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GLP-1/GIP/Geg = A Bzl 3xTg-AD /M RINFAT AR
BURERE

FE0R45 ', HOLSCHER Christian?, Z=#f !, =ML, i L, #Eimt, Rt
B4l L

VINPHEERLR AR B R, AR EE A L A TSR =, K5 030001
22 R KR S RSB AR IR R AR, 2 RIRE LAL4YQ, B

OB BURKIGERE (AD) J&— ™ 5 i P N 2 fg B (1 HEAT 1 4o 20 3R AT PR
H RN IEASR B Z 6 BUIR YT T8 STt AR B, 2 BBk R (T2DMD /& AD
KA —NEEGRFEZR, T2DM KIGST 245900 GLP-1 K%t AD t 2Rt —
JE IR AS . GLP-1/GIP/Geg —324K#sh57] (Triagonist) J&f1E GLP-1 &ALl
Pyl b ) — R 2R, Rl CERE RS /N BRI S B
ST R AR AT A T R O HE R F western blot B AR 5T T
GLP-1/GIP/Geg =Sk zhI%t =% AD (3xTg-AD) /MRINHFE RS VER . BT
S5 R BIR, GLP-1/GIP/Geg =32 A& NI Wil | 3xTg-AD /NRAE Y RE H K
AZ B RS0 ) TAEICIZANTE Morris KRk E K IR S [ 250124045, w7
3XTg-AD /NG N IIEMAE B (AB) B EABEHYIEM Tau & Al FERERRL,
JF EVE T 3xTg-AD /USSP I cAMP/ PKA/CREB {5 ‘Sili i . X b4k R0,
GLP-1/GIP/Geg = Ak #h77 AT LAk 3xTg-AD /NS AAKIAT 9 IR DR
PERRHEAGE; cAMP/PKA/CREB {55 @81 LT GE N5 1 Triagonist &
TRy ER . $27R GLP-1/GIP/Geg = Z 1A EhiTI A B M AT BiiasT AD —Fkr
T

R4 GLP-1/GIP/Gey = Aah#; 3xTg-AD /MR JERFE B | Bt
tau B H; i

FE42K5: R338.6



The study on the neuroprotection of GLP-1/GIP/Gcg receptor
triagonist against the cognitive deficits and pathological changes

in triple-transgenic AD mice

JIAO Juan-Juan', HOLSCHER Christian?, LI Tian!, DONG Xue-Fan', QU
Xue-Song!, CAO Yue!, WU Mei-Na!, QI Jin-Shun*

!Department of Physiology, Key Laboratory for Cellular Physiology of Ministry of
Education, Shanxi Medical University, Taiyuan 030001, China; 2Division of
Biomedical and Life Sciences, Faculty of Health and Medicine, Lancaster University,
Lancaster LA1 4YQ, UK

Abstract: Alzheimer’s disecase (AD) is a progressively neurodegenerative disorder
which is still irreversible up to now. Increasing evidence indicates that type 2 diabetes
mellitus (T2DM) is an important risk factor of AD, and some drugs used for treatment
of T2DM have been applied as a novel therapeutic strategy for AD. GLP-1/GIP/Gcg
receptor triagonist, a monomeric peptide, has been reported to be effective in
alleviating diabetic complications in rodent models of obesity. The present study
investigated for the first time the neuroprotective effects of the triagonist on the
triple-transgenic AD mice (3xTg-AD) by using behavioral tests, immunofluorescence
technique and western blot. The results show that the triagonist reversed the
impairments in working memory and reference memory in 3xTg-AD mice, reduced
immunopositive Ap plaques and hyperphosphorylated tau protein in hippocampus, and
upregulated the cAMP/PKA/p-CREB signaling in 3xTg-AD mice. These results
indicate that the triagonist can improve the cognitive impairments and pathological
damages of 3xTg-AD mice, and the up-regulation of hippocampal
cAMP/PKA/p-CREB signal pathway may mediated the neuroprotection of the
triagonist. So, our results suggest that GLP-1/GIP/Gcg receptor triagonist probably
become a novel therapeutic strategy for the treatment of AD.

Key words: GLP-1/GIP/Gcg receptor triagonist; 3xTg-AD mice; amyloid  protein;

phosphorylated tau protein; learning and memory



BT JR R HEERE  (Alzheimer’s Disease, AD) & —Fft /™ 55 il N i e il 12 &

TENTF A AAR S R AT VA 2R AT R, I B R . HAT, eRRCA
Hik 460 5 NIRSZ AD IR, THIT3] 2050 4F fE Bm R 1B 23 in#) 1315
JiM AD AAE B 2 AR, A FL R RE S At il BT A B gt . 4R
M, HECAIERERZ G M EIT /ML . AD B F ZIGARAER A FE AR, iz
FEAHAT 977 BT, SR F g B A AR E R I Y H I e S P B R D M R T
UL LG DL R R A D) REBRAS A e i) R o, AR UE R B H
(amyloid B protein, AB) EAT ZMIMEEEE/ERN . AR5 H AR ERRFIE W12 iy
N Tau H5 A1 BRI B A SR A AE G 25 B IR OC, TR 48 S 2 2 28 45 1) ™
HIEEH NS AD FRFEERBOEL . My AR = AR PR T JE b B A B B
(amyloid precursor protein, APP) JE[F. F.ZZ-1 (presenilin-1,PS1) F1H-ZZK-2
BRI RAE . B2 ZR-1 (presenilin-1,PS1) HIFLZ -2 J K RAL 0] G 2> f145 H gL
Ry bR, AN EAPP R ABIE TN, I ABSREE. TR, 5l
AD [RAERL SRk, HRAE AR ULHI & B IBALE 20, EFRG N B bt
HMIEPER) ABFIR F eI R 3 75 s IETEIIABE T o AR SR A 3xTg-AD
/N 2N FITE PST (M146V). APP (Swe) Fl tau (P301L) =N [ = Abhr
M_E R AR SURRARTE I AD BN . 1X R 3XTg-AD /NRTERIIE—2 H )5,
BPrTR LI A A B 2 . tau & i FE B RR AL S BRAFAIE DL A BT A B 3
Xy AD HIBF TSR AL 1 AROR R T fE

T2k, NN 2R R Sh P 28 A8 — TR = i im PRiaae 2405 AB
BT T — L8 sl B AR IS e 367, AT SEEATEI (R TS 2 H Al
BRSO FR A &, K ERAT IR I AR 1, 2 AR IR (type 2 diabetes mellitus,
T2DM) #1 AD Z[HA % VIR . AD Ji A 850%I(F & Rl BAT T2DM EifE
A MBS TR, T E S R AT 42%; SEFEIRN, BAT T2DM KR A K 8 R
AD MRS LI A2 H— 500, X B, BRE RG-S 1R a4 5 =K
PUAT RE 2> S BEH IR e 2R AT MR i A AR I 121, Rk, T2DM 2 4# 8 AD
KA RBEH—DEZEMAEKGEER, L2826 K AD BN 3 BURERHBIS 1, ik
W2, s —Sim PR ETAT 78328, H-Ti69T T2DM BIZ59an e i 3R DA & K
U I 8 R BAT — & i 22 Ry /R RIS 1810 JRATT S 1y 14 S8 2 HoAth A 1



SRR, B RS R AEAR-1 (GLP-1) SR IR & h ik vT A AD /B2 >
A A Ay ST 18 G PR ATHE SR, R E & GLP-1 U nT A
AD BHEIINIIAE AL, JUH X T R A & F AP Thae Z Al A e, —
Tl R JEk B 22 2R AL exenatide #4 1IE S AT S 2 42 m AP 48 25 LI A IR IA N T R

W9y AD (YR TT $ 4L T8 0 g AN 219200 GLP-1/GIP/Gey = 323 71
(Triagonist) & —F7E GLP-1 AU I JE At 58 & Rl 1) —FoB 1) 5. 00 1 R 2R Ak
a1, B LLFEEEh = A SAEAR R B SRV 2 AR, 23 )R IR LR 2R A 2 K
-1 (glucagon-like peptide-1, GLP-1) ZZ44. i %) bl 46 11 12 e &5 3= 22 ik 32 44
(glucose-dependent insulinotropic polypeptide, GIP) 22441 i = i k# & (glucagon,
Geg) AR, HHHEFIESE, Triagonist £EMG 1528504 b BT b 532 A4 RN X2 A4 i
ZJ) 771 5 B S [ SO W PR R A R 21 SR, Triagonist (A2 GR35 F H 11 1
ARWARIE . AWFFERHAFIAT IE 10 B ROCHARMN 73 A ¥ Western
blot B, 9T Triagonist X 3xTg-AD /)N IAKITHREAIN AD FEJ BRASRAE 1 2
FAEH, JFVEPERN 7 HAER B TALS, BAENKIE AD IRYTHT RIS SR A B
AN S AR o

1 MRS 7

1.1 LR3PS0

1.1.1 L3 s stk 9 A MM APPswe/PSlmuevitaups. — % AD
(3xTg-AD) /NRATEFARY C57BL/6I  (C57) XFHE/NE .. H, 3xTg-AD /M
) H % H Jakson Lab, C57 /NI A b 4E@MESLIRENIHARA IR A A . i
SYIEARSLIG FHMALE R G (IVC) s B eiisE, shmERE AN 20C
—25°C, 12 /NG 12 /N RIS, JFORIIE 78 2 HIE B AIOK .

1.1.2 SEBEF  GLP-1/GIP/Geg == #4277 Triagonist FH¥<[E Lancaster K2
Christian Holscher #2154 . SLIR FH BdifAk & E 2507 Anti-B-Amyloid (6E10,
Biolegend, 32[%) . Anti-Human PHF-Tau Monoclonal Antibody (AT8, Thermo, 3£
ED. Anti-PKA R2 antibody (Abcam, 3% [E) . Anti-cAMP protein kinase catalytic
subunit antibody (Abcam, 35[E) . Anti-CREB (phospho S133) (Abcam, [ ).
anti-B-actin ({#-L4&, H[E). Biotin-*FHif 19G (1H 4%, F1[E). Biotin—fupi+



IgG (L4, FiED. Biotin—£Hii 196 (148, HE). ZREFRE (14,
HHED. BERE (Sigma, HED. BSA (448, H[E). Triton X-100 (Sigma, 3%
ED. FEPu/hE 19G-Cy3 (L4, w[E). DyLight 488-f#i%k 19gG (114,
). DAPI Jefaiy (I-Ef8, JED. RIPA 24l (£3¥%, FED. BCAEH
WEEMARIAF & (R3EE, FE). SDS-PAGE il &kl & (RE=E, HED
&,

1.1.3 EELANE KAV HL (LEICACM1850, fEED. MotILRE R M
(FV1200, OLYMPUS, HA). E#r{¥ (Spectra Max M2/Mze %, Molecular Oerices
Corp, HEE). mEHEELHL (GL-20C, BD A#, ZEE). HIKIX (PAC300 %,
BIO-RAD A&, £[E). #{ (Trans-Blot SD semi-dry transfer cell, Labnet,
BIO-RAD A7, £ED. ERMME RS (BIO-Rad A, FEED. 17 AR
Mr &4 (Ethovision 3.0, Noldus Information Technology, fif =) %%,

1.1.4 SEWAHRKGY KHFAFRK/NRBEN /A C57 4 EE/K (C57 +
NS). C57 #5%4 (C57 + Triagonist). 3xTg-AD #43/EFH£E/K (3xTg-AD + NS) DL
3xTg-AD 44%j (3xTg-AD + Triagonist) PY4l. Triagonist FAEHE £ /KIEME. £/
9 HWES, 2524520 L 10 nmol/kg/day 155506 Triagonist £ MR N, AEEE /K
Nz [FRRRSS T 0.9%NaCl. RF2E4524 28 K5 T I64T il

1.2 NPT R%EER

1.2.1 5id% W igise H TI5E /N R IIEBhRE ), N 5 BIAT il B AT
WL e, (A AT E N IR R AE ST o IEZUSER AT, K SEIR SN L5 %
FUE N 30 min. AR5, BN BB 40 cmx40 cmx40 cm B39, 0378 A
N5 16 HEER/NHIIETT A& T, Hr A YA E SO RO IX, A B A% 8 X
NAMNAX o NI S g, B EEE) 5 min, IR SR kDR R
[K)izsh#iZE, JF Ethovision 3.0 (Noldus Information Technology, fif>%) A5
BT 5 F3 %l /IS BRAT AE 1 A P B RIE (8] DX 3B o B ] 7Y B 43 Bl 22D SRR s s
H 75%I) CBEHBEN Y, AR5 FREAT T — Rl

1.2.2 YRRE Y REHTIE /RO TARCIZEE .Y R E Bl =K
BE mir R 30 cmy 15 cm A7 em BB, = Z RIS A0y 120 FE, ]
A EAIE R — DN =M SEERIT, RIS BTN [R] — B O Hh TE] = X



ikH [ #1935 3h 8 min, [FRS A Ethovision 3.0 Z4Hic5% 8 min P HEE B kBRI
By . E/ANR BB SRS, 55 =0 NI ST U AR,
MAIEFEE . BN ERE BT A RSB IEfR. BRCEIE
BiR= GENIERGE R B Bk E-2) x1009%!2% 24,

1. 2. 3Morris KR ERXALAKKE /KRR E 1256 = F/0N B 25 1A) 225 5 2140
1268677, KEE H—ERAH 120 cm. =524 50 cm B EIE B R4, B ke FA
VUR R B A BT AR SERHT, 75 B AN E SRR IR Bk B H35)
5o IKIRARFFAE 224+ 2°C o 7E MG R 2 #1214+ (Noldus Information Technology,
22D AR, B EAARI AN RIR, HESE — R PRI —EER 12 cm
M E RSP &, P ERTA T K R 1 om. G dkik ek 8 — M Bov b
ATREE, FFEE5 K. RN RSB — R IEAKH, #17F K FFE
F 2o H/PRARBIIFNE EIK R G B SER N TE] 2348 1 min 5 ikids, HitE
BLo AT 45 /N R FHRK R & B Ta), BIVE R T S0 26 — W BOA 2 IR R AR
TESERCE N UATIRES S5 128 R (EPSEIREE /N R) KK NP aHt, BENLER
R, BUCK N R KH, AR EBRE 1 min, dR/DNREBRRE GB—
R PRI [R] R FL NG . SEEGEE =B BONTTALT & 525, KT EhmEK
L F 1 em, BENLEREFR AR, K RARBON, 103 R ENE 6 1B
] KL R R = TR R T 2 S R DUSOA n RE . TE
KEERRLERE, ¥R T FEBMEIMEE (E=2R). HTH 7-10 K
AT AR 9 58 AL AT RIS AN BE 5 56 11 R 25 PR 2R 50 250,

1.3 Wi SRBERIALZFENE 1T NS RIRAERIG, F/NBUH 5%7K & SRR I e v 5
BEATIRE . FH PBS 12 B HR I WE AL 11 o o UM (E BE R VA TR K, ATUKER Y
JERE N 30 um. H5M A 0.1 M [ PBS Y =Js, MigE i, —3t4CidwE,
M6, 2h 5N DAPI, H PBS ¥ =k sttt i), Hh, &
Ja ROt R BT W E4n I, HFH Image-Pro Plus 6.0 A2 #r 4ttt
1.4 G AL Westernblot 1T NFSLIEE NG, W/ 5%/K A SRR, 8Y
Jo, BU, rEsigEhHL . HEPRE ., BT )S, %08 10:1 09 Bl NZH 2 A 1 i
ZUTL PN SRR EERIA7) (1:100) AT PMSF (1: 100) MR,
4 CHUE 4h JEibAT R0, RS B, /3R T BCA AR ENE . i



Hh EREE, BUREEN#Y 5 min A8, #E4T SDS-PAGE HLK, HLUKSEEIEEH
2% PVDF I L. H 5%i6 4 MiE (BSA) M1 2h JE A —#1, 4°Cid %, F TBST
Bl 5 minX3 K FMAZHL, 4CHFE 2h, TBST P 5 minX3 k. )5, M
AN ECL R TG, 12H Alpha View SA B4 # H AR A XS K FEAE

1.5 Githa B A SRR B S bR R, KEEH 1 RBIH 5 KA
SRR E 2 7 REE 10 RAEHE K SPSS18.0 B A M & 7 25 i, HAREs
K F Sigmaplot12.0 [#) two-way ANOVA 4347, Sigmaplot10.0 /£ K. P<0.05 & ANH

G ER L.

2 &R
2.1 Triagonist NE4MY 3 X Tg-AD Al C57 /MR B EIBFHARREE S

wE 1A Fros, AN RAED S B HiG3h 5 70 8P e BR B 70 1 4 C57 + NS
2 2052.1+88.3 cm (n=13). C57 + Triagonist i 2033.4+96. 0 cm (n=11). 3xTg-AD
+ NS 2 1981.3+88.3 cm (n=13)#13xTg-AD + Triagonist 2 1968.8+106.1 cm(n=9),
B MEAG T F2ER (P>0.05), [FE, PLE&H /N RO X &S E &
e (1B 43N (19.3+2.7) %, (18.1+2.5) %. (16.3+2.4) %F1 (17.9+2.7) %,
WG IR XL R, 9 HEdHEM: 3xTg-AD /MR IS AR R §e /1%
A2 21, Triagonist A5 5%F P FH/N BRI B AR R B A W20 .

Fig 1

2.2 Triagonist (& 7 3xTg-AD /MR A THEIEIZ

K 2A IR T/NR Y BB AR E IR 45 R, WU B RSB B 5708
C57+NS 41 (66.1+2.5) %. C57+Triagonist 41 (65.9+2.4) %. 3xTg-AD+NS 4
(48.4+1.9) %F1 3xTg-AD+Triagonist 20 (62.8+2.5) %. HH, 5 C57+NS 4Lt
B, 3xTg-AD+NS ZH /N B H & 38 B IR 22 B i k2> (P<0.001); 5 3xTg-AD+NS
HIbE, 3xTg-AD+Triagonist I H KX E IEFZENHEA &, BAERIIFER
(**P<0.01). & 2B Z/x 7 FIFEDULE /N HEE S8, 707l C57+NS 4
(33.0£0.8) {X. C57 + Triagonist 41 (33.2+2.2) XK. 3xTg-AD + NS 41 (34.5+2.1)
XA 3xTg-AD + Triagonist 21 (34.8+2.4) X, HHZEEKAEHEZR (P>0.05).



X—gERRY, WANRE Y REHMIZs)EE %A X 5], Triagonist AN
PN E Ei8sh; 3xTg-AD /NRIN Y 2k e =S8 TAEICIZ 32 3 A%, 1M
Triagonist 7] B {2 2403 3xTg-AD /)i %S 18 TAFIC1Z .

Fig 2

2.3 Triagonist B(E T 3 X Tg-AD /MR KR HSF %1812

1A 3A BIR T &4/ Morris 7KK EESE 5 R 1@ AT kg8 45 5 AT L,
BEE VSRR BN, S Ak R A A R . o, 551 RIU4
(R BT AR VA GE it R & 2~5 K 3xTg-AD + NS 41 5 C57 + NS 41 AH EL B
SN (¥*P<0.01 AI***P<0.001); %f 3~5 K 3xTg-AD + Triagonist X #¢ 3xTg-AD
+ NS AR (*P<0.01). XUEHH, 3xTg-AD /MR HIBL T BH I 0 25 ) 2% 3]
%, YL T Triagonist 7] BB G X —22 2] GE 1T .

Table 1

Kl 3B o I & 2H/NEAE Morris KRR B 5 6 RIEAT 2 AR R 50 AR M
VKRR . RGP A, 5/ BRAE B AR R RN 8] 5 S T ) B 4 b (&
3C) /3N C57 + NS 4H.(44.7+1.7)%. C57 + Triagonist 41 (41.8+1.8) %. 3xTg-AD
+ NS 41 (30.9+1.8) %F1 3xTg-AD + Triagonist 21 (43.1+1.9) %. H:91, 3xTg-AD
+ NS 4% C57 + NS 4B E.J8/> (P<0.001); 3xTg-AD + Triagonist 415 3xTg-AD
+ NS 4M L, XA EME (P<0.001), XEH, 3xTg-AD /M2 [HCIZBhhE
A5, Triagonist 0B AT BH 2538 25 A0 12

FERHF Gitierh (B 3D), PYLH/NRBNE & BB A 73] &: C57 + NS 4

(11.6+0.5) s. C57 + Triagonist 241 (12.2+0.4) s. 3xTg-AD + NS 21 (10.7+0.5) s.
3xTg-AD + Triagonist 20 (11.3+0.4)s, ZH [A1¥) T Gt 11 % 5 (P>0.05) . i B 3xTg-AD
/N R T R IR ) S KN B A SR R Ui B 1) (%) k2 AN 2 R T4 ARiE B e 7 1 22
SRTE WA 2N IR T B G

Fig 3

2.4 Triagonist B3 T 3xTg-AD /MR 2RI % se A AR RiEHE



DAl ES MoK E R AR R R G NG, HAK T FaBs 2RI GE m
RIRD A X3, AT LRI R A K Bk 5 S RTAT R S 1 2 T R 2 R
ik 4A I3 2 Fivs, MSHRIE S 1 R (RLEARIEEE 7 KD JF4s 3xTg-AD + NS
A ke RIS C57 + NS AL A E %R, 3xTg-AD + Triagonist 415
3XTg-AD + NS 4LHILtL, thgiit e 5. MAKEE 2 TR w G, T
R R IR . a0l 4B M1 4C fizn, 5 C57 + NS ALk, 3xTg-AD + NS 21/
75 H br R BRI vk B 1) 43 ELBE B8/ (P<0.001), P44 AN (42.3+2.2) %Al

(25.842.2) %. 5 3xTg-AD + NS ZHAtt, 3xTg-AD + Triagonist ZH 4 Fir 2 &,
Ny (37.8£2.0) % (P<0.001).

Table 2

Fig 4

2.5 Triagonist FALHE > T 3xTg-AD /MRIESHLA N AB FIVTR

K 5A BoR T iE L HZIA I AR Sl ot G (b LA AP BEHL B2 . HARDYZH
NRIED AR IE AB BIEBRIER, {5 3xTg-AD + NS £1 H Btk ¥ & 1 2. £ T C57
+NS 4, HPFEHRERER K 4T 3xTg-AD /)N i Triagonist 4b3 J5 H P B H
BRI, REMEWMIRERE. 2517408 (18 5B), LA C57 + NS 41 A HEf;
8, VUL A B FEYEZR L2 )& C57 + NS 41 (100.0+5.5) %. C57 + Triagonist
20 (90.9+4.4) %. 3xTg-AD + NS 4 (566.5+29.4)% #13xTg-AD + Triagonist
1 (202.5+3.7) %. 3XTg-AD + NS /NI A AR BEHEL C57 + NS 41
% (P<0.001), 45F 3xTg-AD /)N Triagonist 1577 o BEHL & 5 3xTg-AD + NS
ZH LN B g/ (P<0.001). n=4.

Fig 5

2.6 Triagonist FALHE MK T 3xTg-AD /M RIFDHA AT EBERILK Tau BHEK
B2

Kl 6A or 1 i A R R LT tau B gLl Dl . 5 I R AL tau B
FIE ML N I PH %, {H 3xTg-AD + NS 41 (i R 1L tau 2R (1% e, LB
RAT 2 WALFAR, HAREAFE C57 + NS LA A N 2 Ay 55 BE AR /N i

10



Fi SR . & giit AR (B 6B, PUZH I FH 1843 7 v C57 + NS £H(100.0
+9.4) %. 3xTg-AD + NS 41(247.9+6.4)%. C57 + Triagonist 41 (95.3+3.6) %
F1 3xTg-AD + Triagonist 2 (138.6+15.1) %. 3xTg-AD + NS 215 C57 + NS 4 It
B RIA ] B £ (P<0.001), 3xTg-AD + Triagonist 55 3xTg-AD + NS 41 LL#
FRPEZRIA B2 b (P<0.001).

Fig 6

2.7 Triagonist £ T 3xTg-AD /MRESHRAH K cAMP/PKA/p-CREB & 2%
N T R} Triagonist 520 3XTg-AD /N BRAT Ay 2 A0 B4 10 3 AL, FRAT At
F Western Blot X /)> i S 4 2R 1115 5 53 F cAMP. PKA. p-CREB 17 | & &
ST 7 TR, 5 C57 S IRZUA HE, 3XTg-AD + NS 41/ R S 4141 ) cAMP
(K 7B). PKAR2 (] 7C) LA J p-CREB (& 7D) ¥&4 7 W1 & HIIAK (P<0.05
B P<0.001). &ZMMLISE, =F /KA HEARBERE (P<0.05 5
P<0.001).

Fig 7

3 Wik

AD H3# i R R R I L2 B TAECAZ RS, Bl o ke K il
LA R N KIS SN 0 B HAT, I PR b 2 R I R Tl 4 o) 7 e
FINFIAT Ny, BT R AN ERAR,  EL AR BRI Bl 40 11 77t AN e BELLE R A AD 3 2
FEAE B IZ TN EE . B PRI 5 AD Z B 3 UIBE 509 AD Y897 FRRE T — 4S8 i A% .
AW T B AE M EE—Flogt KIBueE PRIw 1 71 B GLP-1/GIP/Geg =32 AR zh 7%t AD /)N
AR YER o BRATE JSAE 3xTg-AD AN R _EHEAT 7 %Al EndT h 240
e Y BREAUKIKRE MSLie st REIR, 9 S 3xTg-AD /NRAE Y 2k 5 i)
R ERREYE TR, KR E R s RN R, B R R IRk
[F) 70 EE U2 2 05/ o [R]IE, /N BRI is s D REAIAR ) 9 AN 32 520 . 1IX 3L B, 3xTg-AD
AN TR AZ A K R A2 2 3 T B . ALK EHREG MR B, 3xTg-AD
NN RS T s B5E . BB, JRATWELS], 457 3xTg-AD /) I8
KI5 GLP-1/GIP/Gey = SZARANTIJG , X REAT 2 45 5 #0545 LAAN A 72

11



JEE (IR

AD H5 25 s W TR0 BELREAIE A2 06 A A e S 2 A b M I EL A B Lo
B R AERE UL R AEM Y tau 2R O FE B RR AL TE LI i 8 SR T YR i 25 . ANHIE
FAEAT AR ARG, SO e AU = F B S T GLP-1/GIP/Gey — 32 1
WA IR 3XTg-AD /N R Y AD A5 BEAFAE LR B A B U Tau 2 T B2 IR
isem. iR, H5EARK C57 N,  3xTg-AD /RS H 4 1)
AB BEPBHRIE 2, =2 AEh 0 W TG Rk A B ERN Y I AR AT TR . R
3XTg-AD /NG N 1 Tau 8 R A T FEBERR ML, 45 T =MW HG,
Mk Tau A& EA PR . ATEAE TSI RM, GLP-1 28MU4) Lixisenatide
A LUE S BL A B SR I sl 2 oo B 4 A S s (e s, oA A g R,
Val®-GLP-1 1] Uil % APP/PSL %% K: Rl /1N B ifg By LTP (14 F 401, e F6 S fis ] 98 1260,
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Figures and Figure legends:
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Fig. 1.Triagonist did not affect the locomotor and exploratory performance of 3xTg-AD mice and
C57 age-matched mice. (A and B) Histograms showing the total distance moved in the open field
(A) and running time spent in the central area (B) of mice in 5 min, without any significantly
difference between groups ( P>0.05 ). (C) A diagram showing the open field with animal. Red color
squares were defined as central area (D) Representative running traces of mice in different groups.

Green circles and red circles represent initial position and stop position of mice, respectively.
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Fig. 2. Triagonist improved the working memory of 3 X Tg-AD mice in Y-maze. (A) Histograms
showing the percentage of correct spontaneous alternation of different groups of mice in Y maze
test, with a significant decrease only in the 3 X Tg-AD + NS group.** P<0.01, *** P<0.001. (B)
Histograms showing the total arm entries of mice in 8 min, without any significant difference

between groups.
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Fig. 3. The effects of triagonist on the spatial learning and memory of 3xTg-AD mice. (A) Plots
showing the mean escape latencies of mice in hidden platform test from 1st-5th day. (B) Sample
swimming traces of mice in different groups in probe test. (C) Histograms showing the swimming
time percentage of mice in target quadrant in the probe test on 6th day. ***P<0.001 (D) Swimming

time (sec) of mice to target in visible platform test.
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Fig. 4. Observation of the escape latency and swimming time percentage of mice in reverse MWM
test. (A) Plots showing the escape latency of mice in hidden platform test from 7th-10th day. (B)
Histograms showing swimming time percentage of mice in probe test on 11th day. ***P<0.001. (C)
Sample swimming traces of mice in different groups in probe test.

19



A

C57 + NS 3xTg-AD + NS C§57 + Triagonist 3xTg-AD + Triagonist

c— NS
700 - o *"— Triagonist
| LI
@
S ~ 500 1
=2}
[ =
S ‘g‘ 400
£ © 300 ;
L
o ©
2 3R 200 1
8™ 100
a [N
0 v v
Cc57 3xTg-AD

5. C57 1 3xTg-AD /N g Th 212 AP BEER (¥ S8 56l

Fig. 5. Immunofluorescence measurements of Ap plaques in the hippocampus of C57 and 3xTg-AD
mice. (A) Microphotographs showing A B positive plagues in the hippocampus of mice in four
groups. AP positive plaques (red) were recognized and stained with specific 6E10 antibody, and cell
nucleus (blue) were stained by DAPI. The scale bars in the first and second row are 100 v m and
50 wm. (B) Histograms comparing the percentage of AB positive staining plaques, with a

significant increase in 3xTg-AD + NS group and a prominent recovery in 3xTg-AD + Triagonist

group.
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Fig. 6. Immunofluorescence measurements of phosphorylated tau in the hippocampus of C57 and
3xTg-AD mice. (A) Microphotographs showing the distribution of positive phosphorylated tau
staining in the hippocampus of mice in different groups. Phosphorylated tau positive stainings (red)
were recgonized with specific AT8 antibody, and cell nucleus (blue) were stained with DAPI. The
scale bars in the first and second row are 100 pm and 50 ©m, respectively. (B) Histograms
comparing the percentages of positive staining of phosphorylated tau in the four groups, with a
significant increase in the 3xTg-AD + NS group, and a recovery in the 3xTg-AD + Triagonist

groups.
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Fig. 7. Western blot quantitative analysis for the levels of cAMP, p-PKA, p-CREB and t-CREB in
the hippocampus of C57 and 3xTg-AD mice. (A) Representative western blot images in different
groups. (B, C, D, E) Histograms showing the quantitative analyses of cCAMP, PKA R2, p-CREB and

t-CREB. All data are expressed as the percentage of value in control (n=4-6).
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Tables:

1. FEFLDIAN Triagonist XJ /N FRAE Morris 7KK B @ A7 i 73056 Fh B By AR I (D) 52
Table 1. Effects of transgenic and triagonist on the escape latency (sec) of mice in hidden platform

test. ** P<0.01, *** P<0.001 vs C57+NS; # P<0.01 vs 3xTg-AD+NS.

plER C57 + NS C57 + Triagonist AD + NS AD + Triagonist

R (n=9) (n=9) (n=9) (n=11)
FL1KR (9 53.6%£1.9 51.3+1.8 549415 55.1+1.5
F2KR (9 30.6£3.5 37.0£3.3 46.0+2.7** 423+28
FIR () 25.5+4.1 25.5+4.4 45.143.2%** 31.0+3.3#
F 4R () 18.61+4.0 20.5+3.8 39.943.1%** 25.7+3.2#
FH5K (s) 17.6+3.4 17.7+3.2 36.7 =2.6%** 23.3+2.7#

R 2. BN RAERRL KR B s e R (D) R EeK

Table 2. Comparison of the escape latency (sec) of mice in reverse Morris water maze test. **

P<0.01, *** P<0.001 vs C57+NS; # P<0.05, *# P<0.001 vs 3xTg-AD+NS.

N2k C57+NS  C57 + Triagonist AD + NS AD + Triagonist

K (n=9) (n=9) (n=9) (n=11)
-+ #

TR () 21.3%37 32.3+3.6 44.9+3.8% 32.7+34
#H
8K () 226+32 284432 44.8+3.0%%x 20.4+2.9%
4o THH

HBOKR () 192+29 18.8+2.9 41.843.0%%* 151427
F10K (9 170422 18.742.2 39.542.4%x 16,64+ 2. 1%
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