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GenX induces cochlear hair cell injury via System Xc™-Gpx4-Fsp1 ferroptosis axis
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[Abstract] Objective To investigate the role and mechanism of ferroptosis in cochlear hair cell

injury induced by exposure to ammonium 2, 3, 3, 3-tetrafluoro-2- (heptafluoropropoxy)propanoate (GenX).
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Methods Mouse cochlear hair cell line HEI-OC1 was assigned to control, GenX, ferrostatin-1 (Fer-1), and
GenX+Fer-1 groups. CCK-8 assay was used to assess the cytotoxicity of GenX and the rescue effect of Fer-1
co-treatment. Western blotting and qRT-PCR were employed to measure the protein and transcriptional
expression of ferroptosis markers, cochlear function indicators, blood labyrinth barrier markers, and ferroptosis-
related pathway. FerroOrange, Bodipy(C11), mitochondrial membrane potential assay kit (JC-1), and
adenosine triphosphate (ATP) assay were applied to detect Fe** accumulation, lipid peroxidation, mitochondrial
membrane dysfunction, and cellular ATP levels, respectively. Results Exposure to 200 pwmol/LL GenX for
12 h significantly reduced the viability of HEI-OC1 cells (P<0.01), down-regulated the protein levels of
glutathione peroxidase 4 (Gpx4), solute carrier family 7 member 11 (Slc7all), and ferroptosis suppressor
protein 1 (Fspl) (P<0. 05), whereas up-regulated acyl-coa synthetase long-chain family member 4 (Acsl4) (P<
0. 01), and decreased the expression of cochlear hair-cell function genes and blood labyrinth barrier genes (P<
0.05). These changes were accompanied with Fe* accumulation, elevated lipid peroxidation, mitochondrial
membrane damage, and reduced ATP production (P<0.001). Addition of Fer-1 restored cell viability (P<
0. 05), restored the expression of ferroptosis related proteins (P<0. 05), and improved the expression of several
hair-cell function and blood labyrinth barrier genes (P<0. 05). In parallel, the GenX+Fer-1 group exhibited
reduced Fe* accumulation, lower lipid peroxidation, attenuated mitochondrial membrane damage, and increased
ATP level (P<0.001). Conclusion GenX induces iron-metabolism dysregulation and lipid peroxidation,
and then leads to differentiation impairment of cochlear hair cells and barrier functions via the ferroptotic
System Xc™-Gpx4-Fspl axis.
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%1 qRT-PCR3|#

Table 1 Primer sequences for qRT-PCR

Genes Sequences(5°—3")
Occludin Forward primer: TTGAAAGTCCACCTCCTTACAGA
Reverse primer: CCGGATAAAAAGAGTACGCTGG
Forward primer: GGACAGAGCCTATGGAACGG
20-1 Reverse primer: CACCAAGGAAGCGATGAAGC
Claudins Forward primer: GCAAGGTGTATGAATCTGTGCT
Reverse primer: GTCAAGGTAACAAAGAGTGCCA
Forward primer: CTCTTGAGCAGCATCCTCACA
Cldnb Reverse primer: GCCTCTCGACACTGAATCCTT
MyoTa Forward primer: CACCAAGGGAGATTGTGGCC
Reverse primer: CCTTGGACACCATGACACGG
Forward primer: GAAAGGCCCATCTTCAGTCATC
Sle26a5 Reverse primer: GCCACTTAGTGATAGGCAGGAAC
Ampk Forward primer: TCTGAGGGGCACCAAGAAAC
Reverse primer: GTGGGTGTTGACGGAGAAGAG
Forward primer: TTCAACCGAGTGGGTTATTTTGT
Lkbl Reverse primer: TACTGGGCATCTGGGGTGTAG
Nef2 Forward primer: ACACGAGATGAGCTTAGGGC
Reverse primer: TCGGATCAATGCGAGCTGAG
Forward primer: ACATCAAGGTGGAAACGGACAAG
Fspl Reverse primer: GCGGTAGGCAGAGCTGTTAATC
Coql0 Forward primer: CAGCTCGGACCAGTCAGAG
Reverse primer: TCCTCCATTCCTGATACTACGTC
Forward primer: CTGTCCAGTTGGTGTGGATAA
Hol Reverse primer: TCAGGCAGAGGGTGATAGAA
Nadph Forward primer: CAACGCACAGGCTCAAATGG
Reverse primer: CACTCTCGTTCAGAATCCAGC
Forward primer: CATATCGCTCTGTCACGCACTTC
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Reverse primer: CCCTGTACTTATCCAGGCAGA
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Lpeat3 Forward primer: GACGGGGACATGGGAGAGA
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mGpxd Reverse primer: CCCTGTACTTATCCAGGCAGACC
Forward primer: TGATGAATGCACCCTTGTACTTG
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Acth Forward primer: GGCTGTATTCCCCTCCATCG

Reverse primer:

CCAGTTGGTAACAATGCCATGT
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2
=
8
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a:P<0. 05,b:P<0. 01,c:P<0. 001,compared with the Control

E1 50.100.200 wmol/L GenX % ZEH ifE 4hE12.24.36.
48.60.72 h lm 4R iE 1 E
Figure 1 Cell viability of cochlear hair cells exposed to 50,

100 and 200 pmol/L GenX for 12, 24, 36, 48, 60
and 72 h
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A': Viability of HEI-OC1 cells treated with different concentrations of Fer-1; B: Viability of HEI-OC1 cells across Control, GenX,

Fer-1, and GenX+Fer-1 groups; C: ATP levels in HEI-OC1 cells; D: Representative images of FerroOrange fluorescence staining in

HEI-OCI cells. a: P<0.05, b: P<0.01, ¢: P<0. 001
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Figure 2 GenX exposure induces ferroptosis in cochlear hair cells
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E: Representative images of Bodipy (C11) fluorescence staining in HEI-OC1 cells; F: Representative images of JC-1

fluorescence staining in HEI-OC1 cells
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Figure 2(continued) GenX exposure induces ferroptosis in cochlear hair cells
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