A AA ¥ TNF-aE *2l3t & p21CIP/WAF1 W&,
senescence—associated B—galactosidase (SA—B—gal) &4, SASP#
A FAAY] S w3} vpA R FRISHA T

TNF-a¥& A2l ¢ primary AAAEeA, 329 p21CIP/WAF1#
Aol T7he Zs FRlsiaitt (" 14A, B). ol AFZAQ x=3td
post—mitotic AZFA|EL] EAel 310 2] p21CIP1/WAF12] o]% 4 1t
A A5tz dHo|rh[243]. &= thE =3} wFAQl SA—B—gal activity
£ 8% SA-B—gal®] 7|42l 5-dodecanoylaminofluorescein di—B—
D—galactopyranoside (C12FDG) 9% FA71E SO 2H dolr sk
th. C12FDGS] #3717t vehicles A2l st 2B A4 Bt TNF-a

= A8t AAAEZANA F-ul st A F=71E

mlo

gk (2¥ 14C, D).

TNF—a H8]& SASP 53 2k¢l GROa, IL—6, IL 1a2 WS =714
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Aot (28, 14E-G).
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p21CIP/WAF1## w317} TNF—o/} f 538 & ul— A+
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H o] FH
X ol A AHEI 8 thed e Aol WYHAUTH
Primary A7 M| 3Ze] TNF—aE *E]stal, UC2288% A 2]sto] &ul—A
TEHL W3tE Ay Bt Primary A A E A TNF—ax 2o 23]
AE o do-AlREdd du-AREd EH BF FReANL
Uc2288e] 28 F7tst AlX o dat—Alr2de Weke gt (29
15A=C). ¥t e] dap—Al7Ed e &H= TNF—adl & 57k Zlo]
UC2288x 2ol &l ags FAFOEH, TNF-aZl A A ZelA]
p21CIP/WAF1#8 w3to] o8 dup-AlwEde #HlE 70 v=

AE o AT (21 15D).

TNF—a = &olaF AE Y vl&S 53 SASPE &

ghol g AlEZS] mjEo] TNF-oZt fFiedhe dul-AlwEad e &
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2 16A-D).
SASP+= aging® & AE#HA 7oA AE 9 A7 QAL ES

Y&l FH3F secretomes A S HIAEAEZ] 58S wEY Sk [244].
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o7 ez B AEZA Q) AEZS W& AR F dtol, ojg SASPE H1]
sl Zlo g vpHo s oayx It} [245, 246]. o)E g o)A A1AN=
e O 7 #lo] A% A9 vjE9] AHA S Flstuat v A oA glo] A%

@49 3l B—hexosaminidase?] 0] E 543t TNF—aA 2=
%3t B—hexosaminidase?] #H % S 7FAIZ]AL ©]= vacuolin—1 * 2] 9]
o3l ZFasklth (2% 16E). o] #rk oflel TNF—aol 93] 57kt p—
hexosaminidase® FH|&E= p21CIP/WAF12] o AAQl UC2288 =g
sl FaF AT (LE 16F).

olg|st A= TNF—a7F 3tdtd dut—AlgEd e &0 E gola

F A Bl e ST 2 AT

gho] AL 0 A XS] HjFEo] - AlFERA Y FHlo T JE-s =
A& &QlslarA}, BiFC systemoA &3l —Al w723 S A9 A& &l

SHlTH[226]. BIFC g4 #holad WHAQ @l LAMP1¥ 97
ARSI AT (2™ 17A), o122 Lah=AlyrF o] =] $13to]
HolaFo R ojF s Aa duetth. ojel e Bolad ol AAE T

sl #2138} 312}, correlative light—electron microscopy (CLEM) & 9]

ofo
o
2
oy

iFC & #o] multilamellar, electron—dense %ol £33 &
A3F Tt (18 17B). ] Yo7} immuno—electron &7 Ayl= &yl —
AlF+E™ positive vesicleo] #lo]A=F wpAQA CD6392F LAMP13}

immunoreactive’} S HojF=r) (18 170).
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5O %2 o] AaF: AMES] wEo] E o go]iF #H 7] plasma
membrane? A¥S FA3+= human RAB27aE knock—downdte] &
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W3S 893519t ShRNAS AME-S RAB272% W3S

55% AR o (19 18A, B) o]g]st Z2AA du—Al7ZH 9] A
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1% 10. BA el &dat-Al7Ed Ao tig TNF-a& 3 (A) &9t
= A A multimer % PBSE WT (TNF-o +/+) Hi& TNF-
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19 12. TNF-a ¢ 93] 58 473 %3 (A) TNF-o Ei= vehicle #
ol 23] (259 5) upregulation (fold change >1.3) XE&
downregulation (fold change<0.3) ¥+ DEG® ¥& (log2 read count
number) S H.0]F = heat map. (B) TNF—aZ A g3 A A Z 2] 1187
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1% 13. TNF—a o 98 =% JAK-STAT =332 #HoJdl= 22
DEG (A) JAK-STAT ## 3} pathwayel #ojsk= 22702 DEGY)
HH Y 5 YEF= heat map. (B) STRINGE ARE-ste] JAK-STAT
A& =3} pathwayoll #oJst= 22712 DEGE) networkol| 4] & A5 =)
£S5 3l proteing ¥AE. (C) JAK-STAT X3} pathwayel] @&
22DEGY log2 fold change#= heap mapl= uYeEd O-G)
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AAFSRTH253]. o]RE du-AlFEde]  LAMP1/CD63—positive
271 EASY  RABZ7a w7 gholagd AlEe] #¥E FE
FH AT & A9 Aake) dX s

olf st A} mp AR, o] Aol M= A A A glo] AF2

AL WES Aol Lo—AFFH

==

1o
M
=
i
(b
o
>,
)
o
Ir
N
o

AT [254]. Fskd, olyd dyE2 dy-AwEd SHAE

k

EEE SASPY BHIb mola®e AES WES el o Fojzirk:

N
-

=
[

oX,
ftlo
it

WA,
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golaFe] Axe] wEE T3 wrlHe B od FHAY =
o2 o gholad FAA HESAANA vkaE §3490 TFEB (1A
A1z+ EB)ell 9k TRPMLI(Fx#l® TRP el Ad 1) &4
ZAEE ol daw Edde] Heo ey duolrt
[255]. o7& #ho]iFo] Alae] wjEe] Bhg- whjde] Fu] (opte
Ashe viZghs AAREE o]R3} dAste], AT =3
AAMEANA  d-AFE-] EH] F7RERE oy TFEBY
AFzAE FAdd GHER £ 11). 9 Yopr}, TNF-a 7F fE8hs
dp-AlFEA Y By Ske golage AR Wz §d4 =&
k2] 82| Ahhel] ojsf oAlE-E el

wrebA old "l Al A AdE Ve w o] 4xFe] AES] Euvt
gl e] ) gl A date] O F54 viAUFe] E 5 e

A F

ot

.

o7 dHA Aa[257], AR FEAQN CXCR2E &3+ Als A
pl4 9 pl5, p53/p21% 22 =3} olAEHE A st MxE x3tE
AT dE A $rh[256]. o]k ofyet IL-1f & A& AE ¥
3% Aol pl6INKda HdS 43 xdsto] AE w3tE FEdth

[258, 259]. TNF—q 3 A7) 7 =& == oidd 39S o) A Gola) 3,
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AIAE

9. AP AHEE FARE

Name of Antibody Manufacturer Catalog # Dilution used
Mouse monoclonal BD Biosciences Cat#610787  1:1500 (WB)
anti-a-synuclein 1:250
(Syn-1) (ELISA)
Rabbit polyclonal Cell Signaling Cat#2642 1:10
anti-a.-synuclein Tech (Immuno-

EM)
Rabbit monoclonal Abcam Cat#ab51253  1:500 (IHC)
anti-phospho-a.-
synuclein (EP1536Y)
Rabbit monoclonal Cell Signaling Cat#74184 1:1500
anti-a-synuclein Tech (ELISA)
(biotinylated)
Rabbit polyclonal Abcam, Cat#ab59264  1:500 (IHC)
anti-a-synuclein
(phosphor 129)
antibody
Mouse monoclonal BiolLegend Cat#SIG- 1 pug ml** (Dot
anti-amyloid beta 39320 blotting)
(6E10)
Mouse monoclonal Invitrogen Cat# 1 pg ml** (Dot
anti-Tau (Tau-5) AHB0042 blotting)
Mouse monoclonal Merck Sigma Cat#MAB377 1:1,000 (IHC)
anti-NeuN antibody
Rabbit polyclonal Abcam Cat#ab7260 1:500 (IHC)
anti-GFAP antibody
Polyclonal anti-lba-1 Wako Cat#019- 1:200 (IHC)
antibody 19741
Rabbit polyclonal to Abcam Cat#ab9722 1:200 (IHC)

IL-1 beta
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Polyclonal anti- Sigma-Aldrich, Cat#G7652 1:50

mouse IgG gold (Immuno-
secondary antibody EM)
Polyclonal anti-rabbit ~ Sigma-Aldrich, Cat#G7277 1:50
IgG gold secondary (Immuno-
antibody EM)
Alexa fluor 488-anti- Jackson Cat#115-545- 1:200 (IF)
mouse secondary Immunoresearch 062

antibody Laboratories

HRP-anti-Rabbit Bio-Rad Cat#170-6515  1:200 (IHC)
secondary antibody

HRP-anti-mouse Bio-Rad Cat#170-6516  1:3000 (WB)

secondary antibody

4479

g e o8 AAZol el G- AE Holnds} C—we Ao

HEE § FAE B8k BAE

S-A 2 ol HU g nh sl w

18

= Bg3%. B cell & myeloma cell® €3%3}%] hybridomaEs WeE &
HAT mediaEs AF&3to] hybridomas ¥ 3%. Hybridoma cell& 10%
FBS7} 335 RPMI 1650 ®iA] (#11875101, Thermo Fisher) o] 4] B}
¥l Bovine IgG 298 HA37] Y3 Hybridoma—SFM B A]
(#12045076, Thermo Fisher) © 2 vjoFuiX| & v}y F. v & 5N

2 2 AAEE (2500 x g, 5%, 4° C) d+=. 0.2 um ZH 3 &

o

protein A columns ©]-&3s}o] &l & |3t

A 3o

BV-2 vAlolmw A ¥+ 37° C in a humidified 5% CO20llA] v kgl ar, o]
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E vt} A wjord wix 24 10% AHold A ¥ penicillin (100

units/ml), streptomycin (100 wunits/ml )©°] ¥3%% Dulbecco's

_\_4

Modified Eagle Medium (DMEM) A}, Dual cell BiFC &%ujoF 23
2 ol 71&3 g2 A H [226]. V1S, SV2 Al¥E+= ZF 230,000 749

AEF 35 o] Aol AL,

Az &do—-Al 7S FA
3t — Al 7S G A S Escherichia coli BL21 (DE3) (#RH217; RBC
Korea, Seoul, Korea) & o]&3s}lo] Z&HAIZ. vfF vf=] 2] 600nm ol 4] 2]

E#%7} (OD600) 0.6 =23t 3 0.1 mM IPTG (B—E] L 2= E ] e}t

o
y
et

= 3A1759k 377 ColA Aestel Rap-AfrEU FAS FET.

1

A3} 3 AEZE 20 mM sodium phosphate buffer (pH 7.4) oA re—
suspenddt &, AYAlo]Adsta, 20 =< 100° Collal £, 181
10,000 x gollA 10wz A, ol2w3d A=ZvtE 1T}
Superdex—200 A o]3} F2n}E 19 = o] &3lo] Uuf—AFFHUS A
A 71 F DA FEFULS T4 Axse] B Fd A% dup-A
FEAE UAl F9 AgE dweli= PBS (PBS; #CAP08-050;
GenDEPOT, Katy, TX, USA)Z AT/dsta, @& F8]& 100,000

MWCO centrifugal device (Pall, NY, USA)Z o] &3}o] HE S
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Thermomixer C (#5382000015, Eppendorf, Hamburg, Germany) &
ARESEe] Al —Al S @A (200 um in PBS) 7F 37 ° C, 1,050

r.p.m2 YA 3t shakingZ A A 9L =<t elFHo] A=,

Mutagenesis

QuikChange Site—Directed Mutagenesis 7] E (#200522; Stratagene,
La Jolla, CA, USA)E AH&-3te], Q17F of &at—AlFE-el C—dada
& G -AlFER(A-119)F =9 (a—syn/pDualGC). AHE-d Ze}o]
Wi 033 2%, Primer pair: 5° —ATT CTG GAA GAT ATG CCT
GTG GAT TAA GAC AAT GAG GCT TAT GAA ATG CC-3’
(sense), 5 —GGC ATT TCA TAA GCC TCA TTG TCT TAA TCC

ACA GGC ATA TCT TCC AGA AT-3(antisense).

Dot blot

UEZAZE A glugle dup—Alw2d A (M) 9} vhgA| gto] &
g (F) @943 50 ng FH 1/2 3|45t g7, dAHA 4 £
0.05% Tween—20 ©] ¥%% PBS (PBST) & A $of, 5% A7E A
SAHORE AJ2olM 3025t EE S PBSTRE f2 5, A&zl dAE
24X 7FHEQt ol thed PBSTE ¥ A] 3 & horseradish peroxidase
(HRP) conjugated goat anti—mouse | (#170-6516; Bio—Rad,

Hercules, CA, USA)E 1:3,0000.% 3Astar (3Ag: PBST

96
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containing 5% skim milk) 1A]7Fg9F Ao A wE-8-A] 7],

do

A, Wn
S ECL €9 (#RPN2232; GE Healthcare) ¥} ¥F-2-A17). Z} o]ju] ]
+ GE Healthcare Amersham Imager 6002} Multi Gauge (v.3.0)

software (Fujifilm, Akishima, Tokyo, Japan) & &3] &=

Sandwich ELISA

96—well Zdl°|E] 3A9, 9B11, 11F11, 11F4& A A =2H 75 ¢
Z 9 (50 mM carbonate buffer, pH 9.6)°l 4° C 24 A7k Q15 H|o] A&
tted Zgo]EE PBSTE 43] A3+ & SuperBlock T20 PBS

blocking buffer (#37516; Thermo Fisher) ©. & 2A]7F Ab-2of| A %3]

Az doh-AF AL AEH A AFA F05ha, Aok TR 45
=

)

device (UFC510024; Millipore) & A2 HEE AEY A5 =
glo]E Q] 7} dof] =Y 5, 2.5 7k Aol A shakingstw Q15FH|o] gt
PBST=Z 43] A $-of, vto] ¥ -7 &% (500 ng/mDE 1% bovine
serum albumen (BSA) in PBSTe] 3|4slo] =gt & 2A17F Ql5fH|o]
Ak Al PBST 43] €A] 3, avidin—conjugated peroxidase
(#E2886, ExtrAvidin; Sigma—Aldrich)E 1% BSA in PBSTY]
1:5,0003] A4 slo] =9 $-of 1A[7F A2l A w-gA71. 43] PBST 914 <+,

100 pl® substrate €91 (3, 3'5'—tetramethylbenzidine [TMBI,
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#T4444; Sigma—Aldrich) & ZF 9o 29 3 3 dS sty 1055

RESAIZL 10+ §- 50 pl of 2N HaSOs& olg-3te] Hbe-= FAAZ &

r

o] 450 nm spectrophotometer (BioTeK, VT, USA) £ o| &3l S4 %

4.

%

do-AFEd SHA FULE

Ad A, BV-2 PlAlotw A 25 35—mm HiFH Aol EdolB e &uk-

AFEd FolBvd (0.4 uM) S AYAlelAd 8 &, & (5 pg/ml) mouse
[gG =5 7} Sa—Al72d galeh A A=olA 53 vEgAI7. F8ld

MEE serum—Tfreetl A = YA &, v g] HEGA]Z] glo] B —3hA]] =314

|

F 108 §9F 37" ColA MEZO #9928 FET

=
=

12

ro

A XA S d &

MiEE F=F A (1% Triton X—100, 1% [v/v] protease inhibitor
cocktail [Sigma—Aldrich; #P8465] in PBS)= 3l €39, &3li¥ Al
EE 16,000 golM 102w dd2d A, =7H8 Triton X-100
fraction (pellet)= 1X Laemmli sample buffer & re—suspends}al &

L Aol A g

Dual—cell BiIFCA|AE-& o] &3 A3E7t A AY
Poly—L-lysine IZH® AWHEHANA AHAEE  #dsty 4%
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paraformaldehyde (PFA)7} X3&¥ PBSE o|&3to] AIXE 1A F.

0.1% Triton X—100% 3r3F PBSE AMEE F31A7. Prolong Gold
Antifade Reagent (#P36931; Invitrogen)E ©]&3to] Al X = v}e-8 3t
%, 32 TOPRO-3 iodide (#T3605; Invitrogen) & AFg-3}o] M a}lar
oln]#] A5 W RS 98] GE Healthcare InCell 2200 AnalyzerE A}
3 ZF Eetol=ell A 20719] o] FAAE A E Gl ow, 7 f o olA

A2 1500709 A|Z7} A=,

Western blotting
Western blotting== ©|de| 7]&3st Z3} o] H&sH[7]. Using an
Amersham Imager 600 (GE Healthcare) 2 Multi Gauge (v3.0)

softwareE ARG8F3laL, ol v #] & 53} A &F3tE 98l Fujifilme AHE-F

FAXAS v~ (mThyl—oa—syn Tg, Line61) murine Thyl
promoters 7}Zl full-length At ¢I—Al 7= st RS
ARESE T 36vkEl o] It -AlrEH FHAAS vhe-Ae) 6rte] o] YRk mt
FATF AREE AREE BE vheA0] Yol 37IE R Y] RS AR vt

FaE 3 ERE d5del sk A (10 mg/kg) & H74 W FAME(n =



M Fuged Be suS 54 =59 skl 1243kt ¥ 57

EN

= FA % 25 A, #e] 9 2% A2 University of California San

Diego (UCSD)olA @98l om UCSDe & thy 9d3ls nE A

£ sAsy AEERe] vl 0 Age) g@ w wad Aol et

)

qZA 55

Vibratome= ©] 23 free—floating®2] 2.2 9 ¥ ZZ(F7: 40 pm)
4% BSA, 0.1% Triton X—100& ¥3st= PBS (PBST) & ¢4 v
SO %2 3REF 1AEASE 4 ° CollA] Qo] A7, v, PBST=
AT 2218 A 9} WH-A] 7131, avidin—biotin—peroxidase complex
(ABC Elite kit; Vector Laboratories, Burlingame, CA, USA,
#PK6200) = olg3ste] e =5 &3 3,3—diaminobenzidine
(DAB) S ARE3le] AR 11, oju|x]= ZEISS AX10 microscope

(Carl Zeiss, Germany) & ©]&35lo] 9. #3Hd E42 Image] (NIH)

FAAE
GraphPad Prism 7.04<5 33l 414 F-Yv|& &Q1g. A3 T+

Hkal e ol oF S Two—tailed unpaired Student's t—test, one—way

analysis of variance (ANOVA) with Tukey's post—hoc test
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Y
ot
X

(o]

o
o
=)

2ol glolude] FxE 7Ha T (¥ 19B).
ol 5| IgGl, IgG2a, IgG2b, 1gG3Y] isotype= 7F4 13709 &A=
At (3 10).

AAE FAE] du-AlwEFH SHAC s oS Fls]
9l&ke] dot blote HF3Hth HEZAMEZ o~ wlHQle] <uf-
AwEd SdFA M HolBH(F)S 50 ng HE 1/22 3|43}
AR BEE 138 FA F 4] AT Eo-ARER

o] H'ofgk So]A o g7 Aghsitt= Abd 2 gRlglitt (1¥ 20A, B).

3A9, 9B11, 11F11°] v AdE<S Sl A==, 11F4= A=
SHA Sol AL PuE {8 AEHAY (2" 20A, B). &
ATolA 11F4+= da—Al527 8] Fejel daglel, @A, multimer,
ol B 2398k vhekst ol A sk pan— A2 AFEEH ST
t}&© 2 enzyme—linked immunosorbent assays (ELISAs) S %3

ged FASY SHA Solde @ W o stk A

Y

)

il

N

A= AA TAZA ARGSIAL, mloledstE TB7 A= A

i

FAZH ARG 11F4E @A (M), sl (F) BF5 <148t

rlr

102 -':rw-.ﬁ-! _k:JI_ 1_-]
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vl o] 3A9, 9B11, 11F11& stolBHout 1Alsltt= AL gt

(19 21A).

g4 = dot blote &3 ettt 11F45 £33 A8 e 2= A7

ok (29 22A, B).

ue
&
|
>,
3
it
i
=2
[-'121
it
o
a3
o
il
(ih)
%
<
)
rlr
pa)
mlo

O
?""

Fgainm, T/ 9 (AADo] Gsh-AFFFAsto| Y, C— Wikl
B Lo-AFEYU sl nA) S ALgEe], F 3749 Lup-AFEH

SHA 5014 &4 (3A9, 9B11, 11F11) & A&t}

$RA Bolx P AR dA-AwEA $AAY AA T3}

AE A AR ET

A 9] da-Alr 2 SAA AlE R FAHAL 2ho]aFel o
walE ¢ e, o) Aol wEW njMolu M X A e 7HE

AHAQ ME FHoITH2, 184, 264]. 19 238 ®W, A7} Cins
287114 T Stk FAlE AE 9] du-AlwEd $HA

Ao A R O] 19)a T7HAI7I AL, AZ AR AukE vethal 2 A
ATH184].

webd Ads g5l 9g gL WAUZOoR AgeEAT

FAE 52t A2olA AT, 2Ean v BH-FAETA =

BV=2 ulAlolm Al e X2t § 10753t 377 CollA wh-gA AT o



T S 4A Eo)7 dAe] nld 9B11 &A= Foln] A da—Al S 2
SHAE BV-2 MEZY Fd5 S7HAIFE (19 24A, B). Western
blotting 42 MX AAE L3la|x I Aygolr] wzo MxEZO

ol obd AExde] 2ol g -AlFEd Fo|HE A

(A

% JFsel ek old@ hsAE AAS] g8, AL EH

S

=
AdgNoz MZS F confocal microscopy®  A|XES] o]u|AE
AT 1™ 24014 9] Ak} vR7IA| R 9Bl Suk-AlrEd
SHA ] ol T skl (17 25A, B).
¥, FAle A AE AlelolA dat-AlrERY] A A9E

=ty ez ok [189, 226]. oldATFolAE dual—cell

bimolecular fluorescence complementation (BiFC) A]AES o] &3}¢]
A o] dut—AlFEH SHA Ay A S gelsd i [226]. Dual—cell
BiFC Al A1 V1S, SV2 F7HA] A EFE FAlo] o] dup—Al 7239

A3hE &3 puncta® Fall SAE 5 e WRlolth webA o] A AEE

Hil

ojgatol FA 2 A

oAl EY Ada gAEdE #elstalat

3F9lal, 11F45 X33t S44] 5o]4 & 25 BiFC—positive cell
ar7= a3sE g3k (11" 26A, B).

SAA BolA A S£Eue d-ARIA A, AFH,
AR LFE, NALZNA ) B
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5 7H full-length QIZE dob=Alp33ls dEAshs A vy
(mThyl—a—syn Tg, Line61) & AF&3}3it}. o] Ao A, o] EdofA

ventral mesencephalon/substantia nigra, striatum, cortex, frontal

il

cortex, hippocampuselA WA EFAHQ IAtstE  dut-AlFER
(pS129) 9] S7Hs FRlIskdtH[265]. HEHel thalamus, cerebellum,
olfactory bulbo|A €] pS129¢] %k WT w9~} H|s=shS Eelssitt
[266]. WT3} TgellAl pS1299] & hippocampus®} cortexel| Al 713

FEHZ 2ol S BV wiel FAES] BE F A FAds Rk

.
WA AL ARl A BnkE S fsk] o

-AlEd JAA3 v SHA 5ol A 3A9, 9BI1,
11F11% pan—3A¢l 11F4E B7F U Folst, ¢atsly dut— A w3

A (pS129, phosphor—a—synuclein) ¥ Al &3t—Al7E 9 (total a—

mlo

synuclein) & ® 23812 £4 5 & Slsiivh (1™ 27, 28).

FAES FFHAS 3+ A, parietal cortexolA pS129 <3l

Al FEH Y ko] 7HE FEEAA Ao (19 27A, C), prefrontal

EA)

GRS

o

cortex?lX = FAIACR FovetA= LA Ak

rlr
o

glstitt (1% 27A, B). H]z3H o]  hippocampus©|A %
oE o CAL AYoA= 11F119], CA3A Ao+ 3A93 11F47}

T mEHA A7 EA S FRAsAT (1" 27A, D, B).

A du-AlF7EFH AHS, Ldu-AFFHY FZHo] prefrontal

A L) ¢



cortex, parietal cortex, hippocampus® CA1l, CA3lA]

11F11,11F47}F 3A9¢] #H]&|

9B11,

AT (1% 28A-E).

O
A

5

o -
= AE g

zk

i

=
;ﬁ

o

oM

o] §-5to]

EeX
=

Biochemical method?! western blotting®} dot blot

)

—

X

ol
E]E

< o Ay, 11F11&

western blotting

R
o
o
el
,_._mo

(719 29A, B).

°]-&

1 FILA-4%

FAIQ!

Z o)
-

W

~
;OO

< dot blotZ

R

52 BAAC=E

g om, 3A9x e 1

ol

o -
< &

[l
=

Fth (1% 30A, B).

hippocampus CA1%]| & o] A

o] g-afo]

A=

&

NeuN

Bt (2" 31A,0).

] S
=

<N

ol

(29" 31A-0).
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5902 Al7Aolw%<E ionized calcium binding adaptor molecule
1(Ibal) ¥ glial fibrillary acidic protein (GFAP)&AE o] &3}

stalskitt (2™ 32, 33). Parietal cortex®t hippocampus©lA]

32A—C), ©]2 +FA}SFAl prefrontal cortex® hippocampus®l] XY

31A-0C). o] ] gt g3+ hippocampus*] & K.t} prefrontal

cortexA| oA o FEHZ a3 Bt (I 33A-0).

RO R GEWSS AeH] lstel, hEAQ GF A ErheIe)

=
mﬁ‘.
o
olo
o
i_rﬁ
Jlm
o
12
5
i—";
s
o}

[eb)

7

%
i—";
o
R
bibe
e
fol
ojr
o
f
S
o
=2
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A
1 119 140

BN C-terminal
WT a-synuclein

119

1

C-terminal truncated a-synuclein

WT a-synuclein  C-terminal truncated
(1-140) a-synuclein (1-119)

I¥9 19. €9-AFEd FA ALS s AR FOHR SR &4
J'

4 (A) A S A8 AHgE 7714 &Y. WT a—synuclein: A

AAdo)o] dup—AlFEFH (ofu] =AF 1-140), C—terminal truncated o—
synuclein: C—gdo] Agty dat—Al7Zd (obr] 24t 1-119) B) 19
(A) ZHE 507 do] B o] n A%,
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A B

4‘ ‘ .-‘ Clone name Preference
M
1E4 M<<F
FLYoe . L 1H8 M<<F
<<
1E4 1H8 2E3
2E3 M<<<F
M
3A9 M<<<F
F T 1} 11 I
3A9 3D3 4G3 303 M<<F
M - ! i 463 M=<F
FLOVOO | cpg|] v 5A7 M<<F
5A7 6F7 7B7 &F7 M<<F
M ! . 787 M=F
ol o 1t
9811 M<<<F
9B11 10F10 11F4
" 10F10 M<F
F i 11F4 M<F
11F11 11F11 M<<<F

I9 20. €3-AFEd SHA gt FA Y Eol4 (dot blot) (A) &
3 — A5+ EH monomer (M) T+ fibril (F)of] ot A9 Eo]4. (B)
a9 (A) Mg dat-AlFE gl B (F) o tigk So]4d. M tiv] Feol
st At <o MR T MKKEF golud 5o]4 g2 t}

ARES 913 Aug.

%

Ru)

dlo

=

il

. A = st



¥ 10. BEE A F R

Name of clone Antigen Isotype
for immunization
1E4 Full-length a-syn aggregates IgG1
1H8 C-terminal truncated a-syn IgG1
aggregates
2E3 C-terminal truncated a-syn IgG2a
aggregates
3A9 C-terminal truncated a-syn 1gG2b
aggregates
3D3 C-terminal truncated a-syn lgG2a
aggregates
4G3 C-terminal truncated a-syn IgG1
aggregates
5A7 Full-length a-syn aggregates IgG1
6F7 C-terminal truncated a-syn IgG1
aggregates
B7 C-terminal truncated a-syn lgG2b
aggregates
9B11 Full-length a-syn aggregates IgG3
10F10 C-terminal truncated a-syn IgG2a
aggregates
11F4 Full-length a-syn aggregates IgG2a
11F11 C-terminal truncated a-syn 1gG2b
aggregates
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3A9 9B11

~-Monomer
| = Fibril

-»- Monomer
-= Fibril

Absorbance (450nm)
NoW A
Absorbance (450nm)

N W A

—_
L
-_
"
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Abstract

Studies on the role of TNF-a in propagation of alpha-
synuclein aggregates and immunotherapy targeting
alpha-synuclein aggregates for Parkinson’s disease

Minsun Choi
Major in Biomedical Sciences
Department of Biomedical Sciences

Seoul National University Graduate School

Cell-to-cell propagation of a-synuclein has been proposed to be the
underlying mechanism of progression of Parkinson's disease (PD) . Previous
studies have provided evidence for cell-to-cell propagation of a-synuclein in
cell lines, primary neurons, and animal model [2, 3]. a-synuclein can be
taken up by neurons, undergone transport along axons, and finally
transferred to another neuron. The previous studies showed that o.-synuclein
aggregates spread via exocytosis and subsequent endocytosis [4-7], while
another suggested that tunneling nanotubes were involved in the process [8].
Injection of pre-formed a-synuclein fibrils into the striatum caused brain-
wide spread of a-synuclein aggregates and induces dopaminergic neuronal
death in the substantia nigra [9].

According to recent studies, inflammation appears to play the critical role
in the propagation of a-synuclein aggregates. However, the mechanism by
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which inflammation regulates propagation of a-synuclein aggregate is
unknown.

In this thesis, | explain how an inflammatory factor, TNF-a, regulates
propagation of a-synuclein aggregates and show the potential for an
immunotherapy targeting a-synuclein aggregates.

In chapter 1 of this thesis, | explained the background needed for the
study.

In chapter 2, using in vitro cultures, | discovered that soluble factors
produced by activated microglia increased cell-to-cell propagation of a-
synuclein, and that TNF-a. has the most powerful stimulatory effect among
these soluble factors. TNF-o treatment to neurons activated senescence-
associated genes, as evidenced by transcriptome studies and
immunoanalysis of senescent phenotypic marker proteins. Furthermore,
neurons treated with TNF-o secreted more a-synuclein than control through
the senescence-associated secretory phenotype (SASP). | have shown that
the SASP was mediated by lysosomal exocytosis by using vacuolin-1, a
lysosomal exocytosis inhibitor, and RNAI against rab27a. The presence of
a-synuclein aggregates in electron-dense lysosome-like compartments was
confirmed by using correlative light and electron microscopy as well as
immunoelectron microscopy. This indicates that the secretion of a-synuclein

through SASP is mediated lysosomal exocytosis. Thus, TNF-o. is the
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primary inflammatory factor that drives cell-to-cell propagation of «-
synuclein by boosting SASP and subsequent a.-synuclein release.

In chapter 3, | developed antibodies targeting o-synuclein aggregates,
since extracellular a-synuclein aggregates, which have been regarded as the
culprits that drive disease progression in Parkinson’s disease.

These antibodies not only prevented the cell-to-cell propagation of a-
synuclein by capturing the extracellular o-synuclein aggregates but also
promoted phagocytosis of extracellular a-synuclein aggregates in microglia.
Additionally, passive immunization with aggregate-specific antibodies
greatly improved neuropathological phenotypes, such as synuclein
aggregation, gliosis, inflammation, and neuronal death in a-synuclein
transgenic mouse model.

Finally, I conclude this thesis with an overall summary and discussion of
my findings in chapter 4. From these findings, | propose the mechanism of
a-synuclein propagation and gain insights into the development of

immunotherapy that could slow the progression of PD pathogenesis.

Keyword: Parkinson's disease, Protein aggregation, Neuroinflammation,
microglia, Senescence, Immunotherapy

Student Number: 2016-2201
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*Part 2 of thesis was published in Experimental & Molecular Medicine, Jul
5 (2022) entitled “TNF-a promotes a-synuclein propagation through
stimulation of senescence-associated lysosomal exocytosis”

**Part 3 of thesis was published in Experimental Neurobiology (EN), Feb
28;31(1):29-41(2022) entitled “Conformation-specific antibodies targeting

aggregated forms of a-synuclein block the propagation of synucleinopathy”
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Supplementary information

3t 11. Differentially expressed genes (DEGS)

(Log2 [fold change] > 0.3, adjusted p < 0.05)

Er:tDrez genesymbol | baseMean Foldlg?nzange IfcSE pvalue padj
692203 | SNORDS88B | 69.07249 -24.2333 3.026687 | 1.17973E-15 | 4.63634E-13
63973 NEUROG2 | 9.700814 -1.85404 0.491228 | 0.000160457 | 0.015098805
3488 IGFBP5 20.60321 -1.52786 0.334286 | 4.86516E-06 | 0.000670188
56944 OLFML3 26.60472 -1.26763 0.286839 | 9.90165E-06 | 0.001236504
4239 MFAP4 54.51322 -0.9236 0.180746 3.2231E-07 5.52143E-05
9260 PDLIM7 68.51838 -0.82483 0.15934 | 2.25994E-07 | 4.02106E-05
1191 CLU 112.128 -0.732 0.118597 | 6.73652E-10 | 1.72055E-07
3671 ISLR 110.2298 -0.70894 0.120758 | 4.33783E-09 | 1.03504E-06
4237 MFAP2 132.8394 -0.62061 0.109763 | 1.56689E-08 | 3.52038E-06
10381 TUBB3 279.1793 -0.58427 0.070583 | 1.25503E-16 | 5.24052E-14
1281 COL3A1 128.5351 -0.56472 0.10687 1.2627E-07 2.34337E-05
158763 | ARHGAP36 | 373.0038 -0.5538 0.060117 | 3.19972E-20 | 1.78144E-17
7431 VIM 360.31 -0.55308 0.062215 | 6.12282E-19 2.9219E-16
64943 NT5DC2 127.5383 -0.53172 0.107999 | 8.50602E-07 | 0.000129156
7846 TUBA1A 711.5104 -0.52464 0.042957 2.647E-34 2.7207E-31
1809 DPYSL3 227.17 -0.52379 0.075999 | 5.49941E-12 | 1.56347E-09
3959 LGALS3BP | 167.0814 0.383907 0.099302 | 0.00011061 | 0.010709887
9520 NPEPPS 109.0519 0.411984 0.116145 | 0.000389441 | 0.031347641
1647 GADD45A 114.255 0.444658 0.11408 9.70794E-05 | 0.009550966
1592 CYP26Al | 164.1793 0.446383 0.099685 | 7.53643E-06 | 0.000970618
11117 EMILIN1 107.5476 0.469916 0.126032 | 0.000192599 | 0.017714083
3301 DNAJA1 230.2171 0.481216 0.07455 1.08269E-10 | 2.95242E-08
7425 VGF 183.789 0.49803 0.088902 | 2.11903E-08 | 4.64171E-06
3956 LGALS1 1162.649 0.520731 0.070997 | 2.22548E-13 | 7.25289E-11
4081 MAB21L1 98.05077 0.580417 0.12424 2.98667E-06 | 0.000429116
1026 CDKN1A 307.8591 0.623353 0.065527 | 1.85353E-21 | 1.12577E-18
4673 NAP1L1 91.75325 0.637929 0.13249 | 1.47269E-06 | 0.000218646
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2879 GPX4 271.9388 | 0.644694 | 0.077609 | 9.81837E-17 | 4.23203E-14
3672 ITGAL 66.23745 | 0.657776 | 0.160953 | 4.37443E-05 | 0.004752121
1382 CRABP2 | 3950.209 | 0.662059 | 0.050682 | 5.3548E-39 | 7.15508E-36
5327 PLAT 3454926 | 0.697478 | 0.063885 | 9.48572E-28 | 7.45577E-25

140606 SELM 1241633 | 0745315 | 0.11712 | 1.96997E-10 | 5.26456E-08
54674 LRRN3 483279 | 0.752938 | 0.197654 | 0.000139321 | 0.013392859
7157 TP53 5472948 | 0.773804 | 0.180727 | 1.85545E-05 | 0.002194028
1113 CHGA 39.42116 | 079741 | 0.222545 | 0.00033949 | 0.02871054
9686 VGLL4 | 76.94432 | 0797914 | 0.145979 | 4.60429E-08 | 8.9163E-06
2907 GRINA | 70.64089 | 0.815382 | 0.157582 | 2.28708E-07 | 4.02106E-05
4256 MGP 38.22185 | 0.823794 | 0.227602 | 0.000295228 | 0.025450558
5979 RET 440.1319 | 0.828268 | 0.055619 | 3.72351E-50 | 7.10765E-47
5720 PSME1 | 124.0667 | 0.828608 | 0.110325 | 5.88411E-14 | 2.01599E-11
3107 HLA-C | 43.72144 0.8649 | 0.214313 | 5.44446E-05 | 0.005728262
9518 GDF15 191.8001 | 0.940968 | 0.091395 | 7.37669E-25 | 5.47597E-22

148753 | FAM163A | 4822715 | 1.024049 | 0.197133 | 2.0505E-07 | 3.70255E-05
6622 SNCA 7758954 | 1.029442 | 0.043112 | 5.1355E-126 | 3.4311E-122
2335 FN1 136.181 | 1.047939 | 0.106838 | 1.03332E-22 | 6.57489E-20
4793 NFKBIB | 2561581 | 1.086976 | 0.28626 | 0.000146363 | 0.013969291
27233 SULTIC4 | 3272069 | 1.122467 | 0.249276 | 6.70294E-06 | 0.000886779
6772 STAT1 2231443 | 1.129734 | 0.309678 | 0.000264189 | 0.023533945
3572 IL6ST 3072138 | 1.181798 | 0.262622 | 6.79571E-06 | 0.000890238
10801 SEPT9 153.3012 | 1.217733 | 0.102529 | 1.55872E-32 | 1.48769E-29

100874110 G"X;TK’ 358213 | 1.231643 | 0.253622 | 1.19653E-06 | 0.000179642
11182 SLC2A6 | 2021265 | 1.278798 | 0.328111 | 9.72109E-05 | 0.009550966
3105 HLA-A | 157.6995 | 1.302414 | 0.101621 | 1.32713E-37 | 1.6121E-34
7942 TFEB 231145 | 1.323486 | 0.310216 | 1.98713E-05 | 0.002329125
10318 TNIP1 5473554 | 1.353175 | 0.190916 | 1.36252E-12 | 3.95783E-10
5721 PSME2 79.3488 | 1.409914 | 0.154282 | 6.32974E-20 | 3.38312E-17
2669 GEM 3202186 | 1.445715 | 0.261434 | 3.2034E-08 | 6.48543E-06
9636 ISG15 71.83829 | 1.645858 | 0.198008 | 9.40402E-17 | 4.18855E-14
10133 OPTN 4433032 | 1.670252 | 0.221006 | 4.10903E-14 | 1.48391E-11
3429 IFI27 1260598 | 1.679296 | 0.463854 | 0.00029425 | 0.025450558
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3726 JUNB 42.82846 1.696475 0.226862 7.5461E-14 2.52077E-11
8878 SQSTM1 146.6936 1.773672 0.114229 | 2.26747E-54 | 6.05958E-51
7980 TFPI2 16.01148 1.8381 0.392345 | 2.80093E-06 | 0.000411275
9308 CD83 8.105981 1.914151 0.537518 | 0.000369319 | 0.030275066
92610 TIFA 10.50784 1.917228 0.479752 | 6.43429E-05 | 0.006649779
6892 TAPBP 58.94462 1.93815 0.195156 | 3.04264E-23 | 2.03279E-20
64091 POPDC2 8.305981 1.958517 0.536257 | 0.000260003 | 0.023316486
629 CFB 11.50791 2.001504 0.465557 | 1.71443E-05 | 0.002045381
4794 NFKBIE 7.505569 2.001587 0.560159 | 0.000352581 | 0.029328588
4147 MATN2 9.906875 2.07555 0.506865 | 4.22393E-05 | 0.004626238
4502 MT2A 9.406944 2.079585 0.531612 9.1593E-05 | 0.009133327
1294 COL7A1 14.50976 2.129228 0.42858 6.76113E-07 | 0.000103842
10410 IFITM3 64.64847 2.208646 0.194282 | 6.01939E-30 | 5.02695E-27
567 B2M 280.4217 2.319822 0.085638 | 1.3339E-161 | 1.7824E-157
22822 PHLDA1 22.91822 2.377118 0.355472 | 2.27462E-11 | 6.33197E-09
91107 TRIM47 5.704676 2.41667 0.680412 | 0.000382641 | 0.031134094
684 BST2 41.22895 2.444423 0.263436 | 1.71066E-20 | 9.93818E-18
7127 TNFAIP2 7.906602 2.788197 0.622722 | 7.55458E-06 | 0.000970618
4792 NFKBIA 68.25666 2.872853 0.206875 | 7.60262E-44 | 1.26983E-40
6891 TAP2 4.403301 2.964964 0.829905 | 0.000353383 | 0.029328588
972 CD74 15.11272 2.980231 0.483012 | 6.82452E-10 | 1.72055E-07
8605 PLA2G4C 4.503782 3.001585 0.827062 | 0.000284286 | 0.025156455
55620 STAP2 4.803782 3.105855 0.825061 | 0.000166954 | 0.015600276
4791 NFKB2 36.82888 3.162737 0.318437 | 3.01978E-23 | 2.03279E-20
2537 IF16 84.2599 3.376919 0.226261 | 2.27012E-50 | 5.05557E-47
79924 ADM2 5.904745 3.434471 0.807544 | 2.1094E-05 | 0.002450942
252995 FNDC5 29.22613 3.482744 0.384447 | 1.31537E-19 | 6.75999E-17
85004 RERG 6.205708 3.5126 0.802547 | 1.20425E-05 | 0.001466988
4880 NPPC 10.9099 3.659883 0.66504 | 3.72842E-08 | 7.32635E-06
6236 RRAD 8.207152 3.946417 0.781649 | 4.44507E-07 | 7.24329E-05
339398 LINGO4 9.509078 4.17157 0.773175 | 6.83797E-08 | 1.30527E-05
5971 RELB 25.92297 4.364955 0.50048 2.7445E-18 1.26455E-15
7185 TRAF1 2.001926 4.444273 1.212171 | 0.000246014 | 0.022211096
84676 TRIM63 2.001926 4.444273 1.212171 | 0.000246014 | 0.022211096
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8995 TNFSF18 2.202407 4.581916 1.20748 | 0.000147876 | 0.014013614
51284 TLR7 2.402407 4.707351 1.19519 8.19657E-05 | 0.008360501
4050 LTB 2.602407 4.822745 1.185367 | 4.73033E-05 | 0.005016401
4940 OAS3 2.602407 4.822745 1.185367 | 4.73033E-05 | 0.005016401
7124 TNF 2.602407 4.822745 1.185367 | 4.73033E-05 | 0.005016401
602 BCL3 6.005227 4.826117 1.0628 5.60029E-06 | 0.000748311
148170 CDC42EP5 | 2.802407 4.929585 1.194538 | 3.6789E-05 | 0.004130883
3106 HLA-B 2.802889 4.929776 1.17895 | 2.89595E-05 | 0.003335831
10148 EBI3 3.603852 5.292393 1.156411 4.7267E-06 | 0.000657897
10272 FSTL3 114.2109 5.314509 0.296229 | 5.68938E-72 | 2.53405E-68
330 BIRC3 3.703852 5.331888 1.149434 | 3.50592E-06 | 0.000498362
7412 VCAM1 64.36334 5.491202 0.416434 | 1.05294E-39 | 1.56326E-36
4879 NPPB 2471871 5.598293 0.720381 | 7.76886E-15 | 2.96593E-12
6890 TAP1 5.003852 5.765972 1.129625 | 3.31979E-07 | 5.54488E-05
9536 PTGES 5.305296 5.850309 1.119388 1.7289E-07 3.16461E-05
259307 IL411 6.405296 6.122181 1.101563 | 2.73317E-08 | 5.70635E-06
338440 ANO9 7.505778 6.350926 1.091822 | 5.99787E-09 | 1.40603E-06
8519 IFITM1 8.808666 6.581804 1.067956 | 7.13829E-10 | 1.76633E-07
29994 BAZ2B 14.61493 7.312244 1.016834 | 6.42299E-13 | 1.95055E-10
9235 IL32 243.1156 7.919782 0.461304 | 4.59091E-66 | 1.53359E-62
3383 ICAM1 23.82263 8.017148 0.977157 2.3142E-16 | 9.37043E-14
3604 TNFRSF9 33.33226 8.501731 0.952864 | 4.56735E-19 | 2.26033E-16
10537 UBD 136.4319 10.53492 0.916766 1.4575E-30 1.29834E-27
6347 CCL2 235.633 11.32327 0.914965 | 3.54125E-35 | 3.94318E-32
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