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Roles of ferroptosis in asthmatic airway remodeling
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Abstract: Objective To explore the contribution of ferroptosis to airway remodeling in asthma by establishing a
ovalbumin (OVA)-induced asthma mice model, and to provide new directions in the treatment of airway remodeling of
asthma. Methods Twenty-four female C57BL/6 mice were stochastically divided into four groups: the control group
(n=6), the OVA group (n=6) , the ferrostatin (Fer)-1 group (n=6) , and the Fer-1+OVA group (n=6). The asso-
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ciation between ferroptosis and asthma was clarified by establishing the differentially expressed genes of lung tissues in
the OVA-induced asthma mice and controls screened from public databases. The iron concentration was measured by
iron detection kit and Perl’s stain, and the expression of glutathione peroxidase 4 ( GPX4) protein was evaluated by
Western blotting and immunohistochemical staining. The levels of the lipid peroxidation product malondialdehyde
(MDA) in lung tissue were assayed and the ultra-structural changes in the airway epithelium were observed using trans-
mission electron microscopy (TEM). Lung tissue slices were stained with Masson staining to evaluate collagen deposi-
tion. To further verify the effect of ferroptosis inhibitor on the airway remodeling in asthma, the mice were intervened
with Fer-1, and then collagen deposition was evaluated by MASSON staining, the expression of GPX4 protein was
detected by immunofluorescence and Western blotting. Results The results of bioinformatics analysis showed that the
ferroptosis signaling pathway was significantly enriched in OVA group, suggesting that ferroptosis played a certain role
in the pathogenesis of asthma. Meanwhile, in this gene set, GPX4 was significantly decreased in OVA group. In asthma
mice model, collagen deposition was accompanied by a series of ferroptosis features such as increased iron concentra-
tion, decreased GPX4 expression, MDA accumulation, increased collagen deposition, and characteristic ultra-structural
changes in the airway epithelium, suggesting that ferroptosis was intimately linked with asthma airway remodeling. After
treated with Fer-1, for the asthma model mice, the GPX4 expression was elevated, the collagen deposition was reduct-
ed, the expressions of airway remodeling indicators were suppressed, and epithelial cell markers were increased.
Conclusion Ferroptosis participates in the pathogenesis of asthma airway remodeling, ferroptosis inhibitor Fer-1 atten-

uates airway remodeling in asthma, and the application of Fer-1 provides a new therapeutic target for asthmatic airway
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remodeling.
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i e T X BN ERURT OVA 5 /N RNA 3%, 1
M R #7519 Limma 34 (AR 3.40.2) 1725 57
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K1 OVA d/NEFTERRI # 4
A:KEGG & 87 Hréi R 7R OVA U/ BURSET (7 Tl i 0 3% w5 4R 5 B GPX4 1ExXT HEZL /N U OVA 41/ 2z ] Y 22
SR Co AN IR BRI ; D/ S0) A 8 &L ik G
FRRATEL . %2005 HBIR .50 pum, P<0.01,
Figure 1 Iron overload existed in OVA-induced asthma
A: KEGG enrichment analysis showed that the ferroptosis signaling pathway was significantly enriched in the OVA
group; B. Differential expression analysis of GPX4 between the control and OVA groups; C: The iron levels in lung tis-
sue homogenates; D: Prussian blue staining images of lung tissue slices of mice.
Original magnification, x200. Scale bars, 50 wm. "P<0.01.
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K2 Fer-1 JBU% 0 Wi i A0 /N Bl Il 24T I 9
A /NI Y] HE \PAS MASSON Je(A 28R B HE B0 UH A E 7045 C:PAS Qe “UH B I8 5E B0 HT 5
D:MASSON Y858 g JR TR E s 40T, ORRREL . x200, FEFIR .50 pm,, “"P<0.001 vs. XFHE4L; #P<0.01 vs. OVA 4,
Figure 2 Fer-1 effectively relieved OVA-induced airway inflammation and remodeling in mice
A: HE, PAS, and MASSON staining were used to evaluate histopathological changes in mouse models; B: Quantitative
analysis of airway inflammation evaluated by HE staining; C: Quantitative analysis of airway mucus hypersecretion
evaluated by PAS staining; D: Quantitative analysis of collagen deposition in the airway evaluated by MASSON staining.
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Original magnification, x200. Scale bar, 50 wm. ““P<0.001 vs. the control group; *P<0.01 vs. the OVA group.
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Figure 3  Ferroptosis and airway remodeling co-existed in OVA-induced asthma mice
A Immunohistochemistry detection of GPX4 protein; B: Western blotting assessed the protein expression of GPX4 and
subsequent quantitative analysis; C: TEM was used to detect the characteristic changes of ultrastructure of bronchial epi-
thelial cells. Single red arrows pointed to normal mitochondria, and paired red arrows pointed to impaired mitochondria;
D: The expression level of the lipid peroxidation product MDA ; E: MASSON staining revealed collagen deposition in the
airway. Original magnification, x200. Scale bars, 50 pm. P<0.05, “P<0.01.
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Kl 4 PFETIHIF] Fer-1 4R OVA 175 T2 /)N U AL S 3 B 98 A ek AR
A PEDS YL (ALK GPX4 N-cadherin  E-cadherin ,a-SMA 25518 B 88 #9481k ; B: Western blotting 48l /] Ui
ZH 4 GPX4 E-cadherin Fibronectin 25 [ A 7K-F; C:Western blotting 5 /> BRIt 21 21 GPX4 ,E-cadherin , Fibronectin £ [

SERAMT . ORREEL . x200; IR .50 pm, "P<0.05,

“P<0.01 vs. ¥ IR4]; *P<0.05, *P<0.01 vs. OVA 41,

Figure 4 Fer-1 relieved pathological changes of airway remodeling in OVA-induced asthma mice
A Immunofluorescence detection of ferroptosis and airway remodeling indicator proteins ( GPX4, E-cadherin, N-cadherin,
and a-SMA) ; B Western blotting assessed the protein expression of GPX4, E-cadherin, and Fibronectin; C: Quantita-
tive analysis of the protein expressions of GPX4, E-cadherin, and Fibronectin evaluated by Western blotting assay.
Original magnification, x200. Scale bars, 50 um. "P < 0.05, "P< 0.01 vs. the control group; "P<0.05, *P<0.01 vs. the

OVA group.
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