BEABFEE IRE1e-XBP1 @ EIFEINRBRIFFRIH
#5081 GSK-3p/Tau B A EEL

MO, xEw !, TR, RXE 2, FRAF!, BXE W

VR A RS D RE D T S IR AW TR s 2 ALRER G KA R AR M R 5 B0 254 70 SE B

%, Jbxt 100023
W B B AR EE (resveratrol, Res) % P J5i IO 7 80 44 400 it 7 1 AN I G BB -3 8 (glycogen synthase
kinase-38, GSK-38) /Tau & [ABEERLIEFIHOSEI . IRAMEARKE TR Z M, RAIAKE R (tunicamycin,
TMD 57 A5 SRS, Western blot VA8 P9 5T X 43 F-FEAB & AT 28R 5 8 E 78 (glucose-regulated
protein 78, GRP78) « AT & 2 [ S MAH K M VLEE T5 B 1o (inositol-requiring enzyme la; IREla) [1) Ser724
Wi, X S44HEE 1 (X-box binding protein 1, XBP1) #iA. GSK-3pK] Ser9 1 Tau 2 H K Ser396 B
BRI F o AW S 7V 5 B A Hh 2 e R 44 Bi-12 (Caspase-12) FI- K A4[§-3 (Caspase-3) 51k
MM T KT ZRER, TM RS HESARMNEIER, SEEZ T GSK-31E A Tau & [ B
WA (P<0.01) « #HEICAEA N FRMIEERT: (P<0.05) o 55 M S0 617 4- 255 T BR 4
FHIL, Res HEFE K T GRPTS FIFRIE (P<0.01) . F4{K T IRElo-XBP1 @ AITEN: (P<0.01) . Res
AT LARZE TM 5 10 P9 53 I8 42 41 P T 4Bk ) S ' Caspase-12 Fil Caspase-3 [f13 7% (P <0.01) . Res {17
#7 T™M i S ) GSK-381) Ser9 1 S BEIR /K F-FI Tau & [ Ser396 A7 s BRIk /KT (P<0.01) o 455F
KW, Res AEMSIEAC TM 5 T 1) IRE1a-XBP1 345 N 5t W SLE . GSK3BITEME & Tau & H R A BEER Y
K, YRS IR SO LR P I 38 A% R T A R SR R F
KRB IR RSO RS U E-3p; Tau B
HE2RS: R963 CERPRIRES: A

Resveratrol inhibits tunicamycin-induced neuronal
apoptosis and phosphorylation of GSK-3f/Tau protein

through IRE1a-XBP1 pathway
LIN Miao!?, LIU Yun-ru', YU Jia-xin'?,
ZHANG Wen-xuan'?, LAO Feng-xue!, HUANG Han-chang!="
Unstitute of Functional Factors and Brain Sciences, Beijing Union University;, *Key Laboratory of Natural
Products Development and Innovative Drug Research, Beijing Union University, Beijing 100023, China
Abstract: This study aims to investigate the effects of resveratrol (Res) on cell apoptosis through endoplasmic
reticulum stress (ERS) pathway and phosphorylation of GSK-34 and Tau protein. Primary cultured neurons were
used in vitro to establish an ERS model induced by tunicamycin (TM). Western blot analysis was performed to

detect the levels of the endoplasmic reticulum molecular chaperone protein GRP78, unfolded protein response



related IREla phosphorylation and XBP1s expression, phosphorylation of GSK-34 and Tau protein. Biochemical
methods were used to analyze the activity of Caspase-12 and Caspase-3, as well as the level of cell apoptosis. The
results indicated that TM induces endoplasmic reticulum stress, leading to increasing in neuronal GSK-3/
activation and Tau protein phosphorylation (P<0.01), as well as neuronal apoptosis through the endoplasmic
reticulum pathway(P<0.05). Compared with the TM model group, like the inhibitor of endoplasmic reticulum
stress 4-phenylbutyric acid, the Res protection group significantly reduced the expression of GRP78,
phosphorylated IRE1o at Ser724, and XBP1s (P<0.01). Res reduced TM-induced the activity of both Caspase-12
and Caspase-3 and neuronal apoptosis(P<0.01). Res also inhibited TM-induced the phosphorylation levels of
GSK-3p at Ser9 and Tau protein at Ser396 (P<0.01). In conclusion, Res can reduce TM induced endoplasmic
reticulum stress on IRE1oa—XBP1 pathway, the activity of GSK-34, and the phosphorylation level of Tau protein.

Res weaken the cascade reaction of neuronal apoptosis through the endoplasmic reticulum pathway.

Key words: resveratrol; endoplasmic reticulum stress; glycogen synthase kinase 38(GSK-3/); Tau protein

BT /R R HFBRIR (Alzheimer's disease, AD) & —FPaEWAH G A &R AT PRSI, JL 3
FFAE 3 BRI AT AN R CAB-IE K FEER 1 (amyloid-f peptide, AB) AE TR HIML %
WZEDE WA EE Tau & A0 ERERRAL I B 2 R AT 4 sl . phge oo BR0), 18
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8 JEI U WIE T RV VS ¥ 2 B R RN B, T T A s 4l R SR SR Zh B AR B TR A ]
L5 SCXK (51) 2019-0008 . WEFRAEIREE (25+2) °C. MBEN 55%~65%. MG &

(12h/12h) ¥,

1.1.2 % 329K 5

FIEEPTRE CRIRM AR A R AR, #t5: B20044) ; KER (JLaifEEAEY
AMRATE, #t5: C256-5) ; Neurobasal™K; 774, DMEM/F12 &K 77 4E . B-27 LML TR
JNF (£ [E Gibeo AF], #L%5: 21103049, 31765092, 17504044 ) ; 4-Z3%: T R (4-phenylbutyric
acid, 4-PBA) . pSer396-Tau & HHifk (3[H Sigma-Aldrich A7, #t5: STBF7437V.
SAB4504557) ; Caspase-3+ Caspase-12 {78 & pSer9-GSK-3441/4& (3E[EH Abcam A H], #t
5: Ab90437. Ab62484., Ab75814) ; 2 F-L-iZ K (poly-L-lysine, PLL) \ Annexin V-FITC/PI
R TR & (RIS R AR AR, #6%5: C0312. C1062L) ; GRP78 ik, IREla
Pifk. XBP1s $ifk. Tau & H$ifh S GADPH $itfk (£E CST ~n], fit5: BS1154. 3183S.
12782S. 4019. 2118s) . pSer724-IREladiifh ( L N5 H], #it5: abs155071) « GSK-34
Fofk (b AR AT, 65 : bsm-33293M) ; -actin Hifk (3E[H Sigma A7), L5 : A1978);
NeuN itk (LAY AT, fitT: A11954-1) .
12 B
1.2.1 RAR LB 4 70 tm o 6 35 S Fo P A A0 32

JFAR K E M A T M R 92077527 Liu U SEE 7k, A 24 h WA R E T
UKV 1) 75% CBE A 25 B ATA VR AL EE 3~5 mine 750 B 46 0F FEUH Kl 2 8 J 2 4R 8 R
% 1~2 mm’; HI&E & D-Hanks RIGSESS, A 4 mL KN 0.25% ) JEEEAT 50 uL DNase
I, 37 °CoK¥E AL 15 min, AU LIS 1) DMEM/F12 35973 DL b WAk R R kAT
YETEI, 2 200 H IR RIHM LIRS0 s 4°C, 100 x g B0 10 min, FF_FIEW,
I\ DMEM/F12 ¥5 9735 % 8mL, WKEDUIE MR AT H 2 M5 ) DMEM/F12 1577 2/
FEF] 1100 A /mL (WA S R, BEFETISE 2 R-L- I IR A B (35 98 0k, BT
37°C. 5% CO 7R 1557 JRAAMA U FR4eM 24 h J5, FI% 2% B27 ¥ Neurobasal-A
TG B TR SR ) DMEM/F12 853758, 2 546 3 d PFEMK—IK, BEEH 7d 405
£ 1B



T SEIG M N IER 4L (control, Con) « FHZE/EE4] (resveratrol, Res) « TM

BRI (TM) . EZPEAEY 4 (RestTM) « 4-ZE3E TR (A R 7)) R4
(4-PBA+TM) . RIS BB TS 4 Res/4-PBA TZEHEE 10 h J5 0 2.5 ug/mL TM

SEAL S 24h. ARIEIRATHT IR S 00 25 M AL B B AR VR FE DY, 250 BE R 5 pmol/L Res 2.5
pg/mL TM. 10 mmol/L 4-PBA.
122 A2 TH TR a0 =

KM Annexin V-FITC/PI XU e—i 4H i B ARG I 75 3200 %€ A A T2k 42 /8 5x10° 4
/mL )% FE AT 6 FLANRRESR FRAR b, i £ 70 O 5 # IR SR EG 4y A N 245 40 78 . 2 . Annexin
V-FITC/PI 4 M 8 TR & B B 5, FE4midnfu s 773, M PBS Pk 2 1K S 500 pL
% 5 uL Annexin V-FITC 1 5 uL PI 454 fEEIR 25 °C @I E 30min; 7E3G 40 AR
BALF AT SR R (05 Y63 . A4 Annexin V-FITC 5 PS 454 PI 5381 B 40
FRATIRBEAH M) DNA Ze o (e, 380 58 6 BE 7 S Al M U8 T2k P IE% 4H8: Annexin
V-FITC (-)« PI(-); FHIET-40: Annexin V -FITC (+). PI (-); BRMJAT-400: Annexin V
-FITC (+). PI (+)-
1.2.3 Western blot 4]

M TCANIE L Sx105 AN FLEF T BN 3 em 3531, ICEEL 20 A0 B )5 i1 42 04
i, FHTA I PBS VEVR4HM 3 UG, KIEFRINE TUK b, FEFFRIMLA A 150 uL RIPA 58
ZLEHON R A B0 E AR, A AN RO R T B SR, UK B2 30 min, 4°C.
12000 x g 50> 10 min J5UWEE B, BCA LME LiGHi A S B AR . SDS-PAGE Hijk
JEVR R I B 1% 2 % PVDF I, S%Bi e 9k iR B0 2 h, — i 4 C M IRGIL R A -
TBST Z2MB0eNE 3 Ik, —#H1 37 °C#¥H 2 ho # ECL A JiA ECL B S ABIR & 5 fEAL S

RICHAE R FREOGE &1 A Image J #AF 50 AT 2647 IR 2K FE
1.2.4 X & &8s (Caspase) &S/

T AT 5105 ANFLEEM T EAA N 3 om BE3R L, InZibE s, IREGIRAEE.
HFMZHH A 1 mL PBS YRR WS, BN 120 L 43 BERR G0 770 A0 2 (4 B0 41 707K RIPA
ZUET, 4 °CFUCEEAM, 12000 x g B0 10 min, EX4HHE_EEW, BCA HEE M H K
. ZM Caspase-12 F Caspase-3 ¥ PEA iR & 545, 78 96 FLaRkH, 4% 50 pL 4A /i
KA I 40 pL A 22 A 10 pL (ARSI EKY) (ATAD-AFC/DEVD-AFC, # Mk 5
BB AFC) 5 AN G2 3B 9 IR T . 37 °CHEE 120 min, FIZOGREAR G

SE 2405 nm PR Asosom KT TETEE (F) o HATN (1) THRESLIGA Y Caspase FHXTTEE (4D,
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Hor: A—SKIR2LIK Caspase HIXHEME; F—SZIGALIOTOCTRIE ; Fi—1EH 4L 785
FEs Fo—E7ma AL OBt Cr—SEn A EHRE: CO—IEF AR E AR,
125  HEXLE 5547

K FH SPSS 19.0 B AFREAT R AT, Hd DL BB bR 22 RoR, B2 DT 3 IE
42 . J Graph Pad Prism #AE/ERE . Bl LR IR R 5 Z 8T (One-WayANOVA) 1.
P<0.05 A% BAGHERE L
2 BRE5H
2.1 BEATEER TM ESHWHEZTETER

KM Annexin V-FITC/PI X G—E A B ARE I E 4E L 2%, B IR TM 753
JE W EARARZ T M A TSR R ] 1 Je 3k 1 FioR. &5 Con 4LEGES, TM 440 i fr) - 11
TR I 23K P 2 THE (P<0.05) o 5 4-PBA+TM AAHML, 5 TM HEH#, Res+TM
ZEL A PR 1 SSRGS TR R BRI (P<0.05) o SRR, I RERENS SRR
1 TM 5 S 10 JE A 22 o 2t M A T AR

Con Res RestTM ™ 4-PBA+TM

Annexin V-FITC

PI

Merged

B 1 HEFEEN TM 3 RAHE T TR
Fig.1 Effect of Res on primary neuronal apoptosis

1 NAZYAETHARATE ( x5, n=6)

Table 1 Apoptosis of cells under different treatments ( x+s, n=6)
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Group Late apoptosis (%) Early apoptosis (%)
Con 2.18+0.34 1.494+0.19
Res 3.12+0.46 1.86+0.25
Res+TM 16.24+2.18* 8.12+1.13%
™ 46.58+5.06" 20.81+3.72"
4-PBA+TM 27.23+3.23% 13.26+1.64"

. 5 Con HELE, "P<0.05; 5 TM HLILE:, *P<0.05.

Note: Compared with Con group, "P < 0.05; Compared with TM group, #P < 0.05.
22 BREFERERBERESNERBE TR RN HIER

GRP78 = H ) AR g A T I BLEOR AE AR & . Wil 2 BTzs,  Res 20 GRP78 )Rk
KFTEEZEZA: 5 Con HELE, TM 4 2.5 ng/mL TM 4bFE 24 h J5 40 GRP78 [ iA/KF
Wi TR (P<0.01) « 5 TM LL#, Res+TM ZH4HJl GRP78 ik KPR 2 FF% (P<0.01).

PAE GRP78 Rik /KT HIZE R 7R, TM ¥53 1 ERS, HE I LAEZE T™M 5% /1 ERS 1F

Ho

10— sksk

- T
GRF78 Q 78 kDa .
B-actin | e —-— a—| 42 kDa <
B 5=

2
Cf’\\ q_‘b é"‘\ ,\é\ @ -
Q?e @) i
0 'j T T
QOQ %9% &@ &@
X
/2 Res X TM $F {1 GRP78 RIEKF LW  ( x+5,n=3)

Fig. 2 Effect of Res on TM-induced GRP78 expression ( x+s, 1 =3)

F: 5 Con i, “P<0.01; 5 T™M 4ltb#,

#P<0.01.

Note: Compared with Con group, ““P < 0.01; Compared with TM group, #P < 0.01.
2.3 Res #liH TM #5549 IRE10-XBP1 8 BHE

WK 3. 4 fiox, 5 Con 4ELEL, TM AHH I p-IRE1o/IRElaff] ELAEFT XBP1s & KA

KW EZE TR (P<0.01) » 5 T™M 4E%, Res+TM 4 IRElatf & % F+ &+ 1 p-IREla

J p-IRE1a/IRE1atb At « TR &2 FE (P<0.01) . 5 TM 41tb%:, 4-PBA+TM 41/ p-IREla

6



J p-IRE1o/IRE 1atUAE A% .2 T (P<0.01, P<0.05) , XAl fig5 4-PBA 4 FE4HAE )5 IREla

FRIEKTFEBALE >, W4 TR RN . PLESERILIR, TM RS IRE1adE %, N
J# ERS [F1/x M., IREaffJffRiLAE/L T XBP1 mRNA BT, S3 XBP1s & A #KiA T 5
H P RERENS M TM 175 3 1) IRE1ad@ BI0E < S22 e 40 B i /9 53 X 23 F o

IRE1 g/fBactin

p-IRELo | o | 00

A -actin ‘- -—-——l 42 kDa
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%" 6 CEER
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& 3 Res X} TM % S IRE1aBEBRALAKTHIHM ( x+s5,n=3)
Fig.3 Effect of Res on TM-induced IRE1¢ phosphorylation  ( Xts,n =3)

E: 5 Con HME:, "P<0.01; 5 TM ALELE, *P<0.05, #P<0.01
Note: Compared with Con group, “P < 0.01; Compared with TM group, *P < 0.05, #P < 0.01

k3

_—|__ #

XBPls G e ;! 60 kDa L H

GAPDH| —-—-—-I 36 kDa

QOQ Q'D% )5@ ,{Q‘\ ).(&é\'

& &

) j
(U T

|
OOQ Q?ac" >§® &%\ )Eg@
o

o
®F Q
o

XBP1s/GAPDH

Bl 4 Res Xt TM R XBP1s RIAKFHIEH  ( x+s,n=3)
Fig.4 Effect of Res on TM-induced XBP1s expression ( x+s,n=3)

#: 5 ConAEP<0.01; 5 TMAHLE, *P<0.05, #P<0.01
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Note: Compared with Con group, P < 0.01; Compared with TM group, *P < 0.05, #P < 0.01
2.4 Res %] TM ES8Y Caspases REXEEIER

Caspase-12 /& IREla P55 RN & E, 2 AT &A1 MM T 5 3%, Caspase-12
W 5 5 S P TP T & Caspase-3 [0S, MM SIS AV T2k 4. W&l 5wl o,
55 Con AHLL%:, TM 4 Caspase-12 fll Capase-3 25 [ G AR E 3N (P<0.01) . Res+TM
HY5 4-PBA+TM HLERMF, 5 TM 4HLELE, Caspase-12 I Capase-3 &5 FI TG AR B3 T
F (P<0.01) . LA 5 HERI, 207 B Re S 225 PR TM 5 S 1) P S I 23851 A2 1 Caspases
B TGS S, X PSR I A A R T LA b £

g k%
sk 7 L
6 2
. 1 L 567 i
a E§5_
# g, # S #h
B S 44
< < ©
55 2 2234
£z ©z
Sz 2+ 5 2+
2 <
7 N Ifl
- T
o
& HERNN ¢ &S
«z~ & < & 2 .
bﬁ% < QQ’

5
B 5 BFESEEN Caspase-12/3 WG EERIFZEM (( x+5,n=3)
Fig. 5 Effect of Res on Caspase-12/3 activity ( xts,n =3)

#: 5 Con L, "P<0.01; 5 T™M ALK, #P<0.01.

Note: Compared with Con group, P < 0.01; Compared with TM group, #P < 0.01.
2.5 Res &% TM 538 GSK-3S#UEIE R

GSK-3p /& —Fitf i 77 7F T BLAZ A0 P (R 850 O~ 1) 22 B R 0 R R B T, Ser9 A7 RUK
A= LR 3 GSK-3BM0E - Wil 6 Fizn, 5 Con 41E4L, T™M 4 pSer9-GSK-35/GSK-35
FEL(E 325 PR (P<0.05) . 5 TM 4EHLEE, 4-PBA 22 7 TM 5 510 GSK-3p1E M (B2
B4 pSer9-GSK-38/GSK-34LL A, P<0.05) , Res+TM 1) pSer9-GSK 3415 /K & % T+

(P<0.05) . pSer9-GSK-38/GSK-3BLUAE M 2 Thim (P<0.01) o Z55RKH], Res Zff I N
J P S 5 1 ES 1 GSK3BBE1EH -

GsK3p w| 46 kDa

GAPDH | Wil s S S 36 D2

* Ggg'\“‘ o> \’x&%‘
& &

s



GSK-38GAPDH

Tauw/GAPDH

1.5 204 2.0 o
# #
Z 15 Q54 u
5 :
1.0 g %
= s *
o 1.0 - %. 1.0 =
wn
6] Q
0.5+ & =
0.5 = 0.5
0.0~ 0.0 = 0.0=
o
& o %ﬁ\ QO S @ &S & oS %X@\ S S
& b“fbv & QQ’Y’ ¥ w&v
p 9

&l 6 Res X TM %5 #1 GSK-3pE MM ( x+s,n=3)
Fig.6 Effect of Res on TM-induced GSK-34 activation ( x+s,n=3)

W 5 ConAlHLE:, "P<0.05; 5 TMALLE, *P<0.05, #P<0.01
Note: Compared with Con group, “P < 0.05; Compared with TM group, *P < 0.05, #P < 0.01

2.6 Res P&{k TM 5589 Tau R BERLIER
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pSer396-Tau/Tau kL {H I F£ 1K (P<0.01) . Res+TMZL %} Tau s (A B BR L O 52 M 45 1 55 4-PBA+TM
HEE AL STMALLE, RestTMAL K pSer396-TausK - MpSer396-Tau/Tau EbAE 4% & %

PEAG (P<0.01) o ZRERW], A2 WERENE HR] P4 SR W M 51 (A Tau s 1 A WERAL -

Tau |*_ e g b «\nm] 59 kDa
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B 7 Res X TM #S ) Tau R EBRILAILM ( x£5,n=3)
Fig.7 Effect of Res on TM-induced Tau phosphorylation ( x+s,n=3)

5 Con AE, "P<0.05, "P<0.01; 5 TM ALK, *P<0.05, *P<0.01
Note: Compared with Con group, “P < 0.05, **P < 0.01; Compared with TM group, *P < 0.05, #¥P < 0.01

3 Wig 5%

ADWIRIFNLEIET R W, 58087 2P A R TT R . PO 9 & A% 41 . P 3 4 L
By N R AS  RE T P T B KR AR, R TR R B L R 02
TR THD PN R P 0, 55 JG R RS G  TBLFR G . PR . AT PR IR G R 2 T AR AU IS, RIS K
[ 3 37 P31 o 2 1 53T 8 A e gt 82 R A 2 S SO 3T 8 R 1 7 P D) g SRR 3 A
Y 38

PN Y BT RE R AD R A R SR R0, EIERRAE T, ERSHINENAS 5 4 (150
P 1Y 52 3R, GRP78 5 IRE1a ¥ ERS UM e i B, IRE1a-XBP1sfE ik nf ABHOE,
M 5 R ERS [ i 25 5 IRELacfE g P 5 IO S350 17 (1 B B2 J5 R N v 2 —, A3
XBP1 mRNA A A BYHL . IRELofE N IR bR A 584k, 383 Ser724 67 s 1) B £ B RR 4K

A5 E T & 78 (glucose-regulated protein 78, GRP78) 454, AbFid ik

WOE HRNasel& 1, IRE1aff)i0E 3 BIXBP1s 8 [ 3RE15), XBP1sitid B2 5 P 5t I S2m
N 764+ (endoplasmic reticulum stress response element, ERSE) FHH.454, #E— 158 P i
AR B R TR (R KPP 00L, AR ST TP R B, MR O AR TV 5 1 P9 T 19 R 5 e
XBPls. W5 M AEAR 8 FIGRP78 K IA W T imy, 1M A 227 I BE % [ IR TM 75 3 U XBP 1s K35 7K
-, HATBENLHIE (3 AT B BE UL IRE1 o 5 GRP784) B8, AT I IRE 1 i J&5 2 2L iR 1k
%55 XBP1 mRNA [ XBP s AN AR 735N AP REMIRSE | TM I T IIGRPT8EIE KT,
XARES AP R T XBPIsRIBK A K. PLESEIRIER, A2 EEIRE1/XBP1s
ERALLEAR T TMIF 3 1 4 5 I RS o

T AR R PT Re 2 SECA IR TR A . SEER A BN, A2 R R DA T™M
753 1 Caspase-3 IS, (12 W RE 5 9 IN BT 128 (1 19 FRIA 08, Caspase-125E 1 T~ i
X A PR T O S IR S P T X 4 AR S B R R P R o e R R AR R s 5 B
Caspase-12/f)3& 1L, I 5] EPIKAN ML U215 5 V9T, Caspase-126k Z /)N BRURT P35 I 8284
20 T B HRT /200, At T4l R, TMIS: B0 5 9 1238 B% AH C 1) Caspase-12.
Caspase-3iEEAR T 1T, HPZ u4M i L JAR G IR 2K S s (3 2 ] T T™
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1752 Caspase-12M1Caspase-3 [f1if b, M IMTIHIERS i & O AN ML T- IR v, BRAR AT 470
2N S AR I T2 K

GSK-3p2 Z 85 5l B 12 %, GSK-3pME AR 520 Taudt FUBEIR AL . TausE (& —
S S5 G 8B, XTUERFT A ) B SR AE M B, Taud A BRIRAL S ELHR &
SME LGRS, AVTTUERY], TMARELRERR 2 2% F#IRGSK-3B11ISer9 b i (B IR AL 7K1
N Tau I Ser396/ (0% & (BRI 1 /KT, Tausk [ Ser39647 sl IR b 2 R #h 42 I £ 4R 93 45 1)
. AR EERE B T GSK-3BSer9NL s R AL KT\ F#{IK Tauf¥ISer396 {7 ri B ER L 7K T~

X e R R R PR IR TM S 3 I GSK-3 8/ Tawil B FEPE, 1T e 2 AR ADH Tauwlps BRAE H o
S50k
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