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Effect of vitamin E succinate-induced endoplasmic reticulum stress to activate
JNK expression on autophagy in human gastric cancer SGC-7901 cells

CAO Xiaogian®, YUAN Jinhui®, DU Meizhi’, WANG Yidan®, HOU Liying® (a. School of Public Health; b. School of Science, North
China University of Science and Technology, Tangshan 063020, Hebei, China)

[Abstract] Objective: To study the role of c-Jun N-terminal kinase (JNK) in vitamin E succinate (VES) activating endoplasmic
reticulum stress-induced autophagy in human gastric SGC-7901 cells. Methods: SGC-7901 cells were treated with different doses of
VES (5, 10, 15, 20 pg/ml) for 24 h, then, qPCR and WB were used to detect the mRNA and protein expressions of autophagy markers
LC3 and Beclin-1; Under the action of reticulum stress inhibitor 4-PBA, the fluorescence intensity and distribution of LC3 were
observed under laser confocal microscope, and then qPCR was used to detect the mRNA expression of endoplasmic reticulum stress
markers GRP78, GRP94 and autophagy markers LC3, Beclin-1. Under the action of the JNK inhibitor SP600125, WB was used to
detect the protein expression changes of p-JNK and autophagy marker proteins LC3 and Beclin-1. Results: Compared with the control
group, with the increase of the concentration of VES, the mRNA and protein expressions of Beclin-1 and LC3 showed a gradual
increase (all P < 0.05), and LC3-1I/LC3- | ratio also increased significantly (P < 0.01); compared with 20 pg/ml VES group, after
pretreatment with endoplasmic reticulum stress inhibitor 4-PBA, mRNA expressions of GRP78, GRP94, LC3 and Beclin-1 decreased
(all P <0.01), and the intensity of LC3 punctate aggregation decreased; after pretreatment with JNK inhibitor SP600125, the protein
expression levels of p-JNK, LC3 and Beclin-1 were lower than those of 20 ng/ml VES group (all P < 0.01), these results indicated that
inhibition of JNK activity could inhibit the occurrence of autophagy. Conclusion: VES can induce autophagy in SGC-7901cells by

activating endoplasmic reticulum stress, and JNK participates in the regulation process of endoplasmic reticulum stress on autophagy.
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ERRYEE R E BRI A 2 —, Al i 48
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N BT I 3 3% (endoplasmic reticulum stress, ERS) J&
M2 5] Ca® RIS A | FREE AN L. B IR
JRT ik 2 A5 0 R AR A, AT RAAERE N 5T D) A X B
A —BhAE W RN o AT S & R (unfolded
protein response, UPR) . Ca®" {55 1 P J5it [94 #H C F fit
J& ERS R HEER M FE &4, [ M (autophagy)
JE FLAZ AN AE [ Wi A OG5 PRJR 45 R HH I Bl A
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KL, AWERTRES S T BRS R 5 WIS AR 3T
BT &R N R, B ERS 5 H W& a0
o, HETMICE L. AWFROWES VES XA H I
SGC-7901 4 Jfd ERS 55 [ W i) 5 i L H: Al HE (14 AL
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1 HREHFE

1.1 ik

AR N S 9 SGC-7901 41l [ i T
Jip g B 5% I, ARAF T AR LB TR 2R A 3 T AR 4Bt
SGC-7901 4 M 7E & 10% Ja4- I35 . 1% ¥ -5 85
2 1) RPMI-1640 £5 55 1, # T 37 °C. 5% CO, Y
KSR IR . YA K & 80%~90% -4
iF, FH 0.25% JEERGHATE1C,
1.2 &5

VES, & % % (tunicamycin, TM) | T I % &
(rapamycin, RAPA) | 4-AJL TR (4-PBA) | SP600125
Febt Beclin-1 HIAIIA A 3EH Sigma 24 H], & RNA
P B 57 & (TRIzol % ) W H 2€ E Thermo Fisher
Scientific 2 Al , ¥ % 5% {50 & W A 32 & Applied
Biosystems /A A, HPt p-JNK Fll B-actin HLAANA H 52
[ Cell Signaling Technology /A, %4t LC3 HLiAFI
B i FR A IC DL S TG BRI B 35 [ Promega 23
7], BFHIRRCAILIEER TR 1eG BRIl A A2 Y
Z5H], BCA & A i A RAYHARGRRATF,
1.3 %344

VES M JE7K & B TE i i 10 mg/ml (14 fif 25 WK
4 °CREOCIRAE, & M. BT 2% 055 3 000 B
e S7i3i

O BoA: K189 SGC-7901 41f, 43k 8 4 .
IR (7 1 pl/ml JC/K ZBF) . RAPA 4 (RAPA

= HWEE S A, BRI & 100 nmol/L) . T™M 41
(TM J2& ERS #3h7], fEHMI &N 3 pg/ml) | 4-PBA
24 (4-PBA J& ERS il 5], VEHIFI 54 5 mmol/L) .
SP600125 20 (SP600125 J& INK 1l il 77, 4 F 71 &
4 20 umol/L) | A[FlF & VES (5. 10, 15, 20 pg/ml)
2H . VES+4-PBA #H (5 mmol/L J4-PBA Ti4b 34 & J
A0t 2 h, #0H] ERS, FH 20 pg/ml /) VES ZbBE 24 h) |
VES+SP600125 £H (20 umol/L SP600125 kb 5 i
Y 2 h, M INK P BERR LSS, F5HH 20 pg/ml Y
VES kb3 24 h) .
1.4 qPCR 3480 A w47 &4 mRNA o) &k

S BE R X IR 4L . RAPA 41 . A 57 & VES
(5,10, 15, 20 pg/ml) 41, 4-PBA 41 fl VES+4-PBA
ZH . TRIzol L4 HUA 2 40 LB RNA, FH 0 i s 7]
#FF RNA 3055 5324535 cDNA, FIHZE 1 5149,
K A 25 pl B qPCR Jx b {& R #4793 . qPCR
S8 E . 95 €10 min, 95 C 15 s, 60 C
1 min, EFF 40 k. F 2722 gt 54 B Y 3L AR X
FKiktt,

% 1 qPCR ETHI#F 7

Tab.1 Sequence of primers used in qPCR
Gene Primer sequence
GRP78 : 5-CACAGTGGTGCCTACCAAGAAG-3'

F
R: 5-TTCCTTGGCAACATTCTGGAA-3'
GRP9%4 F: 5-TCCAGCAGAAAAGAGGCTGAA-3'
R: 5-TTCCTTGGCAACATTCTGGAA-3'
LC3B F: 5-AGCAGCATCCAACCAAAATCC-3’
R: 5-CATTGAGCTGTAAGCGCCTTCT-3'
F: 5-GCACCCAGCACAATGAAGAT-3'
R

: 5-ACTCCTGCTTGCTGATCCAC-3’

B-actin

1.5 S RIEEZENE LC3 £ SGC-7901 Zafe A
04 F ik A i A

SCEGUE S AN TEFINTRELL . 20 ng/ml VES 41,
TM 4H . VES+4-PBA 41 Fll RAPA 4 . &4 fnzh5s 55
JE IR, 4% 2 I WP = R[5 2 408 30 min,
YE 3, J 0.5%Triton X-1003% i, 37 CIE &
5 min, PBS{# 3 ¥, 1% BSA #I 4] 30 min, fll A
LC3 ik (1 : 200), 4 C WE %, PBS ¥t 3 Ik, il
AL P AR C i I PR P, 37 CHE 1 h,
PBS ¥t 3 X, i A DAPI & (29K K 5 pg/ml) ,
37 °C W8 15 min, PBS ¥ 3 K, MABIEKF [0.2 g
DABCO, 1 ml Tris-HCI (pH=7.4) , 9 ml H 3 ], &
R, RO IR A B U A A0 i N 2
1.6 WB ik # ml SGC-7901 %8 # *F p-JNK. LC3.
Beclin-1 %& & 9 & ik

WCAR A A A0 T B B A B S B 1, H BCA IR
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GE LEW P E A&, SDS-PAGE 4 HEH,
TEMRIRSAM P E AR 2 PVDF B, H 1%BSA
EH, 53 AAE R B —FT R 4T, H ECL k&
0, BRI AR AT PSR A 740 BB AN 434 o
1.7 %itsam

K H SPSS13.0 #4453 Hr, A7 S8 5t 37 8 &2
3, FFEIER AT IR BOR Dlxts Fo, 3H K
3 A g R] b ok B R 2R T 25 4 B, PRALTA] B
BRH LSD-t K556, DA P<0.05 5%, P<0.01 /R E R
HAS 2R X,

2 & B

2.1 VES 42t SGC-7901 %m it v @ % 4% & 4 LC3
#= Beclin-1 # mRNA & A&

qPCR Al 2558 (& 1) WoR, BE%E VES &
A3 N, LC3 Al Beclin-1 7E5% 5% /K LAY ik Sk
Rgeas, A RAFRFIEHE, 10, 15, 20 pg/ml VES
2H 1 RAPA #H LC3 F1 Beclin-1 mRNA ¥ ¢ ik 2 /&
TR B2 ($ P<0.01), T 5 ug/ml VES 4H
Beclin-1 mRNA 7K ~F- 5 ¥ 51| X B4 J6 0 & 22 =
(P>0.05) .
5 = Control 5 pg/ml VES

wx ®10pg/ml VES = 15 ug/ml VES
I 20 pg/ml VES = RAPA

Expression of mRNA

LC3 Beclin-1

"P<0.01 vs Control group
E 1 VES iS5 SGC-7901 4 B EHREY

LC3 #0 Beclin-1 mRNA 3RiA10
Fig.1 VES increased mRNA expressions of LC3 and
Beclin-1 in SGC-7901 cells

2.2 VES {2 i#t SGC-7901 % it ¥+ A & 4% & 4 LC3
#= Beclin-1 & & #9 & A&

WB LR 25 5 (K 2) o, SEFIXT A
4, 5 ug/ml VES 4 LC3- 11 Al Beclin-1 1) 2 4 7K F
JCHH ARk, T 10, 15, 20 pg/ml VES 4 LC3-11 &
M5 VES fl & my 38 hnm s, H LC3- 111
LC3- T #5434 hn, LC3-T/LC3- 1 HefE i & Th s (3
P<0.01), Beclin-1 & [12 157K - 2 BT &5 (1) # 3
(# P<0.05) .
2.3 4-PBA &3 494 SGC-7901 2a it B " 4% &4
LC3 #= Beclin-1 mRNA # & ik

qPCR ¥ £ Il ERS #5 i& % GRP78 Fll GRPY4

mRNA [k, g5 WK 3 iR, 5 20 pg/ml VES
H A, 2 5 mmol/L ff) 4-PBA XF SGC-7901 4 fifi 1
T WAL P 5, GRP78 mRNA Fil GRP94 mRNA ) %
IR B3 R R (34 P<0.01) , 48/7f# ] 5 mmol/L
4-PBA FHAbHEREA AN S A AL ERS A& ZE .

K1 4-PBA TiALEEAH I ERS 5, qPCR i
K B W AR 2 H) LC3 1 Beclin-1 9 mRNA %35 7K
S, ZEHANE 4 frs, VES+4-PBA A 401 LC3 5
Beclin-1 ) mRNA 7K V-4 20 pg/ml VES 41T F& (3
P<0.01) . bRZ5 RPN, TEEKAKF B, M
ERS J&, VES 531 AWK Pt bfiZ TR

A VES [¢/(ng'ml™)]

Control 5 10 15 20

LC3-1— — — e —
Beclin-1 |. S —
B-actin - —
B 14
1.2
— 1.0
&
S 08
—~ kk
= 0.6
0
0.2 N
LA
Control 5 10
VES [ey/(ug'ml™)]
C 14
1.2+ %
g 1O
s 08}
=
- 0.6°F ;
g
S 04
2 !
02F
Control 10

VES [cy/(ng-ml )]

"P<0.05, "P<0.01 vs Control group

A: Expression changes in LC3- [, LC3-1I and Beclin-1 after
treatment of different doses of VES for 24 h; B: Expression
changes in LC3- [ , LC3- Il after treatment of different doses

of VES for 24 h; C: Expression changes in Beclin-1 after

treatment of different doses of VES for 24 h
B 2 VES %5 SGC-7901 4AE B AR EY LC3
Beclin-1 1% B Rk E M
Fig.2 VES increased protein expressions of LC3 and

Beclin-1 in SGC-7901 cells
2.4 #p#) ERS J& SGC-7901 ZmfLély B »4 5% JF FEAK
3 1 SR E YL (B TSR FH RO 2R A I S 0L
2 LC3 RN 38, 45 R Al 5 s, 5 XHE
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ZHAH LG, T™ 41 fg BH & WLZ2 51 SGC-7901 4 fitd i iy
LC3 miROOEREAE, $3% ERS J5, A WEsR 1Y
Jins 5 20 pg/ml VES 41 H#¢, VES+4-PBA 41 41 Jitg
H LC3 SURTEO M SRR A FrBEAR
2.5 #ph) INK 89307% 4% SGC-7901 2afiee P & w4 A7
A4 LC3 #= Beclin-1 & & %9 & A

WB A6 44 2H SGC-7901 41l il p-JNK., LC3
Ph K Beclin-1 £ 1 3RAK V. d5R i 6 iR, 5
TRHI R IR LA, 45 20 umol/L SP600125 Fi kb B
SGC-7901 4, 40Marf p-INK I 11323547 Frké
ik, B2 2 AR 5% (P>0.05), 1fi 20 pg/ml VES 4
p-INK & [ 19 # ik K & T & (P<0.05) 5 5
20 pg/ml VES 41 A kb, VES+SP600125 41 p-JNK 1)
BT (P<0.01) o

10 o Control
Kk & 4-PBA
o 20 pg/ml VES

- 8T & VES+4-PBA
Z
T
[ 6
=}
f=
2
fat
s
o]
m

2 L

0

GRP78 GRP9%4

P<0.01 vs Control group, ““P<0.01 vs 20 pg/ml VES group
& 3 5 mmol/L ] 4-PBA T EEZARE 2 h AT 2 EHDH
GRP78 1 GRP94 mRNA HiE Rk F
Fig.3 Pretreatment with S mmol/L 4-PBA for 2 h
significantly inhibited the mRNA transcription of

5r o Control

- =4-PBA

T 820 pg/ml VES
4t =VES+4-PBA

w

Expression of mRNA
)

—_
T

0

LC3 Beclin-1

"P<0.01 vs Control group, ““P<0.01 vs 20 pg/ml VES group
B 4 5 mmol/L K 4-PBA % ERS R4+ B 16
FREY LC3 70 Beclin-1 mRNA 7k B& T
Fig.4 After 5 mmol/L 4-PBA inhibited ERS, the mRNA
levels of autophagy markers LC3 and
beclin-1 decreased significantly

Bl 7 8os, SEFX A L, 20 pg/ml VES
20 SGC-7901 4l ffd v LC3- 11 5 Beclin-1 £ [ 1 3 ik
KB B FE i (3 P<0.01) ;3 5 20 pug/ml VES ZHAH
I, VES+SP60012541 LC3- 11 5 Beclin-1 1) 7% ik [%
ik, H LC3-T/LC3- I HAERA & R F% (3 P<0.01) .

3 i i

2018 EAERIFAAE ST AR Bon, B AR
(5.7%) {7 J& 4= BRI IE & 9 9 55 S A, o JE 2%
(8.2%) W& 55 3 AP, 15 Je I AR -390 6 A S i
W, H S HEAAERNN 27.4%", FHIHER BT HLHE
SR A TR T S G B, VES AT AR
I 740 A Ti) 2 2 5 YRR 1% P9 A4 1 486 g 35 5 HL U
T, Xt AR E A AN = A AR E T, —Fh R

GRP78 and GRP94 FERE ek bl
Control 20 pg/ml VES VES+4-PBA

DAPI.....
Mcrgc.....

B 5 iM%l ERS sEBARUNFIZHAERA LC3 HIRIEFS 7 (%400,

B kATiE A HE AR

Fig.5 Inhibition of ERS could effectively inhibit the expression and distribution of LC3
( x400, white arrow indicates a typical autophagy pattern )
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TERLIRAT T, A0 N S R 3T B BRI & 1Y 2
FI7E P95 I Ji Rt 2 FRS E2 ERS™, & P9 B Y I
1)t B A LB 3% 1 (inositol-requiring enzyme 1,
IRE1) . & M %W R A N 5t X 3 B (protein kinase
R-like ER kinase, PERK) A% 567646 A+ 6 (activating
transcription factor 6, ATF6) 453K i% S A6 15 53l
H )i 3 UPR R4 AE™ . A moK ARk [ 4l
LIy f A 2 5 o iR &L R ) B A U
ERS FI F WS 7E A& A L AN R R 2 A T B0
OGS N 3 % A+ A0 B AT, SORT 7R S PR Hh
FANMIAET, ERS FI1H W [A] A I 45531 ] BEAE 9T
RV T I RTIE R U ABESE &K, VES W LAFERE
SERTBH K F 1845 LC3 Ml Beclin-1 (335, 7778
KA p s ke (B 1, 2), AR LC3-T1
LC3- 11 KA #E Ak . LC3 W2 k47 H Wik K & IE
B, RS REN] VES AbH T DL & | . HE—
A, R 4-PBA i ERS/5 & B, 40 L 9 LC3 A
Beclin-1 £ mRNA A W2 F R (&1 4) , LC3 %
SR EE AR AL VE T R (B 5) , 1M 24 ERS ##0E i,
LC3 PG RAE R B 0 F ok . WA C RSt 1
VES I LAYES: ERS!, BT 3R %5 R 4R7R ERS X [
Wi FAT PR

20 pg/ml VES - - +
SP600125 + -
-
p-JNK [ —

B-actin [l W L S—

14
127 i
1.0
0.8F
0.6 |
041
0.2+

0
20 ug/ml VES - - +
SP600125 - + _

B-actiin

p-INK/

"P<0.05 vs Control group, ““P<0.01 vs 20 ug/ml VES group
& 6 20 pmol/L SP600125 ##l SGC-7901
R INK HIREER L 7K
Fig.6 20 pmol/L SP600125 could effectively inhibit
the phosphorylation of JNK in SGC-7901 cells

INK J2 i 51 3l 1 40 i MAPK S8 A T2
D, SHAE BRI MR | 2 CIBI TR AR S 2
B B FE FEAH O, E B0 2 bR v T AR Y 7 4
AU Bl PR | S B IR0 . IRTE L ERS 4
Z RO IO INK, TEALS Y INK Bl 78 21 40 i

BN, MiZEA . JEEE AR c-Jun FEARRIEY &4
Wb, e 2 A0 0 AR AT« TR T N 35K I A
FES ol ST R P, INK AJEE ERS
JE T E g AR P A A4 F . TANG 45U %
P, 18p-H #E YR (18B-Glycyrrhetinic acid, 18p-GA)
AT 2 A /N4t i 9 240 LS TRE1o/INK 38 5, A
SR A W K A VAR AN LB, B
INK Al38 2 8 A Wfs 8 1 BAX. Beclin-1 138
IRORAP R 20 . AHF SR A INK R 5 40 ] 55
SP600125 (20 umol/L) 4bH SGC-7901 #ilfits, & PR
P p-INK (/KB 2 T8 (K 6) , 156RH SP600125
AL AW H INK BB 1k s SP600125 (20 pmol/L)
THIAHL N p-INK BIBOE 5, AMEbREEA LC3 5
Beclin-1 1% 32 15 7K F- 1 & 25 B AR (11 7)), 1 B 30 1
INK 239655 240 B [ W5 B, 458K INK 25 T VES
Ab 3 SGC-7901 il fifg s & ERS XJ [ M IR4
A
20 pg/ml VES - -

SP600125
LC3-T = [ e
LC3-II— '

Beclin-1

B-actin (W e T W R S—

lé6r

iﬂ I %

=

LC3-1I/LC3-1

20 pg/ml VES - -
SP600125 _ +

@)}

0.6
0.5
0.4
0.3
0.2
0.1

N
20 ug/ml VES  — -
SP600125  — + -

Beclin-1/B-actin

P<0.01 vs Control group, ““P<0.01 vs 20 pg/ml VES group
A: Protein expression changes in LC3- I, LC3-1I and Beclin-1
in different groups; B: Protein expression changes in LC3- 1,
LC3- Il in different groups; C: Protein expression
changes in Beclin-1 in different groups
B 7 % INK BIEE R SGC-7901 4B rh B REHREY
LC3 # Beclin-1 E A M TR
Fig.7 Inhibition of JNK activation could effectively inhibit

the expression of autophagy markers LC3 and
Beclin-1 in SGC-7901 cells
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