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[Abstract] Objective To investigate the molecular mechanisms of early mitochondrial stress in keratinocytes
induced by ionizing radiation (IR), focusing on the key role of ROMOI in radiation-induced skin injury (RISI).
Methods HaCaT keratinocytes were used to assess cellular status, mitochondrial dysfunction and oxidative stress at

various time points after different irradiation doses. Mitochondrial proteomics at 24 hours post-20 Gy irradiation
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identified ROMOL1 as the protein with the greatest reduction in expression. ROMOI-overexpressing HaCaT cells and
skin-specific Romol knockout (Romol-sKO) mice were established to investigate its functional mechanisms. ROMO1
expression and localization were analyzed by Western blot and immunofluorescence; flow cytometry measured ROS,
mtROS, and mitochondrial membrane potential in ROMOI-overexpressing cells, while CCK-8, LDH release, and colony
formation assays evaluated viability and proliferation. The role of Romol in the progression and repair of radiation-
At 24 hours post-20 Gy irradiation, HaCaT cells
exhibited inhibited proliferation (P < 0.05) and mitochondrial dysfunction (P < 0.0001). Mitochondrial proteomics

induced skin injury was further examined in Romol-sKO mice. Results

identified 43 differentially expressed proteins (26 upregulated, 17 downregulated), with enrichment analysis indicating
their involvement in oxidative phosphorylation, mitochondrial assembly and stress response. Among these, reactive
oxygen species modulator 1 (ROMO1) was identified as the most significantly downregulated key protein in the early
radiation response (P < 0.01, FDR = 0.03). In vitro, ROMOI1 overexpression increased mtROS levels and mitochondrial
membrane potential (P < 0.000 1) but suppressed cell viability and promoted reproductive death (P < 0.05) after radiation.
In vivo, Romo1-sKO mice showed accelerated wound healing, with a reduction in skin injury score by approximately 1
point, along with enhanced tissue regeneration at 25 days post-irradiation compared to control mice. Conclusion The
mitochondrial protein ROMOL is a key regulator of the early keratinocyte stress response to radiation. It impedes the
repair of radiation-induced skin injury by suppressing cell proliferation via modulation of mitochondrial function.

Targeted inhibition of ROMOI may represent a novel therapeutic strategy to promote healing and prevent chronic
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progression of radiation-induced skin injury.
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Fig 1 Changes in morphology, proliferation, oxidative stress, and mitochondrial function of HaCaT cells following X-ray irradiation

A, Morphological state of HaCaT cells after single-dose (2, 5, 20 Gy) hypofractionated (5 Gy x 4), or conventional fractionated (2 Gy x 10) irradiation protocols. B,

Cell proliferation detected by EAU assay in HaCaT cells at 24 hours post-irradiation with 10 Gy or 20 Gy. C, Dynamic changes in cellular oxidative stress (ROS levels)

within the first 24 hours (10, 20, 30 min, 1, 3, 6, 24 h) after 20 Gy irradiation. D, The dynamic changes in cellular oxidative stress (ROS levels) from day 2 to day 4 (10 Gy x

2, and 2, 3, 4 days after 20 Gy irradiation). E, Dynamics of mitochondrial ROS (mtROS) levels within 24 hours (30 min, 1, 3, 6, 12, 24 h) after 20 Gy irradiation. F, Changes

in mitochondrial membrane potential (A¥m) within 48 hours (6, 24, 48 h), presented as MFI of J-monomer, J-aggregate, and the ratio of J-aggregate to J-monomer. ‘P<

0.05,"" P <0.001, vs. 0 Gy group.
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Fig 2 Discovery and validation of the early radiation-responsive protein ROMO1

A, Schematic diagram of mitochondrial proteomic profiling in HaCaT cells at 24 hours post-20 Gy irradiation. B, Heatmap of mitochondrial protein expression

profiles in response to irradiation. C, Volcano plot showing differentially expressed mitochondrial proteins. D, Table of top 5 up- and down-regulated mitochondrial

proteins. E, Western blot showing protein levels of ROMO1 in cytoplasmic and nuclear fractions at 24 hours post-irradiation. F, Subcellular localization of ROMO1

(green), mitochondria (red), and nuclei (blue) by immunofluorescence analysis at 24 hours post-irradiation.
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A, Viability of HaCaT cells transduced with adenovirus at different multiplicities of infection (MOI 0-20). Western blot of FLAG-ROMO1 (B) and ROMO1

oligomerization (C) in HaCaT cells. D, Schematic of gene-targeting strategy for generating sKo mice. LoxP sites flank exon 3 of the RomoI gene. To generating sKO mice,

flox/flox

Romol mice were crossed with K14-Cre mice in which Cre recombinase expression is driven by the K14 promoter, which is specifically expressed in epithelium. E,

Genotyping of tail DNA for the loxP site and Cre recombinase by agarose gel electrophoresis. F, Romol mRNA expression levels in skin, tail, ear, and muscle tissues by RT-

PCR analysis. G, Western blot for ROMO1 ablation in the skin tissues of sKO mice. " P < 0.05, vs. OE-NC group; P < 0.01, vs. RomoI"™" group.
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Fig 4 ROMOL1 suppresses HaCaT cell proliferation via mitochondrial dysregulation of ROS and membrane potential

A and B, Effect of ROMOI overexpression on total (A) and mitochondrial (B) ROS levels at 24 h post-20 Gy irradiation, as measured by DCFH-DA and MitoSOX™

staining, respectively. C, Effect of ROMOI overexpression on mitochondrial membrane potential at 48 h post-20 Gy irradiation, assessed by JC-1 staining. D and E, Effect

of ROMOLI overexpression on cell viability (D) and lactate dehydrogenase (LDH) release (E) at 72 h post-20 Gy irradiation, determined by CCK-8 and LDH release assays,

respectively. F, Effect of ROMOI overexpression on cell proliferation by colony formation assay following 2 Gy or 4 Gy irradiation. * P < 0.05, ** P < 0.001,

vs. control group. ‘P< 0.05, " P <0.000 1, vs. OE-NC group.
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Fig 5 ROMOL deficiency accelerates healing and ameliorates late radiation-induced skin injury in mice

A, Schematic of the fractional radiation schedule (5 Gy X 4; total dose 20 Gy) for establishing the radiation-induced skin injury model. B, Representative images

showing the progression and resolution of typical radiogenic skin injury over 54 days post-irradiation. The arrow indicates the leg skin wound site, with the dotted line

depicting the extensive moist wound region. C, Skin condition and limb contracture in mice at day 54 post-irradiation. D and E, Weight changes (D) and skin injury scores

(E) throughout the course of radiation-induced skin injury in mice.
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