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H OE.HA ®WAAARIATIAMNEEmb R EERZ L., FTiE L F B m AGS.BGC-
823 AR E AT MTTE XK, H TIA £ 78 &M AGS.BGC-823 ¥ #9 ¥ 37 # ik (1C50), £ #F 4
FREGTIHARRAARARX @RS TIAS @A AT HZm, ¥ FBeE AGS.BGC-823 4 A4 xF K&
28 TIHA 24 TIHNA+45 34 A Fer-1 (T A+ Fer-1 28), % 5 % 5 vk 48 & 20 29§ 19 45 B H Ak
(GSH) \F & B (Cys) . F M A (ROS) Z Mg R BAL K, @it ¥ 25 & 425 22 5 = String K 3 & 5 i 5F B ik
TIHA#BEHEREE, RAZORPT EHNEEESRBR/ MAKREZEYGxCHARPF. RAENHZLLE
PCR #:m TP53 & AR 7 £ 3% 11 & B (SLC7TALD) (A7 7 B & i3 AL W 48 2(PTGS2) 89 mRNA K-,
ZER TIAXEREmE AGS.BGC-823 BA R4 89 HBAE A ,1C50 4 31 4 2. 880 pg/mL F= 2. 350 pg/ml,
TIHA #4304 § & mfe AGS.BGC-823 sy A K, L A=Ak, TI A 4 %1% F & @ e AGS.BGC-823
GSH.Cys & F (P<<0.05),7 & ROS. i Fid BAKF(P<<0.05), &Rk, B HEEITL
M, TP53 2 TINA E&w R s, TIA feRat TP53 ¢ &k, 394 xCT #9 &%, Fer-1 428135 TI A 3F
TP53.xCT &k #g %o, smAN TP53 #H A5, T A s SLCTA11.PTGS2, TP53 # 4F A & 55 (P <<0. 05),
2t TIHAFEmE AGS.BGC-823 A R &F 84 mAE A, T vkl it TP53/xCT % £ 42 it § 5% 40 o4k
T,
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Study on the anticancer effect and mechanism of tanshinone [[ A on gastric cancer cells”
WANG Pei' ,\YANG Zhenyu® .YUAN Lijuan®,TANG Haili*"
1. Department of Outpatient ;2. Department of General Surgery ,Tangdu Hospital ,
Air Force Medical University ,Xi'an s Shaanzi 710038 ,China

Abstract;Objective To investigate the anticancer effect of tanshinone [l A (T I A) on gastric cancer cells
and its mechanism. Methods Gastric cancer cells AGS and BGC-823 were used in this study,the semi inhibi-
tory concentration (IC50) of TIl A in gastric cancer cells AGS and BGC-823 were calculated based on MTT
colorimetric assay. The appropriate concentration of T Il A was selected. The effects of T A on cell apoptosis
and death were analyzed by flow cytometry. Gastric cancer cells AGS and BGC-823 were divided into control
group, T Il A group and T Il A+ferroptosis inhibitor Fer-1 group (T Il A=+ Fer-1 group). The levels of gluta-
thione (GSH) ,cysteine (Cys) ,reactive oxygen species (ROS) and lipid peroxidation in each group were detec-
ted and compared. The potential targets of T Il A were screened and verified by traditional Chinese medicine
system pharmacology and String database. The levels of glutamate/cystine transporter (xCT) in each group
were detected by Western blot, and the mRNA levels of TP53, solute carrier 7 family 11 members
(SLC7A11),and prostaglandin peroxide endosynthase 2 (PTGS2) were detected by real-time fluorescence
quantitative PCR. Results T [ A had a good anticancer effect on gastric cancer cells AGS and BGC-823 with
IC50 of 2. 880 pg/mL and 2. 350 pg/mL,respectively. T Il A could inhibit the growth and promote apoptosis
and death of gastric cancer cells AGS and BGC-823. TII A treatment reduced GSH and Cys levels (P<C0. 05),
increased ROS and lipid peroxidation levels (P<C0. 05),and finally induced ferroptosis in AGS and BGC-823
cells. Database analysis showed that TP53 was an important target of TI[ A. T Il A promoted the expression of
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TP53 and inhibited the expression of xCT. Fer-1 attenuated the effects of T Il A on the expression of TP53 and
xCT. After adding TP53 inhibitor, the effects of T A on SLC7A11,PTGS2,and TP53 were weakened (P <C
0.05). Conclusion T I A has a good anticancer effect on gastric cancer cells AGS and BGC-823,and it could

promote ferroptosis of gastric cancer cells through TP53/xCT pathway.

Key words: tanshinone [[ A; iron death;
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TR HEA AR MY et REEE AR 100 T AL
Wik BJaE . RETEZA BT 0% M EEEE",
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20 MRS B S K T R L R T TR R
HAEFEENMEAT . IS IACTII A &
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1 #HRE5FZE

1.1 MESRE B4 AGS fl BGC-823 4 H &
D A B A R A

1.2 U 5EF 4065 R bR I (BioRad) , HLIK AL
(BioRad) , #E B 8 73 AT A (BioRad) . T I A J k%K
T-H 5] Fer-1(MCE) , TP53 #1141 ] (Selleck) , 43 B
H K CGSH) #6377 £ (Solarbio) , 2K Bt & B2 (Cys) #
MR 7 & (Elabscience) s 40 il Annexin V-FITC £
TR0 AN 3 M A (ROS) A A7) & (38 = K L IR it
EAEA IR 7] & (Abcam) , TP53 il B 4 28 W [ 0 58
7 & (Elabscience) , ¥ & R / Bt & R % 12 8 1 (xCT)
(Abcam) ,B-actin PLIAK (Bioss) . BCA #H & il F &
(= K),SDS-PAGE #E i i 7] £ (Coolaber) , i 2
B3l e SR 7 A (Vazyme ), SYBR SE B 2¢ 6 F i
PCR(gPCR) A & (Vazyme) .

1.3 hik

1.3.1 4 REE R &M0 HAAWRERN INETFER
(100 U/mL) M2 2 (100 U/mL) B DMEM+10%
ka1 TR O IE S e S Y O ) U S R L
37 C.5%CO, . BARIEIR 1« 2 e fl st 47, BORH 50
Y F LAY .

1.3.2 Z5Wiil L AbBE T A.Fer-1 #1 TP53
F A4 ) — H LR (DMISOD ¥ i, 43 591 S 1 e B8 = 10
mg/mL.10 mmol/L #1 10 mmol/L W& ff#%.
DMEM ¥ 55 4 W Fs B T Il A.Fer-1 #1 TP53 1
A A R 22 S g e R

1.3.3 UM% JoA I o R 4 Ak B A0 20 i o 1 42

TP53;

glutamate/cystine transporter

Fl T 96 FLARH, T 37 C.5%CO, &M Tk 5%,
AP 4R IR A AR B I AR R ) T AL B
W N 50 pg/mL, fe RV EE R 0. 195 313 pg/mlL,
B 48 h J5 . A 20 pL ¥ JE N 5 mg/mL ) MTT
WK SRR 4 he FEEEFRUWL . MA 150 wL. DMSO %
W, FEIRFEIR 10 min, FEEFRCAE I K 490 nm 400
WO (. A Graphpad Prism8. 0 #4582 40 &
e (1C50)

1.3.4  TILA XF 4 Mo A7 35 0 R X BE 21 Fn Ak 38
(2 pg/mL Al 3 pg/ml) Y40 HL 32 50 T 96 FLAR H .
39T 24.,48.72.96 hy T MTT F €6 v 46 I 40 fitg 176 1
B (H L WO B (B 5 40 B3 1 G OE B O % Il AR
FH B

1.3.5 4T MsET- K ERI = al AR T
A0 20 e R T BB T AL, MR 402 Annexin V-
FITC A6 550 &5 8 BH 45 15 17 #8 4 , ic 4 X HR 4 A 4
PHATAM M, FH PBS 22 oh i il BSR4 M 2. ) An-
nexin V-FITC fl PI W EZ FWE 15 min, H
AL AT 4 . Q2 F1 Q3 43 B4R FFE T 40 ffg
FAT- I,

1.3.6 40HE AN GSH.,Cys KA X B8 41 Fn kb #3
AR T 6 fLAR P, i G F7 5 Ab B4 fin A&
WPE R 2 pg/mL B9 TILA %W A8 48 h, AR 4R K I
TR G U B A AT AR, A I AE UE K 412 nm T 600
nm Zb RGN WG BE (R . AR A fE i £ L 7 F 5 GSH . Cys
KF-

1.3.7 4N ROSKFERM  FH ROS &ML &
R0 20 i P ROS 7K. X 8 41 i A B 4 41 Jifd £ Ff T
96 FLAR L T B RE IR AR BRAL A T IT A 4b 2 41 g
48 h, FEHFFR.PBS R0 3 WL AR5 I A &k
A 10 pg/mL ) DHCA, #¢0F 20 min, 7 FVER .
PBS ¥ 3 W, FEI L I K 488 nm., & B K 530 nm
Ak 2@ 6 Tl s ASCRG: 000 200 L P € S 5 B

1.3.8  4ifEhE B S K FRE I gz T A &b
P48 h 5, I MDA 307 &0 40 it B o 1 484k 7K 7 i
AR . e BRI 6 B U 00 U B A3 AT ERAE L AR R
1 MDA 5 i A8 B Lk 2 W2 (TBA) & Wi 2E i MDA-
TBA fL &% . #¥W MDA-TBA fk & ¥ 75 ik K 532
nm Kb (14 0% ' B {E .

1.3.9 HE THAWBEENLGGEE THRR
2y CTCMSP) W Bt B ISk i e T 1T A #4 F
5, String $04 % Chttps://cn. string-db. org/) #
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1.3.10 4N TP53 KPRz il 3K O 2 W b ik 55
(ELISA) I & H F e s 4 g N TP53 K, 4
Maze TINA AHE 48 h J5 MR 45 ELISA 375 & 15 B 45
PEAT AR FE B 405 nm A0 AG TN W Y BE (. AR 418 A o
TR AE S R TP53 K-,

1.3.11 RNA #2280} qPCR  Trizol ZL/% 40 fa , 42 B
YA RNA 4360 BE TG I v J3 &4 138 i 4 R 3t
SR & B AE MURE HEAT 3 5 Sk S 1 . ] qPCR R 5
G I A BT N TP53. 3 BT AR 7 KR 11 I
(SLC7TALD) \Hi IR 2 E ALY N & 1 2(PTGS2) 1
mRNA K, W95 °C 15 5,60 C 60 5,95 °C
15 5,40 MER, HHEE 3 DMESL B2

Lt g R, LRIFIPIE L,
*x1 qPCR 5| #1{5 B
EE/ES S
HH I 41
CBREEXT)
SLC7A11 1] : TCCTGCTTTGGCTCCATGAACG 22
21 : AGAGGAGTGTGCTTGCGGACAT
PTGS2 E M :CGGTGAAACTCTGGCTAGACAG 22
JZ il : GCAAACCGTAGATGCTCAGGGA
TP53 iE il : TGCCGAGACTGATAGCTGAG 20
R 15 : AAAACTTCAAAGTGGGGTTA
GAPDH iE 1 : TGACTTCAACAGCGACACCCA 21
& i : CTACATGGCAACTGTGAGGAG
AGS
100 4 §
g 1650=2.880 ug/mL g
& s0 % A E
= e
2 2
g g
L ]
0 T T 1
1 10 100
A REE (pg/mL) B
2.0 AGS -
e = TIAQ pg/nl)
e ' -+ TIAQB pg/m)
3 - DMSO
w "
%
% L
=
¢ AF1E] (h)

1.3.12 FHHAFRE#E (Western blot) RIAP 2 f#
VO i 20 L L 0 A P S B B L P R BCA B
FE IR T AR S R AT A S A L REZR b
WL FESPIRA), 98 (C & 5 min, MK 5 EA T HAH
D et fr) 958 1S 1 A7 FL K, 3R I — 9L & 95 (PVDF) JIE 1%
LW FE PVDF [, B K 2 H 5% 2 PVDF i, 5 %0 /i
Bk 4 CH LR A TP53,xCT M B-actin $T
4 CHEEMWE, TBST WEYE 15 min, B VE 2 # ., A
“HIERME 2 h, TBST ¥k 3 K, &K 10 min, f#
H ECL it Bt i .

1.4 Sitsas madaNEr s A EE, RIES
AR R L o s Rk, P4 R SR F R ST
FEAR ¢ K5, Z 4l LR B IR Ry 224307, LA P <<
0.05 NERASITFE L,

2 & R
2.1 T A ]I B 40 AGS fil BGC-823 /Y
BRSO REHER TIA TSR 48 h 5. 40

HAFE K BEAK L IC50 43 514 2. 880 pg/mL il 2. 350
pg/ml, AT HE— A 5 2 7 Rl A R A A 1R AR Mk
JE 4R TC50 BRFUT A P 4 3 32 Ak 2 400 L, 4 S AS [
s () 52 A 0 240 T ) A7 05 3, A5 2R BOR 2 pg/mL R 3
pg/mL 1 T IL A X405 F R4 RIAE . 55
MR, THA AR 24 h TR XA M B a9
il 1 (P <C0. 05) , i 2 ) i) 4 4iE <, 390 il 44 S o )
W, FefEiEad gL ke TIIA WIEN 2 pg/mL, &b
AN 48 h A F TR sc s, Wk 1.

100 BGC—823
1650=2. 350 u g/mL
50 A
[ ]
0 T T 1
1 10 100
RE (ug/mL)
2.0 BGC-823 - A
’§1 5 = THAQ pg/m)
e ' -+ TIIAGB ug/ml)
% 1.0 " *¥% -%- DMSO
R 0.5
= HHi
0.0 a T T 1
24 48 72 96
D BF1E] (h)

H A BRI T A7 AGS fil BGC-823 4l it 1 Y 1C50; C.D 43 %k T I A 78 AGS.BGC-823 41l il v Y ke B -1t 18] AE < il 455 5 % IR 4 e

i, P<<0.001,7 %% P<0.001,
B 1
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2.2 TI A 642 3F B8 408 AGS.BGC-823 11
T-FET:  SXTMA i, HEKEN 2 pg/mlL 1)
TIA LHAHL 48 b J5 . B 40 AGS AT HIET:
FAHIR (20, 56740, 709) % F1 (15, 333+1.193) %, B

FE AN BGC-823 i T8 FIFE 1= % 43 Jill -y (18. 967+
1.986) % A1 (13. 000 £ 1. 375) %, & 410 AGS.
BGC-823 M 17K FIBE T 7K F ¥ T+ 15 (P <<0. 05)
DL 2,

pojitetizl TIIAZ
0.14 2.01 14.0 dmm e 20 "
104 f !
1 -
= z 2 151
;:' <I( % 15 = %
b & B #
| A 1 Y
g £ EE 10 = B
o Q < ~
(&} o
5 o
8.29 : ) 20.7 0= 0=
Lo Al vy Li | Lhi | ¥ N opitEH TIIAY P4 11 AZ
0 10° 10¢ 105 "'""0 "1‘03 "1104 '1'05 *H84E | STERLE TIIAZ
A Comp—PE-A: : AnnexinV Comp-PE-A: : AnnexinV
pojicetizl TIIAZH
30. 21 3.90 30.90 11.5
104 104 25 ook 20+
- -
a 1 o 3 f J Fofok
o 20 -
¥ < _ 157
& 10°3 & 103 E 154 S
L 3 L 3 B o,
5 5 4 4
o o A EE 10 EE
P, 5+ .
.:2
7.10 \ . 16.8 0= 0=
rear . | Ty T 1ad An T L | T XTEBZE TIIAZH SHER4E TIIA4R
0 103 104 108 0 10° 10* 10°
B Comp—PE-A: : AnnexinV Comp—PE-A: : AnnexinV

WA R T IAX AGS 0 T-FIFE T /K FERI M ;B 9 T I A % BGC-823 40 i T FIFE T- /K AU B2 W 5 S50 IR 4 L, " P<C0. 001,
2 TIA G{EF#MBATIIET

2.3 T A GefdtH %4 M AGS.BGC-823 £k 4t
o R ER TIA SR B 4 AGS F1 BGC-
823 4 GSH 7K F 43 51}y (19. 420 & 1. 094) pug/mlL i
(22.3194+1. 757) pg/mL, Cys 7K F 43 5 HJ (0. 794+
0.036) mmol/L F1(0. 880+ 0. 036) mmol/L,ROS 7K
4350k 14, 643 +0. 298 Hl 12, 30440, 148, i Fi 1
A4k 7K F 4> Bk (83. 467 £ 2. 516) mmol/L Al
(90.133+ 4. 041) mmol/L., 5 IE % 41 g b 4. &
THAZHE, BEAE AGS.BGC-823 1§ GSH Al
Cys /K FEAR (P <<0. 05) . HL41 ) ROS FIJE 5 i
BALKFE T E (P<<0.05)., H4b, Western blot 45
RN 2 TILA KBRS (0% 40 1 P 450 T~ 5 4 7 2R
F4r+ xCT AKFEREAL. TIA Ml Fer-1 BEE AL,
B 40 Ml AGS #1 BGC-823 th GSH /K 43 5 N
(28.9864 2.188) pg/mL Fl (33. 623 & 2.472)
pg/mlL,Cys 7K¥E43 31 4 (0. 5844 0. 043) mmol/L Hl
(0. 65040. 075) mmol/L,ROS 7K 43 % H 10. 902+
0.097 I 8.643+ 0. 136, i i 13 & fk 7K F 43 51 K

(55.800= 4.000) mmol/L il (65. 467 4 6.506)
mmol/L, 5 TIIA #HH#E,TIl A+Fer-1 1Y GSH
M Cys /KF T+ (P<<0. 05) ,ROS g i A AL K F
B AR (P <<0. 05) . xCT /K F-Fh i (P<<0.05), LI 3,
2.4 TILA WAE AR FHHE 5 00 0k S 38 F o T aF —
BERGE T ILA WA RE 0 5 8 2 TCMSP o8 1%
BE THA MEAERES, @i String M #H 1
R (B AA) Bk R g T SRR 2 15
AL LB TP53 & TN A B0 1F A S (A
4B), BhJ5, i3 ELISA (JE 4C) 1 Western blot ([
AD) Y0 FE % B, 5 0 Bt A, 220 THA Ab B B 9
Al AGS.BGC-823 N TP53 /KT (P<<0.05),
2.5 TI A E# TP53 B9 %k, 12 9 5 5% 40
BGC-823 #At1-  SXF R4l i . 76 1 9 40 il BGC-
823 #, T Il A BE F 14 SLC7A11 Fik, L iH TP53,
PTGS2 #ik;ii5 T A 40 HL% . T A+ TP53 4l il
F4H i SLC7A11 K FF+ &, TP53 Ffl PTGS2 /K F
FEfik. LI 5.
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A TP53 Ml 350 %t H 9% 40 M BGC-823 xCT & H/KFAYFEM s~ P<<0.05, " " P<C0.01.," " " P<C0.001,
A5 TI A @I TP53/xCT R BEMMEET

3 i i

TIHA R PSR EBEEMERS FEH T W
B FIIE 7 O ML %G . T 1A 16 PR va Yy 7 1l B A
R LR b, TILA B8 T 98 miR-125b 1
TR, 58 R W 5L P STARDI3 1Y 28 3k . 1 171 6k 55
FUMR R AN M i TS s eSS L T I A
il J T8 4 SR K /435 L B R 1) % A i A T
WG R A/Polo FEELHEE 1 38 B0 & T 1T A 2 ok il 48
AP T EEHLEY . BARCAMRIUES TIA
Xt 9 A0 A R R AR R G T R
YERBLEIAT TG Z ik — R 5% . FEARDF S, ik E 98
4 AGS Fl BGC-823, FEMR AN UE T T I A WL
YEFLIESE TIA figilsk TP53 T xCT kgl
MMERIET:, XATREN T 11 A 76 8 Ik K T WA IT7
r Y I B AL R Y LA

AR A T A X BEMM AGS.BGC-823 1)
1C50 43 51 9 2. 880 pg/mL F 2. 350 pg/mL. i} BA
T I A XF i 40 i B R4 i 28 2 06 L axX 5 At
WF 98 #5025 5 — 3™ vk - ) A K i R g R 4R
N.2 pg/mL B T 1A B 6E & 2 3060 5 8 40 i 0y A=
K, RHTH#H— L8 T A W E 50 A K 0 5
LW E R 2 pg/mL 1) TILA ZbFE B A0 AGS,
BGC-823, i 4l AR &5 4875 T 11 A wI LUAE #F B 9
YiHf AGS Fl BGC-823 WU T-FIAL T, 55X M4 b
BLOTHAHAMT R 2. ZRASIT¥E
X(P<C0.05), PhEg554E/R TINA 3= 2058 i 4 9F 4
HL 8 T FBE T R AE YU R .

BRAE T S — i X1 8 T 9 8 A A i s T 7 X
FEARAE 2 40 M N ROS AR B i & Ak /K 7 19 T
E L N T RS T LA 515 B g0 ST
BRGEHRIET A K., AWK 7RI T A T 5 .
{345 GSH.Cys.ROS FE Bl kK. & THA
A PR S E A0 AGS.BGC-823 N GSH.Cys /K F-3
BA . ROS B et S 1k K7 38 7 3 . 5 0 IR 41 L 45
TI A 4l GSH.Cys,ROS J I it i & 4k 7K F 75 1k 22

SE G E X (P<<0.05), VL EZ5RH TIA
REREAR 40 N GSH., Cys /K. T+ ROS. I I id &
AR L S T 175 & A LR SE T

xCT BRI T 1 S8 B 11 40 FE A & A=
BRAET B xCT KPS RS, FEAM . THA
BEAZ M 41 5 % 40 AGS.BGC-823 th xCT By ik, it
—B Ui T A GBS AN ERFE T, % ERFE T
A AR BE a SEAR  Rm . Fer-1 EEAEM 2
05 2 R o AR . AR L BES TITA
Al Fer-1 4b B H 4% 40 B8 J5 . AGS. BGC-823 4ii g
GSH,Cys /K24 A [H #2 B T+ ROS, g Bt E 1k
KM FEAG. 5 THA HHE.TI A+Fer-1 41 GSH,
Cys /K34 A R F2 BE 59 1T ROS Fiig i 4 1k 7k
I R R R B R, 22 R A G #E R L (P<
0.05)., A5 TIHAHKE, TN A+ Fer-1 4HH
xCT /KA m. UL B4R R Fer-1 REfE —
SETREE LHISS TIA S MBRIET1E i — 2 UE 52
TILA BB 5T B 41l AGS. BGC-823 &k 4 &
BTz,

KT WRAGIE TIA 5UEZRIET 1 EHHLE 8@
it TCMSP s FE3REL T T I A B9 AEE IS L a8
JH String fELE T HAY T T A M S 0 TR E
(SRR T R e e Y S B i el I NOF R (SHEE N
FEL3E] TP53 & T A St DM fE ST, 5
S FFE R TN A 5 TP53 76 £ Fh i h ik R %
) BEIS AR T T A 78 B4 AGS F1 BGC-
823 5 TPS3 KR AR B /R4 TIIA b5,
B AN TP53 K3 F 8 (P<<0. 05) , ] TP53
B TIHAESEAM AGS.BGC-823 1 & A FH Y 56
AT
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