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Abstract: [ Objective] To investigate whether photoreceptor—specific knockout of lanosterol synthase (Lss) induces
age—related retinal degeneration and to elucidate the underlying molecular mechanisms.[ Methods] Photoreceptor—specific

Lss knockout mice (Lss™; Rho—Cre, CKO) models were established. Retinal structure and function were assessed at 1,
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4, and 8 months of age using fundus photography, optical coherence tomography (OCT) , scotopic electroretinogram
(ERG) and hematoxylin and eosin (HE) staining. The mouse photoreceptor cell line 661W served as an in vitro model. Lss
was knocked down via siRNA, followed by analyses including Seahorse XF mitochondrial stress test, JC—1, MitoSOX Red
and DCFH-DA probes to evaluate mitochondrial function and oxidative stress, glycolytic rate assay for glycolysis ability,
RT-qPCR for inflammatory factors, yH2AX immunofluorescence for double—strand DNA damage detection, and
transcriptome sequencing to identify differentially expressed genes and enriched pathways. [Results] Compared with
controls, 1-month—old CKO mice showed no abnormalities. Mild fundus lesions appeared at 4 months. By 8 months, CKO
mice exhibited significant thinning of the outer nuclear layer, disorganization of the inner/outer segment structure, and
markedly reduced amplitudes of the dark—adapted ERG a— and b—waves (P<0.05). Transcriptome analysis revealed 1 842
differentially expressed genes (826 up-regulated, 1 016 down-regulated) , with Lss being the most significantly
downregulated gene; these genes significantly enriched in sterol biosynthesis, oxidative phosphorylation, aerobic electron
transport chain, and ATP synthesis (P<0.05). In 661W cells, knockdown of Lss significantly reduced mitochondrial basal
respiration (P=0.006), ATP production (P=0.015), maximal respiration (P<0.001), and spare respiratory capacity (P<
0.001) , while basal glycolysis (P=0.005) and compensatory glycolysis (P=0.028) were increased. These changes were
accompanied by mitochondrial membrane potential depolarization (P<0.001) , elevated mitochondrial reactive oxygen
species (ROS) levels (P<0.001) , and increased total ROS levels (P=0.013). Additionally, the mRNA expression of
inflammatory factors, including Cel2 (P=0.004) , Ccl5 (P=0.012), Cxcll (P<0.001), Cxcl5 (P<0.000 1), Tgfb (P=
0.008) , Hgf (P<0.000 1) and Mmp3 (P=0.003) was significantly upregulated. Moreover, YH2AX fluorescence intensity
was increased (P=0.002). [Conclusions] Photoreceptor—specific Lss deficiency induces mitochondrial dysfunction,
oxidative stress and cellular inflammation, ultimately leading to age—dependent retinal degeneration. This study provides
novel mechanistic insights and potential therapeutic targets for hereditary and age-related retinal degenerative diseases.
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A: Schematic diagram of CRISPR/Cas9-mediated conditional knockout strategy for Lss in photoreceptors driven by Rhodopsin-Cre. B:
Quantitative analysis of relative Lss expression in retina of Cirl and CKO (n=3 mice per group). C: Representative fundus photographs and OCT images
of Ctrl and CKO mice at 1, 4 and 8 months of age showing yellow—white lesions (yellow arrows/dashed yellow ovals). D: Representative hematoxylin and
eosin (H&E) staining of retinal sections from Ctrl and CKO mice at 4 and 8 months of age. Scale bar: 20 um. E: Quantitative analysis of total retinal
thickness and ONL thickness at 4 months and 8 months (n=4 mice per group). Welch’ s t—test was used for ONL thickness at 8 months. Data are
presented as Mean+SEM, *P < 0.05, **P < 0.01, ***P < 0.001 vs. Ctrl group.
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Fig. 1 photoreceptor—specific Lss knockout leads to reduced Lss expression and age—dependent retinal structural

alterations
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A, D, G: Representative scotopic ERG waveforms elicited by a single flash of 1 cd-s/m? in Ctrl (red) and CKO (blue) mice at 1 month (A), 4 months
(D), and 8 months (G) of age. B, C: Scotopic a—wave (B) and b—wave (C) amplitudes as a function of stimulus intensity at 1 month of age (n=8 per group).
E, F: Scotopic a—wave (E) and b—wave (F) amplitudes as a function of stimulus intensity at 4 months of age (n=8 per group). H, I: Scotopic a—wave (H)
and b—wave (I) amplitudes as a function of stimulus intensity at 8 months of age (n=8 per group). Data are presented as Mean+SEM. *P<0.05, **P<0.01
vs. Ctrl at the corresponding stimulus intensity.
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Fig. 2 Age—dependent decline of retina function in photoreceptor—specific Lss knockout mice
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A: Volcano plot of RNA-seq data from 661W cells transfected with Scramble vs. silss (n=3 per group). Red dots indicate significantly up—

regulated genes (826 genes, ¢<0.05); blue dots indicate significantly downregulated genes (1 016 genes, ¢<0.05); gray dots indicate non—significant

genes. Lss is marked as the most significantly down-regulated gene. B: Enriched KEGG pathways of differentially expressed genes. Bubble size

represents gene count; color represents —logio(g—value). C: Enriched GO terms in Biological Process (BP), Cellular Component (CC), and Molecular

Function (MF). Bubble size represents gene count; color represents —logio(g—value). D: Heatmap of differentially expressed genes (DEGs) involved in the

mitochondrial oxidative phosphorylation (OXPHOS) complexes. The color scale indicates the Z—score of gene expression levels, where red represents

up—regulation and blue represents down—regulation. The listed genes cover core subunits of all five mitochondrial respiratory complexes (Complex 1 - V).
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Fig.3 Transcriptomic profiling and functional enrichment analysis of differentially expressed genes following Lss
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Fig. 4 Lss knockdown impairs mitochondrial respiration but enhances glycolysis in 661W photoreceptor cells
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Fig.5 Lss knockdown induces mitochondrial membrane potential depolarization and increased reactive oxygen species

production in 661W photoreceptor cells
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Fig. 6 Lss knockdown induces up—regulation of inflammatory factor mRNA and DNA damage in 661W cells
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