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AD: Alzheimer’'s disease

APP: Amyloid precursor protein

AB: Amyloid beta

Ava: Avasimibe, [[2,4,6-tris(1-methylethyl)phenyllacetyll-, 2,6-bis(1-m
ethylethyl)phenyl ester] sulfamic acid

ARIA: Amyloid-related imaging abnormalities
BBB: Blood brain barrier

CAA: Cerebral amyloid angiopathy

cDNA: Complementary DNA

CE: Cholesteryl ester

CH25H: Cholesterol 25-hydroxylase

CNS: Central nervous system

CSEF: Cerebrospinal fluid

CX3CRI1: CX3C chemokine receptor 1

DAM: Disease associated microglia

DAPI: 4’ 6-diamidino-2-phenylindole

DEG: Differentially expressed genes

Dil: 1,1'-Dioctadecyl-3,3,3",3" - Tetramethylindocarbocyanine Perchlorate
DMEM: Dulbeco modified Eagle media

DMF: Dimethylformamide

DMSO: Dimethyl sulfoxide

ELISA: Enzyme-linked immunospecific assay
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FACS: Fluorescence activated cell sorting

FAME: Fatty acid methyl esters

FRAP: Fluorescence recovery after photobleaching
GC-MS: Gas Chromatography-Mass Spectrometer
GFAP: Glial fibrillary acidic protein

GFP: Green fluorescent protein

HBSS: Hank's balanced salt solution

HFIP: 1,1,1,3,3,3-hexafluoro-2-isopropanol

HPC: hematopoietic progenitor cell

IBA1: Ionized calcium-binding adaptor molecule 1
IHC: immunohistochemistry

IMG: human 1PSC derived microglia

1PSC: Induced pluripotent stem cells

IRI-1: Intramolecular rotation enabled iminocoumarin—1
LPS: Lipopolysaccharide

MCI: Mild cognitive impairement

MSTFA: N-methyl-N-trimethylsilyltfifluoroacetamide
MACS: Magnetic—-activated cell sorting

MeO-X04: Methoxy—-X04

NET: Neurofibrilary tangle

NIR: Near infrared

NOR: Noble object recognition

PBS: Phosphate buffered saline

PCR: Polymerase chain reaction
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PFA: Paraformaldehyde
PMG: Primary microglia

PS1: presenilin 1

PVDEF: polyvinylidene fluoride
RNA-ISH: RNA in situ hybridization
ROI: Region of interest

SD : Standard deviation
SEM: Standard error of mean
Veh: Vehicle

WB: Western Blot

WT: Wild type

24HC: 24-Hydroxy cholesterol
25HC: 25-Hydroxy cholesterol
27THC: 27-Hydroxy cholesterol

5XFAD: Transgenic mice with five familial AD mutations
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Aﬂi

T

1 gzsholmge] 53
M H (Alzheimer's disease, AD)S HAZH oz uE& Ao

]
AR Fgol o2 S E B Had HABor Au QT
ZS

o} = o

60-70%1 4 e (1. dwo] gl wek AD A= 149l
71998 #E e, A 7l E4s Bold (2), 3). 9%Fe 7 o
A weh, =2 A9 BE HlES AASE Ao Ame) da
dol S vk ghAbe] M A A H= g et
SARowmE ofdREolE HE ETta (=QIRE AAERhHeH A AlE |
oNM Yetve= BEsA SR EH By uwde AAMF "oy
(neurofibrillary tangle, NFT)7} Jt} (4), (5). v]G4A dwa SHA

MY fEo], o5 AR g AIHA B AAAEe] A 4l
das Wek: A vEdt (2" 1D 6), (7).

ABE ofdRol= AT @A (amyloid precursor protein, APP)7} B
~secretase % y-secretase EAEC 9 TAH oz Auxw WHAlH
W 38-4370¢] opr:=tte Zte AABAERAEES BHAd #Z2 JEo]=o
o (8). dFA7E = A= Agste] &gzt 2 AaL, o= A
A H 2 AR SHEY Axols H A g ofUEol= HE}
FdtaE FA4sHA Ao (9). o3 AR BWW S ADolA YEhE oY
-ty S4E T 7P dAA dEhdT o) Wt fxsh
A dAle A o Reol= HE EThae 4L L#ESt AD HUHA
of THoE oA &k (10), (11). = 92 dfxZ<d

BT, BAA = AxEd mALBS EE A= 9SSk B
5 =

we] =G Q14kss} dojube] A7 AE yRel $Hol A
oItk (12). AB WW3 Wwskwl NFT Wwle Wy st Ade =,
N7 AR 2 QA Astels 28l de WHE Aol ks 7

o] E}$-PET oJu|Ao] 7laa|xHdA @o] W7} HALE (7), (13), (14



AR BMHE AASE dF A 5A Mol tighk B AlEE0] Y]
gt 2021d o} 77w (Aducanumab)olgt= ABE =
719k A &A1 7F FDAl ol 31 MiA AD A 542 F& ¢ HHA A
5o A5A AT TlEol HAAAL, FAE HEFY B AR
Aldel Aol e ZivkEa v (16), (17). 22y AR ®He] AlA
HAFA = MCI 2 AD $xp=29 AAAQl Q1A 7s M E3= 7]
Rt 32A ks ¥ ®ase] gl7lE stk (18), (19). oFF7hF
% (Aducanumab)o] Fi <l o]F B ¥ F7HAQ A mEW
T oFE Fol= ol = 3 (amyloid-related imaging
abnormalities, ARIA), ¥ 95, HE8 % 5 98 59 #4&& 4
S7171% B AL=E YERa Tk (20), (21). oleg 2. AES TF
How 1#E uf AR WWHE ADS Wulg SAHo)A Fad del =4
< stupol ANk, B A AF, ASEE S tiAL o] & ol 7HA
M=z s DA du @ oy aQlsel itk BAE Z1del g &

SRl Aot ole7t FrhHer dasttta TE ¢ A (22), (23

I
e
;
2
>,
e}
o

analysis, GWAS)E OH A AD (sporadic AD)S 93
5 H{3 FHAAE A 95 2 Ad WA EZe dd "H FHARE]

AEAT. 2 o= BAA GuEl CR1, AHHIA £ &3 2o



Ao ANEAAA SIPL, Fod AESe v

TREM2 -&°] st ol& 7|Hoz2 AHAAZT, mAMoluAEe]l 7|53

W 27]FE Ao o WelA #F "d (7)

H ol AHAAAER] mAoluAlEE SRS 2V E7]E ARESH
T A4S Fdglel BAstE Ml A= ¥ EF A= e
gt 1 7HAE EARE T =d=e 5AS Bl (28). o 33

B Hoh ol 7o) vlge AlEA S 2% (amoeboid form)o. 2
B4 WstE YeElUZ|E S (29), (30). T o] Wo] EEEe AHA
ox FUHY, B2 FF548 AolETISIY A FHE doe Fo
= 23 "ok (31, (32). A=l WhE WolE fl&) &4E He Ao
ANE whd "3l ADO] Aol YdEH HAA F5A< A
A D o 75S FdsA Kook o358 @At oF EujEHE 9
<7 /\}O]Eﬂ‘l AAZE ABAE 4 Yl & ABAETE F71
Hog AbEslE ofedhe] A Al = EAC AW ok (33), (34),
(35). wWZol oleld AAAdTS AAs] dst= A2 AD #HedSs S5
st Wklo] = £ 9l Aow ZhETt (1¥2) (36).
=

RS 24 JAAE S8 f& 7)1

rot

St T8

LA}, mAokul A o o g
AARA &4 7IRke] B2 A7F o] FoA gktk (37), (38), (39), (40).

NEAM FEHo2 Yehuges 2 FAE =3 2 HPA o
dgto] 2w & wAMolwAELANME Poryl2 Tmemll9 52 744 7]
T FAE Y A 2d UEYAE FUA Ja, Apoe,
Trem2, MHC II 5 Z7dste] #=o] & ZAMA wdo] Z7hstHA



AAAQD Erdgo] AT = Zolv, AW Ay mAoluAE
(Disease associated microglia, DAM)® EX %= o|g|dl B3 %< &
Aol Alx ool s B AFEolA AAl Ha Aok (37), (41), (42
), (43). 12 7} Wste] S5A 50 AD el oAl J&dS SF=A
ofst 5 7h&stst=Add el B&g s 7| d7A et skl

5 O}X‘W}Xlt @A g ofe 2 AtellM= 7= Bi ' DAMe]
A B "l 254 E A2 (Deferentially expressed genes, DEG) g H.
= U]H]OPI’LH]EQ 7ls Ao Fasty ddAom AD H

o] FFL VA & YE BAo] 98X FANRIA FAT (1Y 3).

3. &zdto|m oA YEtY= ZdU2EHE A HE

1990 o =Wk X A" ApoE47F A ADe] 7MY =2 9E <
A2 F4E S AR (A 9 ZFEzHE dAe ADS #HH Ao
st A7t 2 wrolskth (44). APOE whla e 1129 158W ofH| =
A 719 FH wiEl  cysteine/cysteines H 3= €23,

.

—

cysteine/arginines H 3} ¢33, arginine/arginines X -f3t& 43 9

37FA isoforme] EA3TE (45). 1% @ AW we} 2=FH 2ol7} gl
O}, AR 49 S HFSHA &2 v HluEte] 43S o|FHF
A2 BRE3sd AD 938 H7F A ZE e U= wxH] (odds ratio)7F <F
2-3Wl, BHHIAAR HFsA 8-12u7F e ol 1wy A7) I

FIAAE= AR LA Avk (46), A7), e4¥S sHAEs}, 1AIF

rok

ON

2 AdRA A gl = Wol B o 311‘% ARk g Aol A
2 oAb desvte 24 dde] dve A B3 deA glon,
T g5 A A4E Fal WY Add dg B aEdaHEdS
=dzle] Al fde SUHAE F due 2 EAF G ol A4
H71% Atk (48), (49), (50), (51). ApoE ¥ o}zl CLU % ABCA7
s A A B dd " FUHAR Ada AR FUkR e A

(g

A AD 2ol ZH2HE A 2 dFe] e Aolke A



AV 5ol Bad HAAolt (52).

He] FAl= A 2% shFol AR, Ao 25% 7hke] ZH 2H E ]
Hol Biwo & ARE A Hl&o] 2 A7|olth 53] ¥ e
AL A HuHor O AV|E A g2k 22 i Ao
o3 725 Basta oA ¥ o £dskA i 1 ARke A
EaloF st vh, AEEA 24 HE FHsHE] 24 2 4 74
= Ho AdH Vlse f& ZaAelga 2d = A (B53). =X
HE2 BBBE 1 F34% 4 glenz ¥ o] FHiHES e 7
Byt FEEo] ¥ Yol AAHeE YA P 2R EHE b &o] & A
o= o4z vk 53| e FH2HES M W A uAEedA
AR, DA £g¥e] ABCA 2 ABCGS 2¢ ABC F44
E T8l AAAExe AL © F AREEY (B4). o= in vitro ¥ &
oM AFaAE7E AAGAE Hlel FeliHE G mE&o] 20 oA
o, in vivodll Al AFAE SolHer Fdl2HE S Asstelet
T HTE AP adou AAAELY] githtE d4E vvte s W
31wk et (65), (56).

AABAES] B AEe FH2EHE A 2&S A, FEFe Z
2HES AAANE SolAl FH2HE FAksta 49l CYP46Al 845
Hska vk CYP46Al10 <938 Zd~HE2 24-hydroxycholesterol
(24HC)Z H3teo] AAAME wrow wjEyn, 24HCE A =3
BBBE F#s] Az HAUZd & vk HoA AAEHE SAZHE
TH T 7 B2 Al&S 24HCPF AAEaL 9lew, 24HC7F BBBE F
3 AUZE dojrks Aol 7HE F8% o Ul ZE2HE WE = A

oz WA rt (57). 7|E A FYAHE AAH 2ES AATA
4 F

i

(de novo synthesis), &<, A%, #=
24HCE v E3% SA2HE 2 539 ZFd2H

of FelAHESY S % AL At A% 2 wEs SAAT=



o] MiE H& ZdlzHE FEAL B ooy, EHx

2 4¢3 27-hydroxycholesterol (27HC)®] 74 thokst A X F3 o A
CYP27Al°l2k= a el o8 B4d = glow w742 BB
g 4 9dal LXRe] #A&A Aowm A gt (68). L2t 27HC]
A5 Holl Al AdE Aol ¥ e EAlsk= Aol ol difite] 1o
25 H 4% 5 BBBE FHd 5 AAAR Hoj Aoz 24HCS
B e ZdUzHEc] &5 A st Fa3 A4
Ao T3k & dAT (59). olE% ¥ U Fdl2H
A1

U A 2A P Ads wRE o

oy
il
ol
_\3

4 7% #AE 9% Ao Bestu ok a9

[e]
L AD &2} Hol M= o3 FHlLHE tAbEe] AYHoR FAF

A @r ZA50 BARw o)
S ADO] 7bg 2 WA 549l ofdzol= wEl FehAd e the
o] Zd =¥ E°] APOESH 2

AQewAST A 294 A
o

o
=
o ZYAHES 1 ovge o
WEo] AHPAHoR FHala At (62),

(63), (64), (65).



A ZHzHES ¢A FUHF HF

™ (63), (69), AD %xl9] sju} FGoA = AHA FHEHE Y] o

= AE FARE Rt QE s 5 AD 84 4 e Zelsw
% g Wb A ok E Eae oAzt Ut g A

)
DG (70). JlRE M 2F A, AEY P, BT che

AD He @A so= 1% Aad 5 s Aeolth Al ] e 7HE
[e]

©

e v&S AAsE 24HCY A 9olE AD &AF ¥ el A fosh
aste] i, CSFelA= F7HHo] Atk Aol 35422 Hi ¥ o
AT (71), (72), (73). ©]&= AD A9 oA &= = ol 4 ® ABE
H oate g {E AZ F UE 7SS T F U ZFd2HE el A
A rh s a GA e Eea P4 9 4 oS Hdsdoa
M = AT 53y AD $7] @AR AFE Folvls AlEdA
e = Adel FHe AAZE o S Aolek= Mol A (74), wl Aok
WA EZE olE A HAoA Y A woe A, FHsHE
o] W3y} ke = Atk w3 BBB A7 SAHWA EAEA &
S ANRHRE ] ZFHUzHE FEY dFo] EAHEA ¥ o Axe}
Bl Ao 4TS F F U AR ADOA WEHE ZHaHE
Aol f9loz B 4 9Tt



H oEete A AUt (75). W AlelwAE EWH| EAjSE TREMZ,
& Wz =0 APOE Al dwwid s A3
o] AZ o FFaE VTS T (76). T WA diAAE
oA AF 2 FY2HE YA WegE 2 A AR fde W
2 Aol WA FAA W Vs Tag 7nke] Hia vk A
o] gralAa Ut} (
AolAL Wsh7E v Aol A Z ] wWe 7
Aolegfar wa 4 YA (79). v Aot M oA AFEH DAM %3
oA AHEA ApoE Tdo|l TVt ol lon,
~APOE A=Z7} A Holgt= B o=
J

2]
WA 7s R gddel A dFe A

N

uf A S 3
4 9t} (37), (80). TREM27} ApoES}t Ja 288 4 dom (8]1), <
Azre] Ad FAAEY BAate] wAoluAEZE ARl tfgk wkg-Ad o]

]
5
AA3 WolA T ojRzol= WE} T2 WAel Jlo] & 4 vk A

M wAolmAEe A7 9% 24 Bu FEo} Aot Aw, ¥ F
e I S

)
)
>
)

A

o2
N,
o

1o
N,

o2

2

=

ic)
i

=
>,

&
il

2

oftd

-z

o

Y
ke

X

Exgo] uhel vAoluAEs}t £4 2 zm—ﬁ oFsti= Hgtol
A7 oluths A= AD ¥ o wAelmAEe] AQ g Wl 3
oA Fashl aelslokst: Abgboltt. wlel wel mAlolmAl 7} T}



g AR WAt A ES dAFA wEe SXATAL, FEEAAY A
= NABAES E4de ob7lshA Eva delx low Ze2HE
TrEe SAATIE s 2 ¢ e AoR <l {3l (84). E=3 =3}
2 A7 Hagd wEt ¥ A= AWe 54 Aol A (lipid
droplet accumulated microglia, LDAM)7} th4= 3z o o] & A X4}
WS (lipid droplet, LD)o] =% % nlA ol EE = AFA HES- 9]
s He T 7led Aol Ueue Ao & JdEA Uk (8),
(86), (87).
o8 % WY wkg I A tiAZE AD ®RI7IA I DS d-e] &
Aow HiHol Q= vl wAolwA £ W Tl X s Al
<= FAa stk (88), (89). & AT
NME B TR FoAE FH2HE FAstasel 3 FHFA Ch2bh
5 AAsA Y. DAMAA st CH25H # A A= AbEe] 10923 94
Aol EATtE FHAE AD #EA FAAZE Bi ®H Hol v %
Holth (90). 2005% Fa7E AFolM = of HoAW el AD $hxpe}
Aol digt #E FHA dwEREA A3E Fd CH25H Z2RE
219] rs13500 ‘T" &917F AD W3 ofdRol= FHeha FA4 o] #Hdol
Akl BaHAY 91). 28y FHer g @ diirRe] GWAS <
T AdelAM = g AR FA4 @Al AAEHA SV ww
dEAgel U TheAdel AA H AR FR T R oldd
AT (88), (89). Ch2oh= Zdl~HlE 2587 ®hao] FAksr| & =93}
o] 25-hydroxy cholesterol (25HC)E AAstt} (92). Al AHsh ]
ZHE FEAY dFEY HlEe&s AAFHL dEA U= 24HC H
27THCO| H]st¥ 25HCE ¥ o] &A) vl &0 =
HA Ak (93), (94), (95). 25H g Azl 9o SAIAHER vz
7HA 2 LXRE] A8AR Ad = =
dadE 2 A AT #efst= SREBPE =4 sk INSIGO] 4
&s= Hirstel SREBPO] #H&o] AAH =S st A2 i =4 7]

°l
.



=
% ste 24 & Adrka FeA AT 96, SelsAE Ch2n

3 = d &l
=1y g4 Ao ZUEE 407 toll-like receptor (TLR) 5 €l
A2 FE&AE T3 WY Aoy 2 A 18 Y AHHAE A 2dH

I Ao A HAMrH o BE &
A 2HZEo] ZUlEE AL olyi Ch2oh 93] AAdEE 25HCH Go
SHAl S7tele Aoz Had v Qt) (99). o8 % 26HCE B2 Y=

71 Baod Ay sdelt (100).

ole1dt SA4& W' oz niojg s Bl At HFTol WhEsh= o
o= 25HCO o8] wivl W= Wg-thAl 2Eo T]Eeo] AT
stk (29 4), (101), (102), (103), (104), (105). 3£ 4 o= Ch25h
A& A A in vitro 2 in vivo @ E A Hlolg 2~ 9 by Elo} 7
Al BEEC] s, o3 dAAto] 25HCE UAAIS BHEFA
o= tAl 3l Edu= As 3 AU GelA 26HC 7 A v 3
&5 o= Aol A dn (103), (106). =L 71 e
|4 o= mpolg o] MER QS A AY, E=
e oz HIAA
#HA Aok (107), (108), (104), (105).
26HCe] ©Jgk W9 gl Afe]E71Q1e] dol thgh S el wet o
dotu FHHow YeuE Aow wu @ u gt YHE inter-
leukin-1 (IL-1) o] &3 IL-1a, IL-18 ¥ IL-18 & 25HCH <3
Aol A& = (109), (110), TNFa, IL-6, IL-8 monocyte chemo-
attractant protein-1 (MCP1), Z18]3Z C-C motif chemokine ligand 2
(Ccl2) 59 d54 AelE7idle] AA B Evle 7k ¢ e AL

2 A (111), (112), (113). 25HCE 9% 44 (inflammasome) %%
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Progression of AD pathology

~ Neuroinflammation APP

B-secretase
cleavage

Braak stage 11l

P

@ Ap pathology

@ Tau pathology

(

Tau monomers Tau tangles

Braak stage 1111V

Microtubule
associated tau

e
. e °
v o_o
e \—v
L a®®
.

-9 Cerebral atrophy

Braak stage VVI

Synaptic loss &
Neurodegeneration

(Modified from Estella Newcombe et al., J. Neuroinflammation., 2018)

2% 1. AD 84¢ ¥ 2HA 2F Ht dEAA B9 54
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Asymptomatic stage MCI

Inappropriate microglial response
Expected microglial response
Amyloid pathology

Synaptic dysfunction

Tau pathology

Early, rapid cognitive decline
Typical cognitive decline

Protective response
{Phagocytosis & clearance)

Defective
protective
response

Clinical and pathological abnormalities

Surveilance &
homeostatic function

Dementia

Detrimental response
(ROS, proinflammatory cytokines)

g
-
-

v

Alzheimer's disease process

(Modified from Fangda Len & Paul Edison., Nat. Rev. Neurology., 2021)
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Healthy CNS

tic microglia

\ Activated microglia

Physiological functions k

* Neuro-supportive
* Release of trophic factors

= Synaptic pruning

+ Axonal projection shaping

+ Surveillance & immune responses
(migration, phagocytosis, cytokines) S

Pathological responses

» Chronic activation

+ Inflammatory cytokines T
* Ineffective phagocytosis
= Exacerbated ROS T

* Metabolic disturbances Diseased CNS

Microglia progiling -

(Non-plague VS AB plague)
Single-cell
transcriptome
analysis

DAM
Gene array : RNAg—lseq.
E proteomics
Suppressed Induced
e Cx3cr1 * Apoe
* Mertk * Axl
* P2ry12 + Clec7a
« Sall1 * Cst7
¢ Siglech * Itgax
= Spil * Lgals
* Smad3 * Lpl
« Tafbl + MHCII
« Tgfbr1 « Trem2
* Tmem119 * Tyrobp

(Modified from Oleg Butovsky & Howard L. Weiner., Nat. Rev. Neurosci.,

2018)

19 3. ABEHFA AN Yee mAoluAEe] £EF W
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® Virus entry / fusion

11-1B, 1I-1
y /\ A Cytosol

" Lipid-droplet
Nucleus ﬂ Accesible cholesterol
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A One Photon Two Photon
Excited state A, s A, 5 Excited state
Nox
AEI
Nes;
~1 ~
Ground State ~ ~ Ground State
Ll w
B Thinned skull surgery Open skull surgery 4 .
/ Water immersion
— Coverglass
.— - ‘-. .-— .‘-‘.‘: Compact bone
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3 Spongy bane

24
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d=slolm ] F& EdP 5XFAD (Tg6799; Jax stock #006554; The
Jackson Labratory, Bar Harbor, 7] =)< 7}53 &=3sto]m| oA Bl
B Ednlo] 578 Red FAAY vlS ol a9 57449 Hdwlol
+ 1%+ APPel tigh 37FA] (29 k¥ o] K670N, M671L; & &2 th® ol
[716V; dAd®o], V717Dt 07k PS1el tigh 27FA(M146L % o], L2386V
Hol)oln, o5 Thyl ZERE ] -] NAMEA
stEs A7 ot 5XFAD EdolAs A4 27019 #3E oy 94
SHA AMEZFoA ofdZol= uE WWo]l #F H= T wEa S43
ofRzo|= Wlo] #F i o] HAolth AFAZF W B A
T At 59 AD A ¥4 e Ad B A 24 #3H2 de 24
= ol&sto] FHAE S A=A

WAl AE Holdo® GFPE AT 4 & 2@ vhea
CX3CRI™S*P(Tax stock #005582; The Jackson Labratory, Bar Harbor,
n]5)E 5XFADSE wwlated CX3CRIY'_WT ¥ CX3CR1“™'_TG v}
2% o Ayel At BE ¥ By 2L 4% Aa ALy

stu A9 B 4w (IACUC)Y T4 wet 8=l

2. 8 A3 AFAH
25HC (H1015; Sigma, St.Louis, "l=7) A7} in vivo V] A ofal A 32
of WX+ FFES sty fEiA 10 mg/kgo R HF FASAT
Avasimibe (Cholerterol O-AcylTransferase inhibitor; PZ0190; Sigma,
St.Louis, V]=7)2] --ol= 15 mg/kg F== A Fo] stdvh. 747l 4
A Al ko] =molzl &uf(25HCE o §H2-, AvasimibeS DMSO)o| A% 3}

off
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UA]

= —25 mm sagital T/l &5 A (suture) 7= = 2.5 mmol] $] ] 3F W
BAAETFZAE A d)ol A #HE wA =dHH Fef AdS o
&3l ofF =AAHA T s

= = N
Fe T AT FE PR wgReRr A A3E AHME (o]
d, B]M LAB)E $=xd =24 s3] 29X HldH < & F

5. o] FA dwu7 olH A

CX3CRI™™'_WT 2 CX3CRI“"'_TG vh$-25 o] &3dte] nAoluA
39 in vivo AAE FAAE #AFEA skt LSM 7 MP (Carl
Zeiss, Oberkochen, =<%) &w" 743 Chameleon-Ultra II (Coherent,
Santa Clara, "]=) #@olA Alx=® 2 20X Z-93& gEd= (W
Plan-Apochromat 20x/1.0 DIC M27 70 mm; Car Zeiss, Oberkochen, =
A) Al=®ls ARSI AFE-e NDD ZH = A4 Ald (555-610 nm),
A A2 (490-555 nm) A Afd (485-490 nm)E FAFE o lom,
Z 3 GFP A3 SA4ES $34% 5ot 94 gWs VFo=w

1 mm +A ] 50 &9 Z-stack °o|H|A& 1 i 1F

Y,
[o
f
S
g
of
2

=z
O &4 ool ek wiAletwAl e gAY g V€ BHaod

WS 7o R sttt (134). hefatA= &4 € ROI9 &
= 2=

THOR ZE= 140 un A o] v [ 70 um 2o ¢
e 2 o5 AR ER 49 <t = FR AVIE S (¢
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29 FF AN - S & A FF AV (A2 /e 2o dF

A7 (A2 Aol SA-E dF A7l AERE ddste] w38 A=
5 akgt oA Y FURAl 3Rk AT R FFAY] 24 59
F7F A2 Volocity 43 E o] (Perkin-Elmer, Waltham, "] =) o] &
sto] =35t it

6. A w2 "Moot M E 8 (MACS:
Magnetic-activated cell sorting)
WAl A EZE 7] i+, w2 m3 § PBS A
B AF o] &3 & Z2S 1.6 mg/100 M DNasel (Sigma, St.Louis,
g o} Dounce & 3}7](Wheaton Industries,
Millvilee, "=5)2 3tajdth. 70 mm o] AFHol =2 adds 2 2
HE e, Myelin 2 AEXFHES =7 & AA  &H(Debris
Removal Solution, #130-109-398; Miltenyi Biotec, Bergisch Gladbach ,
=d)S ol &t A XA Algete A WRHdE s A4
= T35t Al A gkt 1] M| o} nl M| 3 = CD1lb  MicroBeads
(Cat#130-093-634; Miltenyi Biotec, Bergisch Gladbach ,5¢) A} 5%+
A 7|6k Ao g EEsta, 27t PBSE Al Fsle] -80TolA ®#
AT 7E AL ST

_‘d
X
Lo

7. AxEZ W&
A= 37T, 5% COz Wi =30l wj F3hoh.
E
k-2 WAE ZowFS S 1-29xHe] vl A (outbred) PRS-
(Hsd: ICR (CD-1); KOATECH, H&A|, tigtil=r) HE o] &ttt of
H gl osutE ®Edte] 27be HBSS (WelGENE, ZARA], i ghwl=) ol
doll QoA HuES HAW T 10% FBS ¥ 1% Penicilin/Streptomycin
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GAAAS £33 DMEM (Hyclone, Marlborough, B =) vj%kolo] ¥ =%
e wA Fi AAHSE viEHow FHANA @A AE FFoE Fo
= b Al JE RS 40 um HEJAfo] =9 of dpnto] AuA ZI|
B P AAV= AATH A2 AERFHHLS F 20 Mo
DMEM Hjekedo] who}l Poly-D-lysine (PDL; #P7280; Sigma, St.Louis,
Alep) 28 8 i T EFepaAd] &A deuh s Al AlE7E Thet
growl AA wdAS wAsFa 10-14L7F I E w3, s
vpgtA o M = A E7F debe] BARE o] ki, I 3 el M-
o] m Mot A Z7E AebAl k. mAlol M EE FgAAE 55 A
A EYAoRE be WHeR 7]9d At A Fested, PDL &
H g A2 EHA N &AFAE vpge] F2Eo] e Ho] o] A
= o= Ad 2 Aol AHESH 1jr A alAl el 75, mAloluAl S
I e FEgaae] wpgs PBSE 33 Fw35 Al § 0.25%
gdow ME= 111011443" 23] Adf W 3 Ae AEEEA
. w2 AFAE 2l

b2 A M E 2Ol gS wjol 169 AFe] Bl A (outbred) PH-
2~ (Hsd: ICR (CD-1); KOATECH, #®#A], digtil=) ¥ & o]&3stAth
e Fase ;zm—or HBSS (WelGENE, 74Tl thekdl=) uf gy
Yol A HweS ¥AW F papain (Worthington, Columbus, "|=r) A& ¢}
nA#S T AXE dd oz BEYAZIY. £8] @ AX dEY
< PDLE vl =¥ & = sFHANAM wdstda. B27  (2%;
#17504-044; Gibco, Waltham, ¥|=), Sodium pyruvate (1:100 (v/v),
#11360-070;  Gibco, Waltham, ¥l=7), Glutamax (1:100 (v/v);
#35050-061; Gibco, Waltham, "|=r)7} 7} ¥ Neurobasal media-A
(#10888-022; Gibco, Waltham, W|=) ®] Y& AF-&3F% 3L, 3] gk H
A 71 g S Ak dojllal A2 vYolE Frbe Sk 169
B Hol T3] e H ABANEE FF = AP T AP ALt

et

ol
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. FEWNTE7IMEGPSC) & Mol AEZGMG) B ¢

iPSC & Aot Al (MG = 7|& ezl W& 7vto s ofh9
WS 7hs] wigstdth (135). WA iPSCEZHE HPCE #31117]17] 9
&l HPC #j %ol (#05310; Stemcell technologies, Vancouver, 7iuth)ol A
1297 71t T EYY v[FERA HPCe IL-34 (100 ng/m¢;
#200-34; PeproTech, Cranbury, vl=), TGF-B (50 ng/m¢; #100-21;
PeproTech, Cranbury, %l=) % M-CSF (25 ng/m¢; #300-25;
PeproTech, Cranbury, "|=)ES X33 M= wgdo] AT o
25 Yzt EshAIZiY 25 o o] F-E = CD200 (100 ng/mé; #BP004; Bon
Opus Bio, Millburn, 7]=) % CX3CL1 (100 ng/m¢; #300-31; PeproTech,
Cranbury, "|=7) QA& F71=2 H7kgk wjgd oz 5747 71& o=

ke A 5 Aol o] &35kt

8. AE Al A

ABi_pT (Cat#4061966; Bachem, Budendorf, -=¢%2~) 1,1,1,3,3,3-hexa-
fluoro—-2-isopropanol (HFIP)ol 1 mg/m¢ 2 ojx dig-sle] 7247+
E Tl dFAS AA =2 Fel, #5319 SpeedVac (SPD2010;
Thermofhisher, Waltham, 7]=)2. 2 HFIPE AXAAA gk o=
FEO Hol v AR pHEolEE 53T 57 H AR pWEHOI =&
=80T H#AsATE o] A2 F4 DMSO (#276855, Sigma, St.Louis, M
=)ol 1 mMo] HE=F =2 dEAIGS e 5, A4 sE=E gl
3| A3t Aol A3ttt LPS (#L6529, Sigma, St.Louis, ") YA
AloFe Eit SR el 1 omg/me] Zo Fa Aol 10 ng/M TR
g stsith. 25HC (#H1015, Sigma, StLouis, "=7)% DMSO°| 1 mg/mé
2 =2 YA GS EFEte HE w5 ug/m TF HES vjtHo] 3
2sle] AFE8L Y. Avasimibe (Cholerterol O-AcylTransferase in—
hibitor; #PZ0190; Sigma, St.Louis, "] =)< 500 uM X2 DMSO®]

=
—
9 gole PANGOR Fi, AF 1 UM FEE ARk 7 o
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S AL oz, ope] gAA el Al
A2 Falo] At urE wiakelol

[e]
Rk Aol Abg3 AEE v 2de 7 a8 Wel 1A e

9. AI¥ FEAMZFPF=4 (FRAP: Fluorescence Recovery
After Photobleaching)
(2 A AA 2 4= ’\1@‘1@ AAAS wad ATAEY ol
HIARE o] &=
PDL =% & 18 mm ﬁﬂ%%?ﬂrioﬂ ol FRE i el v Al ot LA 3
(PMQG)E= %5 Ag7F &3 3 Tyrode 89 (136 mM NaCl, 25 mM
KCIl, 2 mM CaCl,, 1.3 mM MgCl,, 10 mM HEPES, 10 mM glucose,
pH 7.4, 7290 mOsm) 2.2 2-33] o] Eulstltt. AlZd Ao =4
3l A ES dAE £ 9= Aoer 4#F 1,1'-Dioctadecyl-3,3,3",3' -
Tetramethylindocarbocyanine perchlorate &% 928N (Dil; #V22885;
Invitrogen, Waltham, "] =)< Tyrode &4 1:200 (v/v)Z 3] A3}
A8k A wHkAlA Aol FE thE, 13000 rpmE 5 W3F YAEE s a2 A
2R AHA A ARESEA T AT AlE g A Egse g
olm A HE& HWMLCI FEFA, detl=)e TAOZ A i,
gk DIl dAokS wol 1 FA] x7 33 dvH (37T, 5% CO2;
AlRsi s/Ti-E, Nikon)e. & glolBoln A& 43851t} (Plan Apo VC
60x Oil DIC N2 NA / 1.4; 561nm diode laser) #}o]H.oln -2 35 A
ool 4% FtA SR 4739 omAE A& v, FHMS 95 2T
ROIC Hdl &9 dolAE 102 XAF 3%, 3 =HA 35 HES
el 2% FACR 3EZ 9179 onAE 5. WAl on A A
2+ Image] (NIH, Bethesda, =) ﬁ:EE?ﬂ‘ﬂ% o] g-sto] dlite
5 A, M1 A (bleaching correction) & Z&3 HIE 3 F AT
5ol W& ROI ¥4 Al7] dHolHE Q.LE?DP Atk SRS AA] o] H
= GraphPad Prism 8 (GraphPad Software, San Diego, "] =) X % 138

o
ftlo
i
<
N
o2,
s;
_E

O o)y
z 12
o

M
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10. FFAI¥E 4 (Flow cytometry)2 ©| &3 blAoluAE X
PARSIE Y
-1 0o L

&3 H)= Fluoreshbrite® YG Carboxylate Microspheres(1.68 x 107
particles/ml; 3.00 um; #17147-5; Polysciences, Warrington, ¥V|=)&
50% FBS 3 DMEM 1 M3} k74 37C, 30+7F 1000rpmo- = L HF&}
W ogAadst st FRjdn wAdst J FEu=E SgdAls v HY
¥ DMEMel 1:100.2 3|43ste] HFH oz 1.0 x 10° particles/m 2] 5%
FBS & DMEM &3 H|= &do=z AiEet wt3A 7Y PMGE %=
Ael & PBSE A1, FHE HF ¥ vl= vbE oo ol 37T,
5% COy A&+ 7)ol A 1AF &<t wiekghet. A Al m] Al of nl Al 32 &
d$-oli= PBS #F st & 3 H 2S5 Dounce & 37 (Wheaton
Industries, Millville, w=F)& w}ajstar, %2 23] AA €A (Debris
Removal Solution, #130-109-398; Miltenyi Biotec, Bergisch Gladbach,

HFA)e olgste] s AAT F FF v= Fdo] wHol AEuY

71l A 1AIZE vl st 33 vl=9F wkgo] ¢ AlX= 01 M PB
Lo A npge] Eo] Qe HE= FIE "ojrmy )l 350 g, b,
4T YA EGste FE=dS Bgds 2oz FACS H 3 (2% FBS %

0.05% sodium azide ¥3 HBSS)Z MEELS At & 100 o)A
g dMol @ F UdEE FACS 8 3 dA(Rat monoclonal
anti-CD11b, APC, Cat#17-0112-81, 1:1000, eBioscience, San Diego, W]
=; PE/Cy7 anti-mouse CD45.2 Antibody, #109829, 1:500, Biolegend,
San Diego, W=)E< 78 97el 23 Wi 4TCoA 2LE& st 30
= BEE Al dbgo] U 350 g, 5, 4T YA EE St A s
W= Aoz FACS W= 23] AWty mpxato] 2 Ao oA

= 98 (SYTOX" AADvanced” Dead Cell Stain Kit; #510349,
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Invitrogen, Waltham, v|=)& ¥ojst}. LSRFortessa X-20 (9],
Becton Dickinson, Franklin Lakes, "]=r) FH|Z 2jo] 59 AHHE=

Flow]Jo (Flowjo, Ashland, 7]=) AZE| o] S o] &3l E21&¢c)

11. ¥ 27 W9 Z33}8 (IHC: Immunohistochemistry)
R %Hl

s EUE 25 FA vk & A7 PBSE A #R ste] W
gtk A% & ¥ W= 4% PFA &o] ©7F 4Tol A s
T aAAAY 1 @ ¥ 23 30%9] FAEA PBS &9 &7
o, 72/‘]?& AE FHA ¥ o] oz stepgtow AUA 80T

Atk d¥ ¥ AL FAZEWWARZ Eujste] Leica
CMI1850 Cryostat (Leica Biosystems, Wetzlar, 5Y)S A}-&3te] A+
oo s 30 mm FAR A skl ¥ EW2 4T 2ARES
Nl H g
I EET P

AREGH By & & ¥ dHES 7], 4% PFA &40 =

L\

PURFRS A e, NEAH e Ad o xﬂ;ﬂ
2 9% A 2L T3 g S (S S 23 A
o] &3 10%, Triton X-100/PBS 0.3%)°] W3 A|ZITth EE Z}gof A
= PBS9| 33] o] Alx Aol x3E T 12 A (Mouse monoclonal
anti-B-Amyloid, biotin labeled, clone: 4G8, 1:2000, Biolegend, San
Diego, U]=; Anti Ibal, 1:1000, FUGIFILM Wako Pure Chemical
Corporation, Richmond, W=)& A 314 &N (ALE3stazt k= 23
gA Fol 5E9 A 5%, Triton X-100/PBS 0.3%)°] &2 97tz
s|Asto] ¥ A3 3 sEERF RESAIZIYE 1A A whgo] v ]
b A T FTE A = 22 &3 A (Alexa Fluor™, 1: 500;
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Invitrogen, Waltham, 7| = )2 &A & A& Aol FH|sto] Ao A 1A 7F
HES- Al 71t} CongoRed(Sigma, St.Louis, "]=) 92 FQAJd&= 22 &
A dMS & wo] CongoRed 1 mM €4S 1:100 (v/v) 34 3to] AL

Lot} vpxjo g s AAE = DAPI (0.4 #g8/M, Sigma, St.Louis,
=S AHelstdnh. 222 LSM700 (Car Zeiss, Oberkochen, %) &

274 B P o2 Z9sta Image | (NIH, Bethesda, =) 2ZES
ol @kl FF L EAET

12. A9x2 333 RNA @FEA 3 (RNA-ISH: RNA in
situ Hybridization)

RNAscope RNA-©+91 4 F5 7= (Advanced Cell Diagnostics, ACD,
Newark, "=r)& &3 RNA-ISH 28 S A xAA Adsts A9
s ek Fgetdnh H dEe 10 i FAR FAAGE
zo &8 dx AA 80T B#d AS A&t A AFRE &
gol == 4% PFACl A 2 Ax, & AA A4S A F Fd==
fqo H7F 95T = 10&E3E o FdS ==A1713L, 12 A (Anti
Ibal, Cat#019-19741, 1:50, FUGIFILM Wako Pure Chemical
Corporation, Richmond, "] =; GFAP monoclonal antibody2.2B10, Cat#
13-0300, 1:50, Invitrogen, Waltham, 7| =)¢} §H7Al 4ColA] sF&wF HkS-
A g & 13 FAl= 0.1% Tween202] PBS(PBST) &do=2 F
B3] Aol 3 4% PFAR F7} 1At} o] F o= protease # 8=
RNA 2% dwd=& AAS 5 w2 ChZ25h RNA &3S WA 7]

o

1= H
o F wAHor Aad FE 93 9 ¥ $AS W Ak ¢

|
TR
o

4_4
B

)

al, S

0T, HybEZ" 1I, ACD, Newark, 7|=F) wpx|eto 2= Agha A F &
F A 9 2% A E DAPI |Aste] AMZeg~E Yol Frh 3
A &L LSM700(Car Zeiss, Oberkochen, 5%) ¥4 &34d

5 ol g3ty oen A g AL Image J(NIH, Bethesda, V=) 4

ofd

sk
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thFst Ax %2 Y =4 W mRNA 23
Mini Kit(Qiagen, Hilden, =¥
o] % RNAEZ FZF39t. FET RNAE Maxime™ RT
PreMix(iNtRON Biotechnology, & Al, t3tWl=)E o] &3l cDNA=Z
gkt AFA AAIZE 9HA PCR 88 KAPA SYBR® FAST
gPCR ®H$& 7]E(KAPA Biosystems, Wilmington, 7]=)& A}-&83}% 2
o, Aol AME @ 7} 4 mRNAC| t&she Zatoln ARE o
Fade
mouse FpsI8 F: 5-GGATGTGAAGGATGGGAAGT-3
mouse FpsIS8 R: 5-CCCTCTATGGGCTCGAATTT-3
mouse ChZ25h F: 5-TGCTACAACGGTTCGGAGC-3’
mouse ChZ5h R: 5-AGAAGCCCACGTAAGTGATGAT-3
mouse Acatl F: 5-CAGGAAGTAAGATGCCTGGAAC-3
mouse Acatl R: 5-TTCACCCCCTTGGATGACATT-3
mouse Acat? F: 5-AGACTTGGTGCAATGGACTCGAC-3
mouse Acat? R: 5-CATAGGGCCCGATCCAACAG-3
mouse Soat F: 5-GAAACCGGCTGTCAAAATCTGG-3
mouse Soat R: 5-TGTGACCATTTCTGTATGTGTCC-3

kol S ¢34 RNasy

e olgd HAE &AL HYS 4

14. 929 &% (WB: Western blot)

RIPA(GNtRON Biotechnology, &2, tigtql=) &ofof chuld 13|
Th AAA, EaEA JAA D Ad-vgdrd EF02
AE FH7FsE RIPA S80S AE 9 22 HAo H7bslar AE
g &tk F7HA S =94 RS 98 SR EANE Tk, &

<=2 13000 rpm, 4C, 15% &< dAEY st AAA g H



| dsi= wEa dsdnt mE Rop ALgskith 2 A= BCA 4
TS B sEE A3, 10-15 uge] @ AS A AEsTh
T dhula oFo] AMZS 4-12% Bis-Tris polyacrylamide precast gel
(NuPAGE; Invitrogen, Waltham, 7]=9)d 243t o5 H7]dsS &3
duld S A7) dHe2 Bt do e @WE S PVDF #Ho= &
o] @A WS AT FAF w717 Aol 5% VA -
of @7F A2 1A RESAIA S5A% AgS WA 14 3
(CH25H Polyclonal Antibody, #PA5-72349, Invitrogen, Waltham, ¥|=7;
Mouse monoclonal anti-B-actin, Cat#A1978, Sigma, St.Louis, 7|7
Goat polyclonal anti-mouse I1-1B8, #AF-401-NA, R&D systems,
Minneapolis, 7]=; Human/Mouse TNF-a antibody, AF_410_NA, R&D
systems, Minneapolis, V=)= A sodium-azide’t ¥3 # &40
1:1000 (v/v)e = 3laste] AREeFqlar, 4ColA 16A1%F o] RESAX]
Ut PVDF #2 o] % 1a} &A¢] go] F=o s HRP 23 22+ @A)
b 2ol IAZE WeAZIY sid PVDF 22 ECL &< (West
Save Gold, AbFrontier, A&, Wgw=)o=z AadS FZ3}o]
Amersham™ Imager600 (GE, Chicago, "|=) 7]7]1& o] &3] A3t
t} o]zl W= o]w) %= MultiGauge software(FUJIFilm, Tokyo, ¥ i)
2 24 3 AEeidh

_}II.,::‘

op
2

,d
N

)

15. 5 H 23 AB E4HWYEAHY (ELISA: Enzyme-linked
immunospecific assay)
HE o T IN2 3% Wzt 80T HEd = AdFEY 9d 9
o xAe] BAE FAST. FA 4u7 == &3 PBS 4
gy B Egar AAA, EATEA] dAA 2 Fd-mEdzy
ZFo=23E EAE H/HE PBOCE ¥ S i H e
2 dAl, LavtebA] AAA 2 odd-vEA 2
E &E3tAlE #7138 RIPAGNtRON Biotechnology, A e Al, thatwl=r) s}

N
Mo
:?L_',
fo
o8
12
N
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H & 200 weol PBSol i ®H ¥ = 3 13000 rpm,
4°C, 5% YA EE o G PHAE ool SuEy % #HE FYgS
AR BE FYe doj o3 g &

el A Fag A ¥ 224 gy &AL FEE F435e], RIPA 3
g &N 2dE B 1w/ HEE wrErh 9 HA 100 #E =4
AR 7)o 4 100,000 g, 4C, 1A+ B 3ch ol A

RIPA §3] @t dolm, FolglE pellet2 70% EEAL 1
e 7]o] A 100,000 g, 4C, 1A17F EEgct F AA

of I ste] =LA

ZUAEE Boll A= 254 &3E2 RIPA &84 oWz {350
o ol AL 1M, pH119 Tris &3 1:20 (v/v)o.& o)A F3AA
o] Ao ALE3AT. TAWUASHL Abeta(1-42) ELISA kit

(#27711, IBL, Minneapolis, "l=7) A#FS AHE stlom HGA oA A&
He Ad e mek skt

16. AIZ W dALA] = 2 25HC B ZF (GC-MS)
(2 AR Aed oy wgd AFHdAA A sqi)
b AE W tARA =

-80Ce] delA R wAluAE W HIE 4TolA FHola,
methanol, isopropanol, E°] 3:3:22 (v/v)2 Tg% &9 Yo #
o} Mixer Mill MM400 (Retsch GmbH & Co., Haan, 5¥)%} &
EE ol &3t 90 2 st AL, 168 ¢ g3 AT
A7 AMZL& 13200 rpm, 4T, 5% o2 ARy 3t &
Aed 1300 #E MEL 15 M FHA &1 F AANFTEFTI
(SCANVAC, Labogene, Lillergd, Wvl=a)ol X AZAA FEA3 HE-S
A7FA =80Tl H 3o},

. fr=AS 2 GC-MS 2 ¥

Methoxyamine hydrochlorides 40 mg/m¢ %= = pyridined] =<1 8 F

5

o
5 mE Ax g YAA FE==o oA 200 rpm, 30T, 90% F<t

-
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methoxyamination A1t HHF5 Al7F ARE 93] FAMEs &£3&
(C8, €9, C10, C12, C14, Cl16, C18, C20, C22, C24, C26, C28, & C30 *3}) 2
W= H7rsta v 3 MSTFA plus 1% TMCS (Thermo, Waltham, 7|
)5 45 b A 7Fse] 200 rpm, 37°C, 60 E<F trimethylsilylation HF-&
S A 71t GC-MS 238 Agilent 7890B (Agilent Technologies, Santa
Clara, "]=) 7]7]9] RTX-5Sil MS #Z ¥ (Restek, Bellefonte, ™ =7)S A}

gato] =Pt 24 3 @D A= 05 1S splitless RER F9 8}
. 20 spectra/Z W& = 85-500 m/z Bl MIst= AHFAAEGHS
Leco Pegasus HT time-of-flight @& X715 %3] dH3sct AA

[o

A 288 ChromaTOF AZE¢|o] 450 ¥ A (LECO, St. Joseph, 1| =)
zAst o, &R #H IAAEE MS-DIALS o] &3t T4 4

stk BRE MEL T4 SAE A AEs

17. Ax | SH 2 2g A
b AE W AR FE

AE W AHA FELE  Chloroforme] gl F& 7]/E  (#K216,
BioVision) & AF&3dte] A xAbe] vimdtiz kit mjAolulAl E
15 M tubeol %7 Bol 1000 g, 5% WA EE sto] AFHo w3
= AAZIE AAZ F PBSo| vhA] Foleth AME 50 4l vty A|d F
= BYE 1 ¥ g Qe 1-2830
.

A
35 A Eatelt), AbLo| A omnjEso]A 9o T 15-2087 EFES

[

e AZAIAA GFS ew %} A= AZ %%%% Q%—‘&E}.
U, ZY2HE 2 ZY2HBAd2H A
ZY2HE 2 Zy 2" Eo| 2 (Cholesteryl-ester, CE) =42 Z1

2HE Solz g3 i gl wg whgo] rRkg 83t ' JE

“ = "1 P
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(Ab65359; Abcam, Cambridge, 9 =)E Al&3ste] Ax APYAE 7|vtS
2 SR Az @ AEFEELS AT He g HYE Yau 29
st & oA Algsdh ZH2EHE VFE E4S0,1,2 3,45
mg/well &&=7F H =5 FHetal, #0l% A& V& =4
ojARZEHolEe] 50 w A HolFEth wAdg AMEFo el 2719 well&
FHlsto] st ZElzEE 5ol ©3, FHZEHEASEAE ¥
CEE SA43ta, UnA styels Zd2dHE Sol% &3, S 2H &4t
gax, ava FU2HEtEERass o & Fdzdes A4

)
F Q=S @t 7]

O

=42 F FYd2HE

M

= 2 o] &3] OD 570 nm
SAHS At 7T B4 Fro A HEE o] &3t oo R
MZ o FLE Axbstdtt

18. B4 A ¥

dloly +A)o] &= GraphPad Prism 8 (GraphPad Software, San Diego,
) ZRIPS ARESRT. 7 O Lw Fe] o)A AFol= t-Test
AR, Al R oo F e F94 Aol one-way ANOVA HA &
o]-&sto] ALttt ol FAdAn P o w2 HFE v AotwAE wEAd 1
A= sld AA] ARl g A A A=l & 1He A
o] wBlustltt. FRAP &4 Z¥eo 4% A 7] Ao s
non-linear fitting A @lsted 15 Fit 37 F4 do|HE 533
ot 52 Mean £+ SEM X+ Mean + SDZ Ao AgsA %7]sh
a1 7b Av orefel] 7] AE T FRAP 28-S A9S in vitro 2@ N
& 7t7te] 9= FE A3 MEE ongitt. FRAP 2394 4% 1F
g2 E A% HA 57 ol olw Ao tigk HFs N=12 A3

sttt Ex vivo B In vivo 239 N& 242 AL | s=9 vid ¢

ol
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Part 2. 714 | ©o|FAARE ofd=2ol= HE =%

2 3 AL 47

1. IRI-1 &4

(2 AL 2o g3 AT wgd d7AddA st

Ao ALgd BEE FIE 2L &= TCI (Tokyo ‘?:l-”&),

ThermoFischer (Waltham, v|=7), Merck (Darmstadt, = %), A3}t

(A&, dghl=)ol A Fufjste] F7F4<Q1 FA| gleo] AHE-3S E}

7h 124 - 12 S3E FA4

4-bromosalicylaldehyde (500 mg, 2.5 mmol) ¢ 4-(dimethylamino) phe-

nylboronic acid (534 mg, 3.2 mmol)S 60 M2 1 2-dimethoxy-

ethane/Na,CO, 2M<] 35:25 (v/v) &do] =th Argon HEH 30%

%, Pd(PPhs), (287 mg, 0.25 mmol, 0.1 equiv.)E H7}&tx w-§ 3o

= 90TColA AowA stZqF st whgAZITh v &3S A

28laL, Ed Zurle A 100 me] AFE Hubeth EFELS
Al

= T2 T NaSO.=2 AxA|7]1H,
@)

rfo
2
x

EtOAc (3 x 100 m)= FZE3FaL, 7]
A9 oAy 2 FEF A7l o] 984S silica column A ZvRE 18T
(EtOAc/n-Hexane, 1:7)& Ea] AASe] =4 uAg9 13 3ES
A =1},

. 294 - IRI-1 &4

12+ 3}5H=(398 mg, 1.7 mmol) ¥} malononitrile(120 mg, 1.8 mmol)©] &%

¥ Ethanol (40 m¢)e] piperidine2 3+ W& H7}3tt}, ¥k &35S 4
oA 2412 FF Aol wkEAIZIYE &S A TR AL P

=45 ethanols T8 AZAAS} AA A A2 AQl IRI-1& @<

=3

2. #3438 &4

(2 A2 2 ststt AFs wagd Ao Xasiit)
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n=) &3} A~FAEZL Shimadzu RF-5301PC 33 =7 (Shimadzu,

e N
o F£HletL, A EAS PBSO FH[g &
% DMF %7} 2% HE5 9t 2
A2 3 # AolE v SA8et AFERE €819 F& 3/50]H, A}
£33 A EFH BE52 23 Y. ARy fibrils (20 pM) metal ions
(20 uM; AP, Fe*', Fe*', Ca®" ,Cu®, Zn®, Ni', Mg?, Na', K), amino
acids (20 uM; Lys, Arg, Asp, Glu, His, Trp, Tyr, Phe), % thiols (20
uM; DTT, Hcy, GSH, Cys)
. &l A4 W3 & IRI-1 WE 3F 53
IRI-1 (10 uM)9] ®HE=2HEHLS methanol, ethylene glycol, ethylene
glycol & glycerol (1:1, v/v) &8 9 glycerolol A4 37ColA 73}
Atk IRI-1 ¥4 DMFol| =9 FHeSa, BE o HFAHo=w

2% DMF7} 35 A &3t}

IRI-1 €¥°}5 DMFe

3. JFEHFY FHA 5A (PAMPA: Parallel-Artificial
Membrane Permeability Assay)
(2 A2 add g8tz 15 wyd AFAdA JAdskt)
BBB-PAMPA (pION, Massachusetts, "]=r)2 #| ZAFe] AWM S w
gt Wayst ek kEFskAlE, IRI-1 2 ThTx 242 125 uM S =5 &
W (pH 7.4)° 3|43k 200 42 96 well PAMPA M9 %] = olE
of B3t} A E+<l progesterone 2 theophylline2 50 pM=Z &
= T34 o] Fo] wEk BBB-AZ A& #¥Ear, 200 e
o] W3 E PAMPA Zdo]E9] §% Fwe Y=t 25CoA 443t
WEg AL o] F, RE AES AR UV FdolEd &A @i 250

oo A 498 mme] HFE thE RE wlo]ARZHo]E 2t 7] (Tecan
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Infinite M200 Pro, Tecan, Miannedorf, =9 2~)2 ¢lo] E2l o] 3
pION PAMPA Explorer 23X E9Jo] (Ver. 3.8, pION, Massachusetts,
)2 53] F34 4= (Pe, 10° om/s)E-2 3k},

4. ABi-go SR A FH|
(B 24g9e udd sy 1es g AFAA QAP
ABpp THAL 7|E By ¥ F3o WHog2 F=H)styg k. ke A A

glatd, e daAx ¥ ABie %‘E}olz—t— 100% HFIPe 2 mg/mé =%

o] ABE NaOH (05 me, 2 uM)oll ¢ & 0C, 10 ¥ 7+ S92 A
71t} HFIP/NaOH A ¥ ABE PBSel 200 uM (0.6 ™, 20 mM, pH
= 742 FAsta, wHt7](Biofree)ol A 30 ¥ &<t HAol &t} S
Hele PBSel 20 pM (99 me, 20 mM, pH = 74)E A A 3 A&
AH-&-3F A T

5. Cryo-EM % 7%t IRI-19 AB Z2%5 in silico &4
(F AL v g3 AT ugd drAddA ddgsiai)

o] 24 vt AEi¢l B3LYP-H A3} 7% IRI-19] in silico 2% &
Ao e Fx=Z AFEEHAT. Cryo-EM 2 (PDB ID: 50QV)+
AutoDock VinaZ o]-&3le] Glu* ®=+x Val®3 wlFr a1 9= Phe®d
e}, AAe] AHATAE g 59 (38 x 50 x 32 A)S oG
Y= A9 A9sta, 10008 SRS VIeo® FHlEd Y 4
A A= oA "Hdoly (14 x 14 x 26 A), Phe® 43 A 9%
(14 x 20 x 26 A) 5 # v F3 G 29l da] oA A==
stk A AAE 93 <1 dolEE AutoDockTools 4.2 (CCSB,
La Jolla, v=9)E o]&skel Fwsksla, FHF EAE= Phython
Molecule Viewer 156 AZE o 7]%] (Phython, Wilmington, ¥|=)

Ir

_37_



= °]&3sto] Rl

6. A o] d & =24

BooAGo A AFE3 5XFAD (Tg6799; Jax stock #006554; The
Jackson Labratory, Bar Harbor, 7|=) &=3slolvH wdl H= {24
dzstolmyeA B ¥ EARWeE T APPel g 29 dlWo]l
(K670N, M671L), ==ZeltpdelI716V) 2 Hdw®ol(V717De HE

3 ompgzolth. =9 #® ®o] FHAELS AAAME FolAH Thyl
promoterd] 93] AW wE opd=Rol= WS Yeldth BEE F
= vy 2 AR dAAe Aedidn 3 A3 ddesEs Adagdd
TACUC)S A wet FhEArt. ddoll= w2 Ad 51
ol 2ol= e} Feba WWo] FEsA 4 H 10-12 /1d #F A
£ AH&skd

7. Ex vivo 58 A3 %2 A%

11 /Hd@ 5XFAD_TG vh%2olA A& & ¥ 2 & =gojolol2®
g4 Y5 A7 3 548 Z(No.10; Feather safety razor Co.LTD, Gifu,
d)2 FEAdHo s Fepdn ¥ AW IBC-2 =& IRI-1 (ZF 20 p

DMEM &9el] ©7kA 3072417k 37CE frAste A4
gt Aol 2uw PBSE 33 Aojujil, 4% PFASH o= 31745}l
1WA 38 A7bA Baeksi.

o

g
N
kY
i)
ox

(o3

8. In vivo & AF A %A

IRI-1+= DMSO¢°l 16 mg/mz ¥ AS wk= 5 PBS % propylene glycol
(Sigma Aldrich) 1:1 &3&dd 5 mg/kg & HEF 8|4 AlA 57
Tttt AAFeE BBBE Fdste ASs d#stelal @ wole nt

A, BA 2 FAE el EF 4 9 F71 At 2 el F

o
N,
ol
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P

oJstgon 1 e F& F g Fofadtt. MeO-X04+=
DMSQo 50 mg/meo g LS e & vl 2 PBS 92 propylene

5
o
glycol 1:11 &gr&do] 5 mg/kg & == 34 XA & 3 onA

T R o3 dvF onA

nh-2 s el 7S dEX wHEs HAE st Fdskt
(133). v}9-2=& Tiletamine - Zolazepam (Virbac, Carros, X% 2:) and
Xylazine (Bayer Korea, A&, tdt¥lar) EdAE I5FTAF (1.2 mg/kg)
stol whHAIZIAL T2 A " BAS 2<E7] (37C; WERl=, LCDe

o ;w2 2w WS Fa) A7 94
=
=

T4 T H FES wAs

=t} R Fdos & 195 BUA, bregma 7]+ —2.5 mm sagital
TN (suture) 71F 5 25 mm o gk w (A A7
g g)el X #HE wA =d= 3 mm AFY d BRYFoR FS e
o =38 ARE Al T3 S AR AdgER d 2 288 HasEE
o 5 mm AP AWEHS FAE W AA FLdd Loctite 454

(Henkel-Loctite, Diisseldorf, %) 32 A2 dds] 1AL, &-
MNHE d=Z FAGAo] Fo] nfE2x] Z & F UESE, F
PR

o7 WA A3}g AWE (BJM LAB, Yehuda, ©]
s
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(@]
o
Z,
c
w0
\,
o)
(@)
i=2
D
D
=
5
Q)
S
<
o
o,
ofo
ol
ol
8
o

In vivo o132 d€nl7d ouAL ILSM 7 MP (Carl Zeiss,
Oberkochen, =<%) &n 723 Chameleon-Ultra II (Coherent, Santa
Clara, 7]=) #lo]A A =¥lS o] &attt. w3t Fxw e WA szt
oA F8e g 2 30 mWez 23xo] AFE3FATE 20X =-
g EAN= (W Plan-Apochromat 20x/1.0 DIC M27 70 mm; Carl
Zeiss, Oberkochen, =4Y)& Al&sl¥on, HFAlad> A4 zd
(555-610 nm) == AA AQE (485-490 nm)e] NDD ZHE F3 dojz
Aolth. Z-stack &&= SR oju[x] o] F7}AQl 3k ATA T F
7} 2S Volocity 2 E o] (Perkin-Elmer, Waltham, "]=)& o] &
slo] a5kt
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4 3
Part 1. ¥ AR vAoluA XY 7|5WHIEI &x3}
ol ¥ o] WAV Aol vX&= F3F A+
1. ABol 93 mMolmA X Ch25p 4@ 2 25HC AA 7}
DAM 54 o2 w3 H DEG (37) FolA vAloluAxe] W g
2 A gab wEkel e Aol S RO Hol: Ty iHE
Astgae]l @ ERA Chazh HE FES e v WA

S5XFAD_WT 5XFAD_TG ¥ A ol|A ChZ25h% mRNA S5+ HluL
o

st A3, WT did] TG w9 Tdo] FostA F7138] A& A= YE
Yok (29 6a). TG +oll A Yeld Ch25h mRNA 2@Hd S71= vh9-29
oA w Aol A EWFS MACSE E3te] AZ39S wox= A3

A FAEAG (2™ 6b). In vitro oA ZhE| S Aol A
(PMG, primary microglia)oll ABE 23 AHels] = Ay, tx=dtol div]
st Ch25h ‘Edo] w-§- F7Fstdth (L9 6¢). iPSC derived microglia
(IMG)ANAME AB AHg oA thxw ti¥] CH20H 9@ d 529 vy
ol FoetA FteldEe A (L9 6d, e). ¥ Holrt CH25H
Ea7b AARsHE ARl 25HCS) s =7 WEkehEA
th ol& 918 PMGolA AZAAE F5E3te] 25HC 3
2 AR AR Aol A txzatel Blske] FelstA Srtel = AS &
ARtk (L€ 66).

Ch25h7} Pl Aot A2 Bojx o2 MdstE FAE ofy 7] wFof|, o
=9 ¥d Ws7E ¥ e & AEEAAE WEREA] QA 4l
stazt skaith. ol flal vk ABAE H A

stk 24 Al 3w Aok, AR R s W
LPSE A& g ¥ Ch2sh mRNA 28 FF& dxad vusiieh 1
A AABAEANAME o Aol WE Ch25h mRNA
EfuA] Rkt A A oA = e LPS A=l 9 34
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Fole Bd FZo] BEHAoY AB Al s Zelrt e
ATt (L9 Ta—c). vAHlmAEAE AB Aol o&) 158] 71 H2]
T 9 fog Id FZol YEYa, o Ad Wdgoezr &3
LPSel 9]l A = 30u7haFe] 93 SFo] ey AS A 5 gl
Atk F71H o8 5XFADO ZAo wd ® Ch2ohel F A4
ARE AlZstetazt stk whg-2 22 GA 7h8-gk CH25H w4 of
ek FA7F FAste] RNA-/in situ S ol &3t vh. Ch2sh 8% A
TES MAlRAE SolA wulAel [BAl Aot FU3 oA #
Z Ha, AduAE Sold dHEd GFAPHE HAE Azt A9
#HF =HA FAUuT (1" 74, e). ©] AHRES 3 ARl 9 oz Hu
AE 58 FolA vAoluAE Solxow Chbh &d 2 25HC A

o] 7S & & AAL

2. 25HC® =% ¥ v"AoluA®xe FAY, ¥4% ¢ dAFA
Alol EFL]l #H] W3t
ABel o8] F7 | Ch2shy mlAlela AR JFolE ojwd g
NA 4 Agx Letmmal, 1 2hEl 25HCE A2 @ F vk
zo] AR FATS, EATE Aol EAL 1] Fol WSk 9lA
goletinh. WA vAolwAELe] ¥ W g4 75 wHoluE Sol
o 22 38 FAStE vpexs md CX3CRITY WTel o)z ok
B2 d

wi 25HCE Fold ¥, dobale A ¥ el vAoluALE o
doz AAZE ZYste] AR 25HCE Y538 SAI~HE O
o

u F3}y g BBB Fa4el £& AOoE LeA UE wh (93)

i

w2 3 A3, 25HCE F
=

3 %
sto] £ $9E Tt wg A/ RS 2 Aol el 5



T} (¥ 8a, b). CX3CRI®™" 5XFADoIA ol#]d &2 wkgo] A3}
Hol i 71 &#A A= vk (134), ARl &gk mAofal A 3 <
Ch25h 7¢ 2 25HC A4 717k, ABel 93 wlAlofm Al w84
Asl 71 -el AHA #Hol 9l& Ao yERyt

T UE diEA 54 VAot A e XA T gk HuE f&] 4
H
=]

U3t ® g3 u=s A & AEX U g4 ¥ AEE FACS 7]

o2 HuEdtt WA ex wivo FEoll A 5XFAD WT uvl$-20 thzA]
°fF = 2B5HCE ¥ 3 & H &3 niMoluAxe] dist 23S F33}
dok. 1 A gzl mlste] 25HC A oA @3 v=Z2 x243%

ME2] H]Eo] A3 A A= Aoz YeyY (19 &). In witro
PMGel 25HCE A3 Azl RdoA= tixat A 27 vl x
250l fradts oZ el (17 8d). ol e mAetw A £ X
25 Ast A4S 5XFAD_WT vh$-2¢F vlulste] 5XFAD_TG »h-5-2
UEltE d4olw, yo] 51 AD ¥El7) o3t Hol we A3}
AL Fod 4= gt (2 8e). ©]2 nH T wlo] ARl

W g m Aol A Al e 2BHCH MEe ¥A%e AgHow

Z o, 99 #AelA ettt 2 A J1E ded RAEH FAE
Al 25HC A #el 4

I-1B & x4 954 AtolE7te] A4 2 &7}
s As & AT (2" 8, g) (111). T AP

ofulA 8] ChZoh <7F B 20HC A4 7k vAlotulA 2o wh&-A4d

o,
:oL_rl
X
kel
o =
oQ
2
=
o,
—
Z,
K
o
L
)
N
)
=
{
=
o,

3. AB % 25HC &% vlAlclmAEe] Fd2uBel2g 27
% v 584 W
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Ty 25HCE oW A1 AL Fakel rlAolmAEe) $4 ¥ 4
& AsA7IE AA Lobra sk BHCE &
s el g EASE aAols] Wil (95), AAH ¥ o] v

% He W 27 Hol oy WA u It 24
Fo~HE SEAZ FEA Aok (92). o) DA Z7be 25HCE A A9l
Q% AfolEslele] Hulg zAs W oolUel AEute] gl e

] 7 o2 o)A

ok7]135le] ZFdl~H Ho 2~ E (Cholesteryl-ester, CE)2] AAS FZA|Z
F A (96), olEA A F CEE AET F%54 JdEe Zd=H=E

&S ZraAZ = Aol &R 7lAolth (104), (105). oo =

obsel, 25HCel o3 X T4 820 Wa vAolwALY &4
ot ABel tE WeH L EAT Astel JPS VA HE AL

otd A HFstazk sttt ol& s ¢4 AR 2 25HCe] gk m Ao}
WA xS FYsHEd~HSEA Hd Wl diE  FzAsTH
S5XFAD_WT % TG vwh¢2ollA e FAmAotu Ao A= Zd 2
Zo|~HIE A F7FQ Acatl, Acat? E Soatl mRNA 5 25 TGO
A FYetA Sk e Ao ® yEwt (2" 9a-c). In vitro PMG
AN = Acat? R Soatl= 25HC Aol o3 FstA S7kskd L,
Acatl®l 745+ 2 Aol7b A=A Fdvh vk PMGel ABE A A
At Aol Acatl® A5 oA A48k, Acare T A S
7¥akm, Soatl®] A% 2 Ael7k flE Aow dEy o 2d el F
o 533 Ao g—.”%ﬂ ATk (L™ 9d-1).

T4 mRNA @38 FF2 giAF 4 e or Wt

HE
= A nestel 4449 CE| WaE 2% sud Ak 539

—o

+
%2

iy
>
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B el 2l —“‘a"‘ﬂﬂiEﬂiﬁliEﬁ‘rﬁi-‘ﬂ Ty ol ddA o)A sk
A in vitro PMGE €&ttt A= 23 AR % 25HCE A3 &
PMGel A iz Rl CEZF frelstAl 7l e Sdaaitt (14
10a). CE®] S7t= AA FU2d"HEY S7H8F sutsto] yUewt (L#
10b,c). o] A5 F3te] AR % 25HCO| s Axvte] Zy2dHE -
doll A2 Wt doju 53] feAds daxTIeE WY CEZF F
o ¥+ AS g

lla-c). 18yt ZspAHol Edst=d dae Algte] dist Axd v 4
F AFAAE a2FgA 2 Aot fle Aoz YET (
AT A= TFsHE AR F 25HCo 93 vl Aol A We] CE A

ol T7F HaL, o3k AlE A A AF W= Alxe fEA

I
o
—
—
-

of AA Aol A=A 2%6}1 Hoﬂﬂ,
CE A& Aslst = flslA
+ Avasimibel® EZ = FHZHEAZEHIAAA e A
th WA Avasimibeo] A el T3 1S flsf A 7|wke] Z )
E A% 2A¥gs Fysle] 2BHCA o3 7 @ CES v &0

rlr
r>~1
it
o
f
!
N
)
!
o|\
QL
38
)
@)
t
o
oX,
X
ol
|
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Avasimibe # 2]l &3] thA] A= S FAsATt (LF 12a). ©
2 Avasimibe A zlel o3 CE7} Folv 1FolAe As € Alx=t
54 T3 A 38 HE S FRAP 2388 S8 #d5add (29
12b-e).
Avasimibe BBBE # &3 ZoR oiEe= F2E 7K G5
7] el (137), 715 AA d Z3Ad FoF URdE 47 FoAE §
g mhf-2o] Attt (9 13a) (138). 26HC ©@= Fof o3}, 25HC
¢} Avasimibes 7 FAZ 9 in vivo PlAltuAE w2 e H L
ek A¥, 20HC Fo= A 3 wAoluAxe] A o]
Avasimibes A FoFal TS wo thA] & HE ASZ UERT
(729 13b-¢). Y & EdES o83 ex wivo PIAlotuAES] &
F25 E3F Avasimibes 7 FoFelFAE Wl v & H =
Ao 2 yewt (29 13d). AMEY Fs4 WHstsE Jdd in vitro
PMG EHA % x5 WstE glg d¥, 25HCH 93] A3t € A
o2 YEYE ¥E2%Fo] Avasimibe A 2lo 93 IEEHE= AL s
A (2" 13e). o]& &3l CEol &3 Alxue] A= Wstrp Add%<l
Aot A o] FA el XA T Ad Hol o ABE 1F HA
ofw M| 3£ 2] 25HCSE CE #H=gk Aol o3l 754 Adto] wi=

o e
g o 5 A

—

H] =

o
0
ol

o

5. 25HC| 93 AD 24 w2 W 3 71&8 5 S
HEd2H3 AAAS ol AT
25HC o3 w2 2 22 750 7153 Age] A wAoluA
X7 FFAo2 ADO ¥ 71dE dsATIA HE AL oldrt Fel
A AT o]E el ofdRol= wHlE Zgt=m ¥HHWol YEuU:=
Al 27] dARl 35 Jid el 5XFAD TG whg-2of thxA] ¢,
25HC, % 25HC ¢} Avasimibe® 4 3t ol Eol 3k WA Foksta vl A

ol A E 7| B WeEeA WstE #zstn (7LEl 14a; 15a; 16a). of
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9} CongoRed® M ¥ 33 9 Zgt= 49 =% 25HC g oA
x tiHl FostA F7tel e o= usun (29 15ef; 1H
16e,f). Avasimibe * 8] oA IBAl1oZ A2 H ulAolu A E7} 2}FA|
st 992 26HC A ol mlsiA Fadtes o= g A (2
Y 15g, 1% 16g). o] dF2 ofdR2ol= wwo] gy FHksle]
MolalF (microgliosis)®] #HA%o] #z ¥ = Ay=2 Hlt

25HC % Avasimibe #12|7} HW & AEZEo= 4&Fs 713 5 3l
A AFE deAd = sinl GGl digk sty s Tk U1
Ao g AZdAct AANWAE Eo]lFH GFAP IS =& ol u]_
25HCell ©]&t astrogliosis®] Wah= ¥z =X ¢Fokil, Avasimibe &

ol A o Rol= WW ZhAeh ke Aol el A A o] v

99tk (19 17. abde). AFAE 50149 NewN G4 53 3717
o ofm At NAMEY A P AndE T 9P FA e A
Z39t (198 17, acdf). Al B 5XFAD Bd F o 4% 9x 3%

N
_
o

BE UEes Bow A v (139). Y AdE
26HC Fol7F 91A] &g Asts dF7|ARE, AG A E
v SAZA B dAE oIA7IE AL obd S gl dith 25HC W
Avasimibe®] 5XFAD A8 Ald A3E &3, 20HCE= A HA o= o
ol WwW ofsl B AD FAF IX AT AgtE & F doH o
23 71438 Avasimibes S3 E&E 2 v S

ol Zol= Ao oln @Wol & wo] wAotuAES] Y]E Astrt #
zk ¥ 5XFAD?® TGol| Avasimibes 483195 wolT v AolnAlE
o] 715 MMl AHAH a7t A=A in vivo %A dAv]7 imaging
S B8 Fdednh 1 A 7]E #F Hd g2 WT divlste TG
To A e Hbg- Aol YERY O Avasimibed 7 3 TG 9 WA
ofnA| 2] REGAJo] thEAF A ol H|Ete] AZojumt o] 3tA
N He As g & 5 AdJo (2H 18).

[e)
o
% A AL 4509 FRE e, AFAEY £8E 6
%
=z
=
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. =g 26HC= Q1gE WAool Al £ o] 7] 548l 5XFAD R 99
A2 &8 A2 5 At Ao dekt CE 442 oAs

Ea vl Aot mAL J5AG} BB A &
om, ol SXFADAM ey /h%ate oAsed adgow 4
sk & B3l vAlotmAzel s Ak AD Bl /A4S THa
AL 5w, #d 1 e 242 F8 9% AvE 2Rt 98l

A A 8= wheltk (2™ 19).

aofst, AD RdlelA YEE DAM 54 5 st Ch2oh Sk
TLHiAF Ak 25HCS] A4 S7hE obrlstar 25HC: CECl S7be 2
she Aom uvegth i AX Ul =44 CES S7h= AHH<
At 5, mAlokmAlEe] whgd B E AT fas doA |
o ke
7]

]_

rlr

Avasimibe ¢F& AHE =

32

o

o b

=
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o

Brain whole lysates

o

w
]

Isolated microglia

#

Primary microglia

w
T

H 5 s
%% # [ . 2 it
@ 2 o
o i & o
3 3 b .
2 2] i 2 27 5 20 -
(4 4 -
£ E l £
£ - " ] =
0w . -] u W
14 T g14 T N 104
S T 3 = 5
H H g
= -;a‘ =
3 P T 0= 5 gl utess
® WT 5XFAD WT 5XFAD e veh  As
e f
iPSC derived microglia Primary microglia
+ + AB 2504 4x10 e
5 200
e @B s W CH25H = 3 310
=y ‘»
Z 150+ 5
meswe o 2| £ 201
= 1004 =& &
= " E [ ]
g 5o & 1x104
Q
0- 0-
Veh Veh Ap
ol

a¥ 6. AB ol 93 mAetwA X ChZ25h T 26HC #74 <7t

=

]

fllo

(A) ¥ =2 S Ch25h EA mRNA
RT-PCRZ =74 (5XFAD, female, 371¥; N=3-4; Mean =
unpaired ftest; #p<0.05, ##p<0.01)

(B) vk ¥ 2ZoA Y wAlolm A El N ChZ5h &4
mRNA W& %2 RT-PCREZ =% (BXFAD, female, 771¥;
N=6; Mean * SEM; unpaired ¢ test; #p<0.05).

(C) =t ] Mo}l M| 3ol thxAeF = ABM4 uM) 24 Al ZF A
2] & Ch25h &4~ mRNA ¥d RT-PCRZ =4 (N=5
Mean + SEM; unpaired #test; ###p<0.005).

(D,E) iMGell thxAloF B ABE2 uM) 24 A1ZF * €] % CH25H

o~ =
T
£ S

EM;

A~==% O

=
[T =

=
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a4 wyd vy £FS WBE A (N=6, Mean *+ SEM;
unpaired 7—test; ####p<0.001).

(F) Zciu FulAofal Al Lol thxA]oF = AR uM) 24 A2+ A
2 3 Az elo] EAEE BHC $EE GCMS 24 9 W

(N=4; Mean = SEM; unpaired ¢test; ####p<0.001).

PMG A %% 2 GC-MS B4 AL olwd 25y d7d %

do AAdel sk

— 51 —
-':rxﬂ-! _'-\.:.': _ 7

b
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[=]

Primary microglia Primary astrocyte Primary neuron
e 907 ko c 50 = 257
k=] —_— S 8 ..
w W w
2 40+ . i @ 2.0
s _ S _ 40 5
é -GCJ 30 * %k * 5 E §
g > t g 2 S
o t g -© N g
S & 204 S 5T kKK S
2 g 197 e
= 104 ] ns =
2 g oo 2

Veh Ap LPS Veh Ap LPS Veh Ap LPS
| --
|

Merge .

adg 7. AB 9 g3t v Aot X 5ol Chzsh Td F 7t
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A g ¥ ChZ5h 4~ mRNA T3 +5& RT-PCR=E 574 (N=4-5;
Mean += SEM; One-way ANOVA, Tukey's multiple comparisons;
#xp<(0.01, ****p<0.001, ns., not significant).
(D) 771 €% 5XFAD_TGS ¥ Ao RNA-ISH 7|2 Ch25h RNA
£ £A4 star, sAldl IBA1 (M AlofuAlE 5ol k)] gk &-A)
2 HY Ak gigoeln A, 3 vl= 25 pm.

(E) 771¥% 5XFAD_TG® ¥ x#o] RNA-ISH 7| % ChZ5h RNA
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(A, B) CX3CRI“™"_WT wh§-20] tjzA%F = 25HC (10 me/ke)E
B4 FAE 3 5 ol R A An A S ol &ste]l 2 &4l tigk Aol
Az gAY AAZE omA B owkg % A" (N=5 Slope
comparison analysis; ****p < 0.001; =2 w¥l= 30 m, B2 A A E
140 m, SF & 9 A EF 70 m).

(C) 5XFAD_WT w}-$-29] tzAeF == 25HC (10 mg/kg)E B4 A+
3t 3 A& 3 ¥ AXEE ¥4 beadet A WUt ex vivo M Aol
ME LA TS FACSE Hln (N=3; Mean * SEM; unpaired #test;
#p<0.05).

(D) ZoiugFu] Aol A3z thzA eF == 25HC (5 pug/ml) 24 Al ZF A
g ¥ & bead®t A WGt 1 ¥ S FACSE Hla (N=5
Mean = SEM; unpaired ¢test; ##p<0.005).

(E) 4% 5XFAD_WT % TG vkt HolA A& & H AxE I3
beade} A Wt ex wivo WMol AME E2AFS FACSE vl
(N=3; Mean + SEM; One-way ANOVA, Tukey's multiple
comparisons; *p<0.05).

(F) 2w Fr) Aol Eo thEAIeF =5 25HC (5 pg/ml) 24 AIZF A
2] & el = TNF-a @¥dE TCA HHAIA WBozm 4
(N=4; Mean * SEM; unpaired #test; #p<0.05).

(G) Al Fu] Aol Al Eo] thZzAF T 25HC (5 pg/ml) 24 A7+ A
2 & AMx g IL-13 s WBe=2 A= (N=5, Mean + SEM;
unpaired ¢test; ##p<0.01).
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Acat1 Acat2 Soat1
10+ 10+ 37
S # S # S #
w w A — o
s 87 3 87 2
% L] % %2_ 'Ll
T g T g @ o
< < . <
- b =
1+ .
g H g B e T B
521 . |°f T2 3 | =
D il = [ LH 1] "
[1'4 o o CLL [v4
0 I I 0 I 1 0 I I
WT 5XFAD WT 5XFAD WT 5XFAD
d e f
Acat1 Acat2 Soat1
¢ 2.0- .k c 20- c 2.5+ %
2 * 2 ok ok B o i
215 — 2 154 I .
= . a =5 ¥k ko 9T "
] . o — D954 ¢ 4
S104 T ¥ S 10 "» s . * B
4 : L 8 T : Zqod &
£ s B E el s =
[+4] . [+4] @
= 0.5 = 5- & v -
5 & p & 0.5
& & oleg 0 &
0.0-— T 0-— T 0.0-— T
Veh Ap 25HC Veh Ap 25HC Veh Ap 25HC

v A

9. AB R 25HC 9% wAoluAEe] ZH2EHE o =¥}
:{5"_ d

5 7]_

Proot
-
ol

(A-C) 771 9% 5XFAD =9 # oA &3 vAolu M X2 Acatl,
Acat2, Soatl mRNA *d 2 RT-PCRE 54 (N=8;, Mean =*
SEM; unpaired #test; #p<0.05, ##p<0.01)

(D-F) Z=tiuju] AlofulA 3ol thzAl ek AB (4 uM) =& 25HC (5 pug/
m)S 24 A7+ AHAY ¥ Acatl, Acat? Soatl mRNA 23 F+&
RT-PCREZ =% (N=6-7, Mean * SEM; One-way ANOVA, Tukey's
multiple comparisons; *p<0.05, **p<0.01, *¥*p<0.005, ***xp<0.001)
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0.15+ * ok 0.6 i 40+ *
j —— e ———
3 * %k = *
£ * 2 & 30 .
bl ] = i - ’ s
5 010 - = 04 . = -
i : 2 s © 20- ;
> : 0 oz | m : e
0054 _g 0.2+ © =
w 13_
a - o L
° s
5 -
0.00 T T 0.0 T T 0 T T
& W g A & v g

I 10. AR % 25HCO 93 mAetuAE FH2HHA2E 71

(A-C) =i gr| Aol A3z tz=A]eF == AB (4 uM) E=+ 25HC
G pug/mb)E 24 M AP FF AEIH o] EAsts Ads FET

o FYzHE %2 FHzdHHA2HE A (N=4, Mean * SEM;

ol

One-way ANOVA, Tukey's multiple comparisons test; *p<0.05,
#%p<0.01, *xxxp<0.001).
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Pre-bleach Bleach Recovery
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1

Normalized AFIF  ©
°
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S
> 0.4 v
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Time (sec)
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. 09 s
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5 _ 204 .
= 8 Can 3
8] 2 o .
= 8 0.5+ =104
™N =
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vV Ap 25HC V  Ap 25HC

29 11. AB % 25HCO 93 mAoluAZe Alx f54 ZF4

(A) zoiujFr]MolalM e =AY = AB 4 uM) =+ 25HC 6
pg/mb)E 24 ANZF A 3 FEASEFSE (FRAP) 23 tix olvA
(%% vl+= 10 mm, Recovery ™3 o]"| A= bleach ©]& 10%74 3 A1 4).
(B) FRAP A9 Aol dizh @A 2d W3t w53t 4F 2=
(N=4, 170] N2 571 o]4e] ME oln| o thgt Htghs el
(C-D) 83 Aad A gz 3t o5 3% (mobile fraction)
2ooER grell tiet A e (N=4, Mean * SEM; One-way
ANOVA, Holm-Sidak multiple comparisons test; *p<0.05).

FRAP Ao 4 2 txojnx A
A

e
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0.10 a4 1.0+ - # 30— ns
3 4
2 0.08- = oe -
E < 5 204
5 0.06 T 0.6-] B 0s G "
d N = ]
5 0.04+ "E? 0.4+ 2 04 * 4o
o ]
© 0.024 g i 25HC 2,
9 25HC+Ava
000——T— 1 — 0.0 T T T T T 1 0.0 T T 0 T T
& 0 30 680 9 120 150 180 £ rﬁ}o &
v Time (sec) Vo8 &
2 ® o

25HC + Ava

Pre-bleach Bleach

Recovery

l

29 12, 2A2HNEN2HE qAA AAS SF 25HC o A
d | MAtZAEY AEHHEAL I8

(A) " Aol A o] 25HC (5 pg/ml) ©% H= 25HCS Avasimibe (1 p
M= 24 AR A 3 5 AlEZH o] EAst= A Ee FES =
dadE 2 FUzHEA2HE AYEF (N=4 Mean + SEM;
unpaired-¢ test #p<0.05).

(B-D) ¥=d3r2d AHF gz 2L o]F 23 (mobile fraction)¥} E}
9 ghol digk A% 2 =Z (N=4, Mean * SEM; One-way ANOVA,
Holm-Sidak multiple comparison test; *p<0.05, ns., non significant).
(E) FRAP ¢ A3}l thdh thxol v A(53 k= 10 m, Recovery H
Folv A= bleach ©]F 10x7d ¥ A1%1). 26HCel wigh A= Aa= (2
1Dl A= At st
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5 days, Avasimibe (15mg/kg, oral administration)

3 days, 25HC (10mg/kg, |.P. injection)

WT, 3M, Male
b
\
S a
2 ;
I
m
=
I
+
¥
T
(Nn]
~
30 pm
c d e
Adult microgha (WT) Primary microglia
Ppe0.0001 25HC
8+ . :l * ok 200 # 2007 i
& 25HC+Ava S -
x 64| & 2 150+ B . 150 .
L] o 85 g 25 . "
£ 4+ - %%wu : . Aﬂ“‘jimu .
2 5% 5% '
8 2+ & s0- & 50+
@
& 0-r e B mme 1 ol BN ¢ ol = B
0:20 0:40 1:00 ] > ] >
- = '\f’e g‘v‘.“ 'I‘je‘ (_,*?:‘
Time (min) & &

I3 13. E Y 2HEAA2EHS JAA AYE £33 25HCY 93 A
3 FH A EAEY £FQ E ¥AE B

(A) FEFo] A,

(B-C) CX3CRI1FY*_WT wu}$2o Avasimibe (15 mg/kg) 59 A
of  256HC (10 mg/kg)E 3Y HF FAF 3 5, o]dx dAv|HdS o] &
AAZE oln e T 22 Al e vAoluAEe] 2 el

1 A% (N=3-4; Slope comparison analysis; ***p < 0.001)
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(D) WT wpg-2=0f thxA]¢F == Avasimibe (15 mg/kg) 5€ A7 F,

25HC (10 mg/ke)E 39 H FA 3 § A= = AEE P bead

3k
IS FACSE Hlal (N=4;

Mean + SEM; unpaired-¢ test #p<0.01).

(E) PMGol] 25HC 5 pg/ml) @5 A8, T+ 25HCSF Avasimibe (1 p

M) 24 AzF A2 5 9% bead% 7 wjgsle] 1 2% S FACS®
+

H] 1L (N=5; Mean + SEM; unpaired-¢ test ##p<0.01).
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5XFAD_TG, female

_M_sm

1

Avasimibe :15mg/kg, oral administration

25HC : 10mg/kg, I.P. injection
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£ 30000 "
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3 20000+
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200
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T T 150 *
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® .
£ R 1009 2
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:ﬂn’t 50 :l
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O @
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a9 14. 25HC ¥ Zd 24

9 7o) moa A

|

Sacrifice (AR pathology;
AMG ex vivo phagocytosis analysis)
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c t 3 i
2 60 é, -
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g 40 | 7 3
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& &P
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&
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100
80+
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Behavior test (Y-MAZE, NOR, OFT)

Y-MAZE

-

8
=

o Segafe 577
i £

Representative track visualization

TG_Veh

TG_25HC

TG_25HC+Ava

h
Body weight change trend
2 T Veh
= T_25HC
PED — - T_25HC+Ava
E
§‘1o
o
o [~
| Zoll =8 3t AA A Al 9% AD =
s B QIAT]e Wt
— 62 —



(A) 5XFAD_TG ¢f2Fc] 3 249 A8 A%

(B) of= Fol % NOR vkt SA7s H7F 23 Ay (N=15-19;
Mean + SEM; One-way ANOVA, Tukey's multiple comparisons
test; *p<0.05, **xp<0.005).

(C) Y-MAZE #}¢-2 A7ls d& F7F A3 23 (N=19-22; Mean
+ SEM,; One-way ANOVA, Tukey's multiple comparisons test;
xp<0.05, **p<0.001).

(D) Y-MAZE 523 Ao 71EHA &2Y =S H7ste v
S27F Zgdo HYs &= 34 #HI7E (N=19-22; Mean = SEM;

unpaired ¢test; #p<0.05).

(E-F) Open filed &5 2doz n927F 292 A 9 2 A=z 4
st Al ZFst txolv x] (N=13-18, Mean + SEM; unpaired ¢ test;
#p<0.05).

(G) k= Fo ¥ ex wivo VAo WAIEZ S FF beadet oA Wi Fato]
¥25S& FACSZ Hlx (N=4;, Mean = SEM; One-way ANOVA,
Holm-Sidak multiple comparisons test; *p<0.05).

(H) k= Fo A5 vb$2= AT W3t
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(A) BXFAD_TG °f&Fo] A% EA =

(B-C) oF= ¥ olF 5XFAD vk HAAF dixade &8t
RIPA &34 3 Hl-&aid AR ELISA 4% 23 (N=8-10; Mean *
SEM; One-way ANOVA, Holm-Sidak’s multiple comparisons test ;
*p<0.05).

(D-G) 5XFAD vwl-5-2 thH 9 d g Ao yEtE WS 4G8 (ofd = o]
= e Eo]l% w@3A)), CongoRed (8% ofdRol= =
7)), IBAL (WAletaAl 2 Solz dwd) W A yow ¥
A3t (N=9-12; Mean + SEM; One-way ANOVA, Tukey’s multiple
comparisons test; *p<0.05, **p<0.01, ***p<0.005, ****p<0.001).

A 4
1- ol
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5XFAD_TG, female

e, 0

Avasimibe :15mg/kg, oral administration

25HC : 10mg/Kg, I.P. injection

TG Veh
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(A) BXFAD_TG ¢f=Fo A3 24 =.

(B-C) °F& o] o|F 5XFAD vk gjviel &8 RIPA &34
2 v &g AR, ELISA A= 23 (N=9-10; Mean =+ SEM;
One-way ANOVA, Hols-Sidak’s multiple comparisons test).

(D-G) 5XFAD vhf-2 @fjvl o] Y= HHES 4G8 (ol zol=
HE} Eo]3 dA]), CongoRed (#-5F oldZol= Zgta XA 95),
IBA1 (M]AMlofu Al Eo]2 wwzd) W @A 7jow w3z g A&k
3} (Mean * SEM; N=8-10; One-way ANOVA, Tukey’'s multiple

comparisons test; *p<0.05, ns., non significant).
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Veh

M
erge c
GFAP NeuN

100 pm

25H
% Area

25HC + Ava

Veh

GFAP NeuN
100

*% 80

60

25H
-
% Area

40

20

25HC + Ava

100 ym

a9 17. 26HC 2 ZH 2HEZAd 23 AAA A d ¢s 5XFAD
59 A9 AARAE 2 AHAE B3

(A-C) 5XFAD v} AAFH d9
Eolx waA) 2 NeuN (R174A X
Az 2 A& (N=8-10; Mean * SEM

3= GFAP (Astrocyte
GEbA) W GA Ve

M
5=

,_o]

2

; One-way ANOVA).
(A-C) 5XFAD w2 @lln} ool ®E3H= GFAP (Astrocyte 5©] 4
@A) 2 NeuN (AAAE 5ol ©akA) | o4 7[Hez az
(N=8-10; Mean + SEM; One-way ANOVA, Tukey’s multiple

comparisons test; **p<0.01).



5 days, Avasimibe (15mg/kg, oral administration)

WT and TG; 6M; Female
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(A) f=Fo] A8 AL,

(B-C) CX3CR1°™"_5XFAD v}-$-20] Veh %3 Avasimibe (15 mg/kg)
5 A Fo 3 &, o] FA Aw A S o8& AAZ ojuA LS F3
22 e e mAlotw A £ 29 &< 2 1 A% (N=6; Slope
comparison analysis; ****p < 0.001; =2 ®t= 30 m, 2 4 A=

140 gm, ¢+ & 4 A& 70 pm)
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AD pathology
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Part 2. 7}/A @ o|FAdn 3 ofdZol= HE &
294 A AT

1 A7 ofEzol= we v RI1 @4 A2 2 A4 47
ol gAEHM A HAS 9Tk Al ofd Rol= HEl BH NEe 7]FEol )
i H SR Eo] B dHS Rty AHETNS HY ¢ JAEF 1
ot=]dth. BBB H3&0] =90} n wvo Z&o] &o]3 IBC-2 &334 9
=2 BBB ¥ #AHS, BA U A FERE HFse £ A89H
3 385 yeEl = ThTe =2 A9 43389 AHdS 7474 HE
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Aeld g 88 M F e AL, BA U gd FER=E ety H

2ol md A U Ast AE] 7Iwte]l-g<o7] #AA (TICT-based

2 ol g% BA el Fx Jure] A9AE A% AATd /& B
e AT 5 AL Aoz Adadr old ojazo=uE Sol4
WA NIR 34t B3 W A7

sttt <8 % iminocoumarin &
= 2 dAste AFgow Alqt
X iRtk Alar i 3 g3e EAWI AT EF3 im-
minocoumarin-1°]2k= 59 ¢FzFQl IRI-1(Intramolecular rotation en-
abled iminocoumarin-1)°]2tx W H 3} t}. IRI-12 4-bromosalicylalde-
hyde®} 4-(dimethylamino)phenylboronic acidE Suzuki coupling HF-&A|
71 8}3t =9 malononitrile®} 128} &S F3l FAAsAT (L™ 20b).
& 328 Fx2E 7FA 3 Jd& ThT #2 4% BBB &3 5° @3 ¢l
71 Wizl IRI-1 &l s o] &2¢l BBB F34d& FAHo=
Zatodmoktt 71¥ A9 =9 & Hitchcockel BBB 315 A8 13

N
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A Az dAnd =

& st=A in silico S TGRS (2" 22), (141). ABrp A

AA S Phee AT = dr Bl 271A JtsAol A8y wE

o, F 7k F& K7l dis) A4z EA ST Bls=gk AfE S BAet
A

A et T kA Fa AF R 23 S99 R WA 4w
P

O

Ase Ao vet 4% BAS B4t 4% A5%7) ve
et wEe T A% $9 Fol oj| R97 o $AFAAAE 1]
wa7) olggon, By YR dojuit g5 L] odstdon

W g Ao FAHL

4. 5XFAD & Ed ofdzolE HE F3 o|H A IRI-1

&R

[RI-1& ofd2ol= Fepa WWes od Hi3 10-12 7id 39

SXFAD vwhg-2o Al A &8ttt o2

vitro “golA BBBE ARG dgute] ok Fabd A<l PAMPA A

g sttt (% 2). 1 A7 BBBE ¥ 5

ZEHQ e A 2HEolY Theophyllines # IRI-1

ol Tt £k V=& dIske AdE dEhin o dAdAN Y 295

- of IRI-1 ©3& 5XFAD wh-20 5 mg/kg &2 57

W9 @ F o Ak Azte] A3t sigle wf B3 Alade]

= AAZE oM AL Ak ol 4= 9 in witro
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A, FERE A

A anAow Asdd (29 25).

& bsd ARE opuzols Fea
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CN
m EJ Molecular rotor
“‘vr NH

B BBB penetration

. * @ N( E/J Molecular rotor

D BBB penetration

Q

IBC 2 ThT
b
oH
@’ B‘OH N
~N O ~o B Molecular rotor
/@:‘}D I oH NS NH
Br oH  Pd(PPhy)(cat) @ piperidine | _
90 °C, overnight 'i‘ DCM ’i‘ B BBB penetration
1 2 m2h IRI-1

29 20 . AT obdZol= g w3 RI-1 4 A% 2 AL F

A

(A) 71E obdmol= e Sk 4 &3 3 a2 A

(B) IRI-1 ¥4 A% 2 AY ey

B oEgE g4 weuen 4%s med A7 AW A4
s 49 ¥ Aol

_’77_

A& sty



Selection rule IRI-1
Topological polar surface area (TPSA)* < 90 A® 64 A®
H-bond donors <3 1
Calculated logP 2 -5 3.30 £ 0.49
Calculated logD 2 -5 3.30 = 0.49

Molecular weight

< 500 Da 289.33 Da

¥ 1. BBB 3% A9 & 7% IRI-1 3#=9 54

* Calculatated using the Molinspiration applet.
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0.08 —IRI-1 & Ap —IRI-1 & AB
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5 800+ A
@ @
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5 z
S 0.04 £ 400
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Ke} P =
< 0.02- ~ 2001
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® 200{fl o=— - — r
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e 150 = Glycerol
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— 1204—EG
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s 90 4
2
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S sod
E
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Wavelength (nm)

a9 21 . IRI-1 #84 EA

(A) AB A+ A (20 uM)et 34 & o IRI-19] F5E3=.

(B) PBS == AB /584 (20 uM)7F A= w 34 o] w& IRI-19
& /‘1]7] 2 E R (Aot 405 nm).

(C) AB A+3AA R s HE4d &4 A IRI-19 dF v-& 1
7 ()\emi 566 nm; PBS &vll; a: AB; 4 fibrils (20 uM), b - k: metal
ions (20 pM), b=Al*", c=Fe*, d=Fe*, e=Ca*, f=Cu®', g=Zn*', h=Ni%,

oo
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i=Mg?, j=Na’, k=K'), 1-s amino acids (20 puM, I=Lys, m=Arg,
n=Asp, o=Glu, p=His, q=Trp, r=Tyr, s=Phe), and t - w: thiols (20 uM,
t=DTT, u=Hcy, v=GSH, w=Cys).

(D) AB AHsHA (10 uM)®} IRI-1 (0-50 uM) *x3} Hk-& 234 (PBS
£1]; N=3; mean + SD).

(E) &9 ®A3 Z7l ©& IRI-1¢ ¥ A7 29 E"] (IRI-1: 10 uM;
Aext 405 nm; &vlE HA in 20T, Glycerol 1412 cP, EG 18.376 cP,
MeOH 0.594 cP; EG: ethylene glycol, MeOH: methanol).

w Ades agdicta AFs aed A Axg AAdel o) &

2 " Agol,
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a9 22 . AB AF2AAY Cryo-EM +% 7]t IRI-19 in

silico 2% &4
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(A) Sl mweE ABrgp A8 AY Cryo-EM 7% % F8

ofu| :=2b 7] $1]

(B) Val'®, Phe® Wl 2 W Bldo vwAd-g7t= 4528 $3
(C) Phe®, Glu® %@ 2 Wi gude vmad-g7t= A5 28 9%
(D) Yol A vhetE ABy s 9 Phe', Asn®, Gly®, Tle® @l 7H#eizl

IRI-1 24 %

(E) ABrp AsAAe] W Bde AT IRI-1 g 24 =

(F) Lys', Val®, Phe® &l $1x3 IRI-1 o Z4%
(G) Phe®, Glu® &ol 91238 IRI-1 3o =A%
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Pe (10-6 cm/s) Permeability

Compound L

Mean and SD, n=3 classification
Progesterone” 39.45 + 5.593 High
Theophylline” 0.250 + 0.023 Low
IRI-1 0.562 + 0.053 High
Thioflavin T 0 Not permeable
E 2. 0FHZY FRYH S AF A7

TP P dET
“ PAMPA A3 AxAF Aleste =& 5344 7|5 Pe > 04 x 10-6

cm/s.

v s ndusa 4E5 e ATael A9 Addd ofF &
X § Aot}
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Mean FL intensity
x = B

o
I

e
o n
-
—

29 23 . OB AWAL BB
A2} 3

(A-B) IRI-1 5 mg/kg) 54 4 F, Azt
7] W3 g ® olnx H 3P Ar] 1z

nm) 2% ¥} 50 um.
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Ex vivo

—_— 18c2
4000 w1 | 2000

u.
u)
o

o
a
8
8

FL Intensity of IRI-1 {a.
3

[
3
8
15

1000

g
g
Mean ratio

FL Intensity of IBC2 (a

0 10 20 30 40
Distance (um)
= Invivo ~

"
3

MeO-X04 only
780 nm Blue 780 nm Red

M IRI-1 only
780 nm Blue 780 nm Red

920 nm Blue 920 nm Red 920 nm Blue 920 nm Red

19 24 . 5XFAD_TG "l$2& ¥ ZZ A o|lFAdu|Fog &93
IRI-1 ¥X ofjdRolE Z&g3

(A-C) Ex vivo ¥ AHd] IBC2 =+ IRI-1 (Z} 20 uM) & Ao A 1A 7+
FA g & ol BN H F R olmA E 1 FF AV A1
A Aex: 850 nm, Aem: 580-779 nm; =32 W} 50 m).

(D) #M7d g Azd v AA ofdRol= Mg EEka Al1E Hl &

(Z7= % ¥4 ROI n=15; Mean + SD; unpaired ttest; **xxp<0.005).
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(E-]) IRI-1 % MeO-X04 (7} 5 mg/kg, LP. injection) &4 92 g+ %
in vivo °]3¥A dAn7Ad #H9 (GXFAD_TG; 10-12 MEHE; EH: Ao 920
mm, Aem: 555-610 nm; FII Aol 850 nm, Aem: 485-490 nm; =% w®l+= 50
(m)

(K) IRI-1 %% ot o= WE FE2 in wivo ©]3A dwvl7Zd & 3
2+ ATA olm#] (BXFAD_TG; 10-12 7H€9#; Ao 920 mm, Aem:
555-610 nm)

(L-M) MeO-X04 (5 mg/kg) =% IRI-1 (5 mg/kg) 27 57 9 &,

7)
AR oA g sbdd B Add gR HE S AR

BN

fow

Ex vivo 2g2 F3d ArAdusd A4 Aus] A9y deo=

S shgic,
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plaques

29 25. Part 2 A4+ 8¢
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Part 1. 2 AF v AotuAxe 7|5¥H3r7 &=3}
ojH o] AV A A= dF AT
2 A= DAM FAA F v ezl Cazont AB ol 93l
mAotR A A Frhet, @A Frhele AR 25HCTF A F A
< Flatgich
AB 2 B Ao o3 wAlelmAEe] Ch2h @ ZF7b= AD #
2 ¥ 2A g8 opdols 3wy wdol APPPSI 249 F 1g
T OER- HEMS AUs PS19 2E AdME @3 HYtkE mavt 9o
W, AD 4 ¥ 24 AZAE 2BHCTF F7b Ho) e zlo] 7)E
B3 g ouk glo] B oQyelA &9l § Ause] 2A¥AHS dalwrt
(111), (142). a'F =A== 25HCT7E @54 AtolE7RQle] A 9 &
HE Z7F A2 4 9o, ogd 4L APOE3 Xt} APOF4 53
NAg B W o Feddte ARE AN Ch2het A
5

o2 mAotuAEY A H EANTS AWATI= A

T

Ao 99 et B AT 8@ 04 ADZ Eueis opdiol
= 7ad 5XFAD @AAE B9 wredo] ¥x ekgith Ed 4
3 5z

oj A AAANE APP9 amyloidogenic 327} Z718) A&
N Hgs] ojul ZF2HE A HETE doju A ==X digh
o2 FHE AEc BA Lok g A5 845 F 9] AD

r

ok Y L
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A /Aol HE AAHL Fad JEe 1A ol U@ AL X o
TE Ea Wae pRaAE A AA AAT 2 ¥4 N5E 4
Wb mAlolAES BHIAE 27 Lelne Fee & Fepa
Woe TAY WEE ofn gRA Fh Tl B feo] FE
Zohste] 1 A Fwol AR FHE Aol gle] Wwslth o @
4o 2 ATolA fad wAotmAEe] 2BHC W CE A4 7} @
HoRw AAHMA £4 /5 4% 9F 37 G ngE 3
Al Ao Hely, 25HC E3F SAI2HES 3 724 LXRS 2

SATE 5 upg o R FY2HE FES TSt ofdRol= H
as FAANZE Tl deiME ae) & Ferk Ao a2y
250HC7} > WoellM = o9 ndez EAsts SALHEolH (95), AD
Hol = 4 v 2 Hses AR s 24HCE Aol welstA Aael

Qe Ao FEA 9es wesd 1 aE AX g 0T fF

g 4 At (142). 25HC +x1& &3 BBB AIAxe] LXR +X&
T te® HAHE FFo] 24HC A= A ¥EE HoldE 5y
& el AL 7ldstrlE oEe Aol7] wiolt o3| mxHow
TR A= ABAEY wAZAA B o= Ad 2 FU2HE A
FAS A7, MEL7IAZ Ay FHE FIAAA AJZL
Zeha A Aoke] SIS e 5 23 d9dES WA & b
A A s B Al

aEgH 9 ¥ e FEI 92 SA~HE T 5 ChA25ATO]
Aol A o A F=QR A 2HE A, ol W FoZ EAsh= dlAMA
delle W Whgs AA 24T F =S A HA=Ad He T=
Zol FRbdn, 7 2 ooz wAolmAEE yelde] dad
(yolk sac)o.2 HE 7]€s A EATF, iy 714 ¥ o]
e AEXsEds 39 ARy 242 JAd 540 t27] wE
oAt (144). Ly ol¥ 3k AA A Aol7t oW A3E Y st=A, 1
- Aol At o ofw gheldol A=Al vk At S



H tpolsh W Alela A A A4 R 2BHCH mAlelmAlE W ofue}
z-% W oFa AZEe WAL 9% % 45 2
2 melt (145). 53] A4 bl 2 %2 gusts 4guAEs
goll g A7} 2

#4 7 2 3
=4 25HC7} H”Wﬂ o] A tiAE WAL gl

o>
igo)
O
ey

T
=

N
=
_>|i
Y
oy
i
uted
o|\
rE
oo
o|\
>
::14
[ o

s Astole @S Fof d=stolmy VA Tt
s A Aoz Azt e
AvasimibeO] 71 AD EdoA 54 AR X ARE Aste] AB
= &3t A F A= Aol v Ba Hldve 3 g 2 8

5101] SastA el s FEolvt (137), (149), (150), (151). whet

A B Ao A el 3 45779 Avasimibe FoF Ad Ayt wm| Aol

AE IAT 350 o3 283 7|E AN H AR A gAl V1Kol H
FHow Jegd A3 £ S Aow BT wAolmAEe &3
A FAA He] ofHrhe AP A A} mAeluAE SolFor &
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Part I. The functional alterations in microglia in the pathogenesis of AD
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Abstract

Investigation of microglia
phagocytosis—related
metabolite changes i1n the
pathogenesis of Alzheimer’s
disease, and the development
of a two—photon microscopic
amyloid beta plaque probe

Hayoung Choi
Biomedical Sciences

The Graduate School

Seoul National University

This study focused on the microglial function related to the
pathogenesis of AD based on the previously reported disease
—associated microglial DEG and their molecular phenotypes. ChZ5h an
enzyme that produces 25HC, was selected among many candidates
since it has been previously reported to have direct
immunomodulatory functions and plays a crucial role in controlling

cholesterol and lipid metabolism. Various models and biochemical
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experiments verified the increase in ChZ5h expression and 25HC
production in microglial cells by AR. Intravital two—photon imaging
and FACS-based microbead phagocytosis experiments confirmed that
excessive 20HC caused by AP inhibits the microglial ability to
explore the surroundings and phagocytosis. The reduction iIn
responsiveness and phagocytic capacity of microglia was shown to be
mediated by a 25HC-induced cholesteryl ester (CE) increase in
microglia. An increase in CE was found to inhibit the cell membrane
fluidity of microglia. The cholesterol esterification inhibitor Avasimibe
was shown to restore the defect in microglial function caused by
25HC. Furthermore, the long-term administration of 25HC to 5XFAD
for four weeks confirmed that the cognitive function and AD lesions
of the 25HC-treated group have deteriorated. Together, these data
demonstrate that excessive ChZ5h expression by AP ultimately
reduces the function of microglial cells and accelerates the
pathogenesis of AD.

Accumulation and change of amyloid plaque lesions are essential for
the pathogenesis of AD. This study demonstrated that the
molecular-rotor concept significantly reduces background fluorescence
in a two-photon AR plaque-sensing probe. The newly developed
IRI-1 with this strategy showed a significant reduction in background
signal compared to the existing probe, which is structurally similar
but without an intramolecular rotor. In addition, this probe exhibits

effective  BBB penetration and strong A plaque selectivity and

sensitivity.

Keywords : Alzheimer’s disease, Neuro-inflammation, Microglia,

phagocytosis, Amyloid beta plaque, Two—-photon microscope
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