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RAEEZIBITIETBPI3K/AKT/GSK-3p{5 518
1R i £ 58 118 58 FL BR /5= 20 A I $R U R M RO AL A 5

R B WRAE HEm KB OETH XEF
Ab B2 R E AR AT TP 4h =X, b5t 101100)

WE  ZL 5 AERRTAREE IR EBC) IR 48(DDP)AK B b 4 B by A i@ 1L 8 F
PI3K/AKT/GSK-3p15 5 i@ ST 4R SL T 69 L. RAIKIREAn 354555 2 5 U5 6940w
24 4w JEAAMDA-MB-231/DDP-R. MTT k40 7 ) 3R IR 48 F= A B 3 3 MDA-MB-2314"MDA-
MB-231/DDP-R47 4| % 69 %71, MDA-MB-231/DDP-R%- 4540 3t B 40 . NA4440. KRB E 20,
IR A+ AR B Z 40 A2 T40Y-P4E. K Transwell 52 3o A% ) 4m A4 22 45 77, 40 R %] R 52 B 4G 0| 4m fieu i
#ae A, AK AR fa oA KT B b &R R A 4m AR A Cut KT, R &G R
AR S A MR ST AR £ B 8 89 R KF, AR PIBK/AKT/GSK-3B43 538 AR £ & & 9 kK
B MERISHBAER, AN IR ARTE. S RE T MAIR4REIE M, F 3 MDA-MB-231
FMDA-MB-231/DDP-R 28 Jiil ¢4 47 4| % 2 % £ F+(P<0.05); 5MDA-MB-23148 /A48 bb, IR 4640 KB 2
F *fMDA-MB-231/DDP-R & it ¢ 47 41 & 8 % FK(P<0.05). 5li4aa4ak, IR4a+AK B EE 06 m
Jadpd) B 23 hn(P<0.05). HaTRRAARL, IN4040 . ABE 4 BOMAG+ABEE F 40913 & ek,
i i A% R ATPTA%R @ &L K-F, p-PIBK/PI3K. p-AKT/AKTH=p-GSK-3B Ser9/GSK-3B4&, vA B A% R,
SRR A T B 39 B EK(P<0.05); taf A= % . CutiRE. DLATAFDX1%& @ & A K-F N 8 &+
Z(P<0.05). 5IR4atate KEZEMANL, s+ R EE 912 L2 MR, Mt %, ATPTIAK G
F A IKF, p-PI3K/PI3K. p-AKT/AKTA=p-GSK-3B Ser9/GSK-3pMH, vA B4Rk R JG WK Anfe /R 3 2 %
MAK(P<0.05); et Bl =%, CuRE. DLATAFDX1%& & & A K-F B 38 hm(P<0.05). Hiasa+K B
F X LARLL, TAOY-PLL 6912 2 fa Rk, it 4% %, ATPTA% & & A K-F, p-PIBK/PI3K. p-AKT/AKT
Fap-GSK-3P Ser9/GSK-3BIE, vABAR RIGIRARAFo it 2 ) B2 3 m(P<0.05); @ofe A= F . CuR/AE.
DLAT#2FDX 1% & & kK- 2 FHAK(P<0.05). Bk, ABEFE 4 T8 it 8 PI3K/AKT/GSK-3p1E 5
B BEHFAR LT, A 38 5% FUAR R 4m I IR 48 649 AR b
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Abstract
cancer) cells to DDP (cisplatin) and its mechanism of promoting copper death by regulating PI3K/AKT/GSK-3f3

The aim of this study was to investigate the effect of luteolin on the sensitivity of BC (breast

signaling pathway. The cisplatin-resistant breast cancer cell line MDA-MB-231/DDP-R was established by continu-
ous induction with low concentration. MTT assay was used to detect the effects of different concentrations of cisplatin
and breast cancer on the inhibition rate of MDA-MB-231 and MDA-MB-231/DDP-R. MDA-MB-231/DDP-R cells
were divided into five groups: control group, cisplatin group, luteolin group, cisplatin+luteolin group and 740Y-P
group. The cell invasion, migration and apoptosis levels were detected by Transwell assay, wound healing assay and
flow cytometry, respectively. The intracellular Cu** level was measured, and the expression levels of proteins related
to cuproptosis and the PI3K/AKT/GSK-3p signaling pathway were detected by Western blot. Nude mice xenografts
were constructed to detect tumor volume and weight. The results showed that the inhibitory rates of cisplatin on both
MDA-MB-231 and MDA-MB-231/DDP-R cells increased significantly with rising cisplatin concentrations (P<0.05).
Compared with MDA-MB-231 cells, the inhibitory effects of cisplatin and luteolin on MDA-MB-231/DDP-R cells were
significantly lower (P<0.05). The cisplatin+luteolin group exhibited a significantly higher cell inhibitory rate compared to
the cisplatin group alone (P<0.05). Compared with the Control group, the cisplatin, luteolin, and cisplatin-+luteolin groups
showed significant reductions (P<0.05) in the number of invasive cells, cell migration rate, ATP7A protein expression, the
ratios of p-PI3K/PI3K, p-AKT/AKT, and p-GSK-3f Ser9/GSK-38, as well as in nude mouse tumor volume and weight.
Conversely, the cell apoptosis rate, intracellular Cu* concentration, and the expression levels of DLAT and FDX1
proteins were significantly increased (P<0.05). Compared to either the cisplatin group or the luteolin group alone,
the cisplatintluteolin group demonstrated significantly lower values (P<0.05) for the number of invasive cells, cell
migration rate, ATP7A protein expression, the p-PI3K/PI3K, p-AKT/AKT, and p-GSK-3p Ser9/GSK-3p ratios,
and tumor volume and weight. In contrast, the cell apoptosis rate, Cu®™ concentration, and DLAT and FDX1 pro-
tein expression levels were significantly higher (£<0.05). Compared with the cisplatint+luteolin group, the 740Y-P
group exhibited significant increases (P<0.05) in the number of invasive cells, cell migration rate, ATP7A protein
expression, the p-PI3K/PI3K, p-AKT/AKT, and p-GSK-3B Ser9/GSK-3p ratios, and tumor volume and weight.
Meanwhile, the cell apoptosis rate, Cu* concentration, and DLAT and FDX1 protein expression levels were signifi-
cantly decreased (P<0.05). luteolin can induce cuprotosis by regulating the PI3K/AKT/GSK-3p signaling pathway,
thereby enhancing the sensitivity of breast cancer cells to cisplatin.

Keywords  luteolin; breast cancer; cisplatin; copper died; PI3K/AKT/GSK-3f3

LRI (breast cancer, BC){J A& 4= EK [ Ifi 1) &
RAFLTAEBRAR, B2 MR m i) 2R 2 — M,
— B4 LR IE (triple-negative breast cancer, TNBC))&
TR BEAR VR LR WA, 29 45% 1) B3 2 L
TEALHERS , IXBUE BH AR E Y. Bl 4
AT 72 7L s T ARG IT A B R T B A
(cisplatin, DDP)s& — i FH T~ S2 AR MR T 1A 2L
254, V579 DNAS5 7, B 18 T2 sin & 455 541
MBET: . SR, NGUEH PR T 250 DRI 245 1 18 7 A T 32
PRGY, DR h, 75— 5 I 0 R R B R A 43
TR, DL 2 2 F I R w7 2. 42 AR 75 1Y
wEIUER, (EAZMENHBIE T, 2502 K4
it A2 WEFCRIN, 400 N A AR A e i o= 51 R AR

AL, FEURET:, X 7E MR KA AT 2k
FEHEEMEH ™, BTk, S MR Ak AR e T
BYCAT S — PiORE BB i 245 74T B L e VR T 3R
W o T A5 LI 3- B4 (phosphatidylinositol 3-kinase,
PI3K)/%& 1 B(protein kinase B, AKT)/## |5 A i
P -3B(glycogen synthase kinase-3B, GSK-3B)[& =i
PRAEARRAR G 9T AT AR S R R 4ok
BRAEH, o WO 5 A FE LR CE I 2 B i R
PIRAE KIEKAITI 2% 1M 5% T, R4, E e
SERI | PI3K/AK T B IR 5K AT 42 A A H 4L
TCAE A ) 22 MR PP P4 i AE T 07 200, B AR L e
AT AR AL AN A
RIMEE PR A 6T AR N3 & BT 245
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YT R D8 BIAE F IRB SRS . AR 5L E (luteolin)
e MRRTEIRNEY), | A ET ZMEDH,
BAPIR. pra. i e s D, ik
R R B, AR B R AU 7 A SRS,
AJ 3 IS PI3K/AKTIE B 470 eg 40 M (1) 3G 58 . 3L #%
228, i S A0 T 10 3 P IE d BE ) e e T2
R o L A T BRI U AR, KRR R AT
348 i 2L 24 LT U P AU R L L AR FE LA
MANERE . DRI, A 9T B AEIR I A R B 300 FL I
S R G BB () e, DA HL i 1 45 PI3K/AKT/
GSK-3B{5 T B e g AL T AL o

1 MRE5RE
1.1 4f. A5 EERF

MDA-MB-231# [ 3£ [ ATCC; A B 53K (4
JE:99.51%) AR (411 : = 99.0%)F1 PI3KGHE B s
71 740Y-P(4H 5 : 99.96%) ) H 35 [ MedChem Express
A FE] AR R B R B IR E AR 2R I e B 2%
HycloneA 7] ; BEMEE [3-(4,5-dimethyl-2-thiazolyl)-2,5-
diphenyl tetrazolium bromide, MTT]4H i 4§ 58 i 57l &%
A Annexin V-FITC/Mi{k A RE (propidium iodide, PI)i
AEW A EEE S REDHARARAFR,; Cu' &
T B D S Ry AE IR I A BR A w5 i is
ATPfafik(ATPase, Cu** transporting, alpha polypeptide,
ATPTAYPUA . S0 ~F It i LIt LB (dihydrolipoyl
transacetylase, DLAT)Hi{A. AKTHiA. p-AKTHUIE
FIH I -3- W R i S (glyceraldehyde-3-phosphate
dehydrogenase, GAPDH)JU{A& M H 3K [E CSTA A 5 £k
UL A 1(ferredoxin 1, FDXD#ifk. PI3KHIA. B
21k (phosphorylation, p)-PI3KPiif. GSK-3BHi1A
p-GSK-3B Ser9#T A4 FIFI BAR i A AL B Fr i (14 Ll 2
P S BB 1 G(immunoglobulin G, 1gG)IE H 5&
AbcamA A .
1.2 REATHZ5 2L AR 2R AR RV S

SR I 5 38 38 25 W)UK FEE T KR 2 15 3 SR K T e
SCB . R 10%A6 75 MiHA10.01 mg/mLJk & 2 (1Y
DMEM#; 7291, 4 MDA-MB-23 1411 Jfd 4% 1x10*/mL
BT 37 °Cy 5% COMUFIE B X35 7746 W I
JEMIGRE TR . Frai A K B E K, HRls
15 70%~80%MM , JE SIREHT 25 FifE. &%, 4
FRCARWR BN 3.75 wmol/L IR AL BAN A, K5 i
ISR I 5 T8 R 3 TR Fa Ak 2235 5%, B IS4

AR, WS . freofLIR N4 AE K & in
70%~80%h A LR, A 0.25% [ & F B (7 0.02%
EDTA) 137 °CHAL 402 mindFALAC, R % H 5 n
2577 A AT AMRAE R P AR FRA TN,
2R BB Y, BARFIEKIKCN3.75. 7.5. 15,
305260 umol/L, JlLh3R1F A Ko i 24 K5 14 1) LR
FE4T 2 MDA-MB-231/DDP-R, &4 T~ M %2 MDA-
MB-231/DDPHIMDA-MB-231/DDP-RIE 22454k,

1.3 MTTH)

IR IAL T X EUE K MDA-MB-23 141 il 5
MDA-MB-231/DDP-RAAI, DL 5x10%/ L1 % FE $e 4
T 96U . il Rl & BEIk 80% e A I, Z3 il AN
ANER FE [ 540 (DDP, R 0. 3,75, 7.5,
15, 304260 pmol/L) AR B2 (MREERAE N0 1.
2. 4. 8 umol/L), 4k&E¥57E24 ho ZJa, BALINA
50 uL MTTH# W, BT 37 °C. 5% COMIFIE 1)
B FRAR TR EELIR A 4 hig 35BS, TN DMSO,
F-37 °CHE F 30 min, & 490 nmi K AL IR E (D)
o PAXTHEZH (0 pmol/LA R 5 25 ) AN B A7V R N
100%, THHE & HAfamsZ, AR 40 i) &
=[ 1L 4.DAE 7% A 4LDAE )/ B 4 DA —45 A 41D
fE)]1¥100%. | I SPSSEAF T B~ E 4 i1 FE (1Cs0)
8, I4 e VTS 24545 20 (resistance index, RI)F1i¥ %
%% (reversal factor, RF). HH, fif 245454 (R)=MDA-
MB-231/DDP-R4H il ICs/ MDA-MB-23 1 41 i ICo; %%
{545 (RF)=HJt DDPZH ICs/(DDP+A R FLZZH ICso) e 42
IR MR B 2 5 I R, AR A0
¢=E(A+B)(EA+EB-EAXEB). 1, E(A+B)F iz
VI AE FH IS 4 B A i 26, EART EB 23 i 3R 7R
JBR R 5 A B b A ] X 4 s R S W
AR > 1 1SFRRNEAWFEEM, 0.85<¢<1.15%
ANEAHMER, ¢<085F REAHPUER . LR
B AT
1.4 4HpESr4H

# MDA-MB-231/DDP-RZ il 2 Fh T A [l it B
PR IR FR %, BT 37 °C. 5% CO.B5 748 N £
I%, PR MR A 2T 90% I JHEATAE AR K 4l i 4>
NLLR 54 : X4 (MDA-MB-231/DDP-R4H i £ 44
TR H0M 1% DMSOALFE ), A4 (MDA-MB-231/
DDP-R4HAE 15 pmol/LI4I AL #E24 h), AJREF R
(MDA-MB-231/DDP-RAHJI A 2 pmol/LA i H 2 &b
FH24 h). JFEH+A B ZK 4 (MDA-MB-231/DDP-R4
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J125 2 pmol/LA B 52 AL FE24 h, R FR A B HE K R IR
LEAMMYTIE, 15 pmol/LIEAAE#24 h)F1740Y-PZH
(MDA-MB-231/DDP-R4HJ}f1 56 H] 2 pmol/LA 2 5 2 F
20 pumol/L 740Y-P') b ¥24 h, F£ 45 2454 5 WL 4N it
VE, TS pmol/LIVEIALEE24 h, A E =1L
1.5 TranswellS£36

Transwell SE56 K F 24 FLAR FY) TranswellZN % &
Gt , INERIB AL 8.0 um KB K PR 2
B ok 8 S, 52 T 912 0 4% Matrigel 3 J5 Jie (U
BRI mg/mLIK) TAERIE). K4iig LA1x10%/mL %
FE &R T 200 pLC Mg IR A . FEIMAE 10%
G4 M ) 8 R TR E B 7. 559724 hia,
MBS RTEG LR REENME, FTEHERE
TR 4 40 P 4% HR A 5 05 T [ 72 10 min, 73
0.1%%45 e 8 15 mino. e B e~ B s pErL
SN LEF T AR 2R Al B, R R SR .
1.6 #ApRRIIRSCIE

Vo AT 6 FL AR, KE IR B A M A & L
70%~80%. BE )G, FAS GG 45 I 055 75 S Ab 2 4
124 h, ZJ5H 200 pLJG B &S 7 B 4 kil
HE O . FEE R LR AR MR S5, 7
5T 0 hl 24 hiE R N a5atn DR EG . {EH
Imagel A4 52 T2 AT AR, IER%(%)=[(0 hkIJR
B 24 hRIYR 58 5)/0 hIJR 58 13 100%.
1.7 RN4EAAAR

I #EMDA-MB-231/DDP-R4MY, DARRE £h 2%k
Vel 20, B E R T 100 pLgs & el b, %
Y% BE 422x10%mL.  SeAS uL Annexin V-FITC, =
B A S min; BE S M 785 nLAAL PIRE(PT)F1400 uL
SEE TR, kS A IR EGIT E 20 min. F R4
H AR A G B P A TR, A R A At A
G20, I FlowJodk 4T B 204t
1.8 ZHEEAICu'7K a9

VSR A % 48 R SRR S1 2R 2% 7R, NN T4
(IR A 2% vh it , BEJE B T UK 210 R R B
W21 HRAE 4 °C A R EL12 000 xg 5 15 min, U
LG EIEW . =BG SR E U, 18 H B AR (X
5 L IEWAE 580 nmif K AL FIWR e FEAE, FEARE bR
HE RS S AN Cut 5 B
1.9 ZHRZEENE

K H RIPAZE MR 24 an R R B L2 B B
K BCARFI&E . 28/5H 10% SDS-PAGE/ &

20 pg iR E, R H I PVDFE . ik
5% AR A W AE & 05 T TR & 30 min, 55 —Hif
#5 ATP7A. DLAT. FDXI1. PI3K. AKT. p-PI3K.
p-AKT. GSK-3B. p-GSK-3PB Ser9fil GAPDH(Fii B
f5%1:1 000)7E4 °C MBI . H2R, 3IRBEEK)G,
FAAH L — 0 (B 50125 000) 0 B 5, =575 N i
B30 min. ff I Pierce™ECL Westernt& il H #5285 [,
FAE AL RO A i R R . AR 2K FEAE Hh
ImagelJ =4, KR GAPDHIE NN Z .
1.10 RR#BERE

25 - Balb/c#f 5 [ FH AL 5 4E B R 4L 5236 S 1B AR
R AT AL, VFAMIES 1 SCXK() 2021-0009]38 v
PERRZR UH, IEW & . ¥ MDA-MB-231/DDP-R4 2
TN GEEFRARAR, WX E KA, DAAEBE 2hK
AN B 22 1x107/mL, PARE R 0.2 mLEF T 415
BT MR K ZE0.S ecm® K/NK, KRR BEHL
GyeH: RTRRZE IR ZH (RS 4 mg/kg AN, AR
R (BRI 20 mg/kg AR B2 90 TR +A JoR
A (B 4 mg/kgEAFT 20 mg/kgAS JzR B2 )l
T40Y-PAL (B ST 4 me/kgAAAI20 mg/kg AR E K,
FEEFIKIEST 2 pg/uL 740 Y-PUSY) . 5tof HE ZEL A% o B0
i, AAANEHS T LIRAWTTR, FFeke2y
28K FELAZI M, & H 2% U0 AR BRRDRS ek
. TESIEET) . TR K HEE S — M A A AR AL,
IFi) B 4 7 KA P I R RO = R 1) L AR AL, R
A 52 3 S A7 A 75 A 1 B SR A it BRI &5 7 3 e
I o A7 2450 H SR FH S I IV AR A8 AR B . AR
WAL P EGRFRETEG SR B2 &
HEHE(EH i fE5: 2020DZMEC-099-01).
111 FitZESH

K H SPSS 2308 1 #EAT 4 4 #r . SEfE A
Shapiro-WillcAs 3 (i Hoths 1 ISV, ST € &
ARG RS B 255, CLSME bRk
75 (x£8) KR 2 AR CECR FH B R R 5 2 0 it
(One-Way ANOVA), #& R [ RE LR, #t—IFH
SNK-q 6 561 78 25 S 20 5 o 9 4L 500 EL A SR FH ST
FEARGSI . PAP<0.05% 7 2 55 BA Gt % 5 o

2 H#HR
2.1 AT ZAELAR IR 4R RAV LS E

A TSR], MDA-MB-231 £HLEE LR,
AR AER R D, 2 N, MDA-MB-231/DDP-R
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R TG AR TR, 4 i 8] () 4
o, DMBE ISR, W 1. MTTS R EIR,
b & < B B3, IREA X MDA-MB-231F1 MDA-
MB-231/DDP-R 1 il %8 2. 25 3 0 (P<0.05); 5
MDA-MB-231#1 ., %1% MDA-MB-231/DDP-R
1) 2% 5 3 B AIK (P<0.05). MDA-MB-231#]ICs
(12.81%1.05) umol/L, MDA-MB-231/DDP-R ] 1Csy 9
(87.56+3.59) umol/L, RI=6.83+0.25, W3 1. i&£F%15
wmol/LITEAAE A Je S S B0k 5
22 KREEZEIIMDA-MB-2315IMDA-MB-231/DDP-R
ZHREaHIEER

B A5 A R B R R P (B 0, R R L EK 6 MDA -

MDA-MB-231

MB-231F1 MDA-MB-231/DDP-R [t 411l 3 {5 2 18 fin
(P<0.05); 5 MDA-MB-231#{tt, AJRH ZHKXT MDA-
MB-231/DDP-R ¥ ICso % 3 14 N (P<0.05), W32, ik
52 pmol/LAR B HLZAE N I SE SRR IE
2.3 AREBEEZEXMDA-MB-231/DDP-R4H A1 H 1k,
g g d= oAl

S5EAZEAR L, R BUER +AS J22 5 25 20 A 4 i)
R EW NN (P<0.05), 3 HAFREIRE/ERH 24 h
J&, AR ZE R ICs0 M (85.62+3.35) umol/L, N4+ JR B
FULIICs9(24.83+1.08) umol/L, W3, b4, K5
S IRARITE, 15 umol/LI4A 5 2 pmol/LA JR 5 2
CH I g8 3.23, /R TEZIRE N 29I B B

MDA-MB-231/DDP-R

E1 MDA-MB-231F1MDA-MB-231/DDP-RFZSHIZE 1L
Fig.1 Morphological changes of MDA-MB-231 and MDA-MB-231/DDP-R

#1 If$HXTMDA-MB-231F1MDA-MB-231/DDP-RA ] 2
Table 1 Inhibition rate of cisplatin on MDA-MB-231 and MDA-MB-231/DDP-R

/%
2H 5 Inhibition rate /% » P 1Cs
Group DDP DDP DDP DDP DDP DDP /umol-L"!
0 pmol/L 3.75 pmol/L 7.5 umol/L 15 pmol/L 30 pmol/L 60 pmol/L
MDA- 0.00+0.00 15.26+0.99* 30.16+4.04* 59.49+3.94%* 77.04+6.45* 08.49+5.45%* 249.238 <0.001 12.81+1.05
MB-231
MDA- 0.00+0.00 5.49+0.84*%  12.64+£1.47%¢  21.05£2.67*¢ 29.97+2.73*%  40.85+5.34* 92.676  <0.001  87.56+3.59*
MB-231/
DDP-R
t - 13.034 7.059 13.989 11.640 13.084 34.614
P - <0.001 0.002 <0.001 <0.001 <0.001 <0.001

*P<0.05, 5 ZARHIBARIK T UL “P<0.05, SMDA-MB-231 04 < Fom it i A . s, n=3,
*P<0.05 compared with the adjacent lower concentration; “P<0.05 compared with MDA-MB-231; “-” means that the statistical test is not applicable.

X£s, n=3.
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Fx2 KEEZITMDA-MB-231F1MDA-MB-231/DDP-RAJH]HI 2
Table 2 Inhibition rate of luteolin on MDA-MB-231 and MDA-MB-231/DDP-R
2/ %
ZH 5 Inhibition rate /% P P 1Cs
Group Luteolin Luteolin Luteolin Luteolin Luteolin /umol-L™
0 pmol/L 1 pmol/L 2 umol/L 4 umol/L 8 pmol/L

MDA- 0.00+0.00 10.28+4.01* 27.92+3.67* 38.94+4.31%* 58.02+3.09* 137.469 <0.001 5.79+0.34
MB-231
MDA- 0.00+0.00 9.16+2.16%%  23.94+2.93*%  35.1943.94*%%  53.14+4.20*% 143.020 <0.001 6.92+0.45*
MB-231/
DDP-R
t - 0.426 1.468 1.112 1.468 - - 3.470
P - 0.692 0.216 0.328 0.216 - - 0.026

#P<0.05, 15 A0 BRI LU “P<0.05, 5SMDA-MB-231H#; R Git RAE M . xts, n=3.
*P<(.05 compared with the adjacent lower concentration; “P<0.05 compared with MDA-MB-231; “-” means that the statistical test is not applicable.

X+ts, n=3.
3 KREEZRIIMDA-MB-231/DDP-RAAMHI LT B HIS
Table 3 Effect of luteolin on chemosensitivity of MDA-MB-231/DDP-R cells
T2 /%
JH 57 Inhibition rate /%
F P ICso /umol-L™"
Group DDP DDP DDP DDP DDP DDP
0 umol/L  3.75 umol/L 7.5 pmol/L 15 pmol/L 30 umol/L 60 umol/L

Luteolin 0.00+0.00 5.66+0.79*  11.94+0.98*  22.10+£2.31*  28.49+2.61*  41.99+3.98* 147.853 <0.001 85.62+5.35

group

Luteolin+ 0.00£0.00 9.97+0.61%% 18.21+1.84%% 35.9442.25%% 53.47+4.12*%% 75.94+5.06*%*  287.611 <0.001 24.83+1.08*

DDP group

t - 7.479 5.209 7.434 8.871 9.134 - 19.291

P - 0.002 0.006 0.002 0.001 <0.001 - <0.001

#*P<0.05, 5 ZAMEARIRE LL#E; “P<0.05, 54 HES “ RN G A I AE . xts, n=3.

*P<0.05 compared with the adjacent lower concentration; “P<0.05 compared with luteolin group; “-” means that the statistical test is not applicable.
X£s, n=3.

IR - SRR R E R A L, U + A R FE R A

24 KEEZBAIR{AXTMDA-MB-231/DDP-R
HAEIEIE . TR FURAT RIS

LA EL , AAZEL . AR LA +A
JRE R 1R Z2 4 R ECR AN T 5 B35 A, 41
JHT 23 B N (P<0.05); 5 VAL FIA R 5 2 2 AH
BU , IR A JBR 5 2R 4 P2 22 4 PR R 4 B B e (.
F K, AHHYE T 2R N (P<0.05); 55 +A B
TR, 740Y-PAH 1= 224 O 40 f 72 2 i
RN, AR T2 3 PR (P<0.05), WLRAFIE2,
25 KREBEZEEKAIN$AFTMDA-MB-231/DDP-R
4 B S8 T RS20

5XTHAAM L, W . ARRERAFE+AR
FRE R Cu' i Z . DLATHI FDX1%&E A& iA/KF
BEFFE, ATPTA FHRIE KV E3E FK (P<0.05);

Cu' ¥ Z. DLATH FDX1 2 [ F 1A K 5280,
ATPTAE A RIE K25 FEAIC (P<0.05); S54A +AK
JRELZR AL, 740Y-PAFICu ¥R E . DLATHIFDX1
EARIEACT BZEC, ATPTAE AR LKL
FHE1(P<0.05), WLERSFIE3.
2.6 KREEZHAIN{EXIMDA-MB-231/DDP-R
YHREPI3K/AKT/GSK-3p{5 2 1 B B 22

B IRAA B, EAAE . AR B R AR +
KRB ) p-PI3K/PI3K. p-AKT/AKTAHI p-GSK-
3B Ser9/GSK-3B7KI- i 3 FE1IK (P<0.05); 5541 A0
ARBERAA L, WVE -+ B B 2 41 1) p-PI3K/PI3K
p-AKT/AKTAHI p-GSK-3B Ser9/GSK-3B7K - i 2 [
(P<0.05); 5+ AR E AL, 740Y-PLL p-
PI3K/PI3K. p-AKT/AKTHIp-GSK-3B Ser9/GSK-3B7K
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#4 BYEMDA-MB-231/DDP-RAAAAIETE . TRAVATALLE
Table 4 Comparison of proliferation, migration and apoptosis of MDA-MB-231/DDP-R cells in each group

415 2 A A IR /% S T/ %
Group Number of invasive cells Cell migration rate /% Apoptosis rate /%
Control group 295.74+16.97 49.37+2.41 2.26+0.12

DDP group 212.05+13.48* 37.18+1.39* 13.10+0.89*
Luteolin group 203.49+14.25% 35.82+1.42% 12.68+0.53*
Luteolin+DDP group 59.65+4.84*4 17.69+1.28%4 19.27+0.94%%
740Y-P group 99.53+6.114 28.46+1.334 14.32+0.68%

F 182.818 155.519 237.698

P <0.001 <0.001 <0.001

*P<0.05, 5xTIAL LU “P<0.05, SIEIA LU "P<0.05, AR ERA LA 2P<0.05, SIRH+HARERALLE. Tts, n=3.
*P<(.05 compared with the control group; “P<0.05 compared with the DDP group; *P<0.05 compared with the luteolin group; “P<0.05 compared

with the luteolin+DDP group. ¥+£s, n=3.
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A: Transwell assay was used to detect cell invasion ability; B: cell scratch test was used to detect cell migration ability; C: Flow cytometry was used to

detect the level of apoptosis.

E2 &L{AMDA-MB-231/DDP-REEPAIEFE, FRFUEATHIELE
Fig.2 Comparison of proliferation, migration and apoptosis of MDA-MB-231/DDP-R cells in each group

SR I INP<0.05), WR6HE4.,

27 KEBRERHEAINEXRRBIERENEI
Sk R ZHAR B, IR 2 . A B 2 R +

KRR B 3R 2 ) R SRR A A BRI A o R 3 PR IG

(P<0.05); S5IREALEANA R B2 AHAH EL , VR -+ 7

F A AR SRR AR AR R D D o o 2 AR (P<0.05);

S 5A AR R AR LG, 740Y-PZH AR BRI A4 4R

I/INRIT B 35 N (P<0.05), IR TS,

2.8 KEEZRHKEINAXRR M RS
xR, AL, AR SR AR +A
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5 FL{AMDA-MB-231/DDP-RAMCu 7K FFIEIE -1 X E B FRIEKFHILLE
Table 5 Comparison of Cu” levels and copper death-related protein expression levels in MDA-MB-231/DDP-R cells of each group

45 . B

Group Cu’ /umol-L ATP7A DLAT FDX1
Control group 3.57+0.21 0.87£0.05 0.30+0.02 0.28+0.01
DDP group 6.54+0.26* 0.72+0.04* 0.75+0.06* 0.70+0.04*
Luteolin group 6.79+0.21%* 0.70+0.05* 0.84+0.05* 0.71+0.05*
Luteolin+DDP group 14.19+£1.09%%* 0.15£0.01*% 1.06+0.07%%* 0.99+0.06*4*
740Y-P group 8.05£0.39% 0.39+0.02° 0.76+0.05* 0.73+0.05*
F 153.889 178.585 82.683 94.617

P <0.001 <0.001 <0.001 <0.001

#P<0.05, 53T RRALLEEL; “P<0.05, SIEIZL HLES; "P<0.05, SR BEE R AL HLEL; #P<0.05, SR+ A R ERALLEL. xts, n=3.
*P<(0.05 compared with the control group; “P<0.05 compared with the DDP group; “P<0.05 compared with the luteolin group; “P<0.05 compared
with the luteolin+DDP group. ¥ts, n=3.

K
$§
R K $ Q
,\c" K @0 XQQ &e"
2 S N D
> 3 N AN R
"\(5 L \@Q \.@o QAL
& NN S8

ATPTA M- e
DLAT | — - .. -

FDXT e e e
GaPDI W A A S

[E3 £4HMDA-MB-231/DDP-RZAAEHESE T-HHX B B RIAK FAILLER
Fig.3 Comparison of the expression levels of cuproptosis-related proteins in MDA-MB-231/DDP-R cells among different groups

%6 £L{AMDA-MB-231/DDP-RAAMIPISK/AKT/GSK-3pif B 18 5 B A FRIA K F AL
Table 6 Comparison of the expression levels of PI3K/AKT/GSK-3p pathway-related proteins
in MDA-MB-231/DDP-R cells in each group

iifip p-PI3K/PI3K p-AKT/AKT p-GSK-3p Ser9/GSK-34
Control group 1.18+0.07 0.97+0.06 1.13+0.06

DDP group 0.96+0.05* 0.76+0.04* 0.97+0.06*

Luteolin group 0.92+0.06* 0.73+0.04* 0.94+0.05*
Luteolin+DDP group 0.37£0.02*4 0.25+0.01* 0.29+0.02%4

740Y-P group 0.57+0.03* 0.53+0.04% 0.56+0.03%

F 128.720 130.271 161.141

P <0.001 <0.001 <0.001

*P<0.05, 5xTHRALLLES; “P<0.05, HIHHILLLLES *P<0.05, SARER A LA “P<0.05, SRR E KA LLEL. Tbs, n=3.
*P<(.05 compared with the control group; ¥P<0.05 compared with the DDP group; “P<0.05 compared with the luteolin group; “P<0.05 compared
with the luteolin+DDP group. ¥£s, n=3.

BRILE AN DLATH FDX & A #iA K F R, HARKKFBET G, ATPTAE A RIL KT B #
ATPTAZE FI3RIE /K 235 FEAIK (P<0.05); 5 )iigH2H AN FEAR(P<0.05); S5E+A R FL R ALAH L, 740Y-PALH)
ABEZRAMEL, WA+ R E Z A DLATAFDX1 DLATHI FDX 145 H R E /K 0 3 F# K, ATPTATE H
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Fig.4 Comparison of the expression levels of PI3K/AKT/GSK-3p pathway-related proteins
in MDA-MB-231/DDP-R cells in each group

®7 JARBBEFRMRENOLLE
Table 7 Comparison of tumor volume and weight of nude mice in each group

JibgRg A/ mm?

2H 5 N R o /mg
Tumor volume /mm

Group Tumor mass /mg
7d 14d 21d 28d

Control group 156.91+13.49 359.43+£26.49 473.39+27.63 604.54+34.44 631.05+38.16

DDP group 126.87£9.67* 276.05+19.26* 382.41+£23.47* 509.27+£30.18* 516.42+£32.41*

Luteolin group 120.01£10.33* 267.15+18.02* 365.54+22.62% 493.49+27.65* 505.67+28.03*

Luteolin+DDP group 90.37+8.16%4* 157.48+13.67*% 222.56+18.21*4* 326.05£16.08*%" 340.18+23.64*4*

740Y-P group 116.49+9.414 234.19+15.214 306.47+24.674 413.96+25.07* 421.29+33.84%

F 26.486 112.254 78.297 73.455 59.739

P <0.001 <0.001 <0.001 <0.001 <0.001

*P<0.05, FXIRAL AL “P<0.05, SIEHLLLLES; "P<0.05, SABRFERALILLE; ~P<0.05, 5+ AR BRERALLE . n=5, x5,
*P<0.05 compared with the control group; “P<0.05 compared with the DDP group; “P<0.05 compared with the luteolin group; “P<0.05 compared
with the luteolin+DDP group. n=5, X+s.

FIEIKF 3 T IN(P<0.05), WFESHIE6.
29 KREEZRBAINAXERPIBK/AKT/GSK-
IPIESEEERIF M

S RRAAR L, WBUEZE . A R 2 4L RN U4 +
KB K ) p-PI3BK/PI3K. p-AKT/AKTAI p-GSK-
3B Ser9/GSK-3B7K 1 {2 3 FFAIK (P<0.05); 5544141
KRB FZALAH L, AR+ R B 3R 4H 1) p-PI3K/PI3K
p-AKT/AKTHp-GSK-3B Ser9/GSK-3B7K - i 2 FAAI
(P<0.05); S +A B g HAH L, 740Y-PZH I p-
PI3K/PI3K. p-AKT/AKT#1p-GSK-3B Ser9/GSK-3pB
K 2 THRE (P<0.05), WA T,

3 TWig

T TNBC A R B (0 A4 12547 A L LA
@, BT SO RT E. EE GE
FEVEZMIBIZE TNBCIAYT T 8CR BT, (i 25
Y A I PR L FE () 3 B A 07, B30, AT AR
Sy 2 T S A7 2, BRI R AR
A A S ALY 2 I . W PR AT R ST
{2 B 2R DL I 2 R (i S 4
Ty SN . BB . T R an
P 25 1) X o PR 2 T RIS 9 A5 5 R ) AAIE 52 T 32
ERVRIT AR, Rk, AT AR R — R R
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Es5 =ARRBIEFE

Fig.5 Tumor maps of nude mice in each group

*8 FHERBIALTHEXERTEKFHLLE

Table 8 Comparison of copper death-related protein expression levels in nude mice of each group

éGEri]ip ATP7A DLAT FDX1
Control group 0.85+0.05 0.32+0.01 0.35+0.01
DDP group 0.70+0.06* 0.41+0.02* 0.40+0.02*
Luteolin group 0.72+0.05* 0.40+0.03* 0.43£0.05*
Luteolin+DDP group 0.29+0.02%%* 0.82+0.06*%* 0.80+0.05%*
740Y-P group 0.40+0.034 0.55+0.04* 0.58+0.034
F 140.581 147.159 129.961

P <0.001 <0.001 <0.001

*P<0.05, 5XTIRAALLES; “P<0.05, HIBHHLA LLEL 'P<0.05, SR RA AL “P<0.05, S+ R FRALLEL n=5, %5,
*P<0.05 compared with the control group; “P<0.05 compared with the DDP group; “P<0.05 compared with the luteolin group; “P<0.05 compared
with the luteolin+DDP group. n=5, X+s.
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Fig.6 Comparison of copper death-related protein expression levels in nude mice of each group
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R FHHRRPIBK/AKT/GSK-3BE IR 1H X B B RIAKFRILLER
Table 9 Comparison of the expression levels of PI3K/AKT/GSK-3p pathway-related proteins in nude mice of each group

éﬂjip p-PI3K/PI3K p-AKT/AKT p-GSK-3p Ser9/GSK-3p
Control group 1.28+0.08 1.25+0.07 1.22+0.08

DDP group 1.09+0.07* 1.11+0.05%* 1.06£0.07*

Luteolin group 1.10£0.05* 1.07£0.05* 1.07£0.08*
Luteolin+DDP group 0.34+0.02%% 0.32+0.03*% 0.31£0.02%%

740Y-P group 0.52+0.03* 0.59+0.03* 0.54+0.04*

F 278.444 332.735 195.622

P <0.001 <0.001 <0.001

*P<0.05, 5T HEALLEEL; “P<0.05, SIREIALELEL; 7P<0.05, 5R BREEZ AL HLEL; 2P<0.05, S+ ARBE LA n=5, X5,
*P<(0.05 compared with the control group; “P<0.05 compared with the DDP group; “P<0.05 compared with the luteolin group; “P<0.05 compared

with the luteolin+DDP group. n=5, X+s.

%Q
N N N
Q;O Q'Q Q} XQQ &OOQ
N ,QO Q> . ¥
&e qu > 0\& 451
& P R
p-PI3K . —— —
PI3K e m— e e
p-AKT . —— e
AKT — - — — —
-GSK-3B Ser9
prGSK3 Ser ——— e —
GSK-3p e A —— o—
GAPDH | S —— —

Bl7 &EERPIBK/AKT/GSK-3pEIEHE%E B RIAKFALLE
Fig.7 Comparison of PI3K/AKT/GSK-3p pathway-related protein expression levels in nude mice of each group
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