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HWE B8 REEZRB(AD)PIOIL—Tau BA DR AR K B LAV 2 EKR TS F TR ied
KB AD K ST A, A AD B H Tau kG ¥e @b /7 RABRIE, F k8 16 2 3 A #4004 C57BL/6 /)
R, BRI FRES AT RSB (TR ) o P30IL-—Tau R 20 (A4 ), B8 R, B/E, 3T
28y AN P R B E S R B A s A A 4 RO R R B RS AAV-P301L-Tau 4., EH TIREF
HAAIZ 12 A# . R Morris R g X3 4E D R 5 ST 800 fe ;R 9.4 T RERIRAT IRIK T ARMBE(DTI)
FREA W D FA PR R Fe i By 6 AP 22 4 4 T AL OU; R A Western blot 34 N R AR R & HED —
Tau.p—Tau(Ser262 ) F= ¥ 7T & A4 B —3B (GSK3B) & & 89 & ik KT ; 5K A Pearson 48 X M7 ik 547 R A
kB R ARG F S (FA) S F Jitlehfeigtadt, £R:Q F Il h X 5t Bk 48
AR F TN AE A BT e, b Bk B0 B3 e F AT & kA B AF R IR A ] B L B K (P<
0.05), @ NRKANREEFELIER PP ZTLLEMN. 53 B, R E D KA L EFEDL FAEY
BB T M, Mtk B34 iR (MD) B 238 e (P<<0.05) , M i3 MDA £ F £ 43t 5 & L(P>0.05), @
RAREE HELER FAMBL F 0L ibeimE o .28 R AR R E BLFAMAYLS FHF & KK
HEEMELXZ(=0.76,P<0.05;r=0.62,P<0.05), @ /R A=K E # LK t—Tau.Ser262 = GSK3B
EO kA AR A M AR K EF D (—Tau . p—Tau(Ser262) fo GSK3B & & 4 & 3% 9 2.3 /e
(P<0.05), ##:P301L-Tau#E AR AR K E HBL KX Tau kG EAERA, F8NANAREE HD
Jiii X Ap 22 ¢ Y 25 A3k e Ao 2 ST RN A R AT K F ) RN AR R S W R & R DAY R Y
WAL 2 EAE

KEIR TR I GBI HEERA Tau B 8 REKBRME; AR R E—FD 5T 4980e

B /R 7 15 21995 ( Alzheimer’s disease, AD ) & —Ffr
AR AR OC A 28R T T, n] RIS A 2] Al
I REIEAT I FRE" . Tau 8 AT BEBE IR LY 11
P 25 £ 2E 90 55 T UE Ry 2R 11 AR DUBR 2 AD Bl 28
AR . Tau 2 R — P S A 45 &
1, AT Al S T I IR 2 15 AR, R

LM EZAME A 72 ADRHRET,
Tau 3 3 B WERR 1L, Fo VL 7= 1) 6 2 I 1 4 7%
AN SRR R, 5 5 ik 2y E AT AR 23R A7
AL, R AD BEARIIIRE Y . WFST RN, AR
FLIA) 7 AT AD A I PRI R 22 LU R s 25
H5 ABTEM A FI IR FL AL, Tau 8 PR BREZE 5

SIRARE BRIERR , RRERE MR UK UK, 55 P30 TL~Tau B55 81 /I f A 5L 1 J22 — V6 T b 22 21 2k A8 A 5 10 A2 D RE IR 0 (9 AR D& 1 B4 LIRSS (0], BE & 27412, 2023,
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AD B AN AT BE B A5 ) & A K e HAT T i ) A
KeEST L I, YEAE K AD (1) Tau ¥ 57 2532 58 T
(L AN I

Tau 8 [ W R Ak 48 % F B &8 P9 008002544, 4R
TR A IR R 2, T 2 R R T A X PR
B )2 -6 T B SR i P A T 25 ) 2 2T A T RE Y 26
FREEAT IR J2 N HLA FAE AR A ] A A 11
iR R P R S SR N s X A I sy ey [
20 R, GOYALZE O HFSE & B, 38 st il i,
PSR PR A P 55 A (PN L R S22 A B ) T i 3 A7 3t
FACAC G5 A s [R] RN 23 (] 2544, SR BN A 2
AR AS 2L GLIC R , I ELAd I 5 s M A (R 2 12 BE
TR

PR LK = A 1% (diffusion tensor imaging, DTI) J&
— Tl F K 3 T e AL 2P RO 45 ) SR AR Y
B T ST v NIV L UK =& EZ ¥ 57 IO X i)
] 25 B B KO DA R AR 2R a6 R . BT
KT AD Y Tau BERL /)N 5P IR K J2 Fl T B 4 28 21 2k
Al e HL 24 S0 T R 22 (] 1A) 6 ZR B AH B
fEE . PR, AT 38 1 257 AD P301L—Tau #5574 /]\
B, AL 9.4 T #EIAR DTS HR R AD P3011L-
Tau #5250 /N P IR 7 2 A ) fih 22 21 4k 1 AR AL 5 24
21ICAZ I8 B AR Sk A &4 FHLD, A AD B
Tau 25 FH 8 171557 BRI
1 MBS AEE®
1.1 50

MRS 5K 2= - A s 25 W 9 e A 3K 16 H
3 H & e CSTBL/6 /N R [ S50 W e p= i vl kS
SCXK(#5)2018-0008 | , 17l 77 T~ v [ 24 K24 5256
il SPF 9 89 52 56 2% [ 17 AT HIE-5 : SCXK (] )
2019-0007 | o A 5256 28 4 v s 25 K22 5l ) S 06
e FRZE by 2t (HE L5 . FJTCM IACUC2019031) ,
SIS B ) ) Ak L) A i BE S 4 46 L v D) RN 4 e
B AH & 25 R T o
1.2 FESEEIAR S s

BCA £ 1R ) e i 5] 4 (35 [ 28 R i R B
oS T)) s B A P D ) 590 (b 2 35 1SR L R R
PR T st=Tau /N2 FEPTIA (32 [E Proteintech
N, 66499—1-1g) s p-Tau(Ser262) % £ TapeH A (Tt
Abcam 23 7 , ab131354) ; GSK3B it £ v F& 4 4
( 2 [ Proteintech A H] , 22104-1-AP) ; AAV9-CAG—
Tau(P301L)-EGFP-WPRE-pA Ji% 2 ( 2% IUAK 25 i R
SRARABRA T ;9.4 T/NSh s AR (58 FE A5 6 v

O] B 94/20) 5 i 7 AR AL (R E RWD A A
B A BR 2 1) s Morris 7K 2887 (F [ 7 T k4R (5
BAREABRA A 5 ms v U DAL (2 E Eppendorf
ON D) I RS R B8 (55 [ Bio—Rad 2> A, 5
GelDoc 2000) .

1.3 2Rk

1.3.1 YRl RABEVLE T R0 16 1
3 H B HEME CSTBL/6 /N B 43 R 25 2800 B X B2 (X
HEZH) A P301L-Tau FEAIZH (FHUL] ), BRH 8 H . R
FH 3% S 0B /0N BRURR I 5, 8 JHL 1 52 F kg ST 14 2
P Lo BYFF Sk R B EEHT X 5 X1, LA XA A A Ji
S PR R 25 6 A AR N BT XS 5.28 mm, 247 55T
2.82 mm, fGUE ST 6] K 3.85 mm. 7EARFR F T
AL 8 R T ST 2 L 0.05 uL/min F4 38 5 43 SIS
1 wL %5 # 9% 7 1 AAVO-CAG-Tau (P301L) -EGFP-
WPRE-pA J55 2 1 5 21 %F 18 28 AR AR 21 /)8 BRUE% F A
g X B 2 TS AT 10 min FEZE 1R IR, 48 A
Bt BEEWHMERE 12 AR (EFRONA) G
BT AR DGR BRAG I

1.3.2  WEAEh

1.3.2.1  /PEEETIEICIIRETEAS SR FH Morris 7K 3£
B PR 2 /N e TR . Morris KR E
KM EAR K 120 em, KEE 30 em, 2250 H 4 N FR , 3k
HAETCE TR 3L, KR MR 1~4 K
SE ATAT I 5 S RS R &R M . SEIR T U Al
1RGN BUBCE F Kt E K 2 min DL R 3R
Be NPT S AH e . SE0 56 1 R T2 1m A
LR MR /N R R 4 A R P 38 S H 4R
kA 5 B4R R) G aREVER AR 3D | IS B] 47 90 s, 5
G BASER 1S s SEAT 28 MR R T, B BR 5
3GBRIE A& BN EUNERE 1 R FRICA, K 90 s,
0 SR L i 0k A S 5 TR A A U, A H 2
Midizfe S .

1.3.2.2  /INER PN MR R J2 T E 4 28 21 2 ) A8 AR 0
R 9.4 T /N Sh R SR FEAT DL $f %
I 2 2 /0N B PN IR A 2 R T i 25 2T A 1 AR A
B FHEAT, H 3% Sk /N BURER S >Rk FH A FF
IS B AR /0N BRUORF EIMOZ 7 2 1 S PR 8K |
H5 L FH 2% 10 2 P 1 A /DN BRSKAH AR FH RO B4 i 4
2250 Y4 /)N R TR AR R a2, SR W N BRI
IPIE FLG %, DT S AT « vR iU
b0=1 000 s/mm’, VR H AL R 64 4 T7 1], J2 5
4 0.6 mm, 5 )ZE0CN 25, T &2 B[] (time of repeti-
tion, TR) =3 750 ms, [0 )% B} [A] (time of echo, TE) =
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32.6 ms, K & =0.16 mm X0.16 mm, % & 56 FF N
78 X778, A4 5 WU , FIH FSL 6.0 (http : /fmrib. ox.
ac.uk/fs]) F ITK-SNAP 3.6.0 k15 347 B 43 4 , £
FEIR TR IE e R, 15 3] 4 i S s RS, T H /N
SR i 45 1) S 49 U (fractional anisotropy, FA) Al
HYRECE (mean diffusivity, MD) 250 &, T 3h i & i
LA R 7 ISR X, 35 USSR X FA FTMD -
P, S5xF IR oA BRI ZH /N BR FA (BRI sk MD
{ETH i TR 2 2T e S5 45403

1.3.2.3  Western blot 2 K /I B 25 01 P L7 22 4
2 1-Tau 1 .p-Tau(Ser 262) WG4 ML HG-3p &
IR RIEKFE FH 3% S 240 % 2 41/ R e AT
TR B2 JRR 5, R 3o I M BUA T 5 RN MR R 2 e T
WA, JE LA =80 “CUKAE HURAT o 6 s B HE XL
/0N B 5 AT IR 7 R ZH 4T, 42 1 mg: 10 wWL AR
R A T A1 550 0 S, PR P S L 8L 2 K
10 s/, 1A fE 10 so 4 *CES > 15 min, 14 000 r/min,
b5 W BT 0 2508, T BCA ¥ o J # vk
W —F A S X E A LR, 95 “CAE M 5 min,
SDS-Page HLIK i , ¥ %% 2 PVDF I, 5% fii g 4 % &t

kinase—3B,GSK3B) |, 7E 4 “CH IR & 1 1%, [l i —
BUE, IR E AN —H0 1 h, [ ECL W %
PVDF i, 7F Bio—Rad S A7 552 , >R FH Image—
lab #X R4 BT AL 3L
1.4 Sk

K H SPSS 24.0 e it A A7 B 3 A o T
GORHIR M IE 25930 H (s ) 2738 , 2L W] L85 R F 9
SEREAR e K5 o 2 ZH 7K B IR [ R ) 0 A 2k okt
TR ORS00 500 R B A N Ty 25 40T L A T 2255 1k
W HL 4 SR LSD—1 75 5 5 7 22 AR 5%, WK A Dun-
nett’s T332 /NP BLEZ J2 A0 S5 i X FA (5% 2
ICAZ T BE A A S 2R 1 Pearson #H 5 70 Bk . P<
0.05 hESFHAGI¥E .
2 # B
2.1 242A2id I RELE S

Morris 7K 2K B 5 A AL A7 04 s , 5 X0 BR2H 1
B TR 4 R AR 2 /)N Bkt v AR 3 A (g A4 | 2
SRR G X (P<0.05), 23 AR RS 45 1
R, 5 X IR ZH e, B R 2 /N B SR RO B YOBORI

ML hJ, A B R 121 000 B —$i [t-Tau  p- HARGBR I 8] oy He X B b, 22 5w 39 BAT G
Tau(Ser 262) B ICH& A4 -3B (glycogen synthase EX(P<0.05). WFEIME2,
R1 2ARBERAALLE (5xs) s
Table 1 Comparison of escape latency between two groups (x+s) s
i n 1R H2R Hi3K EILTS
Xf R ZH 8 68.67+14.20 56.53+11.06 41.74+12.11 25.36+6.80
T2 8 77.80+10.45 60.05+12.43 47.61+11.84 36.32+6.36"
T SRR A, 1) P<<0.05,

Note: Compared with the control group, 1) P<0.05.
R2 2AFET XY EIRGKIRATE by bb LB ()

Table 2 Comparison of crossing platforms times and tar-

get quadrant time ratio between two groups (x+s)

HAH n FHAESWEV/R BERZRER L %
gl 4.34+1.60 35.13+8.75
PRI 8 1.8040.70" 18.21+4.64"
SR, 1) P<<0.05,

Note: Compared with the control group, 1) P<0.05.

2.2 24 IR EE JARINEE LY I DX v e 4T i Sl ke e %
PEEHE#E

DTIHFEEE LB, 5 X) B4 3, AU 21 /N B
PN IR S22 T By i RA (B BA S T R, PR 2 )2 MD
E A e, 22 53 BA it 2 X (P<0.05) , ¥
MD {25 842 L (P>0.05), W33,
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2.3 /DRI AR LI IX FA {5252 2 id 15
FEMARSCE B

FA (B2 DT 5z 5 UL A B2 i b 28 2 4 52 M 1Y
ZH, T 25 5 UBE Morris 7K 2R B AR il 2 >
ICIZ I BE EE A8 R . Pearson FH G T4 R B,
2 2 I WELEZ 22 FA B L2800 & YOS IE A G 56
Z(r=0.76,P<<0.05) ,¥E i X FA (5 H G5
YRR IE A G L £ (r.=0.62,P<<0.05)., VL&,
2.4 24H/DELNR I 2R L X t-Tau. Ser262.
GSK3B H ALK L

Western blot 4% 5 g7 , 5 X HR 241 Hu i, B AU 2]
DA L H7 2 I iR X t=Tau . Ser262 . GSK3B & [ %
N ERHI BRI, ZRYEA SRR (P
0.05). W34 K2,
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FR3 2HNREENED KX FA MD &L (v+s)

Table 3 Comparison of FA,MD values of the entorhinal cortex and hippocampus between two groups (x+s)

41 i) n NIREZJZ )

FA MD FA MD
papilzea| 8 0.15+0.01 0.77+0.05 0.14+0.01 0.78+0.05
R ZH 8 0.13+0.01" 0.84+0.03" 0.13+0.00" 0.7940.03

T GXFIRAA AL, 1) P<<0.05,
Note: Compared with the control group, 1) P<0.05.

A =0.76 P<<0.05 B r=0.62 P<<0.05
8 - 8
°
= 6 ®
K
& ®
X
qo 4+ ® ° ]
B
= [ ] [ ]
iy oo »
°®
0 T T T 1 0 T T T T T 1
0.12 0.13 0.14 0.15 0.16 0.11 0.12 0.13 0.14 0.15 0.16 0.17
IR JZE FA {H W) FA 1

E1 2ENREEMBE FAEZHSFHTEREEXES R
Figure 1 Correlation analysis between FA values variation of the entorhinal cortex and hippocampus and the number

of crossing platforms between two groups

x4 2HNEREEED t-Tau.Ser262,GSK3p EARILLLE
Table 4 Comparison of t—-Tau, Ser262, GSK3 protein expression of the entorhinal

cortex and hippocampus between two groups

19 ) LR J= g

t—Tau Ser262 GSK3B t—Tau Ser262 GSK3B
AT HEZH 8 0.38+0.07 0.544-0.14 0.6440.13 0.484+0.08 0.56+0.11 0.81+0.04
k| 8 0.64+0.11" 1.1240.02" 1.04+0.16" 1.1040.13" 1.39+0.15" 1.284+0.11"

T SXRAL A 1) P<0.05,
Note: Compared with the control group, 1) P<0.05.

PR 1 S22 R

t-Tau |i~-- LT | ——— o 110 kDa

Ser262 o = == g g o - . 50 kDa

GSK3B |—————-—- |-“-'- « o 46 kDa

GADPH | " w8 S s v we | | — e e 36 kDa
BRI Xt iR ZH AR Xt R ZH

E2 2HNEEEMEEHt-Tau,Ser262 1 GSK3BFE B FRiL

Figure 2 Protein expression of t—Tau,Ser262 and GSK3[3 of the entorhinal cortex and hippocampus between two groups
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3 W it

PR WL 7 J52 — T T A8 2 R P A T 2% 2T 212 D e
M OCERZE A1 ASAT 4F 58 3 7] C57BL/6 HF A= /1N
BRI P L Rz 2 9 5F AAV-P301L-Tau %% 5 , H 7
4 Ji Bk ()5 AT 57 PR 15 S PN LR 2 BE IR K Tau 2R
P 3 2o /0N S5 240 A% 1% 250 S AR L H R K =
TR N AMIFFE SZHRF Tau 2 FUEHRE "X —HEE, Tau
o R 7 T B o T A RS A i P — 2B AR I
PRAFESE 2, AD EE Tau B8 F 9 HPE = 9 I AR
O AT R B T E A R T TN
WEL J7 J2 T T K Tau B8 RS R fb 6 oA 28 41 4 45
K27 S ICAZ D RE Y 52 0, A 5% 30 4 7] C57BL/6
5 A N BRSO P IR 7 22 33 5 T AAV9-P301L-Tau
I BEAG HE AD Tau Jg BEASE AL 3 11 30 52 W DT 4
MEE 12 7 % P301L-Tau 5 51 /N B P4 IR EZ J22 Fil g 5
P22 A 250 () A8 Ak 5 2 2102 Dy g 1 SR , LA
KA FHLH
3.1 P301L-Tau BERY/ D2 2 I fCRERG 5 W
VAR L I3 DX LR 2T i 25 R AT %

Morris 7K 2K B 25 5 W, 5% B 2H He g, Bl 2
/0N b BE R AR U0 B B G, SRR 5 YR BIORT H AR 42
FELESF 1] o Lb 359 0 Sk /0, B /R AR 4 /)N R 27 2
CAC DI Re R AT . 2 B AR R % 56 R /N BRL bl a1
AAV-P301L-Tau Ji% 2 A4 H AD Tau Ji§ B | 4%
B AD ICIZ I RERR A, 5 S5 R A5 7R P301L-Tau
AR T RN R BRCAZ T e [ o 45 SR — 2

ARAFSE DTG EEF ow , SRRl e, 12 A
I Y 20 /)N PN ML 7 2 FA (S 25 BRAIK , MID (R 3%
i, 2R IR 2 /)N B PN WL 23 1) o 8 21 A 1) o R
RN, AR S BTG R s R —2" . Ik
Hh A ST 1 P301L-Tau B AL/ RIS iX X FA (T
F%, 5 MASSALIMOVA 28" '0F 5% & 81, P301 L A% L A
/1N BV S A R X FA (4 B A 2 B 2 R R &5
WR—F, R TP ERT NR 2 R 2 2
HrAR IR R /N B 2 2 D C DI RE , A ST Pear-
son FH ME /45 51 7 , P30 1 L—Tau A5 250/ FL A IR
F2 2R E ik X FA 5 2 2] 102 D e 2 IE AR GG
Z B FA (BB /)N, F 28 2 G 25 4 52 40 ™ L 2 )
ICIZ AR S o X5 e AT G PR 7R AD B
P25 2 Y 2 3 FE B 5012 D RE LA — a2 A ek Y
gL gl
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3.2 P301L—Tau B /] R A 57 J2 g 15 Jigi X f
LRSS R RE A nl fE 5 GSK3B 4 51 Tau B
A EERERR AT

WF 58 & B, A0 1) i e 4 A5 SUIN P AL B )22
MD {i 38 5 32 B X 38 5 7K SF- 19 Tau 8 1 U0
K Tau 85 IR Ak 52 45 Fh 2R 11 DB RN 1 I 1)
Fefm] 45, GSK3B & H i /-5 Tau 85 F B R 1k A9 ¢
SO, FLAE AD FRE I PN eIk B B g s T
P28 Ser262 1E N 1) 224> Tau 55 1 2 3L 12 157 45 Wi 2
1t DR, A58 1 — 2R FH Western blot 7224351 K6
) P L 7 J22 R VAR B i X, t—Tau | Ser262 . GSK3B &
B RIKAKF- o G5 BN, 55X B4 Fe i, LA 4 /N
Bl PR ML 7 22 R 5 iR X 4 t—Tau , Ser262 . GSK3p &
235 & s 3, 3 % B P301L-Tau £ KL /)N ) 4
MR R 22 IR D iR DX 28 £F 4 5 M 59 B 3R ] fiE 5
GSK3R A3 1 Tau # [13 BERE R L AT .
4 N %

38 3 1] CSTBL/6 B A /I BB phy 1L 2 )22 1 St
AAV=P301L-Tau & 1] U1 il AD AL, B0 AD
) ICAZBERG . P301L-Tau A5/ B R 22 11
LR LTRSS M T 2 IR, BRI 527 3212
B L IE AR SESC &, L) AT BE -5 GSK3B /i T 1Y
Tau 3 FH i FERERR LA 5, X n] Ml IR AD [ Tau
AL EGYT IR AR
7% ik
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Correlation Analysis of the Entorhinal Cortex—Hippocampus Nerve Fiber Changes
and Memory Dysfunction in P301L—Tau Mouse Model and Molecular Mechanism
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ABSTRACT  Objective: To observe the correlation between the changes of entorhinal cortex-hippocampus nerve fibers and
learning and memory function in the P301L-Tau mouse model of Alzheimer's disease (AD) and related molecular mechanism, so as
to provide the evidence for Tau-targeted treatment in AD patients. Methods: A total of 16 3-month-old male C57BL/6 mice were ran-
domly divided into non-vector virus control group (control group) and P301L-Tau model group (model group), with eight mice in
each group. After anesthesia, non-vector virus was injected into the bilateral entorhinal cortex of mice in the control group, and AAV-
P301L-Tau virus was injected into the bilateral entorhinal cortex of mice in the model group. After the injection, they were routinely
fed to 12 months of age. Morris water maze test was used to detect the learning and memory function. Diffusion tensor imaging
(DTI) scanning was used to detect the changes of nerve fibers in the bilateral entorhinal cortex and hippocampus. Western blot was
used to detect the expression levels of t-Tau, p-Tau (Ser262), and glycogen synthase kinase-3f3 (GSK3p). Pearson correlation analy-
sis was used to analyze the correlation between fractional anisotropy (FA) values in different brain regions of the entorhinal cortex-
hippocampus and their corresponding learning and memory functions. Results: (1) Learning and memory function test: compared
with the control group, the learning and memory function of the model group significantly decreased, the escape latency significantly
increased, the number of platform crossings and time ratio of target quadrant significantly decreased (P<0.05). (2) Structure of nerve
fibers in the entorhinal cortex and hippocampus: compared with the control group, FA values of the entorhinal cortex and hippocam-
pus in the model group decreased more significantly, MD values of the entorhinal cortex in the model group increased more signifi-
cantly, while there was no significant difference in the MD values of the hippocampus in the model group (P>0.05). (3) Correlation
analysis between FA values in the entorhinal cortex-hippocampus and learning and memory function: FA values in the entorhinal cor-
tex and hippocampus were positively correlated with the number of platform crossings (=0.76, P<0.05; r=0.62, P<0.05). (4) Expres-
sion of t-Tau, Ser262 and GSK3f protein in the entorhinal cortex-hippocampus: compared with the control group, the expression of t-
Tau, p-Tau (Ser262) and GSK3f protein of entorhinal cortex and hippocamp increased more significantly in the model group (P<
0.05). Conclusion: The Tau protein in the entorhinal cortex-hippocampus of the P301LTau mouse model was hyperphosphorylated,
which leads to destruction of the nerve fiber structures in the entorhinal cortex-hippocampus and learning and memory dysfunctions.
The degree of learning and memory dysfunction was positively correlated with the nerve fiber damage of entorhinal cortex and hip-
pocampus.

KEY WORDS Alzheimer's disease; phosphorylated Tau protein; diffusion tensor imaging; entorhinal cortex-hippocampus; learn-
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