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[ Abstract) Objective  To investigate the effect of erythropoietin (Epo) on tau
hyperphosphorylation induced by 3-amyloid peptide 25-35 (AB,s.35) in SH-SYSY cells. Methods MTT
assay was employed to identify the changes in the viability of SH-SYSY cells following Epo treatment at
0, 5, 10, 20, and 50 U. Western blot was used to detect the levels of tau phosphorylation at Ser396,
Ser199 and Taul at different time points after treatment with 20 wmol/L AB,s3s. The effect of a 3-hour
Epo pretreatment at 5, 10, and 20 U on the actions of AB,s;; was evaluated. The inhibitory effect of Epo
on AR,sss-induced neurotoxicity after pretreatment with the PI3K/Akt inhibitor LY294002 was assessed to
explore the possible mechanism of Epo.  Results  The viability of SH-SY5Y cells showed no obvious
changes in response to Epo exposure at different doses. Western blot showed that AR,sss induced
increased phosphorylation at Ser396 and Ser199 3 h after the treatment. The phosphorylation reached the
peak level at 6 h after AR, treatment and gradually decreased after 12 h, but stilled maintained a
significantly higher level at 24 h,compared with 0 min, 30 min (P<0.05). The total tau underwent no
significant changes in response to AR,sss treatment (P>0.05). Epo pretreatment at 5, 10, and 20 U
efficiently inhibited AB,sss-induced tau phosphorylation in comparison with that in the control cells(P<
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0.05), and application of LY294002 resulted in obvious inhibition of the effect of Epo.

Conclusion

Epo can inhibit AR,sss-induced tau phosphorylation via PI3K/Akt signaling pathway, and this finding

provides an important theoretical basis for studying the pathogenesis and management of AD.

[Key words] B-amyloid peptide; Tau phosphorylation;

12 21 40 i A= B Z (erythropoietin , Epo) J2&: 1 I fifi
JHFBEE RSN ' e 0 ) — A 23 1 B AR 1, AT
T 1ML T A 4 B 0 2 5 R A3 A, R 20 A AR Y A
AR M WESE K B Epo 1E 2 R il 28 22 Gt 4 1 A A
i B R R W B A8 Epo 7 BT 2K VR T BR e
(Alzheimer’s disease , AD) % #ff 25 748 P95 ik vl 7] fig
BARPVER, BraatsisM, 78 AD 1 & L
o B TE M AR AR T (AR) W AE S TS 2 R AR 1 e f
tau 5 B R AL B ABFSER T EER S
AB25-35 J1 Wi (ABasss) 1 HH T SH-SYSY 4 fifd | 4 37
tau £ 13 B2 BERR Ak 1) 40 LA HY L% Epo X ABasss
P tau B H BRI A TR, I PR HAE B
W, BAEN AD MIBPIA ORI IRR

MEEFTE

— 2y 5

DMEM & 48 15 75 3k i 28 136 18 B 22 [# Gibeo
OS] ABasas VU H FE B R £ (MTT) | — 1 3% W7
(DMSO) RIPA 4 it 24 ff e . BRLER v B B-actin 411
H 2 [H Sigma 28 A ; 2 v FE tau 25 BERR 1L R 5
PR (ps396 K ps199) 1ty H 5% [E BioSource A # ;
FRH 5 B T tau (FIE 85 R 1k FT A (tau ] R0 B tau
)W A PR Abcam 2w ; A FE 41 Epo 1 FH 92 €
R&D 74wl ;LY294002 1 F 2% [# Cell Signaling 24
Al ;BCA # 5 il f &  Western blot k2% & G
k50 & 3 32 [E Pierce /A F

T R ABosas M £

FH B 21 AR R T ) ARasss TR | Bt 2 mmol/L
MIRE AR, T =20 CIR A, I FRT T 37 CliltE 5~7 d,
fHEER

= B SR AN 2 W) ik B

SH-SYSY 40 it (A <81 20 B 93 4 i, g ©
BB LA A RO A M A )~ F SR T ) R e
20 10 cm B K5 % ML(EE L 2x10° 41 AE) F 96 FLKG
FEM(1x10* 40 i), 1:1 IR A 1) DMEM Fil F12
RiFRIERE IR S IRBLEL A 10% 9 6 4F 1% 0.1 U/L
#HE 100ng/L 8RB E, T 37°C 5% CO, {774+
FER R 2 R — R IGFR0E B 5~6 d 1518, 4t i
HEA B K AT S5 SEER T 12 h 46 4 ]
JC I 55 2 W, WEE AN ] B 8] 45 (0 min .30 min 1 h

Erythropoietin, Alzheimer’s disease

3h,6h 12 h 24 h)20 pmol/L AB,sss (FE 413 iH
20 wmol/L AB,sss P A R M5 T tau 2R 1 W52 1) X
HAE R W5 Epo MIAEFIRT 7645 T ABasss 1 3 h
JA Epo; 47 LY294002 F Epo MIATFG 1 h il
A, DURS I T B8 (915 545 S 3d B ) BCIE % i
ZH 2L, A ST A b B

LY OREpAR il

i MTT 5 088 A ] 24 4 (0 5,10 .20 .50
U)Y Epo X} SH-SYSY ZH A6 1 (520 40 B 42
T 96 LA 24 h J5 I AR BE 19 Epo, B4~k
w4 NG AL FIBF S S L AT A 2 O R RITRR
TR B 40 AN At 5 R [ A e BRFL | B e (e e
DI BRAL R LRI R 24 h J5 B iR 0L AL
JIA 180 pL (K5 FE A 20 pL 9 MTT(5 mg/mL),
37 °C.5%CO, ¥i 3¢ 4 h; SR IR, B ALIA 200 wL
DMSO,37 CH¥ 5 30 min; 2 45 4 7500 1 i | 18 B
M Tecan 23 w1 2 T GEBF AR A (Sunrise #45) LI
570 nm IO EEAE | A5 1E X BEZH 41 B WO A
() AR Ry AR 0 35 77

1. Western blot 41l

FE W Ab B — g B[R] 5 55 TR W 5 | T Ve
() PBS 35 ¥ 2 W, A ILANA 200 wL RIPA 41 it 24 %
WAE VK 2% 20 min; 14 000 r/min 4 °C & 0> 30
min, WHL 13 BCA L7 8 A i, B
(20 ng) PEfT SDS-PAGE Hiik /3 (3% BIO-RAD
Al ETETE 100 VR LK 2 20 min, Ffi 5 150
V HLPK 60 min; $%%5 7F 250 mA 1) 24T HL B 90
min, ¥ % F % # £ PVDF (3£ E BIO-RAD A )
s 5% MR W Ry 2 IR B 1 h 4350 AR B A — Pt
(ps396 .ps199 [ Hi BE FE 428 1:1000, taul 19 B &
4 1:2000, B-actin #4 #i B & h 1:5000)4 Cid 8 ;
KRG I 8 A= ) B AR BT (B BE 2 220 1:2000) %
T 2 h; FANA ABC &6 %(3 E Vector 24 Hl) %
& 30 min, il A DAB 2 8.7 (3¢ [ Vector A #]), LA
B-actin AN S SCIGAEMF R &M FTHEE 3K,
o KO 4 3 A 3% B BIO-RAD 2~ dl 1
Quantity-One 73 #7844

AN ARy LB

B DL B bR M 22 (vs) 7R, R HI SPSS11.0
Gt AT A, T vk SR T 223 B S LSD-1 K



A AR 20094 8 H % 8% %5 8 ¥  Chin J Neuromed, August 2009, Vol.8, No.8 . 759 .

5 ,P<0.05 R ZESA SR L,
& S

— Epo X 4 L35 77 (1) 5%

MTT 453 BoR, AU E R Epo(0.5.10 20,
50 U) XF SH-SYSY 4l ifg ¥4 7 B & i) 400 Jf 5 R A T
20 BT ) AR IE R EAE N

T BERA ABasss X SH-SYSY 4l il tau 15
W2 ALK - 1Y 52 1)

20 wmol/L #E R % AB,sss 1EH] SH-SYSY 4iljitd 3
h J& ,Western blot £l 7~ tau & 1 Ser396 Ser199 1i;
S BERR AL KT 3 h B AR 3G 0,6 h ik B o5
12 h 5 B BB, 24 h A4 i ms K, 50
min 30 min ZH F#E, 22 57 ¥ G217 B L (P<0.05),
TR tau 2 H (taul )AL A2 L 1),

= Epo X ABysss S tau FH B R L 19 30
YEH

EH 6 h AF R A BT [B] 45, 76 ABosas AT 3 h
T 8] 46 FE ) Epo(5 .10 20 U)YE A 6 h, Western
blot 5 I 7~ AS [7] ¥ BE 1) Epo 3 AT A3 2B 30 1 ABosas
FIAL Y Ser396 Ser199 i xi WML, 5 % AT H
B, 225 H G243 L(P<0.05);10 U 1 20 U Epo
B30 VE SR T 5 U Epo, 22 %A 4iit i X(p<
0.05);{H 10 U 5 20 U Z [ i 1E H t 8% 22 & e 4e it
25 X (P>0.05)(F 2),

P9 Epo Ml ABasss W53 1Y tau 4 FI B AR 1L 1Y

Omin 30min 1h 3h 6h 12h 24h

55 000 ps396
i)
55000 ps199
Mo
&
= taul
& 55000
42000 B-actin
257 @ Ps396
=
e
-15
=y
=

0
Omin 30min 1h 3h 6h 12h  24h

5 0min 30 min i L% *P<0.05
1A . Western blot J5L 4 €] F ; 1B : Western blot 4347 Ji5 4%
1 BERA ABasss ¥ SH-SYSY 4 tau £ 1 B 2 1k /K F- (19 5 1
Fig.1 ARausss-induced tau phosphorylation in SH-SYSY cells

ABz&ss - + + + +
Epo — - 5U 10U 20U
55 000 ps396
i
\'E( e
t 55000 ps199
& 3
&
£ 42000 B-actin
2571 B ps396
a HEps199
L ab ps
m 2
= abcabc abcabe
x b
=t
=
0.5
0 25}
T % + + + +  ABasss
[l - 5U 10U 20U Epo

5IEH X IR L °P<0.05; 5 ARasss T AL HLHE °P<0.05; 5
5 U Epo 41 [t 42 ,°P<0.05
2A . Western blot iU ifi €1 i~ ; 2B ; Western blot 43 #7 Ji 1Y 2%

Bl 2 Epo it ABusss V5 F tau 2 11 ¥ 14 1% 410 il 4

Fig.2 Inhibitory effect of Epo treatment on A,sss-induced tau
phosphorylation in SH-SYS5Y cells

A RefE B

FHBE IR BEIVLES 3 B (PI3K)/ 22 & R B R 11
PRI (AKAD 1 5 LY294002(50 pmol/L)FE T 1 h b3
40 fifl , Western blot 1l 75 LY294002 A] £ %% i 417 1
Epo BIEH], #2718 PI3K/Akt 24122 5 T Epo il
ABssss 1551 tau 25 HABERRAL VR HI(E 3),

W’

AD J&—Fp DL AT PN R T BEGR | AL4E 112
P fi LB R A R AIE 1 o 2 AR PR | AR K X AD
RIFHLEI BTSN R AR BEVE S tau 25 IR 1L,
HET 2 AD Wk A B ARBESER FHEESR S ABosas
YERIT SH-SYSY 4, 57 tau £ 113 2 W 1R 1L 1Y
YR AR AR ILEZ Epo X HAY 52 |

Epo & — Fi i 7 1 1l iy 14 40 B 3 5 A4 Ak 34
LY A A B A R 5 SRS R I, Epo M H
T € % 14 (erythropoietin receptor , Epo-R)7E H X #ff £
Fah A Rk HAAME R ThEES, P
Epo 7E AD 45 #ft 28 78 M i vl ] B B A O 47 1
F . Chong Z5Wiff 57 & B Epo 13 it NF-«B #% 5% %%
i AR | S 1y B 1T Bl e 40 A Vg S bl 25 4 L 1Y) 9
T-, AW Epo 76 AD H 4R FH AL T 3R AR 48
ARWE 5T 1 2y Hb 38 ST AR A Ast-as %S tau B AW R
PEH A ALY IS | 6 T ABasss 1B HT 6 h(Ch 20 i 25 7k
o) B IR A WL 3] Epo FilALBE 3 h J5 , AN [A] ¥k



- 760 - ML EYIGE 2009 F 8 H £ 8% 8  ChinJ Neuromed, August 2009, Vol.8, No.8

ABsss + - + +
Epo — - + + +
LY294002 — - - - +
i)
i
M 55000 ps199
R
-
=
= )
42 000 p-actin
3A
2.5 @ pS396
.1 5 mpS199
abc ab
@ abc
]
K
=
ira
=
% + — + + ABosss
W — + + + Epo
- — + LY294002

5OE B X B4l B P<0.05; 5 ABasss + 4l K 0P<0.05; 5
ABsssst Epo+ 4l [L#E,P<0.05
3A; Western blot 54 €l /i ;3B ; Western blot 43 # J7 9 4% S
B 3 LY294002%i4b 5%} Epo 94 il {F I
Fig.3 Inhibitory effect of LY294002 pretreatment on Epo

JE#) Epo(5.,10,20 U4 ] 4 25 0 il ABasss 51 ALY
tau 5 [ 7F Ser396 Ser199 v & AU BB 1L

Epo 7 B 40 jE 5 5 14 T IF 4 T HZ MK Epo-R
(S | O T S BUUR N st iR R B A, £
i PBK, {5 5 8 & 5 5 % i /L N 1 5 (signal
transducers and activators of transcription , STAT-5)%
SE61 ) PI3K S —Fh 20 i PN 2 1R, T AR AT Y R B
PBK G5 @S5 TMARGEMWEEH R %
FiCIZ % Z A B BE | Akt J2& PBK {5 55 3 ik 1%
oA E R T O, A 22 Jr A TR T
P A BF 5 R PI3K/Akt 410 il 7 LY294002 (50
umol/L), M%< Epo YAEHALEIE & 5iZis e X,
25 0 kB LY294002 1] A7 A% 31 il Epo X ABoasss
V51 tau  H SRR AL A GI/E T, $E78 PI3K/Akt
w25 T Epo MAHIVEM

PLAE R i 52 B UE W, GSK-3B /& PI3K/Akt /Y
TR, LR Akt GE15 S GSK-3B 122 & R
Ser9 i s BIBERR AL , 22 %2 Ser9 i x5 Y BER b AT T
5 GSK-33 HYIE P2 1M GSK-38 5 tau £ H A i

ML V) G F WO 28 5 HE , Epo X ABasss 15
1 tau B 1B RR AL 09 30 w1 AE R AT e S s
PI3K/Akt J5 , 51 #2 GSK-3@ 13 1 3l il A ¢ | {3 H
BRI AR IPLRIA & i — 2P 05T,

Zi L firit | Epo 7l i 1 PI3K/Akt i& 78 X ABosas
V530 tau B FIBERR AL R S/ H X R A9 AD
1) 2 S HIL T S R8I A 0B YT 29 B L T B
RIS IERY 5541 Epo 048 FH T i A b 583 1 I R 3
5, HLBUE B2 48 A i A 0,

2 £ X W

[1] Wei L, Han BH, Li Y, et al. Cell death mechanism and protective
effect of erythropoietin after focal ischemia in the whisker-barrel
cortex of neonatal rats[J]. J Pharmacol Exp Ther, 2006, 317(1):
109-116.

[2] Wang ZF, Li HL, Li XC, et al. Effects of endogenous beta-amyloid
overproduction on tau phosphorylation in cell culture [J]. J
Neurochem, 2006, 98(4): 1167-1175.

[3] Wen X, Huang Y, Wang J. Erythropoietin preconditioning on
hippocampus neuronal apoptosis following status epilepticus
induced by Li-pilocarpine in rats through anti-caspase-3 expression
[J]. Neurol India, 2006, 54(1): 58-63.

[4] Chong ZZ, Li F, Maiese K. Erythropoietin requires NF-kappaB and
its nuclear translocation to prevent early and late apoptotic
neuronal injury during beta-amyloid toxicity [J]. Curr Neurovasc
Res, 2005, 2(5): 387-399.

[5] Ghezzi P, Brines M. Erythropoietin as an antiapoptotic,
tissue-protective cytokine[J]. Cell Death Differ, 2004, 11 (Suppl 1):
S37-44.

[6] Maiese K, Li F, Chong ZZ. Erythropoietin in the brain: can the
promise to protect be fulfilled?[J]. Trends Pharmacol Sci, 2004, 25
(11): 577-583.

[7] Salkovic-Petrisic M, Tribl F, Schmidt M, et al. Alzheimer-like
changes in protein kinase B and glycogen synthase kinase-3 in rat
frontal cortex and hippocampus after damage to the insulin
signalling pathway[J]. J Neurochem, 2006, 96(4): 1005-1015.

[8] Ferrer I, Gomez-Isla T, Puig B, et al. Current advances on different
kinases involved in tau phosphorylation, and implications in
Alzheimer’s disease and tauopathies[J]. Curr Alzheimer Res, 2005,
2(1): 3-18.

[9] Ehrenreich H, Hasselblatt M, Dembowski C, et al. Erythropoietin
therapy for acute stroke is both safe and beneficial [J]. Mol Med,
2002, 8(8): 495-505.

(Wi H 11.2009-04-12)
(AR 3C 4t . 7K 3%)





