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The Role of STAT3 phosphorylation in regulating ferroptosis and its impact on
cisplatin resistance in human osteosarcoma cCells
Wang Xinping', Wang Linkuan'~, Hu Pengchao?, Shi Yihua?

(Dept of Orthopedics, Postgraduate Union Training Base of Xiangyang No.I People ' s Hospital,
School of Medicine, Wuhan University of Science and Technology, Xiangyang 441000; 2Dept of
Central Laboratory, *Dept of Orthopedics, Xiangyang NO.I People 's Hospital Affiliated to Hubei
University of Medicine, Xiangyang 441000)

Abstract Objective To investigate the role of STAT3 phosphorylation in ferroptosis regulation and
its impact on cisplatin resistance mechanisms in human osteosarcoma cells. Methods Human
osteosarcoma HOS cells and cisplatin-resistant HOS/DDP cells were treated with cisplatin (0.5, 1,
2,4,8,16,32mg/L), the ferroptosis inducer Erastin (Era) (2 pmol/L), and/or the ferroptosis inhibitor
Ferrostatin-1 (Ferl) (10 umol/L). Cell viability and proliferation were assessed using the Cell
Counting Kit-8 (CCK-8) and colony formation assays, and cell migration was evaluated via a
scratch assay. Reactive oxygen species (ROS), intracellular ferrous iron levels, mitochondrial
membrane potential, mitochondrial function, malondialdehyde (MDA) levels, and the reduced
glutathione/oxidized glutathione (GSH/GSSG) ratio were measured using commercial Kits. The
MRNA expression of ferroptosis-related genes was analyzed by quantitative reverse transcription
polymerase chain reaction (RT-gPCR). The protein levels of glutathione peroxidase 4 (GPX4),
solute carrier family 7 member 11 (SLC7A11), phosphorylated STAT3 (p-STAT3), and total
STAT3 were determined by Western blot. Results With cisplatin treatment, HOS cells exhibited
decreased cell viability, mitochondrial membrane potential, and GSH/GSSG ratio (P < 0.01), along
with elevated levels of ROS, ferrous ion, and MDA content (P < 0.01). The protein levels of GPX4
(P < 0.01), SLC7A11, and p-STAT3 also decreased (P < 0.05). Coadministration with the
ferroptosis inhibitor Ferrostatin-1 (Fer-1) reversed these aforementioned effects (P < 0.05). In
HOS/DDP cells, the mRNA levels of ferroptosis-suppressive genes (GPX4, FTH1, SLC7A11, and
AIFM2) were significantly higher than those in HOS cells (P < 0.05), whereas the expression of
ferroptosis-promoting genes (ACSL4 and PTGS2) was significantly lower (P < 0.05). The cisplatin-
induced reductions in cell viability and mitochondrial membrane potential, as well as the increases
in ROS, ferrous ion, and MDA levels, were less pronounced in HOS/DDP cells than in HOS cells.

The SLC7A11 protein level showed no significant change. However, combined treatment with the



ferroptosis inducer Erastin (Era) resulted in significant decreases in viability, mitochondrial
membrane potential, and the GSH/GSSG ratio in HOS/DDP cells (P < 0.05). Furthermore, the
protein levels of p-STAT3, GPX4, and SLC7A11l were also markedly reduced (P < 0.05).
Conclusion The activation of ferroptosis mediated by p-STAT3 enhances cisplatin sensitivity in

HOS/DDP cells.

Key words human osteosarcoma; ferroptosis; cisplatin; drug resistance; STAT3 protein; p-STAT3
protein
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PR (osteosarcoma, OS) & )LHL AT DAt fge i WL IR FUR PE G IEMR, TR
AP T B3 3R TR B R A R R B Ccisplatin, Cis) A2 OS JAT HH A% FIALIT 2547,
(ETRF 24 F) A S BT R o Cis 77388 3o 375 i SEUH 7 B850 A4 41 M 5 14 4 reactive oxygen
species, ROS) & MANMIAET:, Tt 5t " RIMFEM R G0 IL BE B A 3@ 1 I S 16 K
3 Cis 25 Fuetal "B o, G L0400 2 HISEA T 2/Kelch £ ECH kIR
B VIEFRSAZEE 7 Bt 11 (nuclear factor erythroid 2-related factor 2/Kelch-like ECH-
associated protein 1/xCT, Nrf2/Keapl/xCT) Hi4A 15 512K 0] B9 58 15 fm 20 1) Cis BUBE .
BT R MO AR UL E A FROIMBE T 3, B 7 I 5 LR BRg i 24 v % 4 B
Yo A5 545 SRNEE 0% F T 3 (signal transducer and activator of transcription 3, STAT3)
R ARG S SR BIE IR L, STAT3 SRS, R Em UM . o
T M M) STAT3, FHITRCKLAZS b H ik S-FR6ME 2 (MGST2) K%L, %5 OS
MMERIET . AWET FER BRI 515 T 7 SR WS T 3 (phosphorylated- STAT3,
p-STAT3) SEFET I FE/E HOS/DDP 4iffd Cis i 2 /e L #MLE], S~ OS IkKiZ
I AW (T R AR B8 S 4

1 MBS ¥
1.1 FEMRAIESE A BRBEARER HOS KH Cis MiZ540 %2 HOS/DDP (52565 {4

i) , DMEM ¥:7#dk . JRE . F-8E% 20 (125 12491023, 25200056, 15070063,

FEER KA R B (i) B IR A ] Cis. CCK-8 & Hoechst 33258 % 45 (555 HY-17394.



HY-K0301.HY-15558, 3% [F MedChemExpress A 7] ); 2',7'- &5 H# X LR £k (H2DCFDA)
TETES( (reactive oxygen species, ROS) Frillialifl & LRI Ll (024K (MitoTracker Red
CMXRos) . JIEF %A (reactive oxygen species, MDA) Fill i 7#) & . 2588 H ik (glutathione,
GSH) FEALTAR B H Ik (glutathione disulfide, GSSG) iRk £r & BCA & WK JE N E
Ril& ($25: S0033S. C1035-50 g, SO0131S. S0053. P0012, _EifF3 7 KAMIF AR A
AIRARD 5 BERREEH0HIF LR ARER (LEER RAEDHARB G IRA R 405 A W2k
B eREr (185 F374, BIBARICACFRHEABRAR]) ; PAGE SR PR il 2 a0 & (5%
F: PGL13, JTMEERAVAIRAFD « BERAE S 2 SR FBER T 3 (Y705 frs) &
HERERUR 5 HS 5R-ERMIER T 3 RE WBERUA. WREBIAFIE 7 S5 11/ER-5
SR R N i R R e e FE DA . B IR S Wl 4 G sp e EHTLAA K HRP Aric 1l
EPRAILETURPUA (F8%5: AP0705. A1192. A2413. A25009. AE104. AE028, ik
FHBE T AEMEARAR AR ; PVDF JE (525: ISEQ00010, /" JHEHERIHAMRAR)D .
WS N RT-gPCR iR7 ($55: RK20428-100 RXN) W H Z & e AR GRUO AR
AFEL BIY, BIEEREAESE | (FTHD . GPX4. KEEARELMHEY A ARl 4 (ACSL4) .
SLC7A11. FIFIMRE WA &/ 2 (PTGS2) MLRARETHESE T 2 (AIFM2) IWH
ATAYITR R BROARAR. Bt (Z45: SpectraMax i3x) M HER 5 T
(i) HRAR: FIEZOBEME (5. IX73) WHREAESY (HA) AF.

1.2 5

1.2.1 3R HMINALE 37 °C. 5% CO, 25 1F T 597, HOS I 7% T 10%M6 4 i 1
1%75 -85 55 2 IB-& XA DMEM ', HOS/DDP 203 T UL E A58 48575 1 mg/LCis 4
FRN 2o FEgup AR 2 80% R R4, #E4T 2 IR RNA HIHREL.

1.2.2 SE56r2H HOS U7 Jvas A A . AFIVRERT Cis (0.54 1. 2. 4. 8. 16 mg/L) .
ERIET- 37 Ferrostain-1 41 (10 umol/L) . Cis (4 mg/L) Jt#& Ferrostain-1 (10 pmol/L)
“H. HOS/DDP 407> Az AN IR . ANFEWREER Cis (1. 2. 4. 8. 164 32 mg/L) . B3t
T¥40E 77 Erastin 41 (2 umol/L) . Cis (4 mg/L) Ft#& Erastin 41 (2 umol/L) .

1.2.3 CCK-8 i:ME4IMLS /1 K HOS Ml HOS/DDP T 96 FLAR AN LS 346 % 37
12~24h. HOS ZifiZ: Cis (0.5, 1. 2. 4. 8. 16mg/L) k¥ 24, 48h, %= H4l. Cis (4
mg/L) #H. ZIET-HIHI57 Ferrostain-1 2 (10 pmol/L) . Cis (4 mg/L) B4 Ferrostain-1 (10
umol/L) 4}#HALFE 48 h; HOS/DDP 4HMI%: Cis (1. 2. 4. 8. 16 32mg/L) AbFE 24, 48h,

A A RA . AFKRER Cis (4 mg/L) « BRIET-IE T Erastin 41 (2 umol/L) . Cis (4



mg/L) BE# Erastin 41 (2 umol/L) 4 #HACHE 48 h, B3I Xt IR, AbHRSE A5 i, N
A 10 uL CCK-8 1 90 uL 5835 = LR G, TINFERIRECIFE 1 he BEFRCIIE 450 nm
A IR R 5 A HM R (median inhibitory concentration, ICso) - ICso=AntiLog [B+(50-
B)/(A-B)]xC (A FRIR>50%Z5 PN FE RN EUE; B RIR<S0% LMK RN HUE; C MR
B EAED .

1.2.4 IREIESEE K HOS 1 HOS/DDP 4iffE 6 FLiRHi57%, BB MR E1HE.
BEROR, H 200 uL KE#Sk, TEREANALATHOAIE 1 ADATERIRDRG . BE, PakiEs
MM, FSEie o UMK B TG I DMEM Ri 9%, 2805 6 fLIRE TR E, gl
MIBENSIT RS . &5 I AETE IR RN TE] B (24 h A1 48 h) I8, 4l Image) 14 & 41
MIEHE. THE (%) = WHARYREA-RARIRIED AIHRIRTE R x100%.

1.2.5 MBS KALL 800 MHML/ALEFIE 6 FLIR T, FHEHARIKEE Cis 4b
o IR TR BT WAR SR VA IS, AT A R e g th,  JFiEId Image] B XT AR TR HL
AT 00T o

1.2.6 ROS il K HOS A1 HOS/DDP 44 At £ 24 LR 5557 24 h J&, 403 2
BF] 42%, g sy AR BEEE IR 48 h J5, HOBOFH PBS ik 2 #E, BESIIA ROS 478
JEERE AR 4B N BSR4 20 min J5FRHRBESR 2 IR 8 FH O BB IS I il sk SE e
2

1.2.7 GSH/GSSG il ¥ HOS Al HOS/DDP s T- 6 FLI, %2 4ALFE 48 h )5,
R4 GSH/GSSG i G it W ot A A0 5%, {3 HI G I S A I KC 412 nm b I -1 AR
FE (optical density, OD) 1#, 4RJ5iEd M GSH Friftph £k 1 GSSG brvE £+ 5 Hi & GSH
F AN BT GSSG & &, & GSH & X N GSH+GSSG*2, Hrlk GSH=4 GSH-GSSGx*2.
1.2.8 JIEFL 4 L MDA &l Kf HOS A1 HOS/DDP 4l T 6 FLAR, %5256 4> 4l abFi 8%
748 h ), HR4E MDA iR & UL 13 AE B IR, i SpectraMax i3x BgFR 52 HLAE 532 nm
Abf) OD fH. HeJE, VAR AR S ERNE—IE, tHEEME T MDA & .

1.2.9 SRR OFOCHA RN HOS A1 HOS/DDP 44 T 24 FUbR 5%, 4 faliBe s
JEILE] 42%I}, %LU HALPE 48 h, FEIHFEFRM, PBS ¥ 2 M8, fiH] MitoTracker Red
CMXRos IRXF &N LA, 7R8I H 20 min, Hoechst JL4H A% J5 A FH 2t B U se
MRERLRLAR LI P IRAT B ic 1Y 41 i P A4 (R IR 25 4 R

1.2.10 FWELE TR ¥ HOS Al HOS/DDP 4 3] 24 FLAR 8555 24 h Ji5, 4iARIG
BER FTIEH) 42%, L HALPE 48 h J5, ik 2 3, HJ Hoechst eklbRic T AMMiZ, 1



FHNLE 2 min, #IETE 2 W; A 200 uL A I ER B T O IREN TAE (1 pmol/L
FerroOrange A1) , AIARE T334 PR E 30 min. 456t B AMBETE [ 52 550 R W82 5¢
LK
1.2.11 Westernblot K 4HMIEII, EKE 70%I 4, REMIIL T HEHE, ERRILE
2 MR IR . B L 7B MO AR B 2 1 Loading Buffer, YE2JJ5 100 °CEEH 10
min, KK FAFESEIT SDS-PAGE £ 10%~ 12%#5tiE L7 5, #HB R RMBM OIEE L, 3+
—HUR ZHUHATIRE . AT —hl: BERE S5 S 5RIEE T 3 (Y705 A750D R
SRR (1:5000 | B 58S 5R-RFBOER T 3 REZ WA (1:2500) . WA FTEAE KR 7
J A 1/ IR-43 B R S [ e 1 AR IR B S B S B B AR (1:1.0000 23 BE H BRI Uik G 4 e
FERESUE (1:40000 , HUHMEE 3-BERBLEEE (1:10000) JFEFEAE . H9Rib 22500
VERTINEE A 2571 9T 185 Imaged BRI AR K FEEATIN R, ST 4R .
1.2.12 SEiF 5% 2 & PCR (quantitative real-time polymerase chain reaction, qRT-PCR) ¥
HOS Hl HOS/DDP 4ifutli T 6 fLik, ZIRSLIR M HALPEA G, FLHIREE, I RNA fif
LA (TRIzoD ZHAANM, ¥ % EP 4 (1.5mL) 1, #4740 RNA FI3REL FFE4T RNA
WS R e R HAREER AR A R 228 A AT TS . SO ST
W 1o

#£1 RI-qPCR 3|¥F5

Tab.1 Sequences of the primers for RT-qPCR

Name Primer sequence (5'-3") Length (bp)

F:GGAGCGAGATCCCTCCAAAAT
GAPDH 197
R:GGCTGTTGTCATACTTCTCATGG

F: TGGAGATCATGGGGAGTCTG
SLC7A11 193
R:AAGAAAACCTGGTCCGGTGAA

F:GAGGCAAGACCGAAGTAAACTAC
GPX4 100
R:CCGAACTGGTTACACGGGAA

F:GTGAGCGGGTGAGCAATCT
AIFM2 122
R: CTTGATGCCGGTGCAGAGAA

F:TAAGTGCGATTGTACCCGGAC
PTGS2 250
R:TTTGTAGCCATAGTCAGCATTGT




F:CCCCCATTTGTGTGACTTCAT
FTHI 181

R:GCCCGAGGCTTAGCTTTCATT

F:CATCCCTGGAGCAGATACTCT

ACSL4 96
R:TCACTTAGGATTTCCCTGGTCC

1.2.13 it #  FIH GraphPad Prism 9 BT 04T . WIURIGHMIEE 3k, 45
RO B EZ (X +s) Fon. [ KK M 25 BRIRE T ZSH (one-
way ANOVA) HTZ A LtE . P<0.05 NERBASG IR L.

2 4R

2.1 FWEHILTN HOS/DDP SR HIEm  ail 1A. 1B fii, HOS 4R EAN K
Cis ALBE 24 h 148 h J5, 40 ) B IS (R ADAR B RS N R % (F =58.25, P <0.01) ,

ICs0 737914 8.45 mg/L #12.09 mg/L; AHEL TSR AANM, HOS/DDP AHUAEA[FHKE Cis A2
48 h J5, AMHIFVREE T A0S 70 R BERREE B BI8D, ICso N 4.99 mg/L, MNZ5HRECKT 2 (fif2)
4 R 1 1Cso 5 BURAL R 1Cso FIHED o B 1C BRI EE Cis AbFE R 40 M v B % R
G811, HOS/DDP 4w FE b Jimm T HOS 4if, & 1D 53R EoR, #HE: HOS 4, #H
W Cis ABEZ%AF T, HOS/DDP 4T RE I, LiR45 R4 HOS/DDP 4 g%
HOS 4 B AR Cis filk. 7£ HOS 4iffirr, Cis i Ferl 4L Cis A4S HE T E
Tt (=3.404, P <0.05) , WK 1E. 7£ HOS/DDP #iiffish, Cis 211 Cis Bt# Era 41, Cis Bk

4 Era ZH40 M35 /1 b Cis ZHANfGE I B R % (=4.251, P<0.01) , WK IF.



1 %41 HOS F1 HOS/DDP 4 fa4H favd /7 #I He <100
Fig.1 Comparison of cell viability among various groups of HOS and HOS/DDP Cells <100
A, B: Viability of HOS and HOS/DDP cells treated with varying Cis concentrations (24 h/48 h)
assessed by CCK-8 assay; C, D: Colony formation, cell migration, and quantitative analysis in Cis-
treated HOS and HOS/DDP cells; E, F: Cell viability after 48 h Cis monotherapy or combination

therapy with Era/Ferl (CCK-8); “P <0.05, ™P <0.01 vs Control group; *P <0.05, #P <0.01 vs Cis

group.

2.2 RILT=XF HOS M HOS/DDP 4 ROS /K-FRA AL Lh# HOS K& HOS/DDP 4l
TESEIG oy HACHE J5 A b ROS MIAE RTE L, 7E 1 mg/L A1 2 mg/L Cis 4b2EJ5, HOS/DDP 4
1) ROS &t e ik b THiE E W AT HOS 4Hifd; 7E 2 mg/L Cis 4t#E 48 h J5, HOS 4H



) ROS e 3iA _FF-Lb 52 HOS/DDP 4 fifi ) 1.8 1%, WK 2A. 2B. 5 Cis #fLt, Cis
BiE Ferl 4H7E HOS 4iffud ROS )65 EIHSS (1=5.250, P <0.01) . WK 2C; 7&
HOS/DDP 4 fifi 1, Cis Bt-4 Era Z4H =4 1) ROS ~F-34)75¢ 6o i 2 Cis 2H (K] 1.68 % (1=5.696,

P<0.01) . WK 2D,

2 H2DCFDA #4311 %41 HOS 1 HOS/DDP 41l ROS 7KF %200
Fig.2 The ROS levels of HOS and HOS/DDP cells in each group were detected by H2ZDCFDA
probe x200

A, B: ROS levels in HOS and HOS/DDP cells treated with different concentrations of Cis for 48 h;



C, D: ROS levels in HOS and HOS/DDP cells treated with different concentrations of Cis, Ferl,
and Era for 48 h; “P <0.05, P <0.01 vs Control group; *P <0.05, **P <0.01 vs Cis group.

2.3 BRIET M HOS Al HOS/DDP ISR KiATIREI{ER LRSI AL B S HOS K&
HOS/DDP Al g fZehifkThae, K 3A. 3B Bux: fEAHA Cis WEZALFE T, HOS/DDP 41 1)
LRk MitoTracker “F-3517%¢ 6 E T B B2 f{IS, 2 mg/L Cis ALPE 48 h 5, HOS 41135 75¢
JEBEPE FEAIE 50% (=5.471, P<0.01) , ifii HOS/DDP 4HH-F¥1 563 B AL R & 10%. 7£ HOS
M, Cis BkE Ferl AL QUGB Cis HTH (.=4.161, P<0.01) . WK 3C;
E HOS/DDP 4iff 1, Cis B4 Era 1L Cis 12065658 5 WA BT T 4 (.=3.741, P<0.05)

LK 3D,

& 3 &4 HOS 1 HOS/DDP Zifu R biiAThae L %200



Fig.3 Comparison of mitochondrial function across experimental groups of HOS and
HOS/DDP Cells %200
Fig.3 Comparison of mitochondrial function among various experimental groups of HOS
and HOS/DDP Cells %200

A, B: Mitochondrial mass in HOS and HOS/DDP cells treated with different concentrations of Cis
for 48 h, measured by MitoTracker Red probe ; C, D: Mitochondrial mass in HOS and HOS/DDP
cells treated with different concentrations of Cis, Ferl, and Era for 48 h, measured by MitoTracker
Red probe; “P <0.05, **P <0.01 vs Control group; *P <0.05, *P <0.01 vs Cis group.
2.4 BILTRM HOS A HOS/DDP A NI E T (Fe?) &8 A HOS % HOS/DDP
Y MLAE ST A A B S A Fe? B & & . HOS 4P Fe* L (a7 i BB Cis WREER
FERNTIHG N C F es=37.29, P<0.01) , BEAMMIANATRESRI R ETh SXIRAME, Cis
4 (2 mg/L) KILNM P4y e st N 2.1 5. WHE 4A. Wi#E HOS/DDP 4iffi, Cis
4 (2 mg/L) FILNH IO et AN 1.45 5. WHE 4B. DL 453K HOS/DDP
(1 Cis 25T BESERIET-AT K. ££ HOS 40, Cis Bt Ferl 415 Cis 4UAHELIR GRS

(=4.874, P<0.01) . W[5 4C: 7 HOS/DDP #fiffar, 55 Cis ZHAHLL, Cis Bt Era HIAH

fits Fe? 2Lt Yenm i BT 1.31 £ (.=4.025, P<0.01) . WK 4D.



& 4 %41 HOS fl HOS/DDP 4Hffl P4k B F A BIHE %200
Fig.4 Comparison of ferrous iron levels among various experimental groups of HOS and
HOS/DDP Cells %200

A, B: Fe?' levels in HOS and HOS/DDP cells treated with different concentrations of Cis for 48 h,
measured by FerroOrange probe; C, D: Fe?" levels in HOS and HOS/DDP cells treated with different
concentrations of Cis, Ferl, and Era for 48 h, measured by FerroOrange probe; “P <0.05, P <0.01
vs Control group; P <0.05, #P <0.01 vs Cis group.

2.5 Cis 4% 7 HOS A1 HOS/DDP AMIEk LT AR NI Z R &5 Wikl 5A. 5B 4R
N, AHBCT HOS 4, BRIET-#H 5 R GPX4. FTHI. SLC7A11 #1 AIFM2 7£ HOS/DDP 4

B I8 KT (1=3.812 4.538. 4.825. 5.204, P<0.05) , MEFET L3I ACSL4.,



PTGS2 Wik /KF R (=6.751. 3.915, P<0.05) . 4mg/LCis k¥ 48h J5, HOS 41+
BRICT- AN LR GPX4. SLC7A11 Fl AIFM2 Fik 8 T B (1=4.043, 5.010. 4.130, P<0.05) ,
BRACT AR HE R ACSL4. PTGS2 Fik& FFt (=4.251. 6.950, P <0.05) ; 1fii HOS/DDP 4f
M2 Cis AFLG, BRACTAHCHEF BN R (35 P>0.05) , $#&/~7E HOS/DDP 4fi a1y
REAFEBRSE T AH S5 5 1@ B (1)

& 5 Cis 235 HOS 1 HOS/DDP 4%k FE T4 S 5 3 i Lk

Fig.5 Comparison of ferroptosis-related genes in HOS and HOS/DDP cells after Cis

treatment



The mRNA expression levels of ferroptosis-promoting (A) and inhibitory (B) genes in HOS and
HOS/DDP cells treated with Cis (4 mg/L) for 48 h were analyzed by RT-qPCR; “P<0.05, **P<0.01

vs HOS group.

2.6 ZRIET=FM HOS Al HOS/DDP A EMIEFRE K GPX4 KX WKl 6A. 6B fir
7, Cis AbF 2 FHHOS 2 HOS/DDP #Hi i 4 i) MDA & & B 27, GSH/GSSG LB &
TFE ( Fen=50.5. 33.92. 48.62. 31.27, P<0.01) ; {EM[F%/F T, HOS/DDP 4Hfi N MDA
& & GSH/GSSG HLME IR0 /KFEE T HOS 41, 7F HOS Aifurh, 5 Cis 1LkE:, Cis
BX A Ferl 41 MDA & &/l GSH/GSSG HUAE I 1 (/=4.601. 5.202, P<0.01) ; £ HOS/DDP
Y, 5 Cis 414, Cis B6A Era 41 MDA & =311 GSH/GSSG HLEFFE (1=4.151.
4.294, P<0.01) . [l GPX4 fELERFAN L A AR S5 o A HE B EAE ], Western blot 25
RN, f£ HOS diiffirdr, SXTREAAMEL, BRAET M GPX4 A MRILERE Cis 43
WL B N T IZ AR ( F ws=28.35, P <0.01) , Cis Bt# Ferl 415 Cis 41M1tk GPX4 &
HRAET R (=2.801, P <0.05) . WK 6C, £ HOS/DDP 4iiffith, GPX4 &KL ELE
Cis IKFEHENE] 4 mg/L B F#K (= 4.038, P <0.05) , Cis Bt#A Era 415 Cis 4Lk GPX4 &

HRIAPEL (.=3.956, P<0.05) . JLI& 6D.



& 6 %41 HOS Al HOS/DDP 4iffl MDA ¥ &. GSH/GSSG WHKEZRIFET-EH GPX4 K&
H LR
Fig. 6 Comparison of MDA content, GSH/GSSG ratio, and ferroptosis-related protein
GPX4 expression among various experimental groups of HOS and HOS/DDP cells
A, B: MDA levels and GSH/GSSG ratio in HOS and HOS/DDP cells after 48 h experimental
treatments; C, D: GPX4 protein expression in HOS and HOS/DDP cells detected by Western blot;

*P <0.05, **P <0.01 vs Control group; *P <0.05, #P <0.01 vs Cis group.

2.7 ZRFET-EMM HOS Al HOS/DDP i+ p-STAT3 MERFET-MHRE A RIRZE
Western blot fll Cis A3 5 #HICER RIATE M, KU ACE KR IS i, 7 HOS 4 g p-
STAT3 Ml SLC7A11 A FIEZHTFEE ( Fes=13.400. 5.298, P <0.05) ; {E HOS/DDP 4|

Mo p-STAT3 AR X ERFEA FMK (Fer=4.690, P <0.05) , ifii SLCTA1l ZAbia# AL



=, WK 7A. 7B. 5 Cis ZHAHLL, & HOS 4, Cis B&A Ferl 4 p-STAT3 1 SLC7ALL
HEREET & (23265, 2.926, P<0.05) ; 7£ HOS/DDP 4ffiit, Cis k& Era 2 p-STAT3

FSLCTALl FEFIEAEEIL (.=2.544. 3.800, P<0.05) , WK 7C. 7D.

& 7 %4 HOS il HOS/DDP 4l p-STAT3 RKFET AR FREH LA
Fig.7 Comparison of p-STAT3 and ferroptosis-associated protein expression among
various experimental groups of HOS and HOS/DDP cells

A, B: HOS and HOS/DDP cells treated with varying concentrations of Cis for 48 h; C, D: The



protein expression of p-STAT3 and SLC7A11 in HOS and HOS/DDP cells detected by Western blot;
*P <0.05, **P <0.01 vs Control group; *P <0.05, #P <0.01 vs Cis group.
3 Wi

OS S5 LA SRR M G R R A . F OS [iaI7 Y, Cis W 5 HAbZiin 2 A
RO AR S I, (A ST i 7 2. RAE T B, 5 OS # 44k
WIT AR, Cis M 2512 S EIT R FE R 2 — . Cis W25 fe 5 2 AL
XK, BREWFIEEANRERIE. DNA BENUHIREOE . TR 0] DL MR A 5%
(RIS EE R AN, SRR T Re B 0 A 3 IR A IR T Sk At R A AR A

B R Cis 24 1 99 S8 41 A BURACT IO Lk ROS, B[ Lebiih ) 7741 96 2R
H 1 (dynamin-related protein 1, DRP1) FIZhifk 22 Zf 2 H 2 (mitofusin 2, MFN2) /13
LRk B 72 FE AT DAHRHL W 5% Cis T 24; Shietal ” & BLEL 401 & 24185 EF-hand 45
PS8 1 (leucine zipper/EF-hand containing transmembrane protein 1, LETM1) 7] LAl
i B LR A R R T B OS SHAR BN EE RS . TEAERF FCrh I, HOS/DDP 4H i Af
BT HOS 4, EAHRIVRIE Cis ALBREAF N, 4HMLf0E /0 H95E SR B ) N B P s,
HANRE RN ROS KT LRHRTIAE K GSH/GSSG b AR A 1% th WY B AT 5%, 15t WY [ 28 b A R %
T AUAb I R T BB IS Cis T 24 107 T

BRIETILL GSH #Ev. Fe MR SR AR i S0k 5 B0 SRR AR SRR 5 A S B ARFAE, 1
YRS RSN Cis TN 25 B R IEE EEAE . Wenetal "B 70 R I HE 254 1) LU
Nrf2/SLCTA11/GPX4 S0 TR HE BT OS Vh P« BERER I AT LAVE SR Fe? S EAI R
JFRE AL T OS 4k AE T . AT 4SS R, HOS/DDP 414 HOS 4Hjiekst -4
Hil 5K (FTHI . GPX4\ AIFM2 F1 SLC7A11) ik B, MigkAE T2 gt 3 K (4CSL4. PTGS2)
NBE; 7E Cis ( Img/L) ZEZ&MT, HOS 1/ Fe /K-FBI & Tt &, 17 HOS/DDP H 2 57
TGt R Lo M Ferl BG4 FE S, HOS 4HiffLff) ROS Al MDA /K- ZKifAT)RE. GSH
Je Fe?* & G BIAT 20U 5% 8 Era B4 403 HOS/DDP G2, $n RS S0
TRENS A R R OSCis Mif 2.

STAT3 {E iR 4 N B 22 (015 5 % 5 S solini IR, fE OB S e S5 il f R
FEOEHEAE ] o FEFUIE 3] STAT3 3G PEFT LA B3 ACSL4 FE UG A kst T, 78 B w4l
W STAT3 T LU IE 45 & SLC7411. GPX4 Jt FTHI 3R A 2 T IX i i (5 5

', 1fii STAT3 £ OSCis i 2t B ThREA FF3lk— 4R % . ABF 70 RBLAE HOS diffarh, B



% Cis AL FRIR FE G0, p-STAT3. GPX4 1 SLCTA11 XK IZHT B, MELA Ferl Ab#
RERG IS AL IR R34 . 7E HOS/DDP 4ifigrf, Cis AHENI5]#E p-STAT3 K& GPX4 Rik/KF R
B, HARFEA S HOS 4/, 1 SLCTALL BB % 7 oGt 3L, X8 5 2440 ek sE T- 4
FPRZSH—2L; BEA Era 4bFEJ5, HOS/DDP 4l i p-STAT3. GPX4 2 SLCTAL1 /KF- I &
& TR

AW FT LG R, I 2k A8 T 5 HOS/DDP Xt Cis B £ V44775 5 HX - Era $2 15 HOS/DDP
RS Cis [FEBUENE, B#{E GPX4 fil SLCTAL] B EAKIE, p-STAT3 Hikth B ERFL, 41
M ROS HI MDA 7K~FJt . GSH/GSSG AR A Fe* AR . MAEAFEIZAE T, N Ferl
ALFE HOS 20 i U173 B AH f (P 45 5 o X o ] p-STAT3 7] fgid i (e #5132 /% HOS/DDP
HMIXT Cis FOBURME. RTTBIE TS SRR A Z, STAT3 nJRE 2 — A G &,
HxF HOS/DDP #iiffurf STAT3 {5 S HIBUG R, AR MARW . 2P H S STAT3
FRIMRRE LA S b R TR Y 28 PO e, ZE A A AR ZKSF BE IR N BRI OSCis i 24 1 72 45k 5T
RN AL, BN BRAIAR A . kA ThBe LA R S A 2 1R 1 22 BV FR LD,

OS HIZRE 1297 B8 E PR HL Al F 1R (I FE AT £
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