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 E:(HH] R T BT EEE A (AR) PP A M 2T MR A HLE , AT FR T T AR X T A G A f S R 7
LA 03a (FoxO3a) FZE fil J5 BU% 1195 (PSDIS) A AE A & T BRI ML o [ vk ] SR FFER B VR B (5.10.20 pmol/
L) S RALI AR, AbFH PC12 40 i A 2570 24 h, 2R JH Western blot A& FoxO3a F1 PSD9S Y AEfk . G e ekt
DU PC12 241 if h PSD9S 2% 34 #1948 AL A FoxO3a 7E A ML N I 8 7 o 75 AR, 1 5 1 5 K BRI APP/PST 5% JE TR R
i, 28I 2H 2 PSD9S Al FoxO3a 9481k . SR Western Blot 146 MR Z8 PR35 FIAE R BR$5 77, AR X FoxO3a Fl14E [
W BOAKT) BERRAL IS0 (45 5 ] 5 1E % X FRZLAH HE L 20 wmol/L i) AR, A Bl ZH PSDO5 25 14 7K F T 8 2 (45.09+
1.61)% (F=7.487, P=0.0540). 52 %})i,20 wmol/L ¥ AB,. .. E1H Fox03a i 7 11 /K -k X HE 20 1) (228.7+20.44) %
(F=17.48, P=0.0210) . FEJARIEFRAPZTCH, IR1G TAHIINZ R . A0, DTN R BIR AR, 1T LI HE
FoxO3a it AAHMIA% . K EIE ST AR, 5, KK E SEI0 b B A% X3 245 B3 BT 1] 2y (24.35 £1.29) s (#=2.843,
P=0.098) , - 15 2 MR B R (2.53+0.49) IR (F=3.459, P=0.014 9) , 5 % HR 45 AH LU 35 5 2 Ik . RT-PCR 45 5t 7w
AR, ALK FRIE T2 21 H PSDOS A mRNA 7K T Bk X FR A1 (58.40+8.28) % (F=1.193, P=0.010 1), [FHf Fox0O3a
) mRNA A 2235 i 98 (140.90+7.45)% (F=2.378, P=0.049 6) . 7E7 H ¥ #) APP/PS 1 % 3 K /N BLAY K ik 4 41
PSDY5 ) mRNA FIE FH 7K 2051 F 8 9 35 4 /N BLUAY (60.89+1.53) % (F=20.05, P=0.008 8)1(59.63+13.55)% (F=
8.496, P=0.044 5) , Ifif FoxO3a A mRNA FIEE 17K 43 53] b 38 kg %o REZH 14 (172.4+4.87) % (F=2.351, P=0.0004) #l
(235.00+£39.03)% (F=2.754, P=0.032 0) , 20 pmol/L ) AB,, &b ¥ PC12 41 il A [R] B[] Ji5 (5. 10,20 F1 40 min) ,
FoxO3a Fl AKT A48 B2 1k 7 - it 25 1 1) 386 4 111 A AR , APP/PS 16 R DR /)N B 221 PP A AKTT T FoxO3a Y i IR 11 7K SF-
550 B AR ot i 35 R [ % (65.75+3.51) % (F=6.362, P=0.023 6)F1(46.62+9.64)% (F=8.562, P=0.007 9).[ 45t ]
AR FERSN IR AL AN R N S A AL R 8T LA 1 A% 5 S 7 FoxO3a 193 3K , T I PSD9S HY7KF-, W] BE A AL il J2-i
it IR AL AKT M8/ T PSDOS (94 AL , A B B3R T FoxO3a I B IR AL /K - I T 14 il FoxO3a 3236 1
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Abstract: [ Objective] To understand the mechanism of B—amyloid (AB)—induced neurotoxicity, this study aimed to
investigate the effects and possible pathways of AP on apoptosis—related nuclear transcription forkhead protein O3a

(Fox03a) and postsynaptic density protein 95 (PSD95).[Methods] PC12 cells and neurons were treated with gradient

Wos B #3:2021-05-07

EETE : [H5 A AP (81301099)

TEHE B0, Lo A WFS O ] M 25 FL 2% E—mail : hongyaofe@163.com; VEIRE 75, A5 E &, i1 0F 53 A S 0, 1) 22
P2, 5877 ]« MR TR0 25 R SFSY , E-mail : whi821@smu.edu.cn



o5 534 P EE . BT REER X SR R Y O3a A5 fil 5 EUR A F 95 IR 677

concentrations (5, 10, 20 pwmol/L) of AB,, ; for 24 h, and the alterations of FoxO3a and PSD95 were detected by RT-
PCR and Western blot. Immunofluorescence assay was used to detect the level of PSD95 in PC12 cells and the subcellular
localization of FoxO3a in the cells. Then in rats injected with AR, ., and APP/PSI transgenic mice, the changes of PSD95
and FoxO3a in brain tissue were investigated. Western Blot was used to detect the effects of AR on the phosphorylation of
Fox03a and protein kinase B (AKT) in vitro and in vivo.[ Results] Compared with cells in the normal control group, the
protein levels of PSD95 in the cells treated with AR, . at the dosage of 20 pmol/L were down—regulated to (45.09+1.61)%
(P=0.054 0). Correspondingly, the protein levels of FoxO3a were increased to (228.70+20.44)% (F=17.48, P=0.021 0)
when the cells were treated with 20 pmol/L of AB,, ;. In the primary cultured neurons, similar results were obtained. In ad-
dition, the results of immunofluorescence showed that AR, ., promoted the nuclear translocation of FoxO3a. The residence
time of AR, ,,—injected group was (24.35 £1.29) s (F=2.843, P=0.098) and the number of crossings was 2.53+0.49 (F=
3.459, P=0.014 9) of rats in the water maze test. There was significant difference between the CTL group and A, ,—in-
jected group (P<0.05). The RT-PCR assay showed that the mRNA level of PSD95 in the hippocampus of rats treated with
AB,;_,s was decreased to (58.40+8.28)% (F=1.193, P=0.010 1) of that in the CTL group, and the mRNA expression of
Fox03a was increased to (140.90+7.45)% (F=2.378, P=0.049 6). In the brain tissue of 7-month—old APP/PS] transgen-
ic mice, the mRNA and protein levels of PSD95 were down-regulated to (60.89 +1.53)% (F=20.05, P=0.008 8) and
(59.63+13.55)% (F=8.496, P=0.044 5). Meanwhile the mRNA and protein levels of FoxO3a were up-regulated to
(172.4+4.87)% (F=2.351, P=0.000 4) and (235.00 + 39.03)% (F=2.754, P=0.032 0), respectively. After treatment
with 20 wmol/L AB,, ., for different times (5, 10, 20, 40 min) , the phosphorylation of FoxO3a and AKT in PC12 cells
was decreased with time. The levels of phosphorylated AKT and FoxO3a in the brain tissue of APP/PSI transgenic mice
were decreased to (65.75+3.51)% (F=6.362, P=0.023 6) and (46.62 + 9.64)% (F=8.562, P=0.007 9) when compared
with mice in the control group. [Conclusions] AB can up-regulate the expression of nuclear transcription FoxO3a and
down-regulate the change of PSD95 in both in vitro cell models and in vivo animal models. The possible mechanism is to re-
duce the phosphorylation level of FoxO3a and increase the expression of FoxO3a by dephosphorylating AKT.
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PCI12 40 L, W4 [ BB 4 i . SPF 4% {5
Sprague Dawley (SD) HEPEREL26 H (6~8 J&], 451
1150 ~ 180 g) , W4 F ¥ J7 BERL R 2 S 5 sl 4y v
(525 315 AE S : SCXK (1)2015-0041) ; SPF
9% e APPswe/PS1dE9 (APP/PS1) %% 3 [H /N L (7
H W PRI 22 ~ 25 ) I [ g 50K 2# E R s fE T
PN . s 6 #8IE S : SCXK (75) 2010~
0003, FH A= 52505 % BhH 408 . R/ BIHE IR 3R 58
N BB EEK, BRI (202) C, AH X B
40%~70%. DMEM 35 7% % | Neurobasal 3 7% 2 |
B27 JBifl . & B A FR  HBSS i 4 1L (FBS) 1
H Gibeo 2\ Fl, ARy s ( B-TE ML 11 1 B 25-35) 11
| Sigma—Aldrich 23 & , RIPA 241 1 W [ 34 2 KA
WIHARBRAT . FoxO3a Bl % B (p-
AKT) i iz 1k FoxO3a (p— FoxO3a) HL R4 H Cell
Signaling 2% Al , PSD95 . GAPDH it {/& ) H Abcam 2%
7], BCA & HE =0 Mk &% B Thermo scientif-
ic N7, Alexa Fluor 488 . DAPI W4 [ Invitrogen N
H] , PVDF JIi \ECL & 6 W W H Merck Millipore 23
), Real Time RT-PCR 1% % 5% 12055 & 0 ) R st v vk
A Ry F], 2xTaq PCR Mastermix 5 DNA marker
W4 H Gene Star A ] o HoAl U5 ¥ 2 #F 11 5% [ 77 43
Mrédi,

1.2 AR HIERL
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W EE A 1 mmol/L BRI, & T 37 CHY CO,I4E
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I FBS Z¢ 1k E AL B, W2 FBS, il HBSS, 2 &2 ik
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111.8%g B0 10 min JEPEZE B, I0AGE #1377
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1CHIRESZ 0
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TF A %2 5K 1] i — 25 #% Prime—Script RT Master Mix
B & 1 B, B 5XPrimeScript Buffer , PrimeScript
RT Enyzme Mix I, Oligo dT Primer (50 pmol/L) Fl
Random 6 meres (100 pmol/L) i 7 & vK [ f# 7% ,
RNase—free H,0 7 & i f# O , ¥ 20 %8 & W ¢cDNA
514 .cDNA G50 LR 215 , R FH PCR 374
R & X cDNA 479744 . PSD95 Ll 514 : TG-
CACTATGCTCGTCCCATCATCA, Fii# 51 4 : TGT-
GCCTGGATGTCCTTCTCCATT; FoxO3a #5149
5" ~GGAACGUGAUGCUUCGCAATT-3" , T i 5l
¥ :5 -UUGCGAAGCAUCACGUUCCTT-3", GAP-
DH 37514 : GCAGTGGCAAAGTGGAGATT, Fijif
31 : ACAGTCTTCTGGGTGGCAGT . 7 B e It
BAEALMA 1.5 ~ 2 L 145 4 i Fl Maker E7 7 HL
Wk, SEUE Gt EE R
1.7 Western Blot % 4% E if5 %

24 >R FH 74 1) 4 A SR A R (5 1% 8 1 AT
Tl T 1% Wl B 0] ) SEA T4 0 240 , 2L EURE
TEMMA L3R 200 0 I R FH R S 22440 . B4 58 iUs
FKHBCAEAE RN EHTEAERG,HFE5H
TN S5 R 1 22 pP A T B LR 1 g/,
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AW 10 min 5 & H o BRSBTS 5 0 B R
Tk i SDS %8 e fL L 80 V HL vk 5 52 MU L #E &
PVDF 5 I ;5% Wifg 4= Wikt i 1 h, — Pk B &
4 CHI 5 B TBST Z2 il Vel 3 Wk Jm , —Hi B
8 2 h; TBST VRIS 0 N A& G Rt
1.8 BEWHE

4 PCI2 A TR A /NI, AR, A3
J& L IR IR 40 /L 1 2 B B K [ 5 20 min, Tri-
tonX-100 25 & B & 20 min, 5% I FBS 25 i & 4]
Lh, —$ER 4 CHE R, 5O " hin =R
HEEHFF 1 h, DAPTYA R Z IR & 15 min, %0 Bl ¢
JEEIGR B R, TR AT WA N WER .
1.9 GitHih

JITAT S5 56 500 Y41 R BB A v el A, s
i Graphpad Prism 8.0 #4758 0 M. SLdeix
T2 R P AR B, A SRR — 4L PR R L IR 24
A IFH oy 22551, 400 Fe AR H o K 3, Je 2 A IE
LRI R RIAS G . 2 A IR LA, A7 45 A Y
AR T 1E A I H 7 2255 1R H One way—ANO-
VA 575007, ) Z W Kruskal Wallis H¥G 55, A
2 7 22 55 MRS R, SR Welch's anova /7557
Mro FEARERH GraphPad Prism 8.0 3442l .
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2.1 AR, o TE PC12 AR R f& 1K PSDO5 HIR £ R
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WA 1A B .C R, BBV EE (5.10.20 pmol/L)
B9 55 B AL AY AB,. ., Ab B PC12 41 fifl 24 h, Western
Blot 1) 45 S {2 7R AR, 1T LA VR JE K 51 1 b R A1
PSD95 4 8 7K - 14 e 38 1 FLEG I FoxO3a 22 1Y
Fik. 20 wmol/L AR, Kb BT, PSDOS 2 [ % ik
= A (45.09+1.61)% (F=7.487, P=0.054 0) .
Fox03a i) 3 1 221K 19 L P8 U7E 20 pumol/L A, 4k
PRI G812 22 % (F=17.48, P=0.021 0) , J& X} &
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FRiE PSDOS, i (6 DAPL e, e 9Ly 4 R 5
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FoxO3a [ 40 L 5 7, 45 R 878 AR, A 12 i
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2.2 AP, FEFEZ T X PSD95 K FoxO3a Fik
Eap=Al

g P UE ST AE PC12 40 i b 4R 45 1 45 51, &
11838 TIRAMA EAR M 2T (K 2A) . FERZ T
FH R A6 354 B 1) S 2R AR AR, 5 (5 ~ 20 pmol/L)
FAEFE 24 h, Z5RGNK 2B .C.D FizR , PSD95 Ay &
3R 3K it BH AR, ¥R B2 1G0T R B, 7E 57 4 20
pmol/L i 55 5% RRZH AR LU A3 Se 1177 22 5 (F=5.445, P
=0.015 3) , JL B} PSD95 1Y 3R ik & T ] 2 (53.52+
3.85)% , 1M AR, s 1 A0 B b ¥ JF 4K #61 M: Hb 354 T
FoxO3a i) & i , 7F 20 wmol/L ¥& & B B o] |- 74
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255 PC12 41 R A5 A 25 R — B0, 378 AR, s
TERR T 5| S 22 fil 451 3 ) W] B 7 i i#F FoxO3a Y
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2.3 APy 3 & F AL iE §F B9 AD K R 4= B h
FoxO3a KRk 1 i

TE SD K B9 T Hh 2 21 b ST A e 6 FE ST B R AL
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AR, TE T O E R AD BEAL Hp | 58 ik ) 5 27 461 114 [
At FoxO3a (KK _EIE , FEST AR, M ST
H 25 5 20 A R ka5 — 3%
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APP/PST L H /N & AD B sh iy . B A=
RIFNAPP/PST s HE R /N BRAE /K 2K 8 2 35 1 25 4an 14
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The expression of PSD95 and Fox03a were detected by Western blot (A, B, C). The expression of PSD95 (D) and Fox0O3a nuclear translocation (E)
were assessed by immunofluorescence. n = 3, 1) P<0.05 vs CTL (F=17.48, P=0.021 0); Scar bar=200 pm.
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Fig.1 Effects of Af,_,;on the expression of PSD95 and FoxO3a in PC12 cells
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The primary cultured neurons was visualized by the microscope (A). The levels of PSD95 and Fox03a were detected by Western blot (B,C,D). n = 3,
1) P<0.05 vs CTL (F=5.445, P=0.015 3); 2) P<0.05 vs CTL (F=17.46, P=0.019 7); Scar bar=20 pm.
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Fig.2 Effects of Af,. ,;on the expression of PSD95 and Foxo3a in neurons
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The behavioral performance of rats were detected by Morris water maze (A,B). The levels of PSD95 and FoxO3a in the hippocampus were detected
by RT-PCR (C.D.E). n = 13, 1) P<0.05 vs CTL (F=2.843, P=0.098); 2) P<0.01 vs CTL (F=3.459, P=0.014 9) n =4, 3) P<0.05 vs CTL (F=1.193, P=

0.010 1); 4) P<0.05 vs CTL (F=2.378, P=0.049 6).
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Fig. 3 Effects of AB,, ,;on the expression of PSD95 and FoxO3a in Af,,_,.—injected rats
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PR/ LA 28 B TR B (2.6+0.58) U, 45 7 £ U 21 A
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Fig. 4 The levels of PSD95 and Foxo3a in the brain of APP/PS1 transgenic mice
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Fig. 5 Ap inhibited the phosphorylation of Akt and FoxO3a both in ir vitro and in vivo models.
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