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Understanding for Alzheimer®s disease pathogenesis involved in ApoE4 and X11L
genes by large scale of expression analysis of genes
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ApoE4 is largest risk factor of Alzheimer®s disease (AD) except for aging.
Resent researches report a alternative gene expression in AD subjects of ApoE4 carriers compared to
non-carriers.One of strong candidate to regulate ApoE gene expression is X11L gene that we
identified previously. In this research using ApoE4-KI/X11L-KO mice, we analyzed gene-expression
profiles, and we identified FXR-binding motif on genes involving in AD onset. Furthermore, we found
that X11L regulates ApoE gene expression, which further regulates genes possessing FXR-binding
motif, some of them may involve the pathogenesis of AD.



¥ X C—19, F-19—1, 7Z—19, CK—19 (i)

1. WFERHMA YW DO R

AD (XA HE S HEATHE D AR AR B TH
0. EEEESICB T 2 BEROBE KIS
IR L 7o TV D, 2O, AD FRIE A
= X DO & IS < RARIGE L
DOERFENKRD LN TWAS, T E TOWFZEN
5. AD FEAE D5y TR ITHER L C & 7223, R
FHRIBRIREIEIIBE S TR, ADOD
FRKFLE L Tao6NnND T 2 aA REiERAE
H X 7 g (Amyloid B (A B )-protein
precursor, APP) (X, fFf#EMZ ~3 A B K4S
%y P APP AR DALY AD FAEIZ TR B
S>TW5D, FFFEMARER L, APP (CH 2 HlE3
HHMANZ N7 X1 Z2 RIS SEBR T T
BBk - W@ L C& 7% (J. Biol. Chem. [1999]
274, 2243) . XIIL @B/ v I/ T 7 h~T A
TR RS | XLLL 234N APP {3 =
HARKIEK S CTHDZ EEEIFELTEZ(
Biol. Chem. [2006] 281, 37853; J. Biol.

Chem. [2008] 283, 35763; Mol. Neurodegener.

[2010] 5,35),

— 05, EERES AD BIEMLRAF & L
T, 7R VKRH /7 E(ApoE) D3EE S,
SFOTAY 7+ —b(e2, €3, £4) D,
¢ 4 (ApoE4) %+ U 7 D AIE AD F&JEHHFE AT
BRENICEEINT 5 2 L nm b Tz, LasL
7R B AD FEAEIZ B> D ApoE4 D4y FEAE X
B O STV,

T, ApoE DB TRBEHIET 25 Z &0
KB BE FREMT 0 b & S,
ApoE D sy & LT XIIL BNREE Sz
(Nature [2013] 500, 45), [FI¥EREILH%ITHL
D FIFoN=bO0, FEEDITEGE - REE
TR ER EN L2 EHLTBY
(Nature [2015] 523, 626). fEHTOIEL E %
fl o B %% = T M OWE & h 7=
(http://www. alzforum. org/news/research-
news/apoed—-paper-retracted -nature)., ff
T, ApoE ODIEEED —o & L TEMETHID
BIEA H 0 | X11ILIZ & > TE OB HIH &
NTNAHZ L, ROZFORBELN AD FIE
WCEBCEE L TWAZ EREX LN,

2. WMHEOHM

AD FIEIZEE D, X1IL 24 L7- ApoE 12 L 5
B RIEOCHEEIIREI NN, £D
THEEFHEOFEMIIPA O~ E ST
W, RHFFEMHE TR, FRECEGFD
X11L-KO =7 2 KON, b A ApoE4 (B LY
ApoE3) T 5~ U A&\ T, BEERLE
F A AR AR 5 Z & T
A XV I 2= 2B FREA IS )
1295 &, FAEOMEIZ L > TAEL D
AD RIEICBI D D01 A B =X L OfiEEIZEL
DHLATS,

3. DIk
(1) RNA-seq (Z & 2 WEFEMIE (G 1T BLAREAT
Ov—rvyvr
ApoE4 K ONX11L B8 59 2 BB E 1 % [H

ET D20, LTICRT YU A&z,
BpAR (W), X1IL 2 v 7 7w k (KO). ApoE3
J w274y (E3). Apok4d /w7 A > (E4).
ApoE3 / w7 A4 > /X11L /7 v 27 7 7 | (E3KO) .
ApoB4 /w7 4 > /X11L 7 v 7 7 7 ~ (B4KO)
B~ AEHZLTHEHDOR2 L322 %
FaH U, Trizol (Thermo) % AV T total RNA
I L7, /5 5 7= RNA 2 7= VB
T4 T T VERM N —4 v 73l
B AT LY A = A RFE L, V—F
v AlL illumina £+ Hiseq 12X Y. 101nt.
paired—end TAT\, 1 Y7/l 4~5Gb
DT —H w57,
Qv —r v AT — 7 DIFMT

Bon=Y — K% tophat2 ZfHWT., v v
AT ) R~y BT L, v~y B TRER
Z AT, HTseq—count IZ & ¥ K@ Ia I
BOH U T —X =%, edgeR & W
TRBLEEE 2 Lz, WT & KO, E3
& E3KO TIIRBAEE T, F4 & E4KO THRE
EENRD b n % HAEM &S
FREE LTz, 2, AHHEOUTOHHAIZ
B\ T, Gene Ontology fi##7 1%L GOrilla
( http://cbl-gorilla. cs. technion. ac. i1/
) W TITo 7=,
@RT-PCR (2 & 55— X #FE

B OB RO Y M2 3T 5 7=
O, TUA N8 BIETEMBIL, TORI
% RT-PCR (2 & W #RFE L 7=,

(2) ApoF4 & XIILIC L W BEFIHEN D&
A BEDRIE
Ot MBI 2B FREAT —X D
fEHT & ApoE4 B R X11L 2B 54 5 T7 A
A~ — 7 BAHE AR - O WL

NCBI GEO GSE15222 726~ A 7 a7 L A i
s —2&Xra— KL, ApoE DT A V7
F— KRN F BB 2 fif AT U, B4 FR R H
BRMET VYN v —REBEERN R E s
FREA G-, BiC, (1) -@TEbN-Es
THREE BT DB REZ HEEL 72,
@ AW FRED 7 0 T — X —fRiT
BONTEE RO BT — X — 8%
HIIZERY H LD DNA EF— 7 O % Homer
(http://homer. ucsd. edu/homer/) % AT
1To 72, MBHPHITER GRS O EIE 1kb,
T 100b TH 5,

(3) ApoE & X X11L F&ELAMAL D kst ST
OB TRV F ANV AT LA NT
7 N OVERL

t k ApoE3. ApoE4. X11L. % O FXR @ cDNA
% pEN X7 Z —|ZH B IA R, BT pSLIK ~ 7
Z—lcVarefF—PEHNTEAL, &
SR Z—L psPAX2. pMD2G % HEK293T
FfEIZEA L, B EEEZREL T A LR
TR & 157,
@~ 7 A ES Hlid AR AL &2 v BRE
a A T bORBEHIER

~ A BS A T X0 AR 4y
fbst, VA NAZEY ST 72%, lug/mL K
XA 7 ) NCKDRBEFEEIToT, &



BIETOFRBUT, HEY % OV western blot
B L VBRAE L7,

4. FFZEECE

(1) ~ 7 ZAWi%& AV 7= RNA-seq fRHT
ApoE BN X11L e b m W EZ R T~ T
AW ERFE LTS R, AR THETHDHZ &
% westernblot ICK VAL MNE L7=2(X 1),
RNA-seq TH LY —K&EF ) AiZ~< >
V7 ULIERER. K 80~90%D U — K37/
Allcewwvrran- (F1),

PO i P7 (P14 1M 3M 6M 12M

—— — — ———

X11L -«

— |

MADOE |

-«

Actin

[X|1. X11L} OApoE DB 38 1) 5 &,
TR AERKRTH B ORRIZIB N T
ApoE. XIILOFEN KL @V &My

noTz,
Mapped reads % of mapped
W 36, 285, 162 81.1
35, 188, 726 79.6
%0 38, 989, 386 81.8
38, 363, 234 81.3
B3 41, 199, 292 87.6
41, 005, 027 87.6
24 39, 061, 624 87.9
38, 590, 556 87.9
40, 763, 111 88.1
E3KO
40, 165, 976 87.7
41, 667, 000 88
E4KO
41, 102, 742 87.7

#1. RNA-seqlZ X 0 15 S 7=

U— N, KOSco VU — Rkt

T 5EE,
IS, BB TRBURNT D%, &V T nn
BB T ORRAEZWE L, U TFTOMAEED
BT 2 REAEBEE T OHBEZTT > 72,

WT vs KO. E3 vs E3KO. E4 vs E4KO
AMFFETIL, ApoE4 DN EERAIZHBIL B X+,
B XL N2 OEE A EMT 281 E2 5
BT A, W vs KO, E3 vs E3KO TZALA
2B BT, E4 vs EAKO O THRELEHE T 5
Baa2ft Lz, TORE. 1,628 O
T T %2577, RT-PCR I X A MEE R )
O, BoN=T—2NBRYTHDLEEZLN
7= (K2, ZNHEETRED GO fifHT %217 >
T2 A, ZUTHIE, KON Ry Bk
Wb LBETFHMREMHINATHNDZ &N
o T,
(2) b MM DB LNT-T — X fifkr
GSE15222 DT — & % A\, fd¥ 3 T ApoE4
KSR BB I 5 B85 - #E. & O ApoE3
DHERTHMEE LT VYA~ —fF%
JEH CHUAB T 58 FREZHEEL, i@

WT KO E4 E4K0
CH1 O f2 H1 #2 H1 #2 1 #H2
B -actin |
Tmsb4x
Plpl

Cnp

Dpys13
Tubb2b

Mapt
Dpysl15 ;:;
[X|2. RT-PCRIZ &L 5T —H M7k, RNA-seq&
AR BACTOREWESR) (FRi)
PR TE 7=,

DB THEEZRRE LI, ZORE, 204 BB
FE2ETm, GO 2 Tl 2 A, R by
FU THEREICE D 2 BB FREPREM ST
WAHZERBEBLMNE ST,

(3) (1) & (2) THEBEBOBEBIHELE
IR BBE LIz, EORER, 3T 8in %
C
(4) BT 2GR 1F SRS DOBER
FC 37 AR DIEILA ApoEd K TN X11L D
FIE, EHEEICL > TELL WD &b,
NS BEFICHET DERE R T OFIEN
Ez2bNlz, FZ T, Ihb@afrornE
—Z —FRFNDOfENT G LEERER O FRE
kAT, ZOFER, 12 B FIZBNT,
NZRKIK T 5 Farnesoid X receptor (FXR)
DA ZHESOZ ERHL N E oz,
FXR 1 IHFEE CVNGBIZ &R T 50+ TH Y |
JEHERITINE L TERNRBIT L, T8RO
REZHIET D Z ENmbNTWD, KBEICH
fili Cix ApoE OFRBLZHE T 5 Z & BRHES
LTWAB (J. Lipid Res. 2002 43, 2037-41),
AR AR IR 1T D RBUIMD THL RN n 5,
7 £ 2 M # = h T v 3%
( http://www. informatics. jax. org/marker
/MG :1352464)

TS OfFENTA S | ApoE4 & X11L 1% FXR %
NLTCEEBIEIEICTEG T2 ENBZDL
Nz, 22T, R BHFREET S5
TR A BRR T D %, MR DRINL A2 R AT,
(5) bk ApoE, X11L KN~ 17 % FXR D%
Bl R BN

B~ ApoE2. ApoE3. ApoE4, X11L @ cDNA
ERLPIANTEV o TFOANVARERE L, H
BID T A VAR & 572, FXR @ cDNA 13~
2R S L7 total RNA BT,
RO TANAERES T, 5B ZINLEHW
THZ HWTERFEEREZED DL TEE L
TWa,

(6) E3. E4, E3KO, E4KO = 7 A[MIZ 51T %
ApoE & TN X11L DI EUfEHT
INETORRNE, Apob4 ZTUNX11L IZ &
D L % = T D BAR T REDOFTE D R
SN, BRI D Apokd KN



X11L ORERERTEMEIZ DWW TIEH & v Cid 7
Mole, FZ T, INLERALMNITEH2D,
E3. E4. E3KO, E4KO ~ ™7 ZMIZ331F D ApoE
M ONX11L 38 % western blot $EI2 & 0 KaEE
L=, TOfEFR, B3 & E4 ~ 7 ADHIERIC X
V. ApoE4 OFEELA ApoE3 LV HEWZ &
F£72. X11L @ KO (2 X Y ApoE4 DIEHLEA 1Y
M52 LE2RHELEKI), 20 b,
X11L 1% ApoE4 38R A9IZ Z DI B & il L T
5 EDRBENT,
LLEDO®FIEH 5. ApoE4. X11L KR FXR 12 X
S TREBLGI S D BI5 FREBFIEL, TV
VONA < —RBIEICEF ST 5 AR S
Melpol-, SHBRAMITRERZFEIZ, FITH
FEEEND I ETHIRT VY NA ~— %
JEMEAE 2 B 5 T Lz,

A E3 E3KO

XllL---

+
hADOE3| (e e e i s —t
4_

ACTIn [ -

B E4 E4KO
XL1L | - >
hApoE4-___;-..1:

AC‘til’l-- T S— i —

X|3. Western blotZ AW\ /=X11LEK WY
hApoED R HIMEE, A. E3 K TUE3KOK-34
VINMTRIT B, A DICRBEA L
13380 B2V, B. B4 TE4KO4- 34 o
TR BITEIT DR BIMREE, B4kt
LT, E4KOThApoEAD A HIMN L T
Wiz (R

5. TR IE
(WFZERFRAE . WFFEr A M ONEEERTFE# (1
=Y

Udessamsc) GGE 9 1)

(D Cam M, Durieu E, Bodin M, Manousopoulou
A, Vasylieva N, Barnych B, Hammock BD,
McMahen RL, Strynar MJ, Bohl B, Koch P,
Omori C, Yamamoto K, Hata S, Suzuki T,
Karg F, Gizzi P, Erakovic—Haber 'V,
Mihal jevic VB, Tavcar B, Portelius E,
Pannee J, Blennow K, Zetterberg H,
Garbis SD, Gerber H, Fraering ],
Fraering PC, Meijer L. (2018) Induction
of amyloid— 42 production by fipronil
and other pyrazole insecticides. J.
Alzheimers. Dis. 62, 1663-1681. A wt
A Y doi: 10.3233/JAD-170875.

®) Chiba K, Chien K-Y, Sobu Y, Hata S, Shun
Kato, Tadashi Nakaya, Okada Y, Nairn AC,
Kinjyo M, Taru H, Wang R, Suzuki T.
(2017) Phosphorylation of KLC1 modifies

interaction with JIP1 and abolishes the
enhanced fast velocity of APP transport
by kinesin-1. Mol. Biol. Cell 28,
3857-3869. E=s Wt Zl )
doi:10.1091/mbc. E17-05-0303

® Sobu Y, Furukori K, Chiba K, Nairn AC,
Kinjyo M, Hata S, Suzuki T. (2017)
Phosphorylation of multiple sites
within an acidic region of Alcadein «
is required for kinesin—1 association
and Golgi exit of Alcadein « cargo.
Mol. Biol. Cell 28, 3844-3856. #iwt
Y doi:10.1091/mbe. E17-05-0301

@ Omori C, Motodate R, Shiraki Y, Chiba
K, Sobu Y, Kimura A, Nakaya T, Kondo H,
Kurumiya S, Tanaka T, Yamamoto K,
Nakajima M, Suzuki T, Hata S. (2017)
Facilitation of brain mitochondrial
activity by b—aminolevulinic acid in a
mouse model of Alzheimer’s disease.
Nutr. Neurosci 20, 538-546. it fy
Y doi: 10.1080/1028415X. 2016. 1199114,

® Kimura A, Hata S, Suzuki T. (2016)
Alternative selection of B -site
APP-cleaving enzyme 1 (BACEl) cleavage
sites in amyloid B —protein precursor
(APP) harboring protective and
pathogenic mutations within the A S

sequence. J. Biol. Chem. 291,
24041-24053 i i 2l )
doi:10. 1074/ jbc. M116. 744722

® Connor SA, Ammendrup—Johnsen I, Chan AW,
Kishimoto Y, Murayama C, Kurinhara N,
Tada A, Ge Y, Yan R, LeDue JM, Matsumoto
H, Kiyonari H, Kirino Y, Matsuzaki F,
Suzuki T, Murphy TH, Wang YT, Yamamoto
T, Craig AM. (2016) Altered Cortical
Dynamics and Cognitive Function upon
Haploinsufficiency of the Autism Linked
Excitatory Synaptic Suppressor MDGA2.
Neuron 91,1052-1068. %A Y
doi: 10.1016/j. neuron. 2016. 08. 016.

(D Portlius E, Durieu E, Bodin M, Cam M,
Pannee J, Leuxe C, Mabondzo A, Oumata
N, Galons H, Lee J-Y, Chang Y-T, Stuber
K, Koch P, Fontanine G, Potier M,
Manouspoulou A, Garbis S, Covaci A,
VanDam D, De Deyn P, Karg F, Flajolet M,
Omori C, Hata S, Suzuki T, Blennow K,
Zetteberg H, Meijer L. (2016) Specific
triazine herbicides induce amyloid S
42 production. J. Alzheimers. Dis.
54, 1593-1605. # @ A Y
doi:10.3233/JAD-160310

Motodate R, Saito Y, Hata S, Suzuki T.
(2016) Expression and localization of
X11 family proteins in neurons. Brain
Res. 1646, 227-234. HFHA Y  doi:
10. 1016/ j. brainres. 2016. 05. 054

© Hata S, Kimura A, Shiraki Y, Suzuki T.



(2016) How APP gene mutation protects
against Alzheimer’ s disease? Trends

inCell & Molecular Biology 11, 67-75.

A Y ISSN: 0972-8449.
(FaxR] Gt 19 1)

(D Kato S, Chiba K, Sobu Y, Chien K-y, Wang
R, Nairn AC, Kinjo M, Hata S, Suzuki, T.
Enhanced fast velocity of APP transport
by kinesin-1 1is regulated by KLCI
phosphorylation. ASCB/EMBO 2017
meeting. 2017.

@ Sobu Y, Nairn AC, Kinjo M, Hata S, Suzuki
T. Phosphorylation of multiple sites of
Alcadein « 1is required for kinesin-—1
association and Golgi exit of Alcadein
«. ASCB/EMBO 2017 meeting. 2017

® Omori C, Waragai M, Suzuki T, Yamamoto
K. A novel biomarker p3-Alc «, peptides
produced by vy —secretase cleavage
altered in Alzheimer’ s patients
Alzheimer’ s Association International
Conference 2017. 2017

@ Hata S, Kimura Y, Waragai M, lkeuchi T,
Martins RN, Kimura N, Nishimura M,
Suzuki T. Level of p3-Alcf peptides
alter in CSF of Alzheimer’ s patients
Alzheimer’ s Association International
Conference 2017. 2017

® Saitoh H, Omori C, Kimura Y, Waragai M,
Maeda M, Hata S, Suzuki T. Protective
property of p3-Alc 8 against a
neurotoxicity induced by AB oligomer.
Alzheimer’ s Association International
Conference 2017. 2017

® Suzuki T, Chiba K, Shiraki Y, Sobu Y,
Hata S. Regulation and function of APP
as a cargo receptor of kinesin—1 in
neuron. Alzheimer’ s Association
International Conference 2017. 2017.

(M Toyoda M , Nakaya T , Michikawa M ,
Suzuki T. Identification of ApoE4-X11L
Regulated Down Stream Genes Related to
the Late-Onset AD. Alzheimer’ s
Association International Conference
2017. 2017.

Suzuki T. Function of Alcadein in
neurons and the utilization of its vy
—secretase product peptide p3-Alc in
diagnosis and therapy of Alzheimer’ s
disease. The 7" BRI International
Symposium 2017. 2017. Invited Speaker.

© Shiraki Y, Chiba K, Hata S, Suzuki T.
Different cargo receptors, APP and Alc
o, transport the same cargos
cooperatively through the identical
vesicular transport pathway. ASCB 2016
2016.

Sobu Y, Hata S, Suzuki T. Multiple
phosphorylations of Alcadein «

regulates interaction with kinesin—1.
ASCB 2016. 2016.

@ Chiba K, Chien K-y, Davis R., Okada Y,
Nairn AC, Kinjo M, Wang R, Suzuki T.
Phosphorylation of KLC1 regulates the
velocity of APP transport through JIP1
interaction. ASCB 2016. 2016.

@ Suzuki T, Kimura A, Hata S. Mechanism
that BACEl alternates the cleaving sites
of human APP. Neuroscience 2016. 2016

@ Sato T, Motodate R, Sano Y, Kamada S,
Uchida S, Suzuki T. Adaptor protein, X11
and X11L have distinct roles in
exploratory activity. Neuroscience 2016.
2016.

Motodate R, Saito Y, Suzuki T. X11 and
X11L regulate the non—synaptic NMDA
receptor localization. Neuroscience
2016. 2016.

@ Hu A, Piao Y, Hata S, Suzuki T. Aberrant
micro—membrane localization of vy
—secretase components by changes in
cellular cholesterol level alters e -
and/or vy -cleavage of APP and Alcadein
a. Alzheimer’ s Association
International Conference 2016. 2016

Omori C, Hata S, Waragai M, Yamamoto K,
Suzuki T. Increase of p3-Alc o 38 to
p3-Alc @ 35, products of alcadein « by
y —secretase cleavage, in CSF of AD
patients. Alzheimer’ s Association
International Conference 2016. 2016

@ Suzuki T, Kimura A, Hata S.
Alternative cleavage mechanism of human
BACE1l. Alzheimer’ s Association
International Conference 2016. 2016

Chiba K, Araseki M, Nozawa K, Davis R,
Kinjo M, Suzuki T. Enhanced fast axonal
transport of APP mediated by JIP1
interaction. The 4% International
Conference on Molecular
Neurodegeneration. 2016

Hata S, Piao Y, Nishimura M, Suzuki T.
Alteration of membrane
microlocalization and y -—secretase

cleavages in sporadic Alzheimer’ s
disease. The 4th International
Conference on Molecular

Neurodegeneration., 2016
(&) Gt 0 )
(PEEIA PEHE)

OmiiRee G 0 1)
AR

WA

PRI
M



FH5
HEEEH H -
EWNA DR

OBfsikEt G 0 1)

SRR
FEE
HERIF
FHAE -
&
IAEFAH
E N DRI

(Z Dfth)
R B_N— U
http://www. pharm. hokudai. ac. jp/shinkei/
index. html

6. WFICRERE

(D) A FTE

oy NI S|y (SUZUKI, Toshiharu)
bEE KF - REFPBESFEIF R - 8%
g %5 80179233

(2) BFgE ST

(3) M FEH
( )

s ES

(4) BF9E b 10 %
( )




