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oo} B2

6-0OHDA : 6-hydroxydopamine

AAV : Adeno-associated virus

AD : Alzheimer’s disease

ALS : Amyotrophic lateral sclerosis
BBB : Blood-brain barrier

BSA : Bovine serum albumin

CNS : Central nervous system

CSF : Cerebrospinal fluid

CSP-a : Cysteine string protein— a
DAB : 3'~Diaminobenzidine

DLB : Dementia with Lewy bodise
ESC : Embryonic stem cell

GFAP : Gial fibrillary acidic protein
GFP : Green fluorescent protein
HRP : Horse radish peroxidase
IL-1B : Interleukin—-1 beta

IL-6 : Interleukin-6

L-DOPA : Levodopa

LPS : Lipopolysaccharide

MHC : Major histocompatibility complex
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MPTP : 1-methyl-4-phenyl-1,2,3,6—tetrahydropyridine

MSA : Multiple system atrophy

NAC : Non—amyloid—- component

NO : Nitric oxide

NSAIDs : Non-steroidal anti—-inflammatory drugs
PBS : Phosphate buffered saline

PD : Parkinson’s disease

PFF : Pre-formed fibril

PLD2 : Phospholipase D2

PLKs : Polo-like kinases

ROS : Reactive oxygen species

SN : Substantia nigra

SNpc : Substantia nigra pars compacta
SNARE : Soluble N-ethylmaleimide—sensitive factor

attachment protein receptor

TACE : TNF-a cleaving enzyme

TDP-43 : Transactivation response DNA binding protein 43
Tg : Transgenic

TLR : Toll-like receptor

TNF-a : Tumor necrosis factor alpha
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A8

1.1. B394 YA S neurodegenerative diseases)d} &}

Al7E¥ (a-synuclein)

g HAZe 54 ol iz SRt HoRd o3 vt
Agowr  EFHAw,  wwAe Fx o] AH(misfolding), SF
(aggregation), &4 (accumulation)ol 23] AAFAEL 7]5 o], Al
Ad A, o EFoFE oA FEARl WY 5o A6l 7t
g4 HARS oo

(tauopathies), &3 A7 HH S (a-synucleinopathies), TDP-43 ™

4 durEe)

i

Iy

Z(amyloidosis), TS

¥ Z(transactivation  response  DNA  binding protein 43
proteinopathies) ©] St} ofdZo|=F 3} EF9-H S-S FHkshe dli4]
¢l Ao g= d=3dlo]H(Alzheimer's disease, AD)o] Jom <}

AlTEYHS

e}

o
offt
[z

-

= AW oz #9714 (Parkinson’s disease,

PD), TDP-43 B9l AW ZF S swsle dyoze= 2954 34 Ak
(Amyotrophic lateral sclerosis, ALS)7} A©H[7]. &AM A3t 371EH

o]]of Fo]AA X wj(dementia with Lewy bodise, DLB), Z4=Ax A
<(multiple system atrophy, MSA) 3t &3} Al S sfdH

bol AR2ARES o A3 Bmd LA ARAE, 184

o

i, A7 otulAl E(glial celDell RIAFGH oz FH5= 5] dor[8],
2 Aol w2l e AGelM FoliAl(Lewy body), FolildE7]

(Lewy neurite)2 #HZHETH9-11]. Fo|AAdd A #2E = L3 AlFF
d2 <l4iksk(phosphorylation), +H]F ¥l 3Hubiquitination)”} o Uil
B-sheet7-Z7F B2 A2 R(fibril) FEZ FHE= 5F o] AvH[12,

13]. FolaAl= AGHEATE R} G HEE o gy Al Ed T A

Aejoltt, Be AFEoA A FAH A4 (pre-formed fibril,

1w
PER)el o3 2wl g5 sQlstal, FoliA] FA ool AUPAHE



< % 27T (olfactory bulb)e} 417 Al(enteric nervous system)©]th
[4]. Heiko braakell ©Jaf Feoldl o1& 18 Aol ostd, 197
A= 5& X/X & (dorsal IX/X motor nucleus)®} #F7+417
(anterior olfactory nucleus)ell A ¥t Fo]iA e} Fo|X A =77} @&
o 2eAle M= &
o iAo} Fo|XAEV Y #HEE A, 3EAdAE SHE X F(substantia
nigra pars compacta) YA FFECY.  A4GA = et
(hippocampus)®] CA2 A3 M F3+9 A (temporal mesocortex)ell
A, Aol = A3 H(neocortex)®] 7 (sensory) #E Ao, 69
MM = Adde A7t i A3 g5 A A Fol A et FoliA

=717F P DI16]. ol#d Hife= FAHLR o] FolA =
Aol old FxA o8 AZAE AATS wep o] Fofxlth. oo it 7}
T3 Bdo] s om dAAd AJow olFsie] &yt AlgEH o
TS Fisted o] EdS Zel2(prion)o® WHIT[17]. AFEO

¥ 2 4= M(cerebrospinal fluid, CSF)ollA <y} Al7FEFdo] #AAEL

&

5]

719 (raphe nucleus)¥} A ®Flocus coeruleus)ol| A F
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Ay ApEde WAH ez FEA3intrinsically  disordered)
140709  olm]xAlo @ o]Fojx  whuldg HARog= oxm
ohH23, 24]. Aol W A7E T

o
o ANFEFHe AAdFH o7 YAH(helical) +E2E FAS 4 i, WA

N
=
olr
oX,
°
=

o
I
)

Rl
4
A%
2L
%9,

Tx27F Be 4y AFEdS KA AME9(phospholipid membrane)
TRl EATE A SAAH25, 26]. NEH(1-60 aa)>
FE=A7)vD(consensus  sequence) KTKEGVE X33k A Fo
MEgs= x9gog %l A(amphiphatic) WAEe FRE 74A
& 2F-&(interaction)® 4 AT, FIHE1-95 aa)AF

S I L F- I DS

o
b
2
&
O>~

A E-(non-amyloid-B

©

[
|

gon)

=
component, NAC)S X&3+= A4 (hydrophobic) A|go =z 9]
LrlRle AlFEY Aol g3t AlyFEdel FdstA E3eta Qith
CE(96-140 aa)> HFHI F=x7F g+ AH(acidic)e] =a1
Ed(proline)e] FH-3 Age=m v QIikst A 9(Y-125, S-129,
Y-133, Y-136)& 283t}[27-29]. 2 Ao dup AFFA
A (linker)F¢oll e HH(valine)S FTo]il(glycine) &2 BRI

VA0G WES ASETh VA0GRELS 4T ApERel 24F

(e

rO

A D (presynaptic terminal)ol] &4 3}H
HoOAEY] AA AxF amde] 195 AA|E. Ay AlgE Yo
Qe 7l " AR AN dAAE L AlgEde] H
ZtE(membrane  curvature)S  FXste] A2 o] F(synaptic

trafficking)®} A3 Hol(vesicle budding)ell T3ttt A
3
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point mutation) A30P, E46K, AS3T+ WI=A] AAF XS 1A
GARE vk AlrERe & 7HEEEY A30P, AB3T =dWlol:=

Wild type @3 AlsrE &y} FARS 725 Zta flom, kA oA 9

Af2de el 9FE mA AoR  AZEG46-511. %)
A $He g ARZuNFe Few A¢oR A4ZHm
govl, s Unt ARITURF BdAA S50 vepdrh o)k

AWR[53]E Fall A o+ U

odut  AlFEFHES <lAFsHphosphorylation),  4F3H(oxidation),
o] E & 21 3} (nitrosylation), F3eke-
I 3H(glycosylation)oll oJ3] W&= 4 Qv A=Al A Q1itst
HAge g AlgpERe]l  diF-EelAY U AlgEdE S
B A= 12994 M- (Ser129)ell 14ks} Hojgle= dat A2 o]
FHQsiAl #EEAT. Serl129914  casein  kinase 29} Polo-like
kinases(PLKs)®l o gt o} AlFEd Y E4 AAkst=
2 2] a1 3Holigomerization)9} 443 f-3}(fibrillation) &  7F4:3F A] 71t
dot AlrEde] e QibstE &uk AlwEdW e WA e
e V]eld Zlem  AZEG[54-57]. I dd Al E
A 7brEsl &4 (phosphatase)®]  E4& P77 S 49
Z4 w7l AAEA (neurotoxicity)o]l  thal]l  Wo]FH &yt
[e]

AR o= AW Aol Ly AlpEd QAbste] e dde

Y
PN
=
o
QO
=
o
=)
N—

V40G W F(V40G variant)
SAS B4l F EA @b VAG 3 ARIUL npgze)
AzAol FASAL W, Wild tpe U9 AFIFAL FASAL
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ot o e dupEfloen, Qikst | duk AlyERe] el ¥ Bokth

w3 wAolwe] HAAH  ZF7Hmicrogliosis)”F  wild type &3}
AwvEds FARKGS o 2o FEeiA #EEHJY. =g 1%
vl AJo} LAl E (primary microglia)E ©]83F A3 oA V40G UHAES

A PS v d=2A(inflammasome) FE A1 NLRP37F Wild type

62} Ze a=A Abo] E 7}l (proinlammatory cytokines)©]
S7HIATGE DIEEHA &2 A5] wehA o] d3dM s vk
wild type &3} Al SRR ¥ A9 ®ewes Bl VAOGHETS
TAFetel TNF-af] 9= Hix} shoioh.

—
9%
>,
o,
nf
ofN

(Neuroinflammation)

AAATE AA 249 dF9hes YEH ek 54 (toxins),
&4 (brain  insult), @EY(proinflammagen)ol] o3&  fEE T
A(substantia nigra, SN)ol|lA Zupwl 217 A 3E 9
olul wWglel F7ME ¥<¢ S (proinflammatory)
Azpel FA¥ Z2 AT TAZF BEHAJAG59, 60]. ofdl A A5l

il IRt AE 5l 23w =, s

&
Y
>
ok
riot
X
lo
_1]01'
i

A,
S
r
R
P‘L
&
N

A Aty A (lipopolysaccharide, LPS)¥= ZE|+=(rotenone)¥ #& T}E

itk okeld QUM 2] =@ AQAGFAET B AFAES
FEFoEA U3 ANIUY $HS RET 5 A 27 AR

=
=321 Al(central nervous system, CNS) uoA AT = Ao
o 2Ayd 7hsAdel Av(61, 62].
st TR AAE(astrocyte)= Al o}l A 3 9}
. o]¢ ¥/ A(Gonic homeostasis), =3

AASH QA5 Bu|sl= 752 = Ao



dH A A63, 64]. WA wrgoly Hgmo| o) AYAEE
SAsE Y, AAwFAAAAGM A (glial  fibrillary  acidic  protein,
GFAP)¥ #2 Axy 5o wulde] dglo] F7hgth[65]. H3h
Ut A5 AbolEARIE EHjske dlom deA vk shAIRE
AATGA e o7t FEHARIA-a] AL mAofuA| oA =
WA RE QAL BEEA @a[66]. W AloluA Eoll M=
ZFshd Ax(nitric oxide, NO)o| #[3<1 obd At (nitrite)S A7 28T
oAl o Wol AAska[e7], AAug Al ogk IL-1B89] A4 =3
nAloful A Foll A R ¥ A (68, 69]. EF A AT A o
s A=l disf AstdAE BAhes SR% vAotu A £ =L,
AdTtd Al wZdetA wgskAl k| AGAEZE IL-1B¢ A=l
o= TEIAAIA o IL-69F 22 254 AbolETR)IS] &H[7F
7 ar68]. ol¥s AFRES EUR vAoetwAxrt wHeo dF
el Fa3 s sta WHYystH AN dFTS FEshe A4
B3P Aol F83 7o E stal dvkar Azheih

vl Ao} u A 3 (microglia)© ] 9] ATste A A E(resident
phagocytes)® &4e#f#] flom AlYs RUEHY, Al 2d 5 AldE
7FA1 A 7] (pruning), Ad<Qle] MM A= %
STFAAA ] AAA Al FFAS
1] Al o}l

A
NBGFWE] AYars AZhn vk Fe APz} 2R
1 X

Ie)

o
-
¥ oWe 4AY W wel A WA g A

2]
Aok Al 2= FA 719 7S MaslE FE (ramified)old &/ stE
o R Yk (ameboid) &= W 3}ate] AA|E2Go o3t oY= AAE
22 3= 9% usiA(inflammatory mediators)S WEsle] 3 &
|28 A1) & 288 95 S =4 579 344
274 (integrity)°ll 2] o] A 7, I
Ao A e PSS AExEEHdor Agete] 17l

o
=
S Agel WA s AX R 24 £ oE 5 Qo

>

(3

-";rxﬂ-! _k::l '|_



o]&= AFA APolETIQl, A4k AF(reactive oxygen species, ROS),

%?%é(glutamate)% X vdd .o AHeE Fdl
APAt72].  wAletuwAELE  Fd HEto]l =(peptide) &
Z A %

F 22 A A 53 A (major histocompatibility complex, MHC)II & =3
CDh4 T #HEZFo AATozA AT ¥teS HAdst=d o AAES

Aoz  defx  AT73].
1EW 32 AFS ¥ o] S X)W (substantia nigra pars compacta,
SNpo)ell4 - HLA 3 w343 mlAloluAlE vk ofye}t 54
AP ETFQIS] A 7F Fobxl Aol #FHATHT4]. AP EFRIS d5=
™sta AR, AL, F3e 2 Ax des sy Sl
picomolar, nanomolar -FXol|A Al& FA(signaling molecules)=
2h-8-3h= 22 Tl 9] . AE7}F1 (chemokine)S A3
o] & (migration)& rEsh= WA 7lsS 7H ALo]EFQL AE ]
whulal oty Ao r, ARII AlolEFIelS A%

1
=
HAS Fdsts A 2EEARA Vet AABET dSelA

o
<
o\
Hu
o
)
ﬂ
&)

AEE do-¥ A (blood-brain barrier, BBB)S &£AAZ 4 A+
AtolEFRQIFE ARIRRIES A&HHow WEIT ¥ B4 93
AAE = AUkl Alo]EFRClo= astrogliosis®er AAEHE
interleukin-6(IL-6), 217 A3 54 (neuronal cytotoxicity)S &g 4
9= interleukin-1 beta(IL-1B), FFIAJA-a(TNF-a)7} ATH76,
771.

i

1.4. ZYIARIA-a(Tumor necrosis factor alpha,

TNF-a)

FAANAA-a Aol FPE AR AW wwd gres
A delgor, AA o Al PAZe Hee HEsIL AA
Y(in vivo) ©]A¥ &F(sarcoma)E A|AsE Aoz AT 78].
TUIARI A -aE 233709 ofmiAto g o] Foizl wwlAR  AE



T pro—formo. & = Eia= o] type—1II
G5 e A (transmembrane  protein)<  FFIARIA -0 A

a cleaving enzyme, TACE)o] <& Hale & Axe}
Avd 84 FEE sty WEAU[79]. v o} wiol 2~

dulde] =FFHe= 59 9dAd Ald(exogenous  signal)v
5173 Al ol A = HESS {23 (80]. W2 A7 A ¢
TrHEA £ (Schwann  celDoll  A17AAMES] £ E(lysate)E A sH

AE Qe =4 & #Eea AExE A A5 93|

ofsf wizh"E Aom  dHA  AoH8l]. EIF EfFiFe ik
TEAARIA -t TE S5 WAAY S AT T Udn AUk
RNA$} DNA 2| a7F 2 2 Efo] =(oligonucleotide)oll E-o]& <l &A=
Toll-fAb84 7,95 @43 Ad = o, o= 54

Abol EFFel o] A S Zeeth[82]. 3 FFEAMA (glutamate)9t B
Pz

d=zslolm oA ofdZol=xHamyloid plaque)$t  FE 3}
1] Ao} LA 3 2 2 skot d=slolm 1y oy o Aol
AdHAAHA[84], EAFstE W AEEo] AE 9 HAES AASE
HAo]  TlAgdrE AgEo] HAAHAT. ofEREo|=-Bo]  m=Fo
S7FetH W Alol A L] Toll-frAbrF& A o TEIAIAF-a2] Tl o]
S7Hhan kel QAL[85], whke dr=stolmH wE sE EloA

TEHARIA -] T77E okl RelE-Be FHS /M= Ale
RASFATH86, 87]. FFHAIA el NEAGH} HTS ZHFoRA
Bl oldRol=E-pe] S 2ET F e AyAdE 27|
Aye THsta Adeke o] dxzstelmne] HAQ YL A
ootk AT SN gEstelmnel  Amel  glojA
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o\

T, =2 T3 linesoll ols FEpAARE, FAFSHY] Har AGE Bl
A ZA) W FAHintrastriatal injection)S = ©]&3t}[13, 15, 97,
91.

T YA ARJIA-aE Knock outst”] f13te] 129/sv vF§-2=0 A L2
71 M 3 (embryonic stem cell, ESC)el MClneopA cassette”}

L

juy)

ot

e N

R

¥74 ¥WHE(targeting vector)E 7] &% (electroporation)S

!

-0
o

ol
-

o @&} s AZF(homologous recombination)s f=3}4]
Aol A= FARE FEIARIA-a -3 Afolol] W=t} o] %
THYARRIA-a7} Knock out® AEE EcoRI1 aA9 3 (probe)s
o] &3] southern blotg A &se] &olalt}, oy Aol xl-a Knock
oute] gl¥E  AEE  CH7BL/6  wh§-2=9]  HiHkE(blastocyst)ol
" Al F=APH (microinjection)=  ©]-&3te] 943§ 7w2k(chimera)
b2 dev @AY 7IvE vk E CSTBL/6 vh-2oh wnfdl
= Southern blot& &3] el PRSI A G-A =7}
o] & A F(heterozygous)?l w25 Fletar, olF Y wh-27E
wHl(intercross)dttt. o] & Eal FEFHARIA-a Knock out =%
d

=i E 2)[1001].

ON =5
2

J

Aol A Ay = el @i A= I HAA v Ak
ol mA= Go] sl WEAA @ AHolnt Bl

FFAAIA-a7t BT ARZAe] ARE FANNTGE AA 9

ol st FTFHARJNA-a7F Knock out® wlg-2o X

ol  wild type ¢33 AlwEFdET ¢ A3 A HAIAE

o= A3E 92 V400G HES BFAIete &duk AlgEd e
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Braak stages 3&4 Braak stages 5&6

Braak stages 1&2

olfactory bulb

vagus nerve

FolaAle) A% 74

=
T

o) Al
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O Targeting vector

\\electropcration
~———— Chimera x C57BL/6

©. microinjection
CCEembriomc cromed

selection v

C57BL/6 blastocysts

Heterozygous mice x Heterozygous mice

}

Homozygous mice

a3 2. 2% IYAIA-a Knock out ¥F-2 Tt=+ 33 [100]

15



PBS WT V40G

Pathology - ++ +++t

Propagation - ++ ++++

NLRP3 - ++ ++++

TNF-a - ++ ++++
IL-1B - + ++

3% 1. V40G ¥F YFA9} Wild type
[HEEA &e =7 ]

e}
e

16
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AlS

—
d

=
p

Ao g8 A= 3@ #oh phospho-a synuclein(pS129;
Abcam, EP1536Y, 1:500 dilution), Iba- I (Wako, Osaka, Japan, 019-
19741, 1:200 dilution), glial fibrillary acidic protein(GFAP; Abcam,
ab7260, 1:500 dilution), Horse radish peroxidase(HRP)-conjugated
goat anti-rabbit immunoglobulin G(IgG; H+ L)(Bio—Rad Laboratories,
170-6515, 1:200 dilution).

Ao AbgE Ak the# Zth Avidin-Biotin Complex(ABC
complex; Vector laboratories, PK-6200), Triton X-100(Bio-Rad,
161-0407), DPBS(Dulbecco’s phosphate buffered saline; GenDEPOT,
CAP08-050), 30% H202(Hydrogen peroxide solution in H20; Sigma,
H1009), DAB(3,3'-Diaminobenzidine; Sigma, D5637), BSA(bovine
serum albumin; Sigma, A7906), Canada balsam(Sigma, C1795).

2. 24 F1](fibril preparation)

Escherichia coli oA A V40G A (monomer)E
ThermoMixer C (Eppendorf, Hamburg, Germany, 5382000015)°f A
1050rpm, 37ColA 94zt wi%kaldltt. FAF d, 24 F+ AF30%=
st 2595 Ho st oFA(multimen® REEO
o] g&3tolth. V40G wHFAE PBSel 200uMe] wE2 22 A4
2473 Ao Al wrol o] 833t

3. 8% dg 23 2AF(Fluorescent dye binding

assay)

AzEge g3 AlFEY ®EES glycine (Fisher Scientific,

17



Hampton, NH, USA, BP3815)-NaOH (pH 8.5) & Mo| XZ3h¥ 10uM
%9 Thio T (Sigma, T3516) 50ul, 50uM X-34 (Sigma, SML1954)
40pL, 0.001% Sybr Green commercial stock solution (Invitrogen,
Carlsbad, CA, USA, S7563) 40uL, 50uM curcumin (Sigma, C1386)
100uLell AL 5 A2olA HjFeitt. ©]% Synergy NEO plate
reader (Biotek, Winooski, VT, USA)E °]&3ld &3S Z433)
A} (excitation) 77 WAk(emission) ¥4 Thio TE 440nme}
490nm, X-34+= 380nm<} 520nm, Sybr Green< 485nm<} 520nm,

Curcumin< 440nm%} 519nm= A A5t t}.

4, 5= (Animal)

B6;129S-Tnf™l/]  w9-~2 The Jackson Laboratory(Bar
Harbor, ME, USA, 003008)°l4 Tsteir ARE3E vheies
Aegdista 3dist W = AEd JAHSEAL AT A A
2Este 2o we HAE sy BRE vk dae -
FelotAdel mel FRHNeH Heden &2 993 (JACUC SNU-
190721)9] F9l& 3kt

o &

2

5. A5 A stereotactic injection)

10792 TNFa Wild type(WT)/Knock Out(KO) ¥w}$-2=%
AAHAEF (ketamine hydrochloride)<} A2+ 2kl (xylazine
hydrochloride)& 3.5:1H] &2 4]o] wlg-29] 54 1g9d 2.5n&
FAFstel  mpFSEGlTh wkE § PBS®F V40G tHEAlE QEH
A Z A (striatum) 9t (anterior)/% (posterior) 1.0mm,

ot&(medial)/ZH (lateral) 1.5mm. “s(dorsal)/®l(ventral) 3.0mm

Aol 0.5ul/min®] HE2 2nu1% FY3A T

6. £ FH|(sample preparation)

18



AAFAF 20F F Z np9-2ES 1.2% Averting B5¥A 1g9
0.23mlE FAFete] miE it vk F A= AFSs T8 S
F A7FE 4%PFAR #F3IGITE PFAR 83 T/ & wHE Al
4%PFA] 2 48A17F F<F 4TolA A FTE o]F PBSE ¥HE
A #3 % Vibratome(Leica VT10009)E o]-&3le] 40umSF7/l & free-

floating sections %33} t}.

7. 99273} A (Immunohistochemistry)
WA 9] (endogenous) peroxidase® <3FS (o7l st 3%H20-
g A4S H FH A2RDAA 3017 incubationA] It} o] 5
Az T34 S7H7171 A8l 0.1%  Triton X-100°] X3+
PBS(phosphate buffered saline with Triton X-100; PBS-T)&
o] g3t AT 4% BSAS o] g3dte] AFRoA 1A L
blockings &3kt 1x FAE Hed F 4CoA szt
&<t(overnight) ¥ AZTH o]F PBS-TE
HRP7}F 235l 22 FAE Agste] d2oA 1A13F 307 &<t
incubations}ith. o]%F A5 FZE& fJd] ABC-HRP kit ©]-&3s}
F&ol Al 1AIZHESE incubationd} itk ThA] PBS-TZ AlF $ 0.1M
Tris-HCIS A& st 4Teol|A 303t incubationd$ith. 0.1M Tris-
HClel  DAB3  0.3%H:0.5 XA F8&HlA  developdt3itt.
3

(o]
it

o]

rﬁ

g9 z2AxE2 AgE(gelatin)®] coating® slideo A s}54t
At AZE FEEL XyleneolA 10% incubationdt #H
Canada Balsam©. 2 mountingd ¥ ZEISS AX10 @u|7ZS o]-§-3}<]
Sudas e A

=]
=
[}

29

7

PN

8. o]u]Xx] A (Image analysis)
Akl ¥ dut AwEAS H7] 9% pS129, AAAAMEe] W)
H7] 93 GFAP, wlAlolnl Mxe] Wals ®7] 93 Iba- I

il

ot
__>|’l_',l
i
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ol
38

T P& oA E Image] (NIHDE °o]&3te] EA &3t
vl 7 A& $=F=(background signal leveDol|l ths] B A3te] 2z} kA9

3t U % (optical density)E WwAsle] 2} oln|X| & A3} A

9. 7 A2 (Statistical analysis)

B+ Z35= mean t standard error of the mean(SEM) o=
FAEAL, 25 F SAAR #2982 GraphPad Prism 9 (GraphPad
Software Inc., La Jolla, CA, USA)¢] two-way ANOVAE ©o]-&3}¢]
A S AT+, #p<0.05, #* ##<0.01, #xx ###<0.001, #x+x #H##<0.0001,

n.s, not significant).
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V40G HF9 % <l

A3 AlFEFY  RARE FolihAet FolAAEY] FA
71elstE Aoz A Q. WA BEAEE o AlFEd
2AFE TAGE O AlFEYUS B-sheet+ERE ZEa glow, B-
sheet729 <H43s7F Udvt AlFgEde SH JFS mH o=
AZb= AL 9ltH43, 49].

2 APl A w92 FALe] o] & 2 s |
37CollA 99z migatdar, ARt | V40G W &3 A2
B-sheet7 %2 2A%3 @ WT ¢y AFFAF Hlwstr] st
PG A5 A% A4FES AP AHLH 3A). B-sheetTE Q1357
el 7F¢ @ol] Abg¥E Thioflavin T(Thio T)[101]¢F Thio T7F B-
sheet7+Z°l A3tsh= B2 2H2F v Fito A¥shs X-34, Sybr
Green(SG), Curcumin 95 & ©o]&3le] A& th[102-104]. 1 Az}
V40Gol+= Thio T 987} AY ZAdstx Eaty WTH Fon) sk
2ol 7b tH(Ld 3B). X-349} Curcumind V40Go| 43 ZAgst
QAT WTHE §onst xpol7} 9, e WTH V40Go|A SG ZA3Ft

<
N
o
)
rir
—
&)
1
O
=
O
3

o

(o3

4

g Zpol7b vy 3C-E). ol F3 AR A WTH
V40Gol = B-sheet72ol ztol7} A& A gt

It AFIZY WFY AT we dag @ g
AlvEd <

Aut Al WHdA #EEE 129U A-(Serl129)el
olAkst  HoJde= <3 Al EWo]l 2] 3k(oligomerization) ¥}

2 qr3Hfibrillation)s 7FES3AI7] AL, &b A2 Y] HEdE QI4ksh=

.

oul A ER o WAl e o 7]jojd Aow AZIECH12,
54]. ¥ AgoMe Iy AFEY WEQd V406G g AREES
ojgate] U AFIURTE FEd7] ] vhezol ASFALE

J’—-! : ‘~‘,3| T



ettt TFHARIA -] aHE gRls7] Hste] FFAIIA-a
Wild type(WT) wh$-2=¢} FFHARIA-a Knock out(KO) wh--2=0]]
V40G &3t AlsrEd UFAE 247 FAbstlow, FAbel] gk g3t
gol3dlr] 93te] vehicle(PBS; phosphate buffered saline)S A}

5§ FrraT,

il

N fols

11
&

X
=
o

jult
LA
o

nlo 2 o] &3te] PBSS V40G ot A

4%PFAR TF3F & HE Ao free—floating sectione F &3+ T
Y

e
k%

4 & A (fibrillary aggregate)?]

FA(marker)?l <14kst ® &3 AFE¥(pS129)s A TtHLH
FTARSE 1F9 AxAdAAE B2 Qlikst

oyl AFFEdo] FelEdon, PBSE FAE IF MRA A=
Aikst @ ookat AlrE o] Q1WA g du AlwEde A%E
shelslr] el HEA(amygdala)et Wl$-2t9] A (entorhinal  cortex),
=3 4 (motor cortex)ollA <1xt3l ¥ <x}
ATERS ST AdxzAeA et miz AR, V4A0GE  FAME
o AxA, dFA9d, s, SEddeAs s @ du

R
o
ints
~~
5
(T
=
[ab)
&
o
o
Q
=
=
@
X
N—

[e]
of V40GE AAFARE ZFe tiFEe AgelM <ddxtst H

FAE ot s @ s AxIds gol o A7
aREYE. DA, P, LEILANAE VI0GE FAFA L
W, FFAAIA-a WT whSsmnh EFAAAA -0 KO vhg2ol A
Qs B o AREdel sl #a® A% BAY

22
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FEAALDA-a KO vhe-2=9]  WEZAF AN ks @ gt

A, gAY, s49d, HEAA AFAHEY 1
3242 S7Hastrogliosis) &<l

V40G HHFAE AYFAREE 7oA JAAks | o)
e £ENA, 0l UFAER, AEA6A
ZoherlE A BeAs] S8l GRAP sz Al walg 1)
A PBSE AAFARE AFdME FEHARIA-a WTHR- 29
AR -0 KO phezel qasls SEsE e A

Aol #amx  ggen WFASAn ARANAE  HPAE

>,
5]

el

7

ox
=

o
32 M

o,
ol

o

ShelE A FTFHARIA -0 WT wF§-229 FLFARIA-a KO wF$-2=
Atolo = & Apol7} glo] Btk WwI V40GE A YFANE 2FoA =
PBSE ASIFAIe OFRT AGAEZE @o] #EHE Zlem
FEHAL, FEHAIA-a KO #9298} SFAARIA-a WTel A
AAEe T Aoz gl ez BEIJTHLY 5A). °olE
gEFstate]  glst Ay, FFHAARIA-a WT whg-2olA  PBSE

aEI VAOGE ASIFARRE agztel Aol
AT AFJTHLHE 50). 2 ool A=A, WS
A= SAHLR fofulstA] Be AFolS #Rlsd
AqellA PBSE FAFSHS W BTk VAOGE FAHEISS o
Fo] ok AP Sk AR Bl VAOGE AT
aFA FEFAARRIA-a WT w929k £EAARRIA-a KO wh9-2
ol AEAE o] Aole EIA, W, A9, AmAdA

EAHOR Aol7k FelvshA FRTHIY 5C-E).

o

e/
£
>~

ol

ol

1)
i)

=
ot
=

i)

*

8wt

Ho

R
ox e
M
lo

=
<

o

(

+594d, g4, WsA49d, HEA A wAoluAZ
o] H]|AAFZ Q] *—7]-(m1crog11031s) gl
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|

VA0G thAE 49T

Z7hshad 25 d, B,

o
=
H
i
o)
f
2
=2
=
-}
X
o
2
]
=
PH
A

FhegeA Sel7] Slel bal AR FAste] 2Ae Adsieict

I A3 PBSE AAFAE agolM FYHAIA-a WT v}

FFANA-a KO vhe-29] &
AobIAEY Fo} e 2
AAFARE 1AM E PBSE

oA m Aol A Z7 o Bl

FHA A0 KO whg27h

T, o9, W54, A
Zol7b glo] molth I VA0GE
AFA aFRd deA], WA,
A BEE= Adew AFHNAL,
TEAARIA - WT  mlg-2nT

P Aol A ] ot A7) 7F g Aow HEHJATHIH 6A). °lE
AEFstste] g AR, FFHAIA-a WT mRg-2=olA  PBSE

AFAG IFF VA0GE

AYFAE  age] A=A A

AolaA e Aol7h ALY 6E), v, UFga,

FASEe W PBSE FAS
AetmAEe] Fsb A2t F

V40GE  AlFAReE AgelA FEAARIA e WT whgas}
TEAARIA = KO wh-2s bl wlAlobal A Srek A7]9] Aol

AR, WEAAE, sl
AT, PR Ao

FLAALNA - KO 1h5- 2204

A EAHeE Ak felvisA

ZF A 2p-q  WT wo~HT}
n Ao A2 S] =of A7) 7} FHASheE

BEFE Hole AS FRlsitH 1’ 6B-E).
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<
N
© Protein purification ﬁ O(-Syn WT
E. coli oo
= %) asynv
B
ThioT
8 * %k %k
€ 50007 —
o o
8 4000+ -T-
o olo
o 3000+
i 2000+
|—
o 1000+
£
& . ©
Qb‘
D
Sybr green
o 1500+
g * %k
3
» 1000 o
o T
g o
™ 500-
Q
? 0 a-aa—
& O
45‘

25

Centrifugation

) — Dye binding test

10G  1,050rpm, 37°C, 9days

L, Stereotactic

Sonication Injection
C
X-34
8 1600- Kok
[
§ 1500 =
® 1400-
o
3 1300-
L. a
gl 1200- i
X 1100 :
& O
& O
\\b‘
E
o Curcumin
()
§ 2500- Kok
© 20007 p=9 |
S 1500-
LL
c 1000
€ 5001
R
Ab‘
OwT
B V40G



a4 3.

(A)

23 | V40GRFTe ¥ 95 A 49

= =

Aged WT, Aged V40GE wt=+= 34, (B-E) 7zt g5 ¥ 3%

A7 5. B) Thio Tv V40Gol+= Hel ZAgsH &
WTell= Ak (C) V40Gel X-347F At nt WTHTH A
A3 (D) SGE= V40GolE= A9 AfstA @ar WTellE
Agg. (BE) V40Gol Curcumin®] ZgstAwt WTETE A7
A3te. Mean £ SEM; n=3 (Z} Z15°lX]); unpaired t-test;

#%p<(0.01, ***p<0.001

26



PBS

V40G

TNF-a WT TNF-a KO TNF-a WT

TNF-a KO

10 30
D\ | Week
Stereotactic Perfusion
TNF-o0 WT/KO injection
Motor Cortex Cingulate Cortex Rhinal cortex amygdala
Motor Cortex D Cingulate Cortex
** # * ko ok HHt
15 Ll 8- ||
o
> > 61
&7 10+ i)
5 . 84
= i=
2.
0.



Rhinal Cortex Amygdala
** 0.062 kkkk  HiHHE
151 Il 6- ”
]
> o > o
- - e °
5 10 = 41 ]
c C
o o :
£ 51 £ 2- o
o 0%
0- 013 e P8
D
Q@
o TNF-a WT
o TNF-a KO
a9 4. VA0G %3 AREW A FAFA F ARFUEF FA
(A) AAFA F w8 F AY B) £E0A, B, NF9

AwA oA QIAs | 43 AFEHs HAXASGANEE

23 &elst. Scale bar, 100um (C-F) PBS¢} V40GE FA}3H
TNF-a WT, KO whg-2o] A <14kst | ap A2 =1(pS129)
FgAe] Fgt "HxE FAT (O =5HHWT+PBS, n=8;
KO+PBS, n=6; WT+V40G, n=7; KO+V40G, n=8). (D)
WAFAWT+PBS, n=8; KO+PBS, n=6; WT+V40G, n=7;
KO+ V40G, n=8). (E) W$Z3d(WT+PBS, n=8; KO+ PBS,
n=7; WT+V40G, n=8; KO+ V40G, n=8). (F) A=A (WT+ PBS,
n=8; KO+ PBS, n=7; WT+ V40G, n=7; KO+ V40G, n=8); Mean
+ SEM; two-way ANOVA; #p<0.05, == ##p<0.01,
sk #H#HDP<0.001, wx ###H#P<0.0001
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Motor Cortex Cingulate Cortex Rhinal cortex amygdala
'_
=
(4]
w
z
|_
%)
Pos)
Q— »
O
<
[0 L
w
z
'_
L ,.l Ay
S £4 § i :
g oA
Z A 7%,
Q
(@]
N
> s
o gk
< e 3
(“ 3 S\ -‘&» o
L % pe 4 3
E 2§ e . i‘i
7 S\
B C
Motor Cortex Cingulate Cortex
0.2514 ns
” ns ns
2.0- 0 2.5- || |
o
. 1.5 ° o >20' °
= =
% 1.0- o 0% o 02) 1.51 8 %
£ . ;-% s £ 1.0 % o -OI: L
. [}
ClEl el IHE NI
0.0 08l 1” . 0.0 1%L [ .
9 © ] (¢}
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Rhinal Cortex Amygdala

0.2316  0.1937

%k % ns 1

20- I 15- 0

2151 ’ = °

g o ’ g 101 ° 000 ()
s | . 9 .

E oo °8° E 5_ A o

0 f%q ° 0 o . °

o TNF-a WT
o TNF-a KO

. gk AREdel Astd ¥ AG APATY HAEH

TEAAE, i, WFAYdE, dAnAdA AAHAEE

WA 223 g ANHE T3l &<l Scale bar, 100um (B-E)
FAFEE TNF-a WT, KO vh$-220lA
A dl GFAP A9 #3 WUEE
¥ A(WT+PBS, n=8; KO+PBS, n=7;
WT+V40G, n=8; KO+ V40G, n=8), (C) A4 (WT+PBS,
n=8; KO+ PBS, n=7; WT+ V40G, n=7; KO+ V40G, n=8) (D)
W52+ A (WT+ PBS, n=7; KO+ PBS, n=7; WT+ V40G, n=7;
KO+ V40G, n=8) (E) AX=A(WT+PBS, n=7; KO+ PBS, n=7;
WT+ V40G, n=7; KO+ V40G, n=8); Mean £ SEM; two-way
ANOVA; #%p<0.01, ns; not significant.
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Motor Cortex Cingulate Cortex Rhinal cortex amygdala
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Abstract

Effect of inflammatory factor TNF-
a on a—synuclein protein

propagation in mice

Jeong—-Tae Kim
Department of Biomedical Science
The Graduate School

Seoul National University

Parkinson’s diseases 1S a neurodegenerative disease
characterized by aggregation and propagation of a—synuclein protein,
and it is known that neuroinflammation affects protein aggregation
and is associated with the degeneration of dopaminergic neurons.
Neuroinflammatory reactions are thought to be an important factor in
protein aggregation and neurodegenerative diseases, but the
mechanism is not clearly identified. Based on in vitro results that
TNF-a increases the cell-to—cell propagation of a-synuclein, I
investigated whether TNF-a also affects the propagation of a-
synuclein in a mouse model.

In the previous study, when the V40G variant of a-synuclein was

injected into the striatum of the mouse, phosphorylated a—-synuclein
47



was identified in the mouse brain. When the V40G variant was
injected, it spreaded faster than when wild type a-synuclein was
injected; abnormal increase in microglia and inflammatory reactions
were clearly observed. Therefore, in this study, [ tried to investigate
the effect of TNF-a on a-synuclein propagation using the V40G
variant. In addition, I examined the changes in astrocyte and
microglia to identify which glial cells affect propagation of a-
synuclein. As a result, I found that the propagation of a-synuclein
was decreased in the motor cortex, cingulate cortex, rhinal cortex,
and amygdala of TNF-a KO mice compared to WT mice. In addition,

TNF-a KO mice showed a decrease in microgliosis in various brain

regions compared to WT mice, whereas astrogliosis was not changed.

This study suggests that TNF-a and microglia play an important
role in the propagation of a—-synuclein, implicating the role of TNF-a

signaling in progression of synucleinopathy.

Keywords : Neurodegenerative diseases, a-synuclein, propagation of

a-synuclein, neuroinflammation, TNF-a, microglia
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