hEERC A 54 I 20254F1)
<38 Journal of China Medical University Vol.54 No.l Jan. 2025

C I -
ETNRZIFIEMERFSHOARRERTETH
REERSWIE

urE  RE R TER, am’, EF e’
(LT P B2 RGN P R 45 A R B4R, )28 VR 518104 2. TRHITTh PR R4S A EE B O IR, 14 BRI 51810453, I g =
A BEERRE TR T 518104)

WE HM ATAWCLFHIWEATETEZH TG (DIC) Py AR, 44450 £ iE KT8 58 = £DIC
PR TTiE Sk R R EEIEDIC T S LA IR AR T 4k AR B R A 42 A MR R (GEO) 13 31GSE20773 73038 48,
5 & FerrDhALIE 47 3 69 2k St T AR L R AR S0 48  »F s R AR A 347 2K I RAR (GO) AR AR I fe K R 20 8035 & (KEGG) &
LT R e A 5 4 ST (LASSO) & )2 ik e £ #r @ AL I IE I TR (SVM-RFE) 2FPALES 5 3T 7 kAR B 09 &
BB R FRAFDICH 4k st T F 4 A B, FF i it 58 AP PCRAE 5 AnDICAE A 49 HOC2 4 it P 47 3o ik, 5T T 4 4y 12 8 52 = 52 B PCR
45 R RAF % K A Western blottingi#t — 4 364 25 5R L 3KF38ADICHI L A X L B, GOFKEGGH AT 45 R A WX st L ) £
T AL o R, B LS F ] O ik RAFDICH S 5L T K B B A Mpel (Prdx],Kdmda, Alox 12bFeTfre R 98 3 25 R AW, 5
AE 48 AR G, DICAE A 28 Mpel Prdx]1#=Kdm4a mRNA £ X 22 T (P < 0.001),Alox12b mRNA £ £ 2 % FiR (P < 0.001), 1 Tfre
mRNAF= & G 89 R A RFHRLEHFZF (P> 0.05) &8 Mpel,Prdxl  KdmdaFeAlox12b ADICH 4k 5e = % 42 L B, 7T Ak AR A
MEKIL T BB 6 DICH) Fe kb

KR MEZIFFOCIE; ST AMEESE; AR

FESES R5422 XERERS A TERS  0258-4646(2025) 01-0038-06

P& HARME  https:/link.cnki.net/urlid/21.1227.R.20250109.1101.004

DOI: 10.12007/j.issn.0258-4646.2025.01.007

Screening and validation of key genes for ferroptosis in doxorubicin-induced
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Abstract Objective To explore the role of ferroptosis in DIC through bioinformatics analysis of hub genes involved in ferroptosis
in doxorubicin-induced cardiomyopathy (DIC),combined with in vitro experimental validation. Methods Divalent iron fluorescence
staining confirms the occurrence of ferroptosis in myocardial cells of DIC. The GSE207737 dataset was retrieved from the Gene Expression
Comprehensive Database (GEO) and intersected with the FerrDb database to identify ferroptosis-related genes. Gene Ontology (GO) and
Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analyses of the intersected genes and intersecting the genes obtained
from LASSO regression analysis and SVM-SFR machine learning methods were used to obtain ferroptosis hub genes for DIC. Real-time
PCR was used to validate H9C2 cells in the control and DIC model groups,and Western blotting was used to further validate those whose
bioinformatics and real-time PCR results that did not match. Results Thirty-eight ferroptosis-related genes in DIC were identified ,and
GO and KEGG analyses showed that these genes mainly participate in cell metabolism. Five hub genes for ferroptosis in DIC were obtained
using machine learning methods:Mpel ,Prdx1,Kdm4a,Alox12b,and Tfre. Through in vitro experiments,the mRNA expression levels of
Mpecl ,Prdx1,and Kdm4a were downregulated in the DIC. model group compared to those in the control group (P < 0.001),whereas the
mRNA expression level of Alox12h was upregulated (P < 0.001). There were no significant differences in the mRNA or protein expression
levels of Tfre (P > 0.05). Conclusion Mpcl,Prdx1,Kdm4a,and Alox12b are key genes involved in ferroptosis in doxorubicin-induced
cardiomyopathy and potential targets for the prevention and treatment of doxorubicin-induced cardiomyopathy in ferroptosis.
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B % (doxorubicin, DOX) E—F b 54,
HAMHIDNAG A VEHT, 7T 80 F 1R 2 40k
T8 AL ARDOX B A ROR Y7 T 2w ) B 2, 257
A O NEREME SRS BN, A KM BR ) 1 DOXTE I K
PO o DOX i R A5 A8 7T 308, DOX
SRR (DOX-induced cardiomyopathy, DIC) £,
FE O WU OB AR 8 L ) S 0 55, SRR AE R
SET- R BRI P

BRIETAEDICH A CHEAE T, DOX 238 I 4t i
P B Fe™ i B IDOX-Fe™ & 44 S Al GPX4
ECyiE 0 SN )R UR U ARG G AN &
i, DOXIE AL T AR5 O WA AL T 5 & O
JIU ) BAAAI LR 1o AN B  ASBIE ST TR B 7
VA 8 Y DICERAE T SCHERE D, IF AT AL S 0 5
TIE, A WERSET M EEBIAA DICH S

1 HESF®

11 ZREUDICIE N AR 5 22 5L

K FH 3 R 32 3K 254 (Gene Expression Omnibus,
GEO) ## J& (http : //www.ncbi.nlm.nih.gov/geol )
GSE207737HE4E , GSE20773 741, 75 351 g /1N Lo
FAMFIDOXCERE /N BLC I, BEE T3P < 0.05, LA
log,FCI> 1.5/ A i de 250, i et 22 S ik B A
1.2 ZREURAET 4

TEFerrDb (http : //zhounan.org/ferrdb/) B K
FERICTAH OCEE I, SR IBGZE R 1 H AW sk 19484
MMFICTARIE N
1.3 DICH BRI T AH A S HEHE DI AR IS PRI A
1 (Gene Ontology, GO) | 5 3k PR A1 35 PR 21 #5122
(Kyoto Encyclopedia of Genes and Genomes, KEGG)
L Vi

1 R A Y 22 5 R K L PRI AR AL T A G Bk
N #7224, 13 tH DIC S BRAE T AH S i S SR FE ] %)
SEHEFEH BT FGORKEGG AT
L4 iiEDICHYBRIET SCHERE A

K/ NEXHEIEFE S5 U 45 551 (least absolute
selection and shrinkage operator, LASSO) [7] IHB AL
F 1] 12 ML 3 H R AE T BR (support vector machines-re-
cursive feature elimination, SVM-RFE) 2Fh #L #8272 > 5
A3 AR AR S DY, 24 AR S P IS 4 L 754
DICHBRALT CHESE I

1.5 4HffRE 7R 5abmm

W K B LG (HOC2 , BRI 38 4E v Rl 4%
A BRA A 43 R 1E H 4URIDICH R 41, DICAEE A1 41 ff
FH 451 wmol/L DOXYZ i F115% M6 4 1L 78 AYDMEME?
FRIELAL PR E H AL 15% 006 2F 1035 T DMEME;
FEIEEETR AE3T °C 5%CO MR H I E 24 he
1.6 Fe JOLU

W2 MRS L RG 37 B35, PBSURIR il , 4% IR Fe™
PENCIRE AT & (AR B AE MR A BR A |
WA, 2O W AlEE G R A IR AR T
MBI
1.7 SERFPCR

K FHRNA$R B & (8 R a2 E ) TR
BN 1) 45 B4R A 5 SRNA L R 2 s ik &
(it e SCR R A2 ) TR BRZA R 36055 5% eDNA,
PLeDNA KRR, R 48 PCRIR T & G5 ma 3Rk A 4
TRA AR T SEHPCR, 45 51 W51 L& 1L,
S A TN R — W 3 PR R A B A Wl o 2R
274 A AR A
1.8  Western blotting

RIPAZH FIHEHZE i (3 [E] ThermoFisher Scien-
tificZd 7)) ZLMREHOC24M i I 42 LR F BT, A T &
FE R UK FERE B S A —HTTe (1 @ 5000),
B-actin (1 : 10000),4 CHFF L, IMA (1 -
10 000), % IR MFE 1 h, TBSTHEA 3K, MELE H i 4
1, K FlImagel 53 Mt 25 F K BEE . BRI B 9%
abcam’Z\ F) .
1.9 Geiteeadr

K FHSPSS 19.08K #4751 53 #r , BT A S g o
B3R B Ux + s 3755, 2R R ST REAS RS 30 6 4 7 20
)25 5 LA, P < 0.05 N 2 A G F = Lo

2 #R

2.1 B

Fe* Yeta 2 e W], 5 1E .0 LA A L, DOX
AEFRIE O AN DS AR S 14 0, DOXARFESS 11
ONANIFe £k B 2, LA L,
2.2 DICE:PHAETER

P GSE20773 TR A A T IE FIbR AL AL B, 77
AbPEJE AR TR e 4 492422 N Horp i
269671, T 17961 M lEAS REx il KL L, WLIEI2,



<40 -

HREERREFR H548E

*1 SFPCR3|#1F75I
Tab.1 Real-time PCR primer sequence

Gene Primer sequences (5°-3") Product length (bp)
B-actin Forward: TGCTCTCCCTCACGCCATCC
Reverse: GTCACGCACGATTTCCCTCTCAG 1>

Mpel Forward: TGAGGGGAAAACACGGAAGACTATC

Reverse: TAGCATTGATAAGGCAGCCGAGAG %
Prdx1 Forward: CCCACGGAGATCATTGCTTTCAG

Reverse: GCCAGATGACAGAAGTGAGAATCC ol
Kdm4a Forward: CAGAAGGTCATCAGCAAGCACAAG

Reverse: TTCGTAGAAGGTTTCGGTGGTGAG 81
Alox12h Forward: GCTCCCAACTGTCGTGTCTACC

Reverse: TGGCTCTGATCTCTTCTTGTCTGTG 148
Tfre Forward: GATCGGCTACCTGGGCTATTGTAAG o

Reverse : CTTGTCCGCCTCTTCCGCTTC

E
w

o il®

200pm I . s 200 pm

A, control group; B, DIC model group.
B Fe* st

Fig.1 Fe® fluorescence staining
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Fig.2 Volcanic map of differentially expressed genes in DIC
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Count A
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0.03
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0.02
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2/27 3/27 427 7127 B

Gene ratio

A, GO functional enrichment analysis; B, KEGG pathway enrichment analysis.
E3 GOMKEGGE&ES T
Fig.3 GO and KEGG enrichment analysis

FRAF AR AET IR R0 ) 0 AEJE R0 LG
1.25 S0 LA PR Y R SR TP I A A7 DOXA]
LI R EGPX4 , il i3 ki AR h U DOX-Fe™ & 5 W15
120 St BRI S AL, SO LA AT T

RMSE ( Cross-validation )

1.15
5 5 5 4 2 55555554443
1.0
1.10 4 o ey 051 15
5 10 15 20 25 30 35 £ 009 8
Variables = =054 ‘E 1.0
T =
B4 3tEFEEMSVM-RFEEESHT S -1.04 E
0.54
Fig.4 Analysis of the SVM-RFE algorithm for differential genes -1.57 é
2.0 =
T T T T T O-O_h\ T T T T
3 itie 5 4 3 2 -1 5 4 3 2 -1
A log N B

log N
DOXIE @tb?’é }J4 TePL Hq:' j‘_“ﬁ #j% EE ﬂ:iﬁ Ei EI/J A, the variation characteristics of the variable coefficients; B, the selec-
‘E‘EE%‘VLE , {D J*‘ {}}{jj x@] FE ir-EIJ [1] . DIC E/‘J i%ﬁ tion process of the optimum value of the parameter N in the LASSO re-

gression model by cross-validation method.

AAE 0 T T | R AR 3 LA I e 2 Bs 3% SR B ASSOHE A
% \4\ O%EEET:%uﬁﬁiﬁﬂ%{t%ﬁ%ﬁdﬁﬂ?ﬁ‘fﬁﬂ?@ﬁ Fig.5 LASSO algorithm analysis of the DEGs
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Fig.6 Real-time PCR detection of Kdm4a, Alox12b, Prdx1,
Mpc1 and Tfrc mRNA in each group
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A, band diagrams of Tfre protein; B, comparison of Tfre/B-actin expression.

E7 Western blotting#a il & 8 Fh Tfrc & BRI R IE
Fig.7 Western blotting analysis of Tfrc protein expression in
each group
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