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[ Abstract | Objective: To explore ferroptosis-related genes in osteoporosis through
bioinformatic analysis and in vitro study. Methods: Osteoporosis-related genes were
identified from dataset GSE35958 in the Gene Expression Omnibus database; and the
ferroptosis-related genes were identified from the FerrDb database. These were intersected
with the differentially expressed genes in GSE35958 to obtain ferroptosis-related genes
in osteoporosis. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGG) enrichment analysis were performed for the differentially expressed genes. And
Spearman correlation and protein-protein interaction network analysis were performed.
Then, the hub genes of ferroptosis in osteoporosis were screened by Degree, MNC, EPC,
MCC and DMNC in Cytoscape software CytoHubba plugin; and analyzed with receiver
operating characteristic (ROC) curves. The bone marrow mesenchymal stem cells from
osteoporosis patients (osteoporosis group) and non-osteoporosis patients (control group)
were subjected to quantitative reverse transcription polymerase chain reaction to detect
the messenger RNA expression of ferroptosis hub genes in both groups. Results: A total
of 32 differentially expressed genes related to ferroptosis in osteoporosis were identified,
including 26 up-regulated genes and 6 down-regulated genes. GO enrichment analysis
showed that the identified genes were mainly involved in intercellular adhesion, lipid
metabolism and cytokine response. KEGG enrichment analysis showed that the genes
were mainly involved in signaling pathways of adhesive plaques, MAPK, PI3K-Akt, and
Wnt. Spearman correlation analysis showed correlation among differentially expressed
genes. Six hub genes for ferroptosis in osteoporosis were obtained, namely MAPK3,
CDKNIA, MAPILC3A, TNF, REILA, and TGF-B1. ROC curve analysis showed that these
hub genes had good diagnostic performance in osteoporosis and may become potential
biomarkers of osteoporosis. In vitro experiments confirmed significant differences in
these hub genes between the control group and the osteoporosis group (all P<0.05).
Conclusion: This study has identified six ferroptosis-related hub genes in osteoporosis,
which may be used as novel biomarkers for the early diagnosis and treatment of

osteoporosis.
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[ 45R&IE | A% R A HIE & (Gene Expression Omnibus, GEO) ;4% % % 44 (fold
change, FC) ; B T2 | 7T AAL & 4 i & I3 % Z (the Database for Annotation,
Visualization and Integrated Discovery, DAVID) ; & B A4k (Gene Ontology, GO) ; 7%
AR R Fo LB 28 8 4% Z (Kyoto Encyclopedia of Genes and Genomes, KEGG) ; & &
Ji—-%& & Ju 48 & 4 A (protein-protein interaction, PPI) ; & X 4 & 1F 45 4 ¥ £,
(receiver operating characteristic curve, ROC # 2% ) ; ¥ 2 T @ #2 (area under the curve,
AUC) ; & & 1% 3% R &85 4% R (quantitative reverse transcription polymerase chain
reaction, qRT-PCR) ; Z 4} DNA (complementary DNA , cDNA ) ; - id B5-3-B 82 JBE, S5
(glyceraldehyde-3-phosphate dehydrogenase, GAPDH) ; 22 %L J& 7% 4L % & %L 54 (mitogen-
activated protein kinase , MAPK ) ; & iig Bt JLES 3-3% B4 (phosphoinositide 3-kinase , PI3K) ;
MUK & & F 4% (myosin heavy chain, MYH) ; = & A% 3F Bt e S- 3% 34 Bt 4 4% 85
(dihydrolipoamide S-succinyltransferase , DLST) ; 5% /it 4% 4% #& 4% % @ L (heterogeneous
nuclear ribonucleoprotein L, HNRNPL) ; B& & B 3-3f i B B/ & 2 BR 5- 3 n BB 7%
1L % & (tyrosine 3-monooxygenase/tryptophan 5-monooxygenase activation protein
beta, YWHAB) ; 42/ % 4& Bt 3K 44 B A L 285 (acyl-CoA dehydrogenase short/branched
chain, ACADSB) ; Bt 2k 44 B A & % B K 5% (acyl-CoA synthetase family, ACSF) ; #
1K % # F B F (heat shock transcription factor, HSF) ; ¥~ %) 5 4m it & o 5% A B
(promyelocytic leukemia, PML) ; i /& % & (tumor protein, TP) ; i J& 3% 5L B -F (tumor
necrosis factor, TNF) ; & % ¥ -6-#% B2 L 2. B (glucose-6-phosphate dehydrogenase,
G6PD); R &AW ,NF-kB & (RELA proto-oncogene, NF-kB subunit, RELA ) ; #4t
4 K B F (transforming growth factor, TGF) ; 2@ fiel, J&] 2 A& & 4R i Mk 3 B 37 4] 7] 1A
(cyclin dependent kinase inhibitor 1A, CDKN1A) ; #4 & 48 % %& & 1 #24% 3 (microtubule
associated protein 1 light chain 3 alpha, MAPILC3A) ; % J& 3 & & # K %
(immunoglobulin superfamily, IGSF) ; 4440 & (cluster of differentiation, CD ) ; % fik &
% % 8 (postsynaptic density protein, PSD) ; # B -F kB BeAk 52 4k 3 7% 7] (receptor
activator of nuclear factor-kB ligand , RANKL)
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‘l‘iﬁ*ﬁ‘ MAPK3 F1i#: GGACCTGATGGAGACTGACCTG, T il : TGGCGGAGTGGATGTACTTGAG 116
F F Hiplot ~ MAPILC3A Lil:GCCTTCTTCCTGCTGGTGAAC, Filf: AAGCCGTCCTCGTCTTTCTCC 92

E%{é IE ( https .// I'NF ¥ : CTCATCTACTCCCAGGTCCTCTTC, Fiif: CGATGCGGCTGATGGTGTG 82

hiplot. com. cn/) er TGF-B1 3 : GCAACAATTCCTGGCGATACCTC, T if# : CCTCCACGGCTCAACCACTG 112

%{% T2 jFﬁ'i %‘:2 ik CDKNIA % : CCTGCCGCCGCCTCTTC, i : CTCCAGTGGTGTCTCGGTGAC 131

. RELA L3 : CCTGTCCTTTCTCATCCCATCTTTG, i : GCTGCCAGAGTTTCGGTTCAC 87
D 1 %% Jiﬂ( F GAPDH 3 : CCTGCACCACCAACTGCTTA, £ : GGTCAGGTCCACCACTGACA 287

17 Spearman F
KA B, LR
R A BB A X

qRT-PCR: it 10 i SR A5 BT ST s MAPK : 22 58 J5 0 AL B 1 08 s MAPTLC3A : S A G R 11 1 4 35
TNF: [ SR FE R F ; TOR-B1: #Ab A K A F B1; CDKNTA : 20 g JE I 28 1 AR M R 71 50 1A s RELA « J5U
FE[H, NF-kB V3 s GAPDH : H il -3- w22 ot S iy .
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Figure 2 Heat map and volcano diagram of deferentially expressed genes in the GSE35958 dataset
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Figure 4 GO analysis and KEGG pathway functional enrichment analysis of 32 differentially expressed genes related to

ferroptosis in osteoporosis
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Figure 6 ROC curves of six overlapping ferroptosis related hub genes in osteoporosis samples
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