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Abstract

BACKGROUND: Agomelatine is a clinically proven treatment for neuropsychiatric symptoms, such as anxiety and depression. Furthermore, our previous study
has demonstrated that agomelatine ameliorates cognitive behaviors, hippocampal synaptic plasticity, and brain pathology in a mouse model of Alzheimer’s
disease. However, it remains unclear whether agomelatine can improve anxiety and depression-like behaviors in Alzheimer’s disease model mice.

OBJECTIVE: To investigate the improving effects of agomelatine on anxiety- and depression-like behaviors in APP/PS1 transgenic mice and its underlying
molecular mechanisms.

METHODS: (1) Eighteen APP/PS1 transgenic mice were randomly divided into model control group (n=9) and model intervention group (n=9). Another wild-
type mice were randomized into control group (n=9) and intervention group (n=9). Model intervention group and intervention group were intraperitoneally
injected with 10 mg/kg agomelatine per day for 31 continuous days. Behavioral experiments, including the elevated cross maze and forced swimming tests, and
mMRNA sequencing of the hippocampus were then performed. (2) Mouse hippocampal neuronal cell lines (HT22) and brain microvascular endothelial cell lines
(bEnd.3) were cultured and divided into four groups: blank group without any drug, drug group with 20 pmol/L agomelatine, model group with 10 pmol/L
B-amyloid 1-42, and experimental group with 10 umol/L B-amyloid 1-42+20 pmol /L agomelatine. After 24 hours of incubation, protein expression of ****p-tau
and *°p-GSK3B in HT22 cells was detected by immunoblotting, and protein expression of low-density lipoprotein receptor-related protein 1 and glycosylation
end-product receptor in bEnd.3 cells was detected by immunoblotting.

RESULTS AND CONCLUSION: In the elevated plus maze test, the time spent in the open arms (P < 0.01) and the entries into open arms (P < 0.05) in the mice of
model control group were evidently lower than those in the control group, whereas those were obviously increased in the model intervention group compared
with the model control group (P < 0.05). Forced swimming test results showed that the immobile time exhibited a marked increase in the model control group
compared with the control group (P < 0.05), but it was significantly decreased in the model intervention group compared with the model control group (P <
0.05). Hippocampal tissue mRNA sequencing showed that agomelatine enhanced the expression of low-density lipoprotein receptor-related protein 1 in the
hippocampus of APP/PS1 mice. Western blot analysis revealed that the level of ***°p-tau in HT22 cells was higher in the model group than the blank group (P <
0.05), while it was markedly decreased in the experimental group compared with the model group (P < 0.05); the level of *p-GSK3B in HT22 cells was higher in
the drug group than the blank group (P < 0.05) as well as higher in the experimental group than the model group (P < 0.05). Moreover, the expression of low-
density lipoprotein receptor-related protein 1 in bEnd.3 cells was higher in the experimental group than the model group (P < 0.05). To conclude, agomelatine

can alleviate anxiety- and depression-like behaviors in Alzheimer’s disease mice by promoting the clearance of B-amyloid and phosphorylated tau.
Key words: Alzheimer’s disease; agomelatine; APP/PS1 transgenic mice; anxiety; depression
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Mg, SRR MR Wz — M BT MM T AR
T3 2 B 7R R U BROG (1) 2 BRI KRR A, ™ R 31 £ 3 1 H
WATERE ST B PR RIG IR I0HERE, I HIR
B B- WM FEE VIR T R N tau K (L R
T R A2 S T e it ), R ] JR K T3R8 A% OV
WRARTCAZFNEN T BEREAT ,  AHTE R /R 9 5 R 993 e ik A
T 20U 5 B MR FE AR Sl R R REIR, JROANTESRR
FEBA IR K AF IR R Th & R AR AR B Bt
Xof B JR P vk BRI B AR FE RN AT T K EM TS —
T, A RS AN HNAR I L BT R kit B L, AN
SRR R KB R R BB GRS R Y B,
FE < SIS RG] JR % 3 BRO R AR A7 AE L R A A 2 ety 7
DR, I PR P AR e R TR 2 IR 3R VR 9T 7 RN A
T2 AR BRI P BRI (1 2 T e

TR A8 0% Bl [ C50 2 BT 2R K i BRI RS #AT O R R T
REMZEY, CORON AT R R S BRI B VR BT FC i #A o Al
HE S SR I AT R B, IR b T B TR T AR

A T B X 56 R VT H AT 22 At B, 45 B JR ¢ i BRO08 7E N i &8
IRAT YRS I RE, S P R SEhi VT BT e N Fn T g
SR MRS ® . BT CARSE, B SERTT
TR BENS A R0z il APP/PS B EEDR/INE N ENAT s SR
i T 5B e B ERARAE U AR, X TR KSR RTT RS
RE 5035 R R R I B /) B R BB R AR FEAT A AT 4E
ik, AEFT B FU A b, O RS B B K 5 v Tk
APP/PS1 % FE PR /) A IEFIAMARAEAT NI, DA S T
B- VEM ML E LS I A4 T tau B I FERERR AL i
TUCIILAS P 2 4T AT 535 52 I £ 9 32 AR A R B 1(low-density
lipoprotein receptor-related protein 1, LRP1) ik K540,
DN R ) X S R VT A0 B R R B WA IR R AT 4
BT RIS .

1 #RF/F3% Materials and methods

1.1 &4t BENLAT RRShA S, RIS, Siit oy
M3 4T one-way ANOVA B two-way ANOVA 556, 75 % 5%
PERH LSD vERHT AR LR, 7 ZANF5 K A Dunnetts’s T3
o
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1.2 B RE SZIG T 2023 4F 6-12 F/E L PHEE R KA
1.3 A

1.3.1 SRIGFN W) RN S50 40 e 8 H i it ¥4 APP/PS1 A% Jik
( B 7R B BRI ) /N B (n=18) K [R] 55 B AE AL 7 /) R
(n=18), {AJ5ifE 25-35 g, NG H BN T U5 LI S PR
HIRAF, YFAMIFES: (SCXK( T )2019-0004., Zh¥)seit
PRAFILTEER RN R SIS A B A ikt HH SN
2021-034 5.

/N BT S 2 O 2 AR (HT22) ol P B R R s AR 3
S RSLIG IR, /N BRI T PN R 40 B Ak (bEnd.3) IAT
FEEME (B ) EVEAR RO ARAF.

1.3.2 IR GRS B 3EHiyT (Abacm, SEH ), F -
WERIROW. EE AN, PBS. RIPA ZLMRWE. B MR EEHT
HI7). H A RE I 7. SDS-PAGE &5 19 L FEZE P, BCA
A E BRI A, SDS-PAGE Bt i 1l £ 1 77 & A ECL AL 2%
KA MR S B A TR (R ) BIRA
Al AR 186 L FEPTE 186G A B-actin HLRIY H L ifE
ETAEMTEBRBARAFR: - ek EA 1-42 Tk
T AR AR AR BG4 M3 (Excell Bio, U );

DMEM ¢ i 5 72 5 (Hyclone, 2£[H ); “*p-tau Hfk. “p-
1 5 S A% I 3 3B(glycogen synthase kinase-3B, GSK-3)
Pifk (CST, EH ): LRP1Fifk (Abcam, [ ); HEFALZ&
P (Santa, R ) w4 HFRRE B AR (HHRLE );
SHIEVEPKA (3RS ) SAT NIBERSMHT R 4 (EthoVision
XT, Noldus Information Technology); 441514 3% (SONY);

FEE R RSO (Eppendorf, E[E ); BARIY (Bio Tek, £[H );
HLVKAX B2 5 JEAX (BIO-RAD, SE[H ): #EIK % R 4t (Azure
Biosystems, [H ); CO, fHRAHELF=H (SANYO, HA ).
1.4 FIF %

1.4.1 FhYpses

SLIGERNMISYEE : RPN T RIE, ¥ 18 L APP/PS1
IR/ BR A ARG B (n=9). BEBYF-TH (n=9), F¢
18 HEFAE RN BENL > AN R (n=9). TTi4 (n=9). #
RO T AL BRI S B S35 3277 10 mg/(kg-d)™,
LR B ZH L S0 R ZE /) BRI e S = Py S A B K,
BRI 4R Y 31d.

BRTFEREMR: AA44HE, BOARBAS
bR E v e X, T RO, R R S sk
5 min /)N BRI EE N T IBUE OBORIER BT T80 ) a), - DAY
/N AR M,

SRIENFKMIR : AT R E MR RS, Wk A
HYE N K, KN BB T K S sk N, LR TE A
W H B30 6 min, JFJE IR Sl 5/ BRTE SPIRE,
SNG4 min /NI BIIRAS,  THE/IN RIS B [E] >k
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i /N B AR KF B2,

mRNA U (MRNA-Seq): 1T A% SEIREE R G, B
AEFE/IN B S U, VK BB i 2, HEAT mRNA-Seq
. %SRS TE I U R BOUR A MR IR A ] SE AL
{#i Fi§ lllumina NovaSeq 6000 - 5 #E47F & [ X0 i 1 37 45 28
ff) RNA-seq. mRNA-Seq fij £ 3% (D RNA 2 H 5 -
Kol RNA [ 5e B a B, @ EMWRE S K. 6 Ll
WFp: REUA A BT, 68— P A% A A EANEE R,
BEIMN— NSRRI [ INTP 5 B8 RO AT B 1) %6
M ASCE I 3RO 5, B AU (s 5 5
A i, TR SRAFAE I A BT 545 8 o @B 53 #re
R 55 DR R T8 7K S 5 43 AT 5 SR EURT 43 B 22 S BE R RO
FJF clusterProfiler(3.4.4) #1522 i 14 3£ K] GO(Gene
Ontology) ‘& £ 71T
1.4.2 4 SEEG

MBI IE R R F T K HT22 21 g 71 bEnd.3 41 i i
N B AR AR 4 10% fif 4 L35 A 1% 7 - 5 BRI AR
DMEM 35 35 2k ( e 859 48 ), B NEF 5 % 5% Co,
(1937 CHMRE AR £ 9%, R /s, F PBS
e 1 IR, 1 0.25% [ 10 40 B A7 A5 AR 4 7 o 4 i
AYRIEERNT 6 FLAN, NN 2 mL SE4x s 9R 5L, 4 i
(6-8)x10°/ 4L, 73 %l oy 4 A K;F%: 2 A IINAT A 2
Yo, 24NN 20 pmol/L B X &4 yT M, RERL A in N
10 umol/L B~ S AR FE R 11 142", SEEG4H i\ 10 pmol/L B~
VERFEEE 1 1-42+20 pmol/L B X EHLVT .

GREENER AR : Z5W AL B 24 h JSURSEAA I, U ED
RGN HT22 411l **°p-tau A1 “p-GSK3B [f15K (1 FKIE, Huf%
E3ZEAG I bEnd.3 40 LRPL. HEFEAL 2= W 32 A I B (A %
ko AN RIPA AR (7 1% BERR B0 57 F0 1%
H A EENH]7) ) 2RI, 16 000xg B0> 10 min, HY b3
YRR E AR . F BCA 5 A & Bk 77 & 0 5 4
JifL 25 FURE SRR FE S, NN SDS-PAGE & 1 b FEZE i I &
A RH 12% SDS-PAGE #Efig b 4T ik, TP T 5%
TR E AR E R ORI L, BRI R
JRE WA i = iR 1A 2 h, BYERT R H 4T B . K
G3 A HEAT — T (p-tau, “p-GSK3B. LRPL, HEIEALZE/H)
AR K B-actin, FiFELLF] 1 0 500-1 1 1000) A1 ( Ll
Fhi1gG. WEPLR 186, MBELLFIRI 1 0 5000) i
HIaVES, fE TR M RREAT ECL L RO R, 3K
B H B 4 o
15 EZULESEAR SAUNRAE AT KA * *p-tau,
“p-GSK3B. LRP1 FIHHEIL AL =W 2 AR B ARk .

1.6 ZuitF ot 2 EAS AT EEIEH Xts £oR,
K% FH SPSS 13.0 #4 % 3 3£ 17 one-way ANOVA B, two-way
ANOVA #3588, J5 2255 % FH LSD vk kAT 4l m) b fge, 7 22
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NF5KFH Dunnetts’s T3 . iz FH GraphPad Prism 7 #{:1E
Kl. P<0.05 W 7 A BE R . &4k D
2 PR BRI R 2 B AW Gt 22 B K .

2 458 Results

21 M FEBRLER

2.1.1 SERFYEES T 18 A APP/PS1 H LR /MR 5 18
P AN R A NS5 SR AT

2.1.2 PASERVT W G2ME T APP/PST B BRI G (1 £ 18
FEAT A fEmZE Tk E Wi, 5x AN RARL,
HEE R 0 R ZH /0N BT R 4R 2 N TR 46 45 [(26.15624.315),
(9.333+£2.409) s, P<0.01], &5 9 A% APP/PS1 #LIL[R /N
R OMEAERET IR SRR TIRIT S, BT
TR /N BRI PR R T (] T 7R X B 4 [(24.19143.022),
(9.333+2.409) s, P<0.01], . B 1A, £ B B X £ 7
VT A Rk 3% 1 APP/PST B B [X /)N iR SR I th (1) £E B R AT
o (R, Y of HE A /N BT RO kN IR > TR R
ZH (2.333+0.441, 10.222+1.188, P <0.001), #& A F- Fi
YN R TFTBOR 3 N IR 2 T BRG] HE2E (7.667+1.434,
2.333+0.441, P<0.01), W& 1B, iXuks: B LA, APP/
PS1 #LBL PR/ SRR I AR FEFEAT Dy, TR R SERLVT A 20k
& 7 APP/PST BEEE IR/ R R I H I B FEAEAT M o

2.1.3 PRSERVT A BT T APP/PST B LR/ B (1 44
FEAT Oy AESRIE IR, AR ) HE ZH /) B B ek S
55 5 4 min AN IR TA] G T 0 B ZH [(199.22249.334),
(108.667+10.603) s, P<0.001], & /~ 9 A & APP/PS1
RN B AR AR FEAT Jy B B T4 /N B
S IE VUK S BG4 min PR S Bl I (] T AR R 0 R 2H
[(137.444£20.626), (199.2229.334)s, P<0.01], W.[& 2,
SE R IR S SRy T AT LB g APP/PS1 B BE[RI/N R 1)
HIHBFEAT N o

2.2 MR EZITIH B- ARG 1-42 5549 HT22
e tau & & it E ARG HIR 3 Pp-GSK3B KA [ /R UK HEER
T3 Fki PR A 28 0 tau o R IR A s B L S i RTRS MR AT R R
Bl 9L B, ik, R se e — 5 RIS R0 HT22 41
Mgt 4T 7 " p-tau A1 *p-GSK3PB &5 [ K IAKG I,  LAAS Il Fif
RZERIVT N B- VEMFERR 1-42 FrEUMZ TT tau & IR AL
GRS . I 3 TR, RV HT22 4 ) *Cp-tau R
FiEwm T A4 (P<0.05), SEGLH HT22 41 1) **p-tau
EEFRIBAL TR (P < 0.05), MR 3EH 7T kb 3R]
RN B- ek FE R 1-42 5 T 10 HT22 41 tau BE (11l
FEREIR L 2594 HT22 21 i ®p-GSK3B & A KA = T
Y (P <0.01), SZIGZH HT22 401 Pp-GSK3B & 1 %
ki TR (P < 0.05), $7RPil X FERTT Al A mid e gk
Pp-GSK3B FIA 5 1 ] B- jE MR 1 1-42 B S I

PTG tau 85 I EERERG AL,  DARE L B- Ve M AR B A BT L
FIRHEE TCHT, M ARANZE T tau ARG IR FAT N S
2.3 X E339TRF bEnd.3 49/ LRP1 & & ¢4 k3L it
Xof /N BRI ES 2 20 mRNA I 25 58— 25 0 i7 (& 4A), GO
RSN, Bl ERYT AT LAE5E APP/PS1 53 [K /N
3T X LRPL (2R A R0E . LRPL A A 20 A7 £ 1L i 57 i
A LR E R, 25 B- e MR R AR tau
1 [ A1 8 B RS I U MR, BE IR R PR AR R
P12 IR TE I A B b R A A S A E B SER R R
HENRG N I SSBE 2R M R, O T AR A M A ADURT A
APP/PST %% [R] /) 5530 P4 foic I A5 1 B2 40 g LRPL IR 34k
KPR AR R A ZRIAE B, AT bEnd.3 4 A AN 4 % Bl
T B T B- JEMRE R (A 1-42 FEAE HOAE LR B X 5
FLYT bEnd.3 41 fil LRPL FUREILAL L= 1) 52 /R R [ R IA 1)
R, AR, B- VEMFEEE A 1-42 ALV 15 S bEnd.3
40 LRPL I R & 5, [R5 T Bl e SE VT A B UE
W PR 1 1-42 40 P () bEnd.3 40 iR LRPL & (£ ik T &
(P <0.05); #2H bEnd.3 4t i B 4b 28 7= 1) 2 Ak i A Rk
b ZE R L RE MRS (P> 0.05), W.[E 4B-D. 4R K,
Bi] 8 3 437 7T 1T B8 7E AS 5 Wi i R Ab 2& P= ) 52 M B LR TA 1)
L 5 5B 7R v B 0 BRI P AL P 2 4 i LRP
A RIA TR, R B R R BRI A B YA R AR
FIAD tau A HAX ] 411 o] 38 RS 5 o

3 1571 Discussion

R R % 15 BR 73 2 28 4F AN 22 5 A1 3 i L %) — T i R
KA, MR AT R AR AT R . B (2019
SR TR R I IR IR A ), AERKZIF 5 000 /5 R &
%, $) 2050 FEH L F] 1.52 2, Hh 60%-80% A2 il /K
DMFER B R T B P E N O R, A
%2019 4F, WHECAH 700 £ R R B Y, |
RIRRIENGFR S B, AMUNERELTFEY 74,
T ELF R 7 A A 2 38 RCEE 2 o FAT 7R K I B 32 2 I
PRI A HH 2 ST e AZ F A FI Th e T B, e 30 HE 200
oo SRMTUTEEME TR I, RS HREIR /& K 2 BB JR kil
B3 B ) IR R B R, R R A DA A BT AR R
BRI A% O I ARCRE R 2 —, oA A FE AHAR 2 B 7R %
HEERIFR I AP 2R iR ® K EIRATR POk
7y FIVHRIIE FA) RE 95 S 10 55 B ] JR P 2R 95 oy 14.8%Y,
7 1 B ] SR U R v Sy 40%%Y, [ IS A% R AR B JRE T 2R 9K
THEBRIP B PR IR EE I LL 1 37%, v AT IR IR IR
I EE L B I R 38%% . {H 2 H AN TR R PR
BRI 0 AL B TN A A T, R T BT R IR i ER
I AR P B LR e RS e R M R S R R E A, B
=AU T
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SERYT, X HEAH R RN U TR AT AR B AR K, T IR A 2 BRI
TESBTICSRRIT o P A D982/ BRUAE v 28 5 R T IO R 2N TR 11
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Figure 1 | Results of the elevated cross maze test of mice in each group
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Figure 2 | Results of the forced swimming test of mice in each group

1180 | PEHERTIEAR | 5529% | 5865 | 2025528

@@;

B-VEMBERA 142 - - —_—

X ehiyT - + -+

FlE: 2 AAAIMNATAI 58, 29U K3 RT, BRI B~
VEMFEEE 1-42, SEERAINAN B- WM FEEE A 1-42+ B SEhTT. A
N AR A R p-tau J Pp-GSK3PB H [ 47 Mk JF 32 B R 4
W B, CAa RN FALFLAHAN M T p-tau K Pp-GSK3B K 17K IL K
M 4e i FUIRIE, °P<0.05, °P<0.01; D ARIKERIVT (AGO) ] B- U
WMFEE A 1-42 i S 10 D4t tau A R ONLEI R, L
GSK-3B Akl 5l & G AE 38, L RS, LA,

3 | RANRIEDEATT HT22 4058 **p-tau & “p-GSK3B HIE A FKIA
Figure 3 | Expression of ***p-tau and *’p-GSK3p in murine hippocampal
neuronal HT22 cells in each group

bEnd.340 /i

Lrp1 RAGE [ e S ] - 13 0

Cd36 = — —
Cicnata B-act-n_# —42kD
App Bk R 1-42 - - + N
Tiré B ERIT - + - N
Dnm1
| | Ngfr C 1.5- a
Atp1a3
Cacna2d1 m_g
| [ |]ems ik 101
| | Adrb2 =
Psent m
Fyn g 0.5
| | |casps <
Cacnb1 o4
| | 1af1
[ sk — D
Lgmn 1.54
Ager % i
Cdk5 7 =]
Foxo3 é " 10
[ [ |Pmp &
Tir4 = 051
Fpr2 + g
0.
B- MM PEER A 1-42 - - + "
B XSehiyT - + - "
i LRPL I FE IR 25 (132 AR 55 25 11 1, RAGE Jy B Ak 774 % 1 .
A % AGO JaJT APP/PSL /I ELitE Th 4 411 5 AB HISEHIIEIA GO 437

IR, RIS 2 APP/PST B IR K] ( Bl JR SR BRI ) /) BB Ml v A A B
#hK, BB FAL APP/PST 5 ST ( R JR UG BRI ) /) Bl v S o e
KT, GO WML, BT SEH VTR LAHY 58 APP/PS1 % BE A /1N fil
HWE X LRP1 [13R1E; B A4 bEnd.3 4l LRP1 FI1 RAGE 25 A IR M
JEIR e ENE ST Il €, D 43 % 4 bEnd.3 4 il LRP1 I RAGE & [
LIPS FRRE, °P<0.05.

4 | FLE /R R BGHME A 48R (bEnd.3) IREEAEE B Z A EXE
H 1 REENEmYZENELRIL

Figure 4 | Expression of low-density lipoprotein receptor-related protein 1
and glycosylation end-product receptor protein expression in murine brain
microvascular endothelial bEnd.3 cells in each group



HAREE

PEARTERE @72

Chinese Journal of Tissue Engineering Research  www.CITER.com

i) E AL RN AT A R, T
2tk TAEE R FIIHKIWNES . 22452 —M4
W BHTSEms, R DU R4 R A I (] BRI R R
G WL R AR P B S5 i T 5 S SR A R 2
—A “HERBIEM” HNZY), B2 E AR R R REPUAR .
IR, B2 5- Bk 2¢ RSP . IR AL
TR, B SERTT RGPS, PrAERE. AR REAR Y
HERORAT AR E R, RIS R ) R/ B8 w iE it
SCHR BT AT R B0, B X S VT LA e A T e ™,
H HLB 355 37 VT 0T LA A% A BT R 9% i BRO73 /)S BRO AT
RN 7 BRARFAE

B X SE VT R B AR B 2k (BB R 1%
PRFIHRER 3R 2 5244 ) A Bt 5- F2 (i 2C 3244 11 XU A
Jo7 12530 i AR P 0 Akt A 45 e S S YT AE P
B LRGP B R AR A M EAEH. B
Pl 5- F i 2C %24k, B SERIT T % 2 B R &
B ERR RSy, HE i 2 B 25 B IR R TS,
T S AT R R 5 o R IR 1 W PG R B B2,
R REMRER 51812 INVEIHREZDIAE G, M iZ A
P 5 A 22 B0 2008 A7 M P73 RURS e 1) DL PR TR
DR b, IF BH BR) 2336 VT R 75 50 AT JR SR I BR O (1 % 2T 1
12 VA K AN IS By )[R I 22 f FLAR R . T A5+ B L
APP/PS1 %% i PR] /1N B 2 [ s 2 WA 11 B 7R 2% 1 TR 3 470 A
B, Refl R O0H BE W TG N B YE kA BT e R RRAE
551 A BT 7R 2% ¥ R 6 8 R AL PR DA R e S RS 04T
T BT CRUESE, BT XSERVT AT LAk APP/PS1
LR/ B2 210 A2AT N fe B VE M AR AR DR R AE, (H
R R T VAT 24 B 8 5 R VT A B 5K B 2R U B /0N BRUKS A
SRR IR T o DR T 3 — 20 b 70 F0 56 35 B S 36 hr VT o 3 il
IR PR BRI RE AN AT N I R8RS 6 4k 82 R AT 2
FEBEE T B ShrTT 0 APP/PST % FE PR /)N B AR R AN
FEAT NS N, FEER T F T REMIVE L], DUN
B 7R e BRI i 917 ¥ B (L P L

FEFEAE N /R IR B I — A R 2= O 72 o8
L RS A Tk RS R, AT
FRVTIRIT G, APP/PSL % BEPR| /) B R R 2 I i) B J
n,  [F R RN TR TBOE B B BT, 3R B R SE
VI AT LB B 0 APP/PST #5 5L R/N BRI A EEREAT o [FIFE,
VRIS R A2 B J% 2 e BRG E—25  J F) B BE A IR 3 B,
BT IR R M R G HR A AR AR AT O B e, i
SHRIE YUK SIS WS | R X SERLVT R APP/PS1 /N ER AT FEAT
IR, 45 SR I APP/PSL /N BR IR B HH BRI AR REAT 3
B, TR SERTT R DA 208 % APP/PSL /N BRI AR AEAT
N, AT LR S RV T T BT R IR i BRI S P Y S 56 v [
FEREDUHPUIAER . FE S S5 2R SRR R 2008

WIS, BRI BRI A5 i P tau T 5 LA AR
() 9% A B P) A 5% B, T H. tau % 35 B B AT DA IR LR B
SBRENAFEAT N B TR, RSB I TR K,
FHVTRE B- VEM AL R [ 1-42 BT HT22 g L 4 22 G tau
E AT BRI IR, 45 SRAIE SR S8 VT AT DA g
Pp-GSK3B £ [ (1L, il B- ik FE (1 1-42 1% 5 (1
tau B I BERERR AL, $RIRF SRR VT AT BRAE PR /K K
BRI HI LG tau B U PEBERR AL, AT 2 A tau AH G
RS AR AN AT 9 7

AT HIARIE 72 O 2B 6 36 47 7T AT 358 B 7R % e BR /s
BRI P B SERI R R (R B B, BRORB R E RV AT AR
L FRBe] 7K M BR i N B— Ve B B B R tau i B [ XU E
RN, AR HALFIFEATE R . ik, XSG E T mRNA
M e g8 Rt —L o0, RIS SERTTIRYT 5 APP/PS1 /)
B X 5 B- VERYRE AR AN tau B5 18 A3 B DA 55 1
REERREAZAMKER 1 N RE SR . K%
V5 Fi B 1 SZ AR AR DG BE 1 1 J2 40 A7 7 I B B b R 4 g 1
[ —Ff B JERPFEER AN tau LI 324K, 5 B- JEMFEER
FURN tau M AR [ A1 8 e s R B DA oG 0 A,
W A 28 7= ) 52 R B 1 e RS T L B B b R 4 i B Ay
SHNE B- TERFER AHEN A s 2 A T R, Bk
VRSB FH i A AL P Rz 4 (bEnd.3) 6 328 EDIZE T B
Keill, 78 B- JEMFE R 1 1-42 17 E ARG UL R Bl R 3EhrvT
XF bEnd.3 2 i fI% 25 2 I 2 1 SZ A AR O R 1 1 AR Ak &
PPN 2R R IE KRS, 28 FUE SER XS Ry T T
TG B- JEMFEEE 1 1-42 AL FE (Y bEnd.3 4i U 25 IR &
HZ AR EE 1 EARE KT, mfE 2=
AR A RIEKETEHR A X85 R R R X S
VT RTREAEAS GRS A 28 =) 2 A B B 3R0A (BIAS SR B-
VERYFE R R tau WA IR AR RIS ) IS DL, B iR
IR IR BRI /IN BRI P9 B A AR 3 R R B 2 AR R T 1
MR Rk, I SRR ZR 0 BRI G P B JE R AE R A
AT tau WHRX [ A1 ] () 14 S AN B

ZRE UL BB, B RSERLTT X APP/PS1 /N B £E
FEFNHIARBEAT 11 2508 RN A1 AT B A2 L % A B 7R R 1 R
PN EAT NI AR I ) — BN R . 45A ks
R, BTSSR TT AT e AR 3k R 7R e BRG /IN BRI P B— Y
K REEE A tau (177 B SR A0 i R R BA v o BRI, 4R
I AT X 5 VT X Bl 7R U R /N BR AR R AT AR BEAT N I
AN AT REH T TR BRI e . 4R, XL
ARpE— PR

&z, H AT R S S BT S e R AR AR AT N
TS 3E o, BT 3638 7T DAL URE 25 34 FH O i697 BT /R
TG BRIR SR AL TR B, AT RE RO YR T R R 2R i BR R
W HIHURE AT S Ty R A 35 1 — o7 s .

Chinese Journal of Tissue Engineering Research | Vol 29 | No.6 | February 2025 | 1181



@7z TEREATERR

www.CITER.com Chinese Journal of Tissue Engineering Research

fEZ Tk T ffE Atk ot LI k. SIRHIBMEAIEE 5L
Wnfg, AEAAMA IR T I EIE AT IR, R A0 T BT
B AR A T LA,

FIZEMZE: LT 43R B, ERAMA L FRE TR TR
BEAHFR,

FHORBUERE: X & — BT3RS, RIE (Frindk ZHT )
“E L - AR - ABR T XL F 4.0 K3, ESHIANGHERAT
AFAAIET L B AT RN ZhiE. AERY R, R AT
TR P . TR, #N. A, 3T, k. BUREEIZMK, HH
25|, AR AR R T AT AR A IR,

BRAREELL: S AT A A b A A F T SUE RS T,

HARASE: ZXERBEFTTERESZNINLHELER S (FAME
FIEREREFHPHELS L EOIEFENLY . LT ERIT 21+
bR B 5 Lk R AT I REE, LFLDRATINT E R WFINF,
R BUAA L FF O HTLBEE.

4 ZE Lk References

[1] CACABELOS R. What have we learnt from past failures in Alzheimer’s
disease drug discovery? Expert Opin Drug Discov. 2022;17(4):309-323.

[2]  BUSCHE MA, HYMAN BT. Synergy between amyloid-g and tau in
Alzheimer’s disease. Nat Neurosci. 2020;23(10):1183-1193.

[3] CHEN Y, DANG M, ZHANG Z. Brain mechanisms underlying
neuropsychiatric symptoms in Alzheimer’s disease: a systematic review
of symptom-general and-specific lesion patterns. Mol Neurodegener.
2021;16(1):38.

[4] GRACIA-GARCIA P, BUENO-NQTIVOL J, LIPNICKI DM, et al. Clinically
significant anxiety as a risk factor for Alzheimer’s disease: Results from
a 10-year follow-up community study. Int J Methods Psychiatr Res.
2023;32(3):e1934.

[5] BOTTO R, CALLAI'N, CERMELLI A, et al. Anxiety and depression in
Alzheimer’s disease: a systematic review of pathogenetic mechanisms
and relation to cognitive decline. Neurol Sci. 2022;43(7):4107-4124.

[6] HASAN SMN, CLARKE C, STRAND T, et al. Putative pathological
mechanisms of late-life depression and Alzheimer’s disease. Brain Res.
2023;1813:148423.

[7] PATEL P, MASURKAR AV. The relationship of anxiety with Alzheimer’s
disease: a narrative review. Curr Alzheimer Res. 2021;18(5):359-371.

[8]  CACABELOS R, CARRIL JC, CORZO L, et al. Pharmacogenetics of
anxiety and depression in Alzheimer’s disease. Pharmacogenomics.
2023;24(1):27-57.

[9] SUQ,LIT, LIUGW, et al. Agomelatine: a potential novel approach for

the treatment of memory disorder in neurodegenerative disease.

Neural Regen Res. 2023;18(4):727-733.

LI'T, SU Q, ZHANG Z, et al. Ube2c-inhibition alleviated amyloid

pathology and memory deficits in APP/PS1 mice model of AD. Prog

Neurobiol. 2022;215:102298.

KRAEUTER AK, GUEST PC, SARNYAI Z. The elevated plus maze test for

measuring anxiety-Like behavior in rodents. Methods Mol Biol. 2019;

1916:69-74.

YANKELEVITCH-YAHAV R, FRANKO M, HULY A, et al. The forced swim

test as a model of depressive-like behavior. J Vis Exp. 2015(97):52587.

KRELL-ROESCH J, RAKUSA M, SYRJANEN JA, et al. Association between

CSF biomarkers of Alzheimer’s disease and neuropsychiatric symptoms:

Mayo Clinic Study of Aging. Alzheimers Dement. 2023;19(10):4498-4506.

LEYDER E, SURESH P, JUN R, et al. Depression-related phenotypes

at early stages of AB and tau accumulation in inducible Alzheimer’s

disease mouse model: Task-oriented and concept-driven

interpretations. Behav Brain Res. 2023;438:114187.

HUANG Z, LIN HWK, ZHANG Q, et al. Targeting Alzheimer’s disease:

the critical crosstalk between the liver and brain. Nutrients. 2022;

14(20):4298.

RAUCH JN, LUNA G, GUZMAN E, et al. LRP1 is a master regulator of tau

uptake and spread. Nature. 2020;580(7803):381-385.

DEANE R, DU YAN S, SUBMAMARYAN RK, et al. RAGE mediates amyloid-

beta peptide transport across the blood-brain barrier and accumulation

in brain. Nat Med. 2003;9(7):907-913.

(10]

(11]

(12]

(13]

(14]

(15]

[16]

(17]

1182 | PEARTIZAR | 55294 | 5868 | 2025528

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

PASSERI E, ELKHOURY K, MORSINK M, et al. Alzheimer’s disease: treatment
strategies and their limitations. Int J Mol Sci. 2022;23(22):13954.
LIVINGSTON G, HUNTLEY J, SOMMERLAD A, et al. Dementia prevention,
intervention, and care: 2020 report of the Lancet Commission. Lancet.
2020;396(10248):413-446.

JIAL, DUY, CHU L, et al. Prevalence, risk factors, and management of
dementia and mild cognitive impairment in adults aged 60 years or
older in China: a cross-sectional study. Lancet Public Health. 2020;
5(12):e661-e671.

ASMER MS, KIRKHAM J, NEWTON H, et al. Meta-analysis of the
prevalence of major depressive disorder among older adults with
dementia. J Clin Psychiatry. 2018;79(5):17r11772.

CHEN P, GUARINO PD, DYSKEN MW, et al. Neuropsychiatric symptoms
and caregiver burden in individuals with Alzheimer’s disease: the
TEAM-AD VA cooperative study. J Geriatr Psychiatry Neurol. 2018;31(4):
177-185.

LEUNG DKY, CHAN WC, SPECTOR A, et al. Prevalence of depression,
anxiety, and apathy symptoms across dementia stages: A systematic
review and meta-analysis. Int J Geriatr Psychiatry. 2021;36(9):1330-1344.
JOURDAN JP, BUREAU R, ROCHAIS C, et al. Drug repositioning: a brief
overview. J Pharm Pharmacol. 2020;72(9):1145-1151.

SAVINO R, POLITO AN, MARSALA G, et al. Agomelatine: a potential
multitarget compound for neurodevelopmental disorders. Brain Sci.
2023;13(5):734.

MILLAN MJ. Agomelatine for the treatment of generalized anxiety
disorder: focus on its distinctive mechanism of action. Ther Adv
Psychopharmacol. 2022;12:20451253221105128.

YUY, CHENY, MA L, et al. Efficacy of agomelatine with cognitive
behavioral therapy for delayed sleep-wake phase disorder in young
adults: A randomized controlled study. Behav Sleep Med. 2023;21(5):
529-539.

CHEN Y, LI J, LIAO M, et al. Efficacy and safety of agomelatine versus
SSRIs/SNRIs for post-stroke depression: a systematic review and meta-
analysis of randomized controlled trials. Int Clin Psychopharmacol.
2024;39(3):163-173.

ARMSTRONG SM, MCNULTY OM, GUARDIOLA-LEMAITRE B, et al.
Successful use of S20098 and melatonin in an animal model of
delayed sleep-phase syndrome (DSPS). Pharmacol Biochem Behav.
1993;46(1):45-49.

YOUS S, ANDRIEUX J, HOWELL HE, et al. Novel naphthalenic ligands with
high affinity for the melatonin receptor. J Med Chem. 1992;35(8):1484-1486.
MILLAN MJ, GOBERT A, LEJEUNE F, et al. The novel melatonin agonist
agomelatine (S20098) is an antagonist at 5-hydroxytryptamine2C
receptors, blockade of which enhances the activity of frontocortical
dopaminergic and adrenergic pathways. J Pharmacol Exp Ther. 2003;
306(3):954-964.

STAHL SM. Mechanism of action of agomelatine: a novel antidepressant
exploiting synergy between monoaminergic and melatonergic
properties. CNS Spectr. 2014;19(3):207-212.

MENDEZ MF. The relationship between anxiety and Alzheimer’s
disease. J Alzheimers Dis Rep. 2021;5(1):171-177.

DAFSARI FS, JESSEN F. Depression-an underrecognized target for
prevention of dementia in Alzheimer’s disease. Trans| Psychiatry.
2020;10(1):160.

SAIZ-VAZQUEZ O, GRACIA-GARCIA P, UBILLOS-LANDA S, et al.
Depression as a risk factor for Alzheimer’s disease: a systematic review
of longitudinal meta-analyses. J Clin Med. 2021;10(9):1809.

BABULAL GM, ROE CM, STOUT SH, et al. Depression is associated

with tau and not amyloid positron emission tomography in cognitively
normal adults. J Alzheimers Dis. 2020;74(4):1045-1055.

EGASHIRA N, IWASAKI K, TAKASHIMA A, et al. Altered depression-
related behavior and neurochemical changes in serotonergic neurons in
mutant R406W human tau transgenic mice. Brain Res. 2005;1059(1):7-12.

( TtiEdmiE: GW, ZN, WL, ZU)



