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NS
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5% CO, fHIRFFFRA L 1640 B 373 (5 10% i 4
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J¥(0.5.10 .20 .40 .80 . 160 wmol/L) Oxa &b B DSF
AT AU (08,16 .32 .64 128 256 wmol/L)
DSF 4bFH, Oxa + DSF ZH WP R4 1Y Oxa 25 25 K3 5 5
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gy A 3 MEAL, R FEHREE R DSF 5 Oxa
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CCK-8 ¥, TEAR M3 3240 8555 1 ~3 h J&, H 4%
XA 450 nm 2L G (optical density, OD) |, 4
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P OD {H T3 4% 1, FH Compu Syn A P
[F R4
1.5 NAC.Z-VAD Necro-1,Ferr-1 #3420 i iF
HWEIE X N HE TR Z-VAD IRSEHE
T35 Necro-1 ARIETZAMHIF] Ferr-1 1% P A0
il NAC FE47 20 036 77 101 52 5256, 528843 DM-
SO XF M2 NAC 2H (5 mmol/L) ,Oxa 2 (60 pmol/
L) .DSF £ (40 pwmol/L) .Oxa + DSF £ .Oxa + DSF +
NAC 4 ; 5256 4% 4 DMSO Xf B 41, Z-VAD 41 (40
pmol/L) (Oxa ZH (60 wmol/L) . DSF 2H (40 pmol/
L) .Oxa + DSF ZH . Oxa + DSF + Z-VAD 4 ; 525643 Hy
DMSO X F&4H  Necro-1 2 (20 pmol/L) ,Oxa 4 (60
pwmol/L) \DSF 41 (40 pmol/L) .Oxa + DSF #{ ,Oxa +
DSF + Necro-1 41 ; 525643 5 DMSO X} FE 241 | Ferr-1
2H (5 pmol/L) . Oxa ZH (60 wmol/L) . DSF 2H (40
pmol/L)  Oxa + DSF ZH ,Oxa + DSF + Ferr-1 2, B
PR KA RO TR A R 2 x 10°/
ml, B2F0 T 96 FLAR N , 75 40 MG BE S, AN [] v i
25 Ab P 24 h 5 BEFLIA 10 pl CCK-8 ik, fE 41
MIEFREEFE 1 ~3 h J5, HEER AR DU 450 nm &b
) OD {H, M4 OD {HI T3 4 is /1,
1.6 Annexin V-FITC/PI #&4ARLAT L5
7 DMSO X} BR 41 NAC £ (5 mmol/L) ,Oxa £ (60
pwmol/L) \DSF 2H (40 pmol/L) .Oxa + DSF 21 ,Oxa +
DSF + NAC 41, ik F x50k K51 BGC-823 41
L BRBEE AL 5 Ee A T 6 FLAR Y, 75 6 ~ 12 h 4 il
BEJG 37 e gR 3 BRI AT ) 75 2445 37 3L AL B 24
h, ZJEW R R & EDTA (B 1L BGC-
823 4NfEE AR 4TI T EP & N, A 1) PBS 1L
—i | B0 JE BN 500 pl 1 x Binding Buffer T
B A U A, A A S pl AnnexinV-
FITC &% 10 min J&5 , MIA S wl PT4ef RSB
TN 10 ~ 15 min, ZJ5 T 3404 AL,
1.7 BODIPY 581/591 C11 dye (Invitrogen) &
g Bt E 4 B B & (lipid ROS, LipROS) 7k £
SIS 43 h DMSO X B4 Ferr-1 41 (5 pmol/L) |
Oxa 21 (60 pmol/L) ,DSF 4 (40 pmol/L) . Oxa +
DSF 41 ,Oxa + DSF + Ferr-1 41, B 504k K 30 40 g
VUG, R N 2 x 10°/ml, 470 T 6 fLik
DY, R AN BE S, I A RV BE 25 W Ab P 24 h )5
G SR B AL A B T R 4F 1 % BODIPY
581/591 C11 By & 3% 55 5L, A 55 32 #5537 10
min e A7, R 10 40 i 2 05 i A 24 A B L
Rl

1.8 qRT-PCR X3 & #E DMSO X f4H  Ferr-1
ZH (5 pmol/L) . Oxa ZH (60 pmol/L)  DSF £ (40
pmol/L) Oxa + DSF £H , O B0 A KW 4m it 80
PR AN B K 2 x 10°/ml, HERDT 6 FLARN , 20
JRIUBE J5 I AN [) e B2 2 1A B BGC-823 41 fifd 24
h 5 35 2 55 95 58 F TRIzol ¥ 42 B RNA, i 1
Takara 396 % 5538057 6 FH 0 26 15 396 5 53 i <DNA |,
Takara #1180 G #E AT SE B 28O &8 PCR I
Mo ST 1,

®1 S¥FFI%
JEH 51973
PTGS2 F:5'- ATGCTGACTATGGCTACAAAAGC-3’
R:5'-TCGGGCAATCATCAGGCAC-3'
GPX4 F:5'-GAGGCAAGACCGAAGTAAACTAC-3'
R:5"-CCGAACTGGTTACACGGGAA-3’
SLC7All F:5'-TCTCCAAAGGAGGTTACCTGC-3'
R:5'-AGACTCCCCTCAGTAAAGTGAC-3’
GAPDH F.5'-ACAACTTTGGTATCGTGGAAGG-3’

R:5'-GCCATCACGCCACAGTTTC-3’

1.9 SGitZEAbsE R SPSS 18. 0 AR k4748
0T B « + s RO, SR BRI 05 2250 ik
PEATYLIA] oA, e 2 3 K, P <0.05 N
ECENIE -9

2 gR

2.1 DSF 5 Oxa Bx A #l# BGC-823 HHAaiE /1
CCK-8 A il 24 B 3% g 25 3R W, AN AR BE 1) DSF
Oxa ZbFF BGC-823 4ififd 24 48 72 h J&5 ,DSF Oxa ¥J
e ] 55 790 0 AR T 1 410 i) BGC-823 4 Jfd 7% 77 (1A
1A .B), DSF 5 Oxa B IR, DSF fig B .34 5% Oxa
X} BGC-823 41 il 1% 3 4 il 502k (F =382.37,P <
0.001,% 1C) ; H CompuSyn #4145 Farction-Effect
PHEIVE IR, 45 5 s BT A7 3% 5 46 54 ( combina-
tion index, CI) {H#R/NF 1 (CI1<1),7 8 DSF 5 Oxa
15 IR A ARG ry BRI E (L 1D)

2.2 DSF 5 Oxa Bt 155 BGC-823 4 it /F - #n
PRIET ARSI T TR Z-VAD IRFEE
FAT- 30159 Necro-1 ERAETHNHIF] Ferr-1 FIWE P4
PR NAC SEA 7403 g Wl 52 s, 45 R o . Z-
VAD AbHRBEFS /19 5% DSF 5 Oxa 56 15 S 1) 41 g
WS (F =67.62,P <0.05, 8 2A) ; Necro-1 Ab
HRRE % DSF 5 Oxa B 5 5 09 41 JL 35 7 4 )
(F=1.52,P>0.05,& 2B) ;Ferr-1 A FRE5E 430 5%
DSF 5 Oxa B¢ 753 A 41 M 3G 1306l (F =397. 54,



FHEHRKXFFIR Acta Universitatis Medicinalis Anhui 2022 Sep;57(9) - 1455 -
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P <0.001,/#3), FiRZEEEV DSF 5 Oxa BEFHAT  Oxa BEA A S0 B A M BAE T (F =402.52, P <
A5 BGC-823 A T AIEkIET 0.001,[& 4) , 9Kk, DSF 5 Oxa B¢ AE17% S 15 9 40
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DSF Oxa BEFAALLHE . * * P<0.01,* * * P <0.001
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B3 EESEIMHF NAC HiibiE BGC-823 41ff1/5 8 DSF 5 Oxa BB A 24 h BN AT ER
5 DSF . Oxa BEFHZH LE . ** P <0.01, " * * P <0.001

- + o+
DSF - - + - + +

E4 SkFETIMHIF Ferr-1 FALIE BGC-823 4B/ H DSF 5 Oxa B (B 24 h {54 BGC-823 AT 1R
5 DSF,Oxa BEFZH LE: ** P <0.01, " * * P <0.001

2.4 DSF BX& Oxa 55 BGC-823 MK TE T 1Y
SFHLE  LipROS BODIPY 581/591 C11 i =
2 i ARAG I 45 5 7% DSF 5 Oxa B AED Wi S
LipROS 7= £ 3 2 2k 38 T 31 il 57 Ferr-1 il &b 3
BGC-823 4ififu) , B R4 DSF 5 Oxa HK 75T 1Y
BGC-823 4l LipROS j*tE 3§ £ (F =530.36, P <
0.001,[8 5A . B) ; qRT-PCR 45 % %7~ , DSF 5 Oxa

R AT 5 AR AL TR 45 34 ) PTGS2 mRNA 3R ik
KB (B SC), IR FE T 5 B ) GPX4 A
SLC7A11 mRNA ik /KF N (F =462.56, P <
0.001,K5D E), LiRZ5HRFY] DSF 5 Oxa BEH
AL LipROS B3 2 L PTGS2 mRNA 3%
KK, T GPX4 1 SLC7TA11 mRNA Fik/KF 5%
S 4 BGC-823 4kt T,
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A:Ferr-1 HIALEE BGC-823 MR HH DSF 55 Oxa BRI A 24 h JF A LipROS 7KF; B 834041 8, 55 DSF ., Oxa BEFHAL LS. """ P <
0.001;C:PTGS2 ) mRNA #ik7KF-;D:GPX4 ) mRNA k7K E:SLCTAIL ) mRNA 357KF-; 5 DSF 41 L4 . P <0. 001

3 it

Oxa 1E R 55 = AUAZE 25, WL RS 1 B A 1R
U AR ZENG R vh B T 5 kAR T 24 5 R
I, BT V2 R BRAED A FH 25 & — Fh AR 4
PR 3R 8RR 7 1) T, DAL I T R B A S50 T A
Oxa (2, DSF R UL 245, — it V% 4 )&
BTEAR, BA AR 20 M 351 M B A7 r 4
T ROR S AR, A B AE S B 25 W) 1 T I
PRI DSF a] i i 4] Wnt/B-catenin Fl NF-kB 45
I AN R TR R R A
5312V R B, DSF 5 2R A7 29 16 AT 3 1) 40 o A
JaE K, I DSF 54 (Cu) B4 1E AT 3@ i T
Casepas-3 i ik | [ Casepas-8 £ [, Mij i i
R WA SR A e 2 T A AR
JEAERAE; DSF 5 Cu BEA 1R FH 0T DL i 98 4%
I SN A Wnt/ B-catenin 15 53 1% & 4550 IR AF
FHM) s DSF 5 Z2 94 il € sl NGUE(1 6 P mT b [ 0 o 2L
AR DSF B Oxa 275 AE & HE X% B 90 20 Jfd
A KA HIMRIVE FHAS T 48, [R] s 9 25 56 1 1 FH AL il
WA, ABF5E DL BGC-823 2 iy 5L 5o % 4
I CCK-8 S0 A I A0 A 3% 7 3L X 240 it A A6 300 441
T FN LipROS 225 B f qRT-PCR K452 DSF
5 Oxa KT A S BGC-823 44K IET .,

ABFFE K P, DSF 5 Oxa 55 FH AT s i) 7030 44K
A ) BGC-823 4H MUY J1, A T HRE DSF 5

Oxa & FH B9 7 FBL R, AT 58 fdt B 98 = 30 il 71 Z-
VAD IRAE M 0 7= 90 1 5] Necro-1 4% FE 1= 411 ] 5]
Ferr-1 FINEPEE M HI 57 NAC . PEAT T 4R TS 77 Rl A2
S28G . &P DSF 5 Oxa B AT 43175 5 BGC-823
AT, 15 M HI ) NAC 7 LI %L DSF 5 Oxa
BT BGC-823 4UaH 1=, BRIET- & —Ff X 51
TYIML T AN IRFE A M AL T A A A A
AR P AET ) R — R AR 4 B I it
AL IR BEPET S BRIE T R R B
LipROS"' | Al i BRAET-FRic ¥ PTGS2 3k T
AR FET-ARIC Y GPX4  SLCTALL KA T
JHU L ARBFIE R BRERSE TS M ] Ferr-1 I AE— &
FERE % DSF 5 Oxa BB M) BGC-823 4ilfiEg
T RN AE T, [ IR S T3 5 Ferr-1 RE
w4 5% DSF 5 Oxa B 51 A9 BGC-823 4ii il
LipROS = AE 3 2 R 256 F 228 15 5
LipROS 7= 4= 16 Z ¢ #F BGC-823 4 & = k3BT,
qRT-PCR Z5 R it — 2P 4278 DSF 5 Oxa B 7] I
FEERFET: PTGS2 mRNA 235 7K F1°F #1900 2k 4E
T GPX4 il SLC7TA11 mRNA ik /K, %S BGC-
823 kAT,

25 F R, ABFSE & B DSF 5 Oxa K 3% H 3 1
[FVE S BGC-823 BEAIMIZkIET-, DSF 5 Oxa
X5 B 8 A M 2R BE T Rl PR DSF & 2458 H
PAILLRER ) DSF 5 Oxa BCA HI 251697 S i SR 115

W
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Disulfiram synergizes with oxaliplatin

to induce ferroptosis in gastric cancer cells
Yu Xin, Liu Yi,Zhou Bo,Cao Xiandong
( Dept of Gastrointestinal Surgery,The First Affiliated Hospital of Anhui Medical University ,Hefer 230022 )

Abstract Objective To investigate the synergistic inhibitory effect of disulfiram ( DSF) combined with Oxalipla-
tin (Oxa) on gastric cancer cells BGC-823. Methods Cell viability was assessed with CCK-8 assay. CompuSyn
software was used for fitting the Fraction-Effect curve to evaluate the combined effect of the two agents. AnnexinV/
PI staining detected apoptosis rate of BGC-823 by flow cytometry. Pyridine iodide ( PI) staining detected the rate of
dead cells by flow cytometry. BODIPY 581/591 C11 dye (Invitrogen) staining detected lipid peroxidative free radi-
cals (LipROS) level by flow cytometry. qRT-PCR detected the mRNA levels of ferroptosis-related markers PTGS2 ,
GPX4 and SL.C7A11. Results DSF and Oxa alone or in combination could inhibit the viability of BGC-823 cells in
a time- and dose-dependent manner,and the combination of the two drugs could exert a synergistic effect. DSF syn-
ergized with Oxa to induce apoptosis and ferroptosis in gastric cancer cells. The combination of DSF and Oxa could
induce significantly increased LipROS level, resulting in a significant increase in the ferroptosis marker
PTGS2mRNA level and a significant decrease in the ferroptotic markers GPX4 and SLC7A11 mRNA levels. Conclu-
sion Disulfiram synergizes with Oxaliplatin to inhibit the cell viability ,induce BGC-823 cell apoptosis and ferrop-
tosis.

Key words gastric cancer;disulfiram ;oxaliplatin ; synergizes ; ferroptosis



