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transporter A1, ABCA1)JH [ FEs 442 0 3R 55 Bl R S B (Alzheimer s disease, AD)W&AE . BEEVIME, LXR
W3R TO901317 REFZ N APP/PS1 XU HE R /N ERUIRZH 2L B U Ky A 2R 1 (B-amyloid protein, AR, (HHHARALH]
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WA BERR T HERTREDO ML . Foik: el 24 HfEME 6 A ik APP/PST WUEEIEN AD /N, FEBENLY 440, RISl iRk
(control)ZH . 7 HH [E 4K (cholesterol rich diet, CRD)4H. CRDBEE LXR I#h7 TO901317 1M ZH (TO901317 4H) L K2
CRD. TO901317 B4 LXR 517 GSK2033 1M £ (GSK2033 4H), HEZH456 H . LA CRD WIEREFRHE A5 . &
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I i) (5 P<0.05); T AHEE T TO901317 41, GSK2033 41 [ RS FRIIFEAR (Y P<0.05). FlEbr b [ SR 45 S 6
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Effect of liver X receptor agonist TO901317 on cognitive
function in APP/PS1 double transgenic mice with
Alzheimer’s disease and the underlying mechanism

LUO Yingmao', TAN Xiaolin', ZHANG Xiong’, LI Yuan', HUANG Jie', DENG Yu'

(1. Department of Gerontology, Chongqing Mental Health Center, Chongging 400010; 2. Neuroscience Research

Center, School of Basic Medicine, Chongqing Medical University, Chongqing 400016, China)

ABSTRACT

Objective: The liver X receptors (LXRs) are members of the nuclear hormone receptor
superfamily, and LXR- [ is an important receptor for cholesterol content in brain cells.
LXR-B/retinoic X receptor (RXR-a)/ATP binding cassette transporter A1 (ABCA1) cholesterol
transmembrane transport system is closely related to the occurrence and development of
Alzheimer’s disease (AD). LXR agonist TO901317 can affect the accumulation of B-
amyloid protein in the brain tissue of APP/PS1 double transgenic AD mice. However, the
molecular mechanism is not clarified in detail. This study aims to evaluate the effects of
LXR agonist TO901317 on the cognitive function of AD mice fed with high cholesterol
diet, and to explore its possible mechanism from the perspective of cholesterol metabolism.

Methods: Twenty four male 6-month-old APP/PS1 double transgenic AD mice were
randomly divided into 4 groups, 6 mice in each group: a control group (fed with normal
diet), a cholesterol rich diet (CRD) group, a TO901317 group (fed with CRD combined
with TO901317), and a GSK2033 group (fed with CRD combined with TO901317 and
LXR antagonist GSK2033). The mice were fed with pellet feed made of high cholesterol
feed, mixed with lard, egg yolk powder, and cod liver oil twice a day. TO901317 and
GSK2033 were dissolved and diluted to a final concentration at 0.03%. The drugs were
given to the mice daily through gastric tube according to their body weight. Meanwhile, the
mice in the drug group were fed with high cholesterol diet . After feeding for 3 months,
Morris water maze was used to observe the changes of spatial exploration and memory
ability of AD mice in each group. The contents of TC, LDL, and HDL in serum of mice in
each group were detected by cholesterol enzyme colorimetry, and the differences among
the groups were compared. The expression of AP,, in the brain of AD mice was detected by
ELISA. Western blotting was used to detect the protein levels of LXR-, RXR-a, ABCAI,
and Caveolin-1 in the brain of each group.

Results: Morris water maze results showed that the times, distance and the duration of
mice crossing the platform in the CRD group were significantly decreased compared with
the control group (all P<0.05), while these three figures in TO901317 group were
significantly increased compared with the CRD group (all P<0.05). Compared with the
TO901317 group, there was a decrease of these figures in the GSK2033 group (all P<0.05).
The serum TC and LDL levels in the CRD group were significantly higher than those in the
control group, while HDL levels were significantly lower (all P<0.001). The figures of the
TC and LDL contents level in the TO901317 group were lower than those in the CRD
group, while HDL levels were higher (all P<0.001). Compared with TO901317 group, the

©Journal of Central South University (Medical Science). All rights reserved.



1326

R KRR (E2ERT ), 2022, 47(10)  http:/xbyxb.csu.edu.cn

KEY WORDS

contents of the TC and LDL in GSK2033 group were significantly increased, while HDL
content was significantly decreased (all P<0.001). ELISA results showed that the
production of AB,, peptides in the brain of CRD group was the highest while the content in
the TO901317 group was significantly decreased (P<0.001), which was the lowest among
the groups. The figure in the control group was close to the GSK2033 group. Western
blotting results showed that the protein levels of LXR-B, RXR-a, and ABCA1 in the CRD
group were significantly decreased compared with the control group, but the protein level
of Caveolin-1 was increased (all P<0.01). After TO901317 treatment, the protein levels of
LXR-B, RXR-a and ABCA1 were significantly increased, while the protein level of Caveolin-1
was decreased partially (all P<0.001). In the GSK2033 group, the effect of TO901317 on
AD mice was partially reversed by GSK2033. Compared to TO901317 group, the protein
levels of LXR-B, RXR-a, and ABCA1 showed a decrease trend, while the protein level of
Caveolin-1 showed an increase state (all P<0.05).

Conclusion: High cholesterol diet leads to severer spatial exploration, learning and
memory impairment in transgenic AD mice, while the LXR agonist TO901317 attenuates
this effect. The mechanism may be that TO901317 promotes cholesterol efflux by
activating LXR-B/RXR-a/ABCA1 transmembrane transport system, reduces the expression
of Caveolin-1, improves the composition of lipid raft, and ultimately reduces the

production of AB,, in the brain.

liver X receptor; TO901317; Alzheimer’s disease; ABCA1 transmembrane transport
system; lipid rafts; AB,,

BA] 7K 2% 165 R 5 (Alzheimer* s disease, AD)J&dx i

5% LI APP/PS1 XU 3 A AD /N GRS, 43948

DA HEAT PR IR AT PR AR B0, S B A TERI R 1) 22
HAR), HRE A F LRI BIEMFEEAB-
amyloid protein, AR)TENKZHZ %) B2 A BT ITRR T
WERCEAERE . Tau 8 H i BE B AUIE U 28 21 4k g 45
LR TTAET 45 . AD M RIRHLEIARE , 22N
. ZHUHEEEEH N ZERY, m R EREAE AD B &
AL RIBESRR DL T OEY, EARPIE
SEAT T 2SR AN [ B2 ) AT ARG AD R e RE, JF ek
HRARIANMIIGE . BN E o I E R, A S
RERESR, of Z2 9 IH BB 3 28 20 i) ATP 256 4% iz
TR a R R M AN HE L . 7RI s o 78
b, B e IE X SZ 4K (liver X receptor, LXR)FIZEAN
B X % K (retinoic X receptor, RXR)ZE4, MR
TR, SRS S LN R X A LXR R
JEAPEEE G, TR BEBL ) ATP 45 5 & 5518 T Al
(ATP binding cassette transporter A1, ABCA1)f{JZ ik,
A 3 O] 2 g 0 HE L 2 T A A 4 R P A A
ABCA (5[5 L (74 P52 128 1 2 PO 980T 3 e L ] e
MIERL, E AR PIUITE SOFBR T R R EAEN, X —
BLI BTG AD 259 09 A 44t 7o i . At

T @R m AR ERE . LXR #3h5 TO901317 1/
FTLXR #6 7] GSK2033 1], B fEWLEE AD /N2
[ PR R 2 ) id4Chg 1, /NEU o TC. LDL #
HDL 119 7% & J i 9 AB,, A= A8k, 3585 HnT BB 1Y
MU, DAUIA S48 B9 AD 6T 25 Al S fR it £
14 BV At A S B IE AR

1 BR57FE

1.1 #F#
1.1.1 %34

24 HUME PR XU R R/ BUAD /) B Tg2576
(APPswe/PSEN1dE9) 4 H F 5 K= X sl ik o8 fr o
FrA /N R 3R T B R ERL R = s e sy, =N
T EAEREAE(25+1) °C, BERZ T 12 hot| | SPF 44/
B
1.1.2 23X A)

LXR # 37| TO901317 F1 LXR $5 ¥t 7] GSK2033
W4 H 3 [ Medicine Chemistry Express /A fl; AB,, [
ELISA K75 & W H b st 158 2k A4 Y £ R A R
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A SR A BT S . BCA B vk B A A )
&I RIPA i 11 BT 243 W B i 3E = RAEYHE AR
FRAT] ;s P bk iy B %5 Abcam A w5 TC,
LDL I HDL 6 a5 & 13 7 e A= i 52 o

1.2 Aik
1.2.1 =544

¥ i A AD /N ELBE AL 43 o 4 41, B3 3 1) R
(control) 41 . & H [# fE 7K & (cholesterol rich diet,
CRD) 41 . TO901317 44 (CRD Fx & LXR i sl 7
TO901317) A K2 GSK2033 41 (CRD., TO901317 Ik &
LXR #5417 GSK2033), H4H456 H.

CRD B RS B A . BERbiRRH70%, A7 1ok
TR k. TR, BERERY . Y. 2R, ZH
ARG PICRE) . Uik (10%). #4il1(10%) . &
B (10%) . (10 ) 55 MR G 5 . i Ak
WoREL, EHRTTEVKAE T IR AF, FRBR 2 AR

TO901317 £ H1 GSK2033 ZH (4 . 2594 [w) it
25T CRD FIAHR 259 . #5 TO901317 14 i e — H Y
i (dimethyl sulfoxide, DMSO)H, 3 FH X% 18 7K Fi
B2 AW T 0.03%. 2525 7 & o RN R
15 mg/kg; GSK2033 i1 M2 J5 ¥ 55 TO901317 #H [,
FHE A H/NRAER 10 mg/kg®™ . A 25924 i B
BHEE A2, KA EIBITITEN 3 . BTA /MR
JIBER) 5 155
1.2.2 Morris 7K g 3

T 3ANH S, SR Morris 7K 38 By 5256 WA 4420
/NS [BR R FICIZRE 1B A, SEG5E 1 R, Ko
A/NLER 5 B2 TR E R ENF 220, JFH
A K2 1 em, AR, ¥
AD/INRARIK A K, FEFFIETERT, e s/ B R
I8 FF A RIEEE . /N RAE 1 min NI E R
B, TERf O SR IR ] (FRVE I REE AR ) /N
1 min J5AARKEF- &, 0 HBE RV A 60s, WF
515 AD /N ZE T & M 2 e 5 9
10s. LEEF2 RS K, fUKAKE T FE41 em,
e FEES — R A7 i AN, B RN RN 255
W, BRIz D0 h, ok Pb R
S 6K, WA, EEERE-ZEEE3Z
PRI /INE, A Z AE N I#0K 1 min, WSS/ INER Y TiE
VKL, s/ EREE R R T 5 BTFE S BR (515 3 22 By
UOB, IR BAR R) A
1.2.3 ELISA i

K FH ELISA 7460 4% 41 /)N B B 21 22 b AB,, 1
o A BRRR) B U AT 4R o SO A 2 ki 2

41, JEMARE A REW, F857 2405 250 J5 ARAS R
FESR B . B 96 FLAR, I ABRIESY  FRIAE S
[R5 2s AR IR ZH o SR S FRAXAE 450 nm K H 32
BUROCRAE, ARYEbRE M LT T AR, VR EE .
1.2.4 f27% TC. LDL #= HDL #in|

e FEUE B A5 AT Bl b L fo el i o R4S &4 i
T 5 e PR S A (2.5 nL 280K . 250 pLik#l). bruf
(2.5 uLFRAES . 250 pL i) . W E 4 (2.5 pL i
. 250 uL iR py kAT A, AR A S T
37 C/K¥ 5 min, VU= HEWE, 5007 510 nm,
546 nm EH T, BB WOGEE, WE TC.
LDL F1HDL Wy B . #£4< TC(LDL 5 HDL) % =+
AR M FE A -2 1A WO BB /(b v A5 TR O B -
25 VWO RE ) < BT R I
1.2.5 & & P ik ik

W AE A INZH 2, A 1 mL RIPA 55 1 24K
FE ARG T4 °C, LA 13 000 r/min 250> 15 min,
Bradford P 5 BE4H 26 1 BORE Sk BT o0 25 PR A7 . i
H 8%~10% 1) Page JiX, HU50 pg £t SDS-PAGE Hi ik ,
Y E A S £ PVDF BE L, 5% IR W5k 76 == 7
T E 2 h, SRJG A TBST 2% th i s B Y LXR-B.
RXR-a, ABCAIl, Caveolin-1 flNZ: B-actin ik, T
4 CWFE R FEAT RS A 1:5 000 B9 HRP #Ric
PR —dt, FRFEF2h, &EHEEREK
FETEOCR Y, & Bio-rad BEIK BUE RS AT 551
ST

1.3 Gt

i H SPSS 22.0 F A AT Ge 2400 b, T ek
VIR Y BhR M 22 (eks) R o IREAR S50 LR
R, AR BRI Ry 22500, PAP<
0.05 hZEFAGIEE L.

24 R

2.1 LXRi#zh7 TO901317 M E/NRH T EIREFF 3]
i8Iz R

TESCI S 6 REU-F- 515, XNz 3h iy
g BB on . 5 control HAH Y., CRD HAEJR
] 72~ 5 T FE S 3 RBR IN ST S IR . YR
B I R 1) B (i) 4 4 25 ek /D (38 P<0.05); 5 CRD 4
AHEE, TO901317 ZH/NERZE BT 5 IR EL . I 25 AN
(] £ BH & 488 0 (39 P<0.05); 5 TO901317 41 A Lb ,
GSK2033 41/ FUZE BT 5 YU EL . 1 5 T ] S i
FWD (3 P<0.05, K1),
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Figure 1 LXR agonist TO901317 improved spatial exploration and ability of learning and memory in double transgenic AD

mice

ZEF- B I EY/dm

Control CRD TO901317 GSK2033 B
Control ~ CRD
POy (W
A oA { '
~ 2 SRV
TO901317 . GSK2033 -
.\ - m A ¢ !
X N

A: Number of times of the AD mice crossed the quadrant of the original platform in each group; B: Distance of the AD mice

acrossed the quadrant of the original platform in each group; C: Time of the AD mice acrossed the quadrant of the original platform

in each group; D: Movement trajectory diagram of AD mice in each group in the water maze. *P<0.05 vs the control group; TP<0.05
vs the CRD group; $P<0.05 vs the TO901317 group. AD: Alzheimer’s disease; CRD: Cholesterol rich diet.

2.2 LXR #3h3 TO901317 FEAR/NRANA LR AB,, Y
=

il

ELISAZ5 3 7R : 4 44 CRD 4/ ZH 2R iy
AR, B %, TO901317 H#% /> . 5 control 4 [
4, CRD 41 AD /NEUINALIZLH AR, 1) 75 I i 3 &2
[(39.84+3.15) pg/mL vs (52.36+3.28) pg/mL, P<
0.001]; 5 CRDH 4L, TO9013174 AR, B &
U/ [(28.5142.74) pg/mL, P<0.001]; i GSK2033 #
SHAKIE T TO901317 IYAE T, 5 TO901317 ZHAH It
GSK2033 4/NGUIRZHZ T AR, Y 518 [l E M 20 [ (43 .48+
3.56)pg/mL; P<0.001, [¥2].

2.3 LXR # % % TO901317 X} /N iR I 7% TC. LDL
FIHDL &£/

AR He A A I 25 R 7R . 5 control HAH L,
CRD 4H /> BT " A9 TC MILDL & &34 i, 1 HDL
(1 1 A I 25 /D (34 P<0.001); 5 CRD 414 Lt
TO901317 41 /)N B I ¥ 7 A9 TC A1 LDL & & ik 2>,
HDL £ & 3 Jin () P<0.001), T 45 T LXR 4 #1 71
GSK2033 4bFf5, 5 T0901317 ZHAH I, GSK2033 4
/N BT H A TC A LDL ) &5 1 S 25 54 im, 1 HDL
1) 25 i B 35 (24 P<0.001, 1),

e

g

on

&

o

<

Control CRD TO901317 GSK2033

B2 LXR#EzNF TO901317 BEREEE R AD /NR i H A
AB,HEE

Figure 2 LXR agonist TO901317 reduced the content of
AB,, in the brains of transgenic AD mice

**%P<0.001 vs the control group; T+ 1P<0.001 vs the CRD
group; £11P<0.001 vs the TO901317 group.

2.4 LXR#E 7 TO901317 X /)8 FR f 48 42 F LXR-B.
RXR-0. ABCAI1 F1 Caveolin-1 2 5 Bk T i 2201

5 control 41 b4, CRD 41/NRANALZ LXR-B .
RXR-o Al ABCAL 1 25 1 B 7K °F- ¥t 35 B A, T
Caveolin-1 & [ /K- i 2 F+ =5 (¥ P<0.01); 5 CRD
A, TO901317 ZH /N U P ) LXR-B, RXR-a Al
ABCA1 # [ /K34 W3 i85, 1l Caveolin-1 £
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5 7K SF B AR (34 P<0.001). T3 %45 T LXR $5 1 7 i E A, M Caveolin-1 25 1 5 7K - W I &5 (34 P<
GSK2033 4b¥ 5, 5 TO9013174H b4, GSK2033 4 0.05, &13),
/BRI PSS LXR-B. RXR-a, ABCAI1 % [ i /K- X

F1 ZBABEFERAD/MRMFES TC, LDLFIHDL & E(n=6, 7ts)
Table1 TC, LDL, and HDL levels in serum in each group of transgenic AD mice (#=6, x+s)

415 TC/(mmol-L™) LDL/(mmol-L™") HDL/(mmol-L™)
Control 2.49+0.11 0.76+0.14 1.55+0.09
CRD 3.5740.17%** 2.54+0.18*** 0.66+0.07***
TO901317 2.7240.19¢+ 1032023+ 129+0.15%++
GSK2033 331401514 1.8320.124 14 0.86+0.11%41
F 60.841 130.937 82.252

P <0.001 <0.001 <0.001

*#%P<0.001 vs the control group; 11P<0.001 vs the CRD group; $11P<0.001 vs the TO901317 group. AD: Alzheimer’s disease;
CRD: Cholesterol rich diet; TC: Total cholesteol; LDL: Low density lipoprotein; HDL: High density lipoprotein.

12 0 Control
Control CRD T0901317 GSK2033 8 CRD
- —— - 1ok It @ TO901317
B o 2 GSK2033
g T
«— 0.8}
RXR-a S
; 2 :
S
2 06|
ABCALI % o
o 04}
Z
Caveolin-1 5
& 02f
B-actin

LXR—[} .RXR—a ABCAI Caveolin-1 B

3 LXREhF TO901317 34 # B FE AD /MREEALA H LXR-p. RXR-a. ABCA1F Caveolin-1 & A i FRIEHI RN

Figure 3 Effects of TO901317 on the expressions of LXR-fp, RXR-a, ABCA1, and Caveolin-1 protein in the brains of
transgenic AD mice

A: Protein expressions of LXR-p, RXR-a, ABCAI1, and Caveolin-1 in the brain of rats in each group. B: Statistical analysis of
expressions of LXR-f, RXR-a, ABCA1 and Caveolin-1 protein in the brain of mice in each group. **P<0.01 vs the control group; T+
+P<0.001 vs the CRD group; £P<0.05 vs the TO901317 group. AD: Alzheimer’s disease; CRD: Cholesterol rich diet; LXR-f: Liver
X receptor-p; RXR-a: Retinoic X receptor-a; ABCA1: ATP binding cassette transporter Al.

347 it AT ) AR AR ELH2 B AE IV Y B LB SA5 2)AB HH
ABCAL. ApoE ZFf [H % /1 5 1 240 L N 724 T 4
R AD W AR HLT AT RE . {H AR TE AR 4140 W, FSEBHARG S, BN A E A BEKE; 3)
o ek B AR BOFRUR RS R 5 & AD AL RIE  ABZSAFEEN P (WHDL ., LDL%)/5, 3@ i A
B, R ERTA AR O BUR IR = . AR SR TEMFE Ji B AE A JE L ZU N 52 BB A . AETE ORI A i
A ZE [ (amyloid precursor protein, APP)Z k£ =T HARE, #HSFEAR A WIS £ 30T
WO RIE R — B Z k. TEIEHMZITN, APP 4 B- H, BRAFEADR LA ; TRy, W
Fly-Ir B U E i IS T AR, AP REREAR, LU S AR A TE BB AR B L I A, BRI DR Ay mT
HEFFEARR KT AR IR 3P DANIESh fg, dEmE AD B AL . KRR,
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2 e o I B A L A R A
B0 25%, T KGR BRI AAAE, — 7, BNZHEUR
A B 422 DA I YRR B rp ) R 1 s, A B O M T
Y A e 2 on A R R S — 5T, N 2R
JOEL ] RStk AN R L A o LR HE R M, g AR
JEIE T ABCAL 5 545 32 1R 72 A1 1k A1 e i) S0 HE
I/ PR ik 2 R e AR il oo i Y 5 Rl
() AE S5 R — 2, AFST & o IR A B i
L] AD /NEUR B0 : AD /N B S0 3 Al 5 B
WONE, BN ABME RIS L, g T E) TC M LDL
S R EN R, T HDL S A X HERE
[ E EEA I 2L S AD B &R HLTIA 2 BB Ok

ABCAI 5 [l 328 0k 0 7 ) s I R,
FELLABCAL M#%Ly, PR B ERIE 85 A (40 apoALl |
HDL) M2, %58 LXR il RXR 45 & i — %
A, T R4 L A 9 L 0 st e I 3 6 I o) A/
iz, A AR B ATP IERE . LXR B Z A
KGN — 51, A2 22 40 i Ay L 1 s 5 ) SR AZ 4
LXR 4 LXR-a Al LXR-B FIFPIEAL, Hd LXR-BFEHL
RN Z 5040, VNS & F 5, SN
2K 2~51% . RXRIEAERXR-0., RXR-BFIRXR-y 3 Ff
MEAY, Hi RXR-o 32 236 58 F il 2 2 14 0 2 T iz
J DX o 224 i 200 i P O e e A, TR ) LXR-
B HC A& E— 4L % LXR-B, I 5 RXR-oJE i w %
i, BB SR IR e 5 00 SR A% IR T
DT 3 5 #E ] (I ABCA D TE#E 5K Y23k,
LXR-B/RXR-o/ABCA1 JIH [ i 5 555 iz K 22 5 AD 1Y
KA REABEAGEEVIKR . Lei SR IR
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