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Oxaliplatin suppresses gastric cancer by inducing cuproptosis
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[ Abstract] Objective To investigate the capacity of oxaliplatin (OXA) in inducing cuproptosis in

treatment of gastric cancer and explore the underlying mechanisms. Methods Kaplan-Meier Plotter was
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used to analyze the data in UALCAN database to explore the key regulatory proteins involved in cuproptosis,
dihydrolipoamide S-acetyltransferase (DLAT), ferredoxin 1 (FDX1) and lipoic acid synthase (LIAS) in gastric
cancer. The cylotoxic effects of OXA alone and in combination with copper chelator tetrathiomolybdate (TTM)
were determined using CCK-8 assays. Immunofluorescence assay and Western blotting were employed to
assess the mitochondrial oligomerization of DLAT and the expression levels of FDX1 and LIAS. Intracellular
copper levels were measured using a copper-specific fluorescent probe following treatment with OXA and
TTM. A subcutaneous tumor model was established through subcutaneous injection of gastric cancer MKN-45
cells in SPF-grade female Balb/c nude mice (5~6 weeks old, weighing 18~25 g). Then the nude mice were
randomly assigned into control group, OXA treatment group (intraperitoneal injection), and OXA and
tetrasolybdate (TTM) treatment group. Tumor size was monitored regularly to plot a tumor growth curve.
Tumor tissues were harvested, embedded in paraffin, sectioned and then subjected to immunohistochemical
(IHC) staining to evaluate expression of FDX1 and LIAS. Copper staining was performed to assess copper
levels in tumor tissues. Results The expression levels of FDX1 and DLAT were significantly elevated in
gastric cancer tissues than normal tissues (P<0.001), and the expression levels of FDX1, DLAT and LIAS
were associated with the prognosis of gastric cancer. OXA treatment inhibited cell proliferation in both MKN-
45 and BGC-823 cells, with the ICs, values of 44. 89 and 19. 02 pwmol/L, respectively. lts cytotoxicity was
significantly attenuated by TTM (P<0.001). OXA induced pronounced mitochondrial oligomerization of
DLAT, intracellular copper accumulation, and reduced FDX1/LIAS expression. In nude mice of transplanted
tumor, OXA monotherapy significantly suppressed tumor growth (P<0.01), which was weakened by TTM
treatment (P<0. 001), and decreased the protein levels of FDX1 and LIASr than those in the control and OXA+
TTM groups. Copper staining revealed elevated intracellular copper levels in the OXA-treated group,
consistent with in vitro findings. Conclusion OXA inhibits the progression of gastric cancer by inducing
cuproptosis in tumor cells.

[ Key words |

gastric cancer; cuproptosis; oxaliplatin; tetrathiomolybdate

RAO Hang and YANG Hong contributed equally to the article. Supported by the General Program of National Natural Science Foundation of China

(82372807) and the General Project of Natural Science Foundation of Chongqing (cstc2021jcyj-msxmX0597). Corresponding authors: SHI Yan, E-mail:

shiyanpwk@tmmu.edu.cn; CHEN Jian, E-mail: chenjian] @tmmu.edu.cn

A I (gastric cancer, GC) & —Fh i UL 1 {8 1L 18 %
PEPIRE , 2022 4F 4 BR B R BT K 18 4 968 000 {4, 4L
TN EL 2 660 000 A, B 5 1Y 2 95 2 F15 AL 38 24 67 i
SRR AT R F R E R R TR IR 24
1 3B YT I, BV R4 (oxaliplatin, OXA) J& H HY
B R — AT T R . OXA R =04
HAbyr 25y, e 25E S AR 5 DNA L Z [B)E 1
SEfr SIS BT DNA S, e FE A T o
FERY], OXA 5 RME AL . DNA MBS A AR &%
240 B T 5 A W AR AR OE T L PR, AT SR VD A 4R
IG5 HILEDT T4 i HAIR TP RIOR - HR A 2
TRIT S B BN IRE X,

HiBE T (cuproptosis ) f&— i FH i 25 - 5 & A5
SRR T LML TR 2, 5 A A M AR T 45 L 4
S 7 A 7 T i = e LS N 1 B 285 - e
BUSFE P, Cu™ il i 2k EA B 1 1 (ferredoxin 1,FDX1)

FeAb Ry Cu", JF i i R A 28 7 4R % . BNy Cu’
%S AR S- Wt 5% 78 B (dihydrolipoamide
S-acetyltransferase , DLAT) 45 4, S 2018 o e 4k 25 1 o2
RN Fe-S 4R 11 225, DT ik % 48 19 o 2 M W K
A HAMsET

i 2 R AR A T IR TR, S5 A AR K R
WAttt #2 BFoT I, 0 40 M 1 5 5 SR
Gl DR O T S e S 2 i A A R
B L R G R S A S e R
PRI it 96 200 L T 00 L B 2 A B TR
LR ARG SR WA 2 W R A 4 IR 4 B Y
B e R e o = B S

OXA X g il i i) A PV E = SRS AHSCH
T TCHEE R 175 5 B e AN AR SE T LA SO TE R 7
THURSR RN . R, A4S T OXA Kz POt f G4
Fi2 £ (Tetrathiomolybdate, TTM ) i jz  F& AEJ&E /1N B,



3058 Bl A2 22 R R 27241, 2025, 47(24)

http ://aammt. tmmu. edu. cn

WLEE B X RR BB T AR 52, DA AL BE,
OXA i RIG YT 8 SRR A/ AL £ R PSR

1 #R5FE

1.1 fmppsan

ARSI T 0N S 9 40 i R (MKN-45 .BGC-823)
S s bR B DG PR AR e R A BR A F o I bl
TR R R 2F F A R 2 Bt G P 2 IR S A MAR A 2 5
552 IR I Tl A KA . gl 37 Tk
WBE TN E AT & 10% fa 4= 1L (Servicebio, AV E ) A1
1% 5 it 55 2 18 4 Wi (Servicebio, H1[E ) i RPMI-1640
Bi 973 (Gibeo, D) H1, 3 F 37 °C L 5%CO- 1H i 6 15
KR mh s . BUb R (TR T, o ) fif v K
TR K I A TEE 1 R 5 mmol /L BB AE U, DB T 0 B
£F-20 “Co AN I8 R S 3B B AR R 2 0,
3.125.6. 250.12. 500.20. 000.25. 000.50. 000.100. 000,
200. 000,400. 000 wmol/L TAE , FFEeAb FEA1 A 24 h.,
B EE A T DU AR AR EH R LR (MedChemExpress , H [ ) fifi
DMSO B4 5 mmol/LAHAFHL , 3557 54 B2 20 pumol/L
Je RN LD F B AL BN 24 he
1.2 ZBshih 5t aein

5~6 JE ¥ SPF 4% Balb/c nude W1/ B (74 i 18~
25 ), A 2L (IR D) A= R A BRA B [ sh ¥4 nl
IE 5 1 110324230101159241; 3 1) 4 #8 3E 5 : SYXK
(17)2022-0018 1, 18] 3% F Bl 4242 B K 2F e g 2 Bt =
W 5, Bl 20~26 Co AL A5 B fili 224 R K5
SEEG S YA A PR 51 St (AMUWEC20242039) .
/N G I PR 5 1 RS $i IR BE LR FAR R 12 R
JNERBENL 734 < X BEZH (Control 2H) .OXA JEIT4H (OXA
2], MR T ST OXA 5 mgrkg) K OXA B TTM {697 41
(OXA+TTM 4, fE 15T OXA 5 mg/kg S TTM 5 mg/kg) .
W 5X10° 4~ MKN-45 21 Jz T 7 53 510N B 0 35, 44
AN EUE R R AR 3 K S A A /N BRI 1 O
PRBLIE 2 50 mm® J5 T 4R I I8 7 5 OXA &2 TTM, 1 i
IFi S e (AL A LA A 2R 5 - kg AR R = (K
JEXTERE) 2, 15~20 KI5 1% 1% 5 e Z 41 (50 me/kg)
I J PR TR i UM G A BB /DN B, 5 LS e A o T
JE SRR
1.3 AW EF N

i F§ UALCAN %% 9% 2 (http://ualcan. path. uab.
edu) 43 A3k H TCGA-STAD BA S Fp (1) 415 A4 iy B A
FI 344 IE FAEAS I RNA I3 55008 v B s AL 80+
20 217 LIAS . FDX1.DLAT ik, Hd P R X & K
0.05. i F 7F £k Kaplan-Meier 2 [€ 4% T. H (https://
kmplot. com/analysis/index. php? p=background) %} 54~

[ 7K - 19 LIAS . FDX1 . DLAT 335 #H 56 1 B % sk A=
1538 (overall survival , OS) AT o
1.4 MBEFTRAEE

MKN-45 J BGC-823 4l i % 77 =X B £, &
JER BRI A6 )5 76 4 “C R LA 1 000 r/min B5.0> 5 min Ji5 B &,
AR 320 X B H (Control 2H) \OXA JBYFZH (OXA 4H)
Je OXA BEF TTM VAY7 41 (OXA+TTM 41 ) , 70 F 24 5L
M b 4B € e, 4 L3 RD 500 WL (& 40 1x10° 4 ) o
X 1% 245 1) &b 38 24 h 5 FH PBS £ 5 min (3 1K) Ji5 , W 5
PBS; {#i ] 4% 22 R W A 7B 2, PBSTE S min (31K,
Wz 2 PBS; FH % 0. 1%TritonX-100 f%) PBS j#fi 1% 10 min,
JIA PBS £ 5 min(33K) , W 25 PBS. il A & 2
R % (Solarbio, H1 8 ) ,37 ‘CWEH 2 ho PBS ¥k 5 min
(3WK), W 2= PBS, $U) i FH % DAPL () & R 751 [ 5 F
I b, PO BB g I T AR B EIR
1.5 CCK-8 %%

MKN-45 & BGC-823 #il ifg 5 5 = X Bk K ), &
JHREE TN AL S 76 4 *CF LA 1000 r/min 250 5 min Ji5 , JH 1S
IR B S5 K A L R T 96 FLAR , 43 AN [R] vk B
) OXA (0. 3.125. 6.250, 12. 500, 25. 000, 50. 000,
100. 000.,200. 000,400. 000 wmol/L)ZbFEZH , L K X} A
24 (Control ) BV FIEHIRYT 4 (OXA A1) S B VD41
6 DU BAR S0 PR £8 14897 40 (OXA+TTM £ ) , A4~ 4k B
4 SAZ AL, LR 200 pL(E 4 5X10°4) . 7E2y
YIALFE 24 h 5 A FL A 100 WL & 10%CCK-8 251 fY)
REFR L | B FR A0 MG B 20~30 min J5 {47 FH A A 0
FETE 450 nm 2L I OERE[A(450) 1A .

1.6 %8 eIaPiE %

fdi JH & 4 1%PMSF (1) RIPA 2 fif 9% vh Wi 32 Ht
MKN-45 } BGC-823 4fi il . 75 4 , NanoDrop I % & H
e 76 150 V R 47 SDS-PAGE LUk 0 55, H6 46
HL%% (200 mA, 1 h) & PVDF iIX | . PVDF I [ 5%BSA
e A BB A — BT T AR, L2 FDX 2
$L(1:1 000, proteintech , 1 [& ) , 1L P 5 LIAS B3t
(1:1 000, proteintech, 1 [& ) , 11 ZEHT % a-Tubulin FLHT
(1:1 000, Beyotime, H1[H ) , 4 “CHFF L 7% , TBST Ve %
JE A HRP AR12 89 —HT (1:1 000, Beyotime, H1 [F ) %
TR E 1 h; PR TBST BRI 5 HEATHR

Y2 Ak AR S A = A IC e %2 80% fill &
FE 000 X IR ZH (Control 2H ) \OXA JBIT 4L (OXA 4H ) X
OXA B TTM VA7 2H (OXA+TTM 4) , 25 b FH 12 h
J5 PBS ¥ 5 min(3 ¥X) )5 i FH Mito-Tracker Red CMXRos
(1:200, H[E) ki fAR Y 6, 7 F 10~15 min, PBS
PES min(3¥K), & PBS; {1 F 4% 2 5 W i E 47 [



http://aammt. tmmu. edu. cn Bl 72242 155 R mi 4R, 2025, 47(24)

3059

PBS ¥t 5 min(3¥K) , W% 2= PBS; FH 5% 4 IfiL 1 11 45 11 &t
P41 30 min; 7 0. 1%TritonX-100 f¥J PBS j#fi i 30 min,
JTA PBS £ 5 min (3 %) , M 2 PBS. il A anti Rabbit
DLAT —#7¢ (1:200, proteintech, 1 [ ) ,4 CHFHF 1% .
W 2= —4%, A PBS ¥ 5 min (3 7% ) , W% 2 PBS, il A
CoralLite488-conjugated Goat Anti-Rabbit IgG ( H+L)
(1:200, proteintec, H1[E ) i) 9T, = IR F 2 h, PBS Uk
5 min(3 W), W £ PBS, ¥ U1 K F & DAPIL (¥ 35 B 51 [
ETEI I, HPO0 R gs A I AR EUAS
1.8 St é i

R B MKN-45 i il f T~ #4898 28 4% 22 5 W R [
TE A AR B A D) R MR 28 B R R TR b
K e BB (KR £M 100 °C 15 min)
B N R o S A Wl (3% i AL L) (5%BSA E A,
LIAS . FDX1 —#i05 5 (4 “Cid#0) , 95 F — 41 (30 min) ,
DAB (0, SR AR R EZ YL (30 s) S5 ik Hdb B
TE 200 15 B O A 2845 T 4R
1.9 RHILFEEHE

AT Y] 2R e IR A B R K g , 4%
AR L 51207 (Solarbio, H ED UL, U1 A 2L &R e (4
W,37 CHHIEIZ YL 48 h,75% L EEALHL 5 min, 2818 /K Uk
W5 TR A% [ 2T L €2 3 min, ZEEE K pPk J5 H HU 7K

Expression of LIAS in STAD based on Sample types

N
=}
]
w
@
]

o
1

Transcript per million
o >
1
Transcript per million
S o
1 1

Expression of FDX1 in STAD based on Sample types

—

Jei H PR s [ S, FE 200 65 B A 2B T AR .
1.10 %t o4

K H GraphPad Prism 10 #4758 3143 . 1F
OB s R o T ATEE [R] Y 25 SR TR B 3L
& e K By AT 43 BT 5 1T 22 A B 18] 1) 22 5 L, 48 B [
R/ 81 Tukey 2 1 LR H 5 K g0 1741
B 225011, P<O.0SINhZEFHAS 22 L., I
AEREL 3R (Y EER) B EER0 T v &
FaE k.

2 HR

2.1 ARTRERGEFTRARL EFAR T EAL

2R AL R & EFE FAEMEN

SRR REBET A B e P B R AR 2B R
A3 AT R A8 T O BB 1 o TR A I (lipoic acid
synthase, LIAS) \FDX1 . DLAT 7£ & #4123 5 1E % 41
LUNFRIANED . REHE 415 D IRREAS I 344
TEHREAS Y RNA U 7 250408 43 7 , LIAS 75 i g 41 21
(338 5IE W A 21T 2 5% (B 1A) , FDX1 5 DLAT 7
Jigg 2 2 ) Fe k) TIEHE AL8U(E 1B .C) o i —
oM E S B R E BRI, Rk
Ml HE T 40 P45 J 11 LIAS . FDX 1. DLAT () 5 9 3%

Expression of DLAT in STAD based on Sample types
50+

5 401
30

s 20 -

|.-l------|g,
Transcript per million

>

1
}--l------.l ®

——

TCGA samples

FDX1 (203646 _at)

Normal

Primary tumor
(n=415) (n=34)

Primary tumor
(n=rX1 5)
TCGA samples

DLAT (211150_s_at)

1
1
—_—
0 0
Normal Primary tumor Normal
(n=34) (n=415) (n=34)
TCGA samples
LIAS (214045_at)
1.0 HR=0.66 (0.56-0.79) 1.04
logrank P=3.5e-06
0.8+ 0.8+
£ z
% 0.6+ % 0.6
8 3
o 0.4 o 04
029 Expression 0.29 Expression
— low — low
o] — high 0 — high
T T T T T T
0 50 100 150 0 50
Number at risk Time (montfs) Number at risk
low 490 141 21 0 low 390 88
high 385 157 27 1 D high 485 210

Time (months)

HR=0.55 (0.47-0.66) 1.0 HR=0.68 (0.57-0.82)
logrank P=5.9e-12 logrank P=3.4e-05
0.8+
> 06
S
g
o 044
o
029 Expression
— low
04 — high
T T T T T T
100 150 0 50 100 150

Time (months)
Number at risk
15 1 E low 222 53

33 0 high 653 245 41 1
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Figure 1 Expression and prognosis of cuproptosis core regulatory proteins in gastric cancer
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A, B: Impact of oxaliplatin (OXA) on cell viability in gastric cancer MKN-45 (A) and BGC-823 (B) cells
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Figure 2 Impact of oxaliplatin on cell viability in gastric cancer MKN-45 and BGC-823 cells
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A, B: Effect of combination of oxaliplatin (OXA) and copper chelator TTM on the viability of MKN-45 (A) and BGC-823 (B) cells

a: P<0.001, compared with the OXA group.
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Figure 3 Copper-dependence of oxaliplatin
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A, B: Representative fluorescence images of copper ion fluorescence probe in MKN-45 (A) and BGC-823 (B) cells
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Figure 4 Oxaliplatin (OXA) induces copper ion accumulation in gastric cancer cells
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A, B: Representative Western blotting images of LIAS and FDX1 protein levels in gastric cancer MKN-45 (A) and BGC-

823 (B) cells
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Figure 5 Oxaliplatin (OXA ) downregulates the core regulatory proteins in cuproptosis
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A, B: Representative immunofluorescence images of MKN-45 (A) and BGC-823 (B) cells after 12 h of treatment with OXA
and OXA+TTM
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Figure 6 Oxaliplatin (OXA) induced mitochondrial oligomerization of DLAT in gastric cancer cells
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A': Gross images of subcutaneous xenograft tumor mass harvested from nude mice after euthanasia; B: Growth curve of subcutaneous
transplanted tumors in nude mice; C: Statistical analysis of tumor tissue weight; D: Immunohistochemical staining of cuproptosis
core regulatory proteins in subcutaneous xenograft tumor tissues of nude mice; E: Copper salt staining of subcutaneous xenograft

tumor tissues of nude mice. a: P<0. 01, c¢: P<0.05, b: P<0. 001, compared with the OXA group
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Figure 7 Oxaliplatin inhibits gastric cancer progression by inducing cuproptosis in gastric cancer cells



http://aammt. tmmu. edu. cn Bl 72242 155 R mi 4R, 2025, 47(24) 3063

3 Wit

3.1 FDXI/LIAS Fif $ 2 % & 5 BuAL & R AL T

i F4R LT

i ZE T B B 22 B A% 0 I R F FDX1 5 LIAS
AR, BT FRIR AT T 4 X e B8 T 17
PE . FDX1 A LIAS 7 4 8l 58 12 Y DA o 4 47 o5, oA
SRR A ) RN R (B AR AL T R R
FTEEME, FDXT FEZAH TN Co?* B J5h Cu
ABFFEHEN] , 24 FDX 1 F 8B 7] G228 Cu®* 1] Cu* ()
SeAk , T BTN A4 25 AR . ] BB I8 o XU iR
A8 A 0] D ) T A I, DT IR = 3R 2
TEAAH G2 AR R E TR . LIAS BE-FIR A WY
OCSHET LT A 2 5 B A PN PR Y B S Rt A
B o TR S R 2 A1 I 1 8 S It A2 5 (R 55 a6 4 7 R T Ak
AT AR R o PRt FDX Y i 2 K 1 4
I ) X 4 S B R Rt 114 i T Aok AR 7T 5 e AR
PESOIRE, PR MG A AL, I RS R &R
PA IV W 8 1) T i B ik B it 2 11 (31 40 DLAT) 1) 558 55
Bk LIASH RIS —L 85 T bR ERRR S
BURE ST, 5 FDXT By 7= A= U [FIAE T, s 17 4 1 5
MIEEPE I . X — RN A S 5 2, IE A Ht
IE B G PE D E I T 4B s 1, L HE DLAT 76 N 1 i
Ak 8 AR S RL IR Lok A b B R AL IR T
LRI ThEE & THPET
3.2 BV A AAE T 4R 5t T 6 # AR R G R L

#HH

AHIEZE B W T SR VD R AE B R A T R R — R B
VEHLT —— A 50T, 45 R R I YD R AL &
FEH AN ER RS TR T
Lo VR 25 FDX 1 AT LIAS, E M {2 JE DLAT 78 28 ki K
W SERAL B AR R A AT, X — BRI T
YL FIEALAT | DNA 223 I 300 8 1738 8% o FEvE 0
RGN AR SE R R T HRBET 2 T hR &4 DLAT
(LR AR SE T AL, 5 SR 8 T2 SR BE B A A T S 4
MBET B Ao A X, B R B A AR
ARSI B RS 1 BV R AR, i — 2D HERR
TU G G S AT RE . YR YD
FIEA A B AN R BE o BE R, IR ASBE A A 2 Fh 4 i
FET-HLHI A7 B AT BE o ASHF 2T B AR 78 T 458 T-7E
BEYL RN B 6 0367 1 R A T 2 O A
o, X — R AU EIZEATT 25 Y0 i/ AL RE T
YRR R 2 M AT 25 ) 5 R 4 R T T AR
AR I B U Rk . B4, BVD R 5% e A

o] 7 SO AR P R S R 7 )AL X — o R AT e
W R B YD B sl A = 0 B e i AR 1 (i
CTR1) Y B 4% 52w, 32 XF 4 4 HE 5 (i ATP7A/
ATP7B) Ty i 10 20", DA TS5 S50 4 1 4 25 AU
SR X— BB R G SR T A 4R
FMTT ] o ARG R SE B2 1, A 5% IR ELAT TR 11
B B HR N s 4 i oA 4O I 0% R A (3]
LIAS \FDX1 i R3K 7K1 ) A7 B2 B kg 100 5 9 R6 A5 X B
VRV TT SR 1 B A bR B . X — BB
Sk o R AR TR 25 B A3E T 4 (AR 7 SR, 3l i B A il
FHAR B 7 A el 0 1 1 3 ) G B R 1, SRR RE S A
155 (1% DNA 5405 3% 12 2 A1, D3 [R) 348 ik 8 V0 R 401 0 97
B, B 28 30 DR R VR oAk 4 R BT B0 B VD R A it
2, X W57 In) O BE N B R DA T Sl ok
TR A,
3.3 KERMEIRELEZ

ARWFFE R I T — RIS R R R A58 i nl
SEPE RS PR . (B AR A — 2 R PR DR
AN A REAS B AR X — R BRI T 4
TR o ABAAR N S B A i Bt S IR AT TR AL T 5
T HE . RPN SR SR 3] T 5 (RS2 56
o — B R B AL YD BT g A K i )
e AR L E) F b LIAS/FDX A T 8 DL B 5 5
FRBE T o A P ANESCHE 0 R B B IR B A Ml 5 T 538
(A5 B . QARWFIE A R — 2 BI# FDX1/LIAS
T BV RV B B VR FH AT A, I 240 B B IR AL
Nio R T RANE — BB, U 5 itk — 20
P FDX 1/LIAS b 33K 5w A (%) 4 M ASE A | DA e ik H:
FESVPRIENEST T RVER IR EILHI 5T . QAE
7% BRI TR UL R RS AR AR AL | AR (I 5T FRAT]
W5 SR FH B 51 T g D A7 e A AR kR R TR ) B A
R, @sh Y sE MG Fp AR AR AT /N, 7R A K IR
N R IRATER R T Geit2E B a2 5 (HX Rl
B A A AR 1 ] I 2 AR AR A I S 40 A0 il 1 G 31 P R
AT XS R A S BRI T 5%, LA E—240E
SR B

A G I FHAE LB 2 43 A 240 B 52 4 B 5 iR R
SRR T RS AR AR | AR T B YD A X P e R A5V
() —FP AL . ASDEFE R, YR REE T P4
MRS, HE 51 & B R AN & A PE T . FEZREK
I (R S AT 6 AR | RSB T S R 45 2 1 7 1 R Al
P RR SR BRI HEREASEE AR
TG A AR B AL T A SCI 1 i PRI At o 32F—
A 20 M S 6 B, BV R A AL BRI B S T AN



3064 [ EHIyNE S

A3 ,2025,47(24)

http ://aammt. tmmu. edu. cn

I A L BB P A 25 5 U P R R A (3
¥ T BYDREA A AN R L R I AR AR B T S
R AT ] T BRYbRIBA A DU R . X sk

PAESE T 4 5 1 00 78 AU B VD R B A 2 e oAk 1 R
FHB SR I 2, S BRA% B YD FAA RS R L i 4 3t 1
BT

25 LIRS I A T B A S AR AE T AT
REZ VDA FALE , 3058 1 X225 W 1 I HIL 1
FR BRIt PR R AT SR B A A SRt 1o A
FBSAE . AEIRATHIB A R AR BT FI 40
PR AN HER) B AR B, H A 7R R 20 T
A ST B R PR BB A5 A i PR AL v g T A4 LA
Wt — 5T BRI TR
Pl ASCIAEE A AR 4 0P

S 2k

[1] THRIFT A P, WENKER T N, EL-SERAG H B. Global

burden of gastric cancer: epidemiological trends, risk

factors, screening and prevention [J]. Nat Rev Clin Oncol,
2023, 20(5): 338-349. DOI:10.1038/541571-023-00747-0.
SUNDAR R, NAKAYAMA I, MARKAR S R, et al. Gastric
cancer [ J]. Lancet, 2025, 405 (10494) : 2087-2102. DOI:
10.1016/S0140-6736(25)00052-2.

WANG F H, ZHANG X T, TANG L, et al. The Chinese
Society of Clinical Oncology (CSCO) : Clinical guidelines for

(2]

(3]

the diagnosis and treatment of gastric cancer, 2023 [J]. Cancer
Commun, 2024, 44(1): 127-172. DOI:10.1002/cac2.12516.
LORD CJ, ASHWORTH A. The DNA damage response and
cancer therapy [J]. Nature, 2012, 481 (7381) : 287-294.
DOI:10.1038/nature 10760.

ROTTENBERG S, DISLER C, PEREGO P. The rediscovery
of platinum-based cancer therapy[]]. Nat Rev Cancer, 2021,
21(1): 37-50. DOI:10.1038/s41568-020-00308-y.

BURGER H, LOOS W J, EECHOUTE K, et al. Drug
transporters of platinum-based anticancer agents and their

14(1) .

(4]

(5]

(6]

clinical significance [1l. Drug Resist Updat, 2011,
22-34. DOI:10.1016/j.drup.2010.12.002.
TSVETKOV P, COY S, PETROVA B, et al. Copper induces
cell death by targeting lipoylated TCA cycle proteins [J].
Science, 2022, 375 (6586) : 1254-1261. DOI: 10.1126/
science.abf0529.

KARDOS J, HEJA L, SIMON A, et al. Correction to:
Copper signalling: causes and consequences[J]. Cell Commun
Signal, 2018, 16: 80. DOI:10.1186/s12964-018-0277-3.
XIAO Y, WANG T, SONG X, et al. Copper promotion of
myocardial regeneration[,]]. Exp Biol Med, 2020, 245(10) :
911-921. DOI:10.1177/1535370220911604.

(7]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

FUKAI T, USHIO-FUKAI M, KAPLAN J H. Copper
transporters and copper chaperones:
physiology and disease[J]. Am J Physiol Cell Physiol, 2018,
315(2): C186-C201. DOI: 10.1152/ajpcell.00132.2018.

CHEN LY, MIN J X, WANG F D. Copper homeostasis and

roles in cardiovascular

cuproptosis in health and disease [J]. Sig Transduct Target
Ther, 2022, 7: 378. DOI:10.1038/s41392-022-01229-y.
MAJUMDER S, CHATTERJEE S, PAL S, et al. The role of
copper in drug-resistant murine and human tumors [J].
Biometals, 2009, 22(2): 377-384. DOI: 10.1007/s10534-
008-9174-3.

STEPIEN M, JENAB M, FREISLING H, et al. Pre-
diagnostic copper and zinc biomarkers and colorectal cancer
risk in the European Prospective Investigation into Cancer
and Nutrition cohort [J]. Carcinogenesis, 2017, 38 (7) :
699-707. DOI:10.1093/carcin/bgx051.

SUN L H, ZHANG Y, YANG B Y, et al. Lactylation of
METTL16 promotes cuproptosis via m6A-modification on
FDX1 mRNA in gastric cancer [J]. Nat Commun, 2023,
14: 6523. DOI:10.1038/s41467-023-42025-8.

NAYAK S B, BHAT V R, UPADHYAY D, et al. Copper
and ceruloplasmin status in serum of prostate and colon
cancer patients [J]. Indian ] Physiol Pharmacol, 2003, 47
(1): 108-110.

BRADY D C, CROWE M S, TURSKI M L, et al. Copper is
required for oncogenic BRAF signalling and tumorigenesis
[J]. Nature, 2014, 509 (7501) : 492-496. DOI: 10.1038/
nature13180.

LASORSA A, NARDELLA M I, ROSATO A,

Mechanistic and structural basis for inhibition of copper

et al.

trafficking by platinum anticancer drugs[J]. J Am Chem Soc,
2019, 141(30): 12109-12120. DOI:10.1021/jacs.9b05550.
SAFAEI R. Role of copper transporters in the uptake and
efflux of platinum containing drugs [J]. Cancer Lett, 2006,
234(1): 34-39. DOI: 10.1016/j.canlet.2005.07.046.
MILLS C F, EL-GALLAD T T, BREMNER I, et al. Copper
and molybdenum absorption by rats given ammonium
tetrathiomolybdate[]]. J Inorg Biochem, 1981, 14(2): 163-
175. DOI:10.1016/50162-0134(00)80037-9.
PETRUZZELLI R, MARINIELLO M, DE CEGLI R, et al.
TFEB regulates ATP7B expression to promote platinum
chemoresistance in human ovarian cancer cells [J]. Cells,
2022, 11(2): 219. DOI:10.3390/cells11020219.
HUANG C P, FOFANA M, CHAN J, et al. Copper
transporter 2 regulates intracellular copper and sensitivity to
cisplatin [J]. Metallomics, 2014, 6 (3) : 654-661. DOI:
10.1039/¢3mt00331k.

(W75 :2025-09-28; £ 13 :2025-12-12)

(Zhdf  xAkk)



