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Tab. 1

%1 TCGA 1 GEO HiEEFHEEIGKRER

Clinical information of patients in TCGA and GEO databases

Clinical feature

Total patients (n =729)

TCGA(n =372)

GSE84437 (n =357)

Number Percentage (% ) Number Percentage (% ) Number Percentage (% )

Age (years)

<65 292 40.05 164 44.09 128 35.85

>65 434 59.53 205 55.11 229 64.15

Unknown 3 0.41 3 0.81 0 0
Gender

Female 248 34.02 133 35.75 115 32.21

Male 481 65.98 239 64.25 242 67.79
Status

Alive 434 59.53 251 67.47 183 51.26

Dead 295 40.47 121 32.53 174 48.74
Stage

1-2 161 22.09 161 43.28 0 0

3-4 188 25.79 188 50.54 0 0

Unknown 380 52.13 23 6.18 357 100. 00
T

Tl -T2 143 19.62 97 26.08 46 12.89

T3 - T4 578 79.29 267 71.77 311 87.11

TX 8 1.09 8 2.15 0 0
N

NO - N1 431 59.12 205 55.11 226 63.31

N2 -N3 280 38.41 149 40.05 131 36.69

NX 16 2.19 16 4.30 0 0

Unknown 2 0.27 2 0.54 0 0

B2 e (LS . PI-YX2025-018) , FF 4R 15 4 1Y
BRI,

1.1.4 FEmmiz ANEHEMER(AGS Fl MKN-
28) Wy [ 3¢ [ BRGSO o

1.1.5 FZXA 5%  PRMI 1640 K33 10%
5 4~ 1L 75 A1 Lipofectamine 2000 ( 5% 5 ; €22400500
BT . A5670801 2536760 ) g [ 75 Bk &t /R BH4% ( |
) AR — B 2 R FE M 2= (methylthi-
azolyldiphenyl-tetrazolium bromide, MTT) & | ( 4%
+5:€0222 ,C0009S) W I3 = RAEYH AR A R
NE]; RNA isolater . cDNA & i 7 & ( 585 . R401-
01 .R323-01) 4 F Fg 5% i MEHE A= W B4 B 0 A BR A
A ;SYBR qPCR TR (575 :22204 ) W9 [ it #5
LR YR A BR S F) s RT-qPCR 514 F1 siRNA )
WY (L8O By AR A E A i, Bibs (A
5 : Multiskan FC) Il B &R /R BHE (L) HRR
INFEEOHL( RIS . Z 216 MK) I 4 7% E HERMLE
oy B WU (A5 CKX53) I H H A Bk
Wbkttt

1.2 FHik

1.2.1 ZFEREHSH  “DESeqs” £ 4 H T 0 ik H
S R 57 L SUREAR Z IR JE R ) A1 22 R RGR

FH: A (differentially expressed genes, DEGs) F §ifi £ i
PrifEst | Log, (FC) | >1 Fl P, <0.05,

1.2.2 A RFZMB&ME O TIEAZERRE
FRGs Z BB AR EAERE O, 4T Cytoscape B4 ( MiAS
45 3.10. 2, http://www. cytoscape. org/) FJEEIER IR
TR

1.2.3 %R THMERSHEGME  DEGs 5
FRGs (WA SAE R TG A DL JE DR, P XT3 26 981 /5 i
BESEH ] LASSO-Cox [MIFAMTH  HReJ | i 5 i
P B/ 10 538 I UEAR DG AR FE ST S 80N,
SRS B ST GSVA” AL AR 4l B A
AR S DR ) 2 8 ke T B A AR A 1 XU BT
g3 o AR KU IE 0 19 h AL, R DI R BA S vh i SR
3 R AR XU 2 0 g DRV 2 38 3 4 7 < survminer”
A0, 52 i R AU 2H 22 18] B9 5 A 738 (overall surviv-
al,08) IA= i T Kaplan-Meier f1£%, A 17 PEARk i)
R 4 T o A M 2R B ROC <k T L A T IR
RERL R T A5, B GSE84433 AE Ay il i 41 ok 56 ik
M TCGA Kt i vh 453 21 9 715 B8, XF GSE84433
{8 TCGA H5udla 22 rh b ) 2 =+ 58 IKUBS: 3 43, [ I
AT AT A B IE T 1%

1.2.4 s £oH A clusterProfiler ™ f X}
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A2 4 AR BE T AH DG T i 328 5 PR AR A T o A 3 LR
FEH A H R4 H (Kyoto encyclopedia of genes and
genomes , KEGG ) i # F1 3 K 4K 12 ( gene ontology,
GO) BWAEAHI™ . HH &£ 3 4 Go R
i BIA: W) ik 72 ( biological process, BP) | 4l i i 43
(cell component, CC) F143F Ij fi£ ( molecular func-
tion, MF) . ¥+ B A GE 17 5 SO 5L K A 55
%
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TIMATE " £ FH F 14 15 8 £ 35 () S e R 1 e
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PR AR RNA T T cDNA & B0 &4 al
¢DNA, ffi[f] SYBR qPCR TR f JE P ik, If:
i 2 -84 B R A K, Hod 5 M AR L )
WS % B-actin, T RT-qPCR Kl (1) A 514
o7 b 3 A= 9 (e 80 ety A R |16 18, A DG 1Y 5
WIS 2,

1.2.8 siRNA #3  CRAE T X8 K 1 B 96 40
MudAhTE 6 AR, MRlG FERIIA 70% B, ff ] Li-
pofectamine® 2000 %YL siRNA! ,NC 2055 5% siRNA
AR XT IR, siRNA 41 %% YL AH . siRNA, 4 g 15 5%
24 h JF TRt e sc g, fiiH siRNA J7 51
W33,

1.2.9 wmpba3gsi 5 aA5me (i MTT U 5E KA
T 240 A T B SRR AT K 1 000 A 41 A
BeRha] 96 FLA Y, ZEES 1.3 .5 K43 AR 0 40 Jfd 3%
1o [T R B RS T AT T 4
TR REMESLLE RTS8 YLK 12 h
(2T B %5 P R 3% 2 % 10° AN/ FL, B/ NE A
200 pL 40, ZNE T S N 58 4 Ry 7R 3 500
pl, B R M 5% 24 h, BUH /N PBS ¥k 2 ¥K, 500
wL 4% Z B HEE[E % 30 min, WHETEEH 1% 45
A EEREE YL 15 min J5UE 2 . MK NE N
RIERL AR 2 e A 4118 Tmage) #R14FiE
ITamfETH AL, ARREARZE S S 7E/NE A 100 L
i R 5 M BE TG, 5 A0 P BB [ | R 20 i S
SEYG AL BRI T LIS FARR R EL, AN RE S
BT 6 FLA A AN A 2 80% i ,200 wL 43k 7E
LN — R TEERE, FFRMAEFR0h f48 h 5 i
B R, ERER = (0 h KR A - 1537 )5 X
JRIAL) /0 h KPR TEFL x 100%

1.3 SitZ4IE  Wilcoxon K36 F T b4 i 8 i
) B35 240 B 1 L0 1) D B S i 2E 2R R 55 AL 2 R
ik, R Spearman H5& 5 MR 78 S B 5L H AN G
e Z R A AE OCHE . HEATER IR Cox [H1IH 43 M7 A1
% [H £ Cox 1] J5 43 M7 15 %€ OS i A 37 i 5 (K £ 3

*2 51MF3

Tab.2 Primer sequences

Primer Forward primer (5'-3") Reverse primer (5'-3")
AKR1C2 AAGTAAAGCTCTAGAGGCCGT CTCTGGTCGATGGGAATTGCT
HCARI1 CACCAGGAGGGAGGACAAAC CGTAGAGGAGCGATTGGGTC
ALOX12 GAGGAATTTTTGATAAGGCAGTG CCCGACGGAGCAACTGTA
CPEBI1 TGTCCTCCCAAAGGGTATGTG TGGGCTCCGGACAAAGTTAC
DUOX1 CGACATTGAGACTGAGTTGA CTGGAATGACGTTACCTTCT
MYB GGCGAGCCCCTTGCA CTCCTCCATCTTTCCACAGGAT
B-actin TCTCCCAAGTCCACACAGG GGCACGAAGGCTCATCA
%3 siRNA 53l

Tab.3 siRNA sequences
siRNA Sense Antisense
siHCAR1 #1 AGACGUAGACACUGGGCUUTT AAGCCCAGUGUCUACGUCUTT
siHCAR1 #2 UCAUCAUGGUGGUGGCAAUTT AUUGCCACCACCAUGAUGATT
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A HEAT I AR ROC T2 73 Hr R DAL OS il A
RIRTI AE BV, T7 2220 B LT MTT 525 RT-
qPCR AT RS (R 22 FIRIR SR A 2 1] LL 4, R
BAF(4.10 R BT RTA SETH b, < ggplor2” L
TR, GEit e REME L P <0.05, BT
A PEEE

2 R

2.1 BEEEPEATHXERRIEEANETE
AWFGE N TCCA B4 B T 2% 404 il AE & LA
19 604 > mRNA, FerrDb %4l % ' F %k 483 4~
FRGs, TEIE# 4 41UR M 41 412 [ ) TCGA-STAD
FEAHSEE T 2 637 22 7KK DEGs (Log, | FCI
>1.5,P,. <0.05) , HrP 445 1 230 A FiE i £
1407 DT EBYEERE, B 1A HhEg kil EJER T
SR RBEM, &Ja, 8 N DEGs 5
FerrDb ¥ 48 FE BUAC £, B 28 41 > S5 ERFE T AHOC Y
DEGs (& 1B) , A7 #E DL /KX 41 4~ FRGs 76 H
SRS H R Z B RE (B 1C), N T i#E—
HVPAL S FRGs =2 [B] () 5C 3R, 8 7 3 R L 3 3K )
#Z (K 1D),
2.2 FRGs EEMEEESHT N THIR 4 D
FRGs A= 12~ T 6g, 8 F “ clusterProfiler ” £ ¥ 47
GO I KEGG % & 4R 7 A1, X SL OB BE K B 4R 7
REmR AR AR BRI A= U6 i AN RN B 107 R 1)
S B s 7 B AT A= W A S A= W ad FE (BT 1E)
[l | S4B 332 5 NADPH %L E &% A1k
T 5250 A0 I S O R R i 46 200 L A
FHOC(E 1F) o BEAb, 50 S SCH I PRA B0 aldo —
W SR M 254 R TIR LA 38405 NADP* - 8 4kif
JREEEPE (K 1G) o 41 AMEEsE s & H ) KEGG 18
B AT i 3 S S A RE R AR AR AR AR DUR TR A
ARSI YI I F1 | 3h Ik ok R R Ak B Ak 24 B0 AR T A 5
FIEPESE LIS Apelin {5588 (& 1H)
2.3 FRGs FEEEMHAE LRI EE TGN #T
MR TR A XSS FRGs 1 TS 4 5, K TCGA-
STAD % HiE PEAE M Il 2k 41, GSE84433 1 J il ik 41,
N ZREE (i F LASSO-Cox [FIUH 434, A 41 4~ FRGs
i 6 N EAETUE M OCFE A, Cyfit A1 Lambda
M LR 2A 2B, HEFT Cox BAZR IR FIZ A5 5[] )443
B, DAVEAR SRR AE 5 2 37 F00 s 7, v o, PR
Cox [EIIH4HT 2281, T M N 433 )2 Stage 5 5 1Y

AU T LAFE A T TCGA i e i 15 9 8.5 T 14
P BUR R (K 4), bk, 24 E Cox [T
R, B AR S BURMISE (3R 5) . B g
28 [T R 22 AR DG TR 2R A 2 RO IR T3 2 £
FHHI AT REYE . SEAESIZIRI 1.3 RIS A A7
R L, BB RS LS i of B0 AR 1 1.3 S 4
HEA73 ( C-index = 0. 657, 95% CI: 0. 630 ~0.685)
(E2C.2D),

®4 BEBELETFHETE Cox @EFSR
Tab.4 Univariate Cox regression analysis of the

survival of gastric cancer patients

Characteristic HR (95% CI) P value
Pathologic T stage

TI -T2 Reference

T3 1.713 (1.103 - 2.660) 0.016

T4 1.729 (1.061 - 2.819) 0.028
Pathologic N stage

NO Reference

N1 1.629 (1.001 - 2.649) 0.049

N2 1.655 (0.979 - 2.797) 0.060

N3 2.709 (1.669 - 4.396) <0.001
Pathologic M stage

MO Reference

M1 2.254 (1.295-3.924) 0.004
Gender

Female Reference

Male 1.267 (0.891 - 1.804) 0.188
Age( years)

<65 Reference

>65 1.620 (1.154 - 2.276) 0.005
Pathologic stage

Stage | Reference

Stage Il 1.551 (0.782 - 3.078) 0.209

Stage 1ll 2.381 (1.256 - 4.515) 0.008

Stage IV 3.991 (1.944 - 8.192) <0.001

B WS T PR AR B UG O (6, AR KU 1

I3 AL KR DI R AR AR g e DRSS R XL 2
2o B XU T 53 1Y 23 A F OS AR ZS By 4345 af BRAK
FW] LIRS XUBS: 2 BB 3 A1 5 2R (18] 2K fiff
H Kaplan-Meier 2E £7 5387 7R 5 fa 41 15 9 5 1)
0S HRILARMBIA 22 (18 2F) o YIZRE A= 1 T I )
#iPE ROC 2k, ROC Hh £k T 1 FX ( area under
curve , AUC) 7 1.3 F1 5 FE ¥R $57E 0.6 LU F (A
2G) o N T HE— 2 PE A X R A ) T AR
TERUEAL A 0 A 1] 34 & Kaplan-Meier A= 4773 B
FFEAE ROC 23 B iff AT 7 E Rk, FiR
AN XU ZH R AL 5 B 53 A 7E il 4H (81 2H - 2))
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E1 ERREKETHEXEERNFEMINGEEESN
Fig.1 Screening and functional enrichment analysis of differentially expressed ferroptosis-related genes
A Volcano diagram of differentially expressed genes in gastric cancer; B: Venn diagram of differentially expressed genes and ferroptosis genes; C:
Expression heat map of ferroptosis-related differentially expressed genes in tumors and normal tissues; D: Co-expression network of ferroptosis-related dif-
ferentially expressed genes; E: BP terminology for ferroptosis-related differentially expressed gene enrichment; F: CC terminology for ferroptosis-related
differentially expressed gene enrichment; G; MF term for ferroptosis-related differentially expressed gene enrichment; H; KEGG pathway for ferroptosis-

related differentially expressed gene enrichment.
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Fig.2 Construction of a ferroptosis-related prognostic model and analysis of its prognostic potential
A: Minimum absolute shrinkage cross-validation fit curve; B: Minimum absolute shrinkage lambda curve; C: Nomogram predicting 1-, 3-, and 5-
year overall survival of gastric cancer patients; D Calibration curve for assessing the accuracy of the nomogram model, with the grey diagonal dashed line
representing the ideal nomogram; E: Distribution of risk scores and the overall survival status along with risk scores in the TCGA database; F: Kaplan-
Meier curve of survival status and survival time in the TCGA database; G: ROC curve of the ferroptosis gene model for 1-, 3-, and 5-year OS in TCGA
database patients; H: Distribution of risk scores and the overall survival status along with risk scores in the GSE84433 database; 1; Kaplan-Meier curve
of survival status and survival time in the GSE84433 database; J: ROC curve of the ferroptosis gene model for 1-, 3-, and 5-year OS in GSE84433 data-

base patients.

HFIEZIR https://www. cnki. net
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x5 BEEBELETFNESEZE Cox BANH
Tab.5 Multivariate Cox regression analysis

of the survival of gastric cancer patients

Characteristic HR (95% CI) P value
Pathologic T stage

Tl -T2 Reference

T3 1.257 (0.652 -2.425) 0.495

T4 1.090 (0.520 -2.286) 0.820
Pathologic N stage

NO Reference

N1 1.225 (0.618 —2.427) 0.561

N2 1.335 (0.575 -3.098) 0.501

N3 1.976 (0.849 -4.597) 0.114
Pathologic M stage

MO Reference

M1 1.196 (0.499 -2.866) 0.688
Age (years)

<65 Reference

>65 1.811 (1.247 -2.630) 0.002
Pathologic stage

Stage | Reference

Stage Il 1.443 (0.535-3.896) 0.469

Stage Il 1.474 (0.394 -5.510) 0.565

Stage IV 2.973 (0.775 -11.408) 0.112

o AUBS: A 114995 S8 23 e T U A

2.4 BEEEWEHEESIGKFESMEASAEX
XKE BRI S NEEEPOAN KRR, A
£ TCGA-STAD ##EEmadh i, HA
MYB & —Fh k3L B 7E m fadih R (& 3A)
EL AR S XU S 21 =2 8] 79 I DA s B 4% AiF 24 5% ( &
3A) . LRI IRFHEW S>3 FE R 3B -3D Hhikir T
Pedss . HRE RO AR RO IXURS: B Stage IVIHH#H
F GRS PR IH B 5 T Stage 1 WIEBE . SRS 4
FHEL, v XU 2H 5 3 76 TMN 303 P i NS B g,
SE UL | O U A R 3 o A DG 3 R 3R ik K
A1t 8 i RO 18 LR DT 43, 6 000N 15 988 AR I TS
T HAT 2 T

2.5 ETHEHIUENEREENREEXSHN
g T AT B i R TS BT 5 G OB
[ 5E 2, i ] “ CIBERSORT” fLf & T A 5 i i
FH R A MR A G, 22 Tl A58 40 I Y L 45 A
B 4A FiR, T H0E m fE L AR fE 4l =2 (= i e
PEAMMIAY 22 5 | AP 22 1) A0 2L 043 B e i3
Fl ESTIMATE %43, Z58 W, (& fa 21 i L 5 0¥ 43
Fl ESTIMATE $F43 i 2 5 T4l (P <0.05) ,{H
P ) P CW B 22 57 (&1 4C —4E) . X—&
PRI REF AN, 76 IR 0 J A R v | 35k 5 400 e v ek

TR EH  (EAS E— 20 PR B i BT 4
JHLXCT e 1 R (R S, R SRR 1) S e Do A P A
Z IR JCH B 2253 (HANHE B 4 K88 CD4* T 12
AHAEL MO A1 M1 EREZRA U8RI T 40 T T
YA S NK 20 B A A0 2RO AR
A 2 R R 22 5 (B 4B) , X T RE S B
PTG 226 5C, A, 8500 T S EAL Y 6 S5
PRI 5 G 28 A1 b B HC R) A A G 1 (T8 4F) o 25 BT
A R AR A KU 7K 5 B2 A IR T A G

2.6 XBEREHQHEREIEREIMIEESLE
WIE A THFIE 6 TG DEGs AYAHXT L K #3522
5 BURE B AL E S22, RT-qPCR 45
5 TCGA-STAD 4l 5 1) 7 i — 3 (& 5A) . L+
U AR o TR B R SRR DA S A i Rk 22 5
KR HCARL AT RS DI AR IR IE . 5 98 20
% AGS Fll MKN-28 #% ] T4 fe Th g gk, ik B
FEAf i HCARL 1335, I RT-qPCR &l 1
4l HCARL BYZRIX/KF-(18 5B 5D) . MTT L5
FW], HCARL @ UTERAM G T 2 Fh 5 5 240 B %) 38 5
(B 5C.5E), BEAh, Ml Transwell SE56 AR 5256
R HCARL X 9 40 B 32 B AR 22 B s i, 45
7R, UUER HCART °] DL il ' 98 40 it ) 3 7% Az
7 (F 5F -5K) ,

3 itig
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Prognostic model of ferroptosis-related genes

in gastric cancer and experimental validation
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Abstract Objective To identify ferroptosis-related genes associated with gastric cancer prognosis and investigate
their potential molecular functions. Methods Gene expression profiles and clinical information of gastric cancer
tissues and adjacent normal tissues were obtained from TCGA database. Differential expression analysis of ferropto-
sis-related genes was performed using the " DESeq2" package in R software. Key genes were identified and a prog-
nostic model for gastric cancer was constructed through Cox regression analysis based on the LASSO algorithm. Pa-
tients were stratified into high-risk and low-risk groups according to the median risk score. The accuracy of the
model was evaluated using Kaplan-Meier survival analysis and ROC curve analysis. Immune cell infiltration in gas-
tric cancer patients was assessed with the " CIBERSORT" package. The mRNA expression of differentially ex-
pressed genes (DEGs) with prognostic significance was examined in both gastric cancer and adjacent normal tissue
samples. In vifro experiments were conducted to validate the impact of hydroxycarboxylic acid receptor I (HCARI)
on the malignant biological behavior of gastric cancer. Results Based on ferroptosis-related genes from the TCGA
database, a novel prognostic model was constructed. It demonstrated robust predictive power for survival in both
training and validation cohorts. RT-qPCR analysis of 8 pairs of gastric cancer and normal tissues revealed that the
expression patterns of 6 prognostic DEGs in cancer tissues were consistent with those predicted by the model. In
vitro experiments confirmed that downregulation of the key gene HCARI could inhibit the proliferation, invasion,
and metastasis of gastric cancer cells. Conclusion The ferroptosis-related gene based prognostic model exhibits ro-
bust predictive capability, allowing for accurate determination of prognosis and survival in individuals with gastric
cancer.

Key words gastric cancer; ferroptosis-related genes; TCGA database; prognostic model; immune microenviron-
ment; biomarkers
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