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Abstract: Alzheimer’s disease (AD) is the most common neurodegenerative disease in the aging population.
Abnormal hyperphosphorylation of tau is the main cause of AD. Protein phosphatases 2A (PP2A) can increase
the hyperphosphorylation of tau. Cornel iridoid glycoside (CIG) is one of the main components extracted from
Cornus officinalis. The aim of the present study was to investigate the effects and the underlying mechanisms of
CIG on enhancing PP2A activity. SK-N-SH cells were exposed to 20 nmol -L ™ okadaic acid (OA, an inhibitor
of PP2A) for 6 h to induce the hyper-phosphorylation of tau, in order to define the effect of CIG on the activity
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of PP2A and posttranslational modification of PP2A catalytic subunit C (PP2Ac). We found that OA significantly
decreased PP2A activity, increased the phosphorylation of PP2Ac, and enhanced tau hyper-phosphorylation.
Pre-incubation of CIG significantly attenuated the OA-induced tau hyper-phosphorylation at Ser 199/202 and Ser
396, and recovered the activity of PP2A. CIG inhibited PP2Ac phosphorylation at Tyr 307 and increased Src
phosphorylation. In conclusion, the mechanism of CIG inhibition of tau hyper-phosphorylation was activation
of PP2A to reduce the level of p-Src for areduction of PP2Ac phosphorylation at Tyr307.
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B[ SR K HF BRI (Alzheimer's disease, AD) & & 4E
N DL TR R 22 R SRR AT MR, At Lk
it 3700 /5 AFEH# ADM. FRUKIFER R o p-iE M RE
T (B-amyloid, Ap) HigrEt ) 20 FF—HZE
B G HN AT R SC v, AN W &k HPF 2 10 2590 5Kk TH
Bk Ap BEERL, $i Ap SREEFYTRR, BlE I F0 ) p-43 3
BN -7 WA R BRI N AB AR, (HIX EL YA T 3R
W E I A TR 56 m 340 B2 T 5 4 R, DASE T tau
R B ER AL A HE S5 25 BT T ok i B e R,

Tau HHZMA—FHEMERED, Rz
S IR RN B 1 0 R T S ) R YT R R4 R BRI
fig i 2A (protein phosphatase 2A, PP2A) A i tau 2
AR 2T, W AD BFEM Y tau
o BERERR AL 7 TR DG BEAE Y, SR I, fE AD
K PP2A & P I 5L T AT B 5 PP2A i 7
J§A H ET AD 2540 7T 3 sk B9,

11 %€ B3 34 4% Bk ik (cornel iridoid glycoside,
CIG) fEFR = MLz ga b $E I 322G AR AL . FETT
WA R I, CIG Ref B4 AD KRR B 1 2% =)
A2 EeO M 3t HAE PP2A 41417 X 2 (okadaic
acid, OA) #l AD 4t I Re M tau &5 i &
BERR AL, PRI S50, BN T, Re g aE i 4
#l PP2A fi{LiF 3 C (PP2AC) M2 B AL K &
PP2A )35 1,

A7tk 2, PP2Ac HIBH B 5 1B R 1 H 3540 DA
b, GBI, B R IES Src SR RES (R
Bt PP2AC HIBEIR LM . A Szt i H 7T CIG Xt
OA Il AD 4 A 5Y PP2AC 5 1k, A 18 55 B Src i
Fom, DLiE— 2B WG CIG k2 PP2A V& PE ML

MR 5%

YY) CIG A ZE [{ATHHE . (LZEw e (™
Hu: WITL), SN 7 B3kAS CIG, 4%y 70% (L
o R NG R DR, RBIE RS, R
SRZGW) 5 BRI E R . CIG kRS R R, KIEME

0o SRB SRR AR, T AR, 2 TR
VAR

KF  OA. aprotinin. leupeptin, 2 5 iz F& I
Triton X-100 (£ [® Sigma-Aldrich /A #]); DMEM %7
BrR. MRRIGE (FBS) MRE ARE (3£ Gibco
BRL A F]); Opti-MEM (3£ H Invitrogen A 7]); RC-DC
EAMERF A (500-0122-MSDS, % [H Bio-Rad 2
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Tablel Primary antibodies used in this study. Poly-: Polyclondl;

Mono-: Monoclonal; PP2Ac: Protein phosphatases 2A catalytic
subunit C; GAPDH: Glyceral dehyde-3-phosphate dehydrogenase

Antibody name  Class Clone Action site Company
pS 199/202 Poly- p-Tau Ser 199/202  Invitrogen
pS 396 Poly- p-Tau Ser 396 Invitrogen
Tau-5 Mono-  Total tau Calbiochem
p-PP2Ac Poly- p-PP2A  Tyr 307 Santa cruz
PP2Ac Poly- PP2A Santa cruz
p-Src Poly- Tyr 416 Invitrogen
Src Poly- Cell signaling
GAPDH Mono- GAPDH ZSGB-BIO

FEMFE THAMBEIRAE (Te2323 B, £H

SHELL/IB A #l); 4K EFRX (Multiskan Spectrum,
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FAREUH T 5250 . s T 12 L. 24 4LEL 96 1L
B, &
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(50- 100, 200 ug-mL ™) 5 SK-N-SH ZHi/ il & 24 h
JEFEL 5, M OA (20 nmol-L™Y) 4b¥E 6 h 5,
LN M T 34T 24

Western blot Z#ME B FRFIA SDSPAGE H
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Figure1l Effect of cornel iridoid glycoside (CIG) on tau hyper-
phosphorylation in okadaic acid (OA)-induced cells, cells were
exposed to OA for 6 h after incubation with CIG (50, 100, 200
pug'mL™). A: The levels of tau phosphorylation at different
sites were detected by Western blot. pS 199/202: Tau phos-
phorylation at Ser 199/Ser 202; pS 396: Tau phosphorylation at
Ser 396; Tau 5: Total 5. B: Quantitative analysis of tau phos-
phorylation. n=3, x+s *P<0.01 vs control group; “P<
0.01 vs model group
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Table2 The effect of CIG on protein phosphatases 2A (PP2A)
activity. The PP2A activity of control group was set as 100%.
n=3, x+s. "P<0.05 vs control group; ‘P <0.05 vs model

group

Group Relative activity of PP2A /%
Control 100.00 + 5.00
Control + CIG 100 pg-mL™* 9452 +1.24
Model 78.09 + 10.35"
Model + CIG 50 pg-mL™* 104.30 + 9.15"
100 pg-mL™? 98.90 + 9.4

(R R Ak 7K ~F B 3 = (P < 0.05); CIG (50 #1 100
ng-mLY) FEE 24 h 68 5 3 BRI R 40 i PP2AC 1
w1k K F (P<0.05, & 2).
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Figure 2 The effect of CIG on phosphorylation of PP2Ac in
OA-induced cells, cells were exposed to OA for 6 h after the
incubation with CIG (50, 100, 200 ng:mL™). A: The levels of
PP2Ac and phosphorylated PP2Ac (p-PP2Ac) at Tyr 307 site
were detected by Western blot; B: Quantitative analysis of PP2Ac
and p-PP2Ac. n=3, X+s. "P<0.05 vs control group; ‘P<
0.05 vs model group

4 CIG %} OA #l AD ZHAtRE! Src BEER LK FRIE
i)

Wik S BRI Sre 1E Tyr 416 o7 SRR AL fig % fd
BT, MRt PP2AC IBERRALI . A Tt —54R
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T & 24 h fets 5 2 B ACH Y 40 i Sre 7E Tyr 416 fif
M BEER LK (P<0.05, P<0.01), KLIM 3.
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Figure 3 The effect of CIG on phosphorylation of Src in
OA-induced cells, cells were exposed to OA for 6 h after the
incubation with CIG (50, 100, 200 ny-mL ™). A: The levels of Src
and phosphorylated Src (p-Src) at Ser 416 site were detected by
Western blot; B: Quantitative analysis of Src and p-Src. n=3,
X+s. *P<0.05 vs control group; ‘P<0.05, “"P<0.01 vs model

group
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Bfk, MK S PPATEYE, ek tau 8% (1 ) 2 AR 1k
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Figure 4 Schematic diagram of CIG inhibiting tau hyper-phos-
phorylation. PP2A consists of a dimeric core enzyme composed
of the structure A and catalytic subunit C, and a regulatory subunit
B
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