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A B S T R A C T

The trabecular meshwork (TM) plays an essential role in the circulation of aqueous humor by
sensing mechanical stretch. The balance between the outflow and inflow of aqueous humor is
critical in regulating intraocular pressure (IOP). A dysfunctional TM leads to resistance to the
outflow of aqueous humor, resulting in an elevated IOP, a major risk factor for glaucoma. It is
widely accepted that mutant myocilin (MYOC) can cause damage to the TM. However, few
studies have investigated how TM cells carrying mutant MYOC respond to cyclic mechanical
stretch (CMS) and whether these cells are more sensitive to CMS under this genetic background.
In this study, we applied mechanical stretch to TM cells using the Flexcell system to mimic
physiological stress. In addition, we performed genome-wide transcriptome analysis and oxidized
lipidomics to systematically compare the gene expression and oxylipin profiles of non-stretched
control human primary TM cells, human primary TM cells under CMS (TM-CMS), and human
primary TM cells overexpressing MYOCS341P under CMS (S341P-CMS). We found that TM cells
that overexpressed MYOCS341P were more sensitive to mechanical stress. Kyoto Encyclopedia of
Genes and Genomes (KEGG) analysis revealed that downregulated genes were most enriched in
oxidative phosphorylation, indicating mitochondria dysfunction and the likelihood of oxidative
stress. Oxidized lipidomics analysis revealed significant changes in oxylipin profiles between the
S341P-CMS and TM-CMS groups. Through further genome-wide transcriptomic analysis, we
identified several genes that may be involved in the sensitivity of TM cells that overexpressed
MYOCS341P to mechanical stress, including SARM1, AHNAK2, NT5C, and SOX8. The importance
of these genes was validated by quantitative real-time PCR. Collectively, our findings indicate that
mitochondrial dysfunction may contribute to the damage that occurs to TM cells with a
MYOCS341P background under mechanical stretch.

1. Introduction

Glaucoma is a leading cause of irreversible blindness and is characterized by optic nerve atrophy and visual field loss [1]. The
global incidence of glaucoma is 3.54 % in individuals aged 40–80 years, and this is expected to exceed 100 million by 2040 [2]. The
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elevation of intraocular pressure (IOP) is known to be a major risk factor for optic nerve damage in glaucoma. Aqueous humor balance
is critical in maintaining IOP homeostasis. The trabecular meshwork (TM) is the main tissue responsible for regulating the circulation
of aqueous humor and is also the critical site for abnormal increases in outflow resistance [3]. Dysfunction of the TM can cause an
elevation in the IOP, eventually leading to glaucoma [4]. TM cells are continuously exposed to mechanical distortion due to variations
in IOP. Even in a normal physiological state, the IOP does not remain constant; rather, blinking and other eye movements can cause the
IOP to fluctuate by up to 10 mmHg [3]. Therefore, it can be inferred that TM cells should be capable of coping with physical stress and
preventing stress-induced injury.

TM cells maintain cellular homeostasis in response to mechanical stretch via mechanosensitive channels [5], cytoskeletal
remodeling [6], nitric oxide signaling [7], and autophagy [8]. The concerted action of these biological processes constitutes an
adaptive mechanism by which TM cells cope with physical stress. However, in cases involving long-term pathological increases in IOP,
cells can fail to maintain cellular homeostasis, thus resulting in irreversible damage to TM tissue.

MYOC was the first gene identified as causally linked to primary open-angle glaucoma [9]. Furthermore, the MYOCS341P mutation
has been proven to be associated with severe glaucoma phenotypes in a five-generation family suffering from primary open-angle
glaucoma [10]. Our research group, and others, have performed in vitro and in vivo studies that mutant MYOC can impair the TM
predominantly by endoplasmic reticulum-stress-mediated autophagy deregulation [11–13]. However, researchers have yet to inves-
tigate the specific biological significance of MYOCS341P under mechanical stress. Furthermore, how TM cells carrying the MYOCS341P

mutation respond to cyclic mechanical stretch (CMS) and whether they are more sensitive to mechanical stress has yet to be
determined.

Oxylipins, a group of bioactive lipids derived from the oxygenation of polyunsaturated fatty acids, play a crucial role in a range of
physiological and pathological processes, including inflammation, immune response, and cell death [14]. In the context of glaucoma,
oxylipins have been implicated in the regulation of IOP and the survival of retinal ganglion cells. Emerging research suggests that the
dysregulation of oxylipin pathways may contribute to the pathogenesis of glaucoma by promoting oxidative stress and inflammation
[15]. In addition, MYOC has been linked to the oxidative stress response; mutations in MYOC have been shown to trigger endoplasmic
reticulum stress and apoptosis in TM cells, potentially influenced by oxylipin-mediated signaling pathways. Understanding the specific
interplay between oxylipins and MYOC mutations will provide valuable insights into the molecular mechanisms underlying glaucoma
and may identify potential therapeutic targets.

In the present study, we first investigated transcriptomic and oxylipin changes in human primary TM cells expressing the
MYOCS341P mutation in response to mechanical stretch stimuli. Then, we investigated the downstream signaling pathway in response
to stretch stress in human primary TM cells with and without the MYOCS341P mutation.

2. Materials and methods

2.1. Cell culture

Human primary TM cells were obtained from ScienCell Corporation (Carlsbad, CA, United States, catalog: 6590) and grown in
TMCM culture medium (ScienCell, catalog:6591) supplemented with 2 % fetal bovine serum (ScienCell, 0025), 1 % penicillin/
streptomycin solution (ScienCell, 0503), and 1 % TM cell growth supplement (ScienCell, 6592). We used one strain of human primary
TM cells from a single individual. The donor came from a 22-year-old woman. Prior to experimentation, all cells were cultured for <6
passages.

2.2. Drug treatment

A stock solution of dexamethasone (Dex. Selleck, S1322) was prepared with dimethyl sulfoxide (Beyotime, ST038), and drugs were
diluted in culture medium prior to the treatment of human TM cells. TM cells were treated with Dex at a concentration of 100 nM for 7
days and then harvested for subsequent analysis.

2.3. Plasmid construction and lentivirus packaging

Plasmid construction and lentivirus packaging were performed by WZ biosciences. Briefly, coding sequence (CDS) of MYOCS341P

were synthesized and cloned into the lentivirus vector pLenti-Puro. Subsequently, the sequences were verified by DNA sequencing.
Next, the empty vector and the pLenti-MYOCS341P vector were co-transfected with the packaging plasmids PMD2G and PXPAX2 into
human embryonic kidney 293 (HEK 293T) cells. Three days after transfection, the virus supernatants were filtered by sucrose gradient
ultracentrifugation.

2.4. Lentiviral infection

Human primary TM cells were seeded into six-well plates at a density of 1.0 × 105 cells per well the day before infection and
reached 50–60 % confluency the following day. Next, the cells were infected with the empty vector control or MYOCS341P lentivirus at a
multiplicity of infection of 10; then, polybrene (MCE, HY-112735) was added to the cells at a concentration of 6 μg/ml. The culture
medium was replaced with fresh medium within 24 h, and the cells were harvested for subsequent analysis at specific timepoints.
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2.5. CMS

Human primary TM cells were seeded into plates that had been pre-coated with collagen I (Flexcell International Corporation, BF-
3001C). Once the cells reached 90 % confluency, they were starved for 2 h. Then, the plates were placed on a Flexcell 5000 Tension
System (Flexcell International Corporation, Burlington, NC), and the cells were subjected to 15 % stretching at 1 Hz for 24 h. Cells in
the control group were cultured under the same conditions but were not subjected to CMS.

2.6. Cell death detection

Cell death detection kit was purchased from YEASEN (40302ES50). TM cells were digested using EDTA-free trypsin (biosharp,
BL526A) for 1 min, centrifuged for 5 min at 300g and washed twice with pre-cooled phosphate-buffered saline (PBS). Subsequently,
cells were resuspended in 1 × binding buffer at a final concentration of 2 × 106/ml. Finally, propidium iodide staining solution (10 μl)
and PBS (400 μl) were added to the cells, and flow cytometry was immediately conducted to analyze cell death.

2.7. mRNA sequencing

Following CMS, cells were washed with 1 × PBS, and TRIzol reagent was added to the wells for total RNA extraction in accordance
with the manufacturer’s instructions. RNA samples (2 μg) were then used to prepare sequencing libraries with a NEBNext Ultra RNA
Library Prep Kit for Illumina (NEB, USA), in accordance with the manufacturer’s instructions. Following cluster generation, the
prepared libraries were sequenced on an Illumina HiSeq 4000 platform to generate paired-end 150-base pair (bp) reads. Following
quality control, high-quality reads were mapped to the reference genome sequence. Only reads with a perfect match, or a single base-
pair mismatch, were further analyzed and annotated in comparison with the reference genome.

Differential expression analysis was performed using the DESeq package in R (version 1.10.1). The resulting P-values were adjusted
by the Benjamini and Hochberg approach to control the false discovery rate. Genes with an adjusted P < 0.05 according to DESeq were
defined as being differentially expressed genes (DEGs). Functional and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway
analyses of the annotated DEGs were conducted using the GOseq R package and KOBAS software.

2.8. Oxylipin extraction, lipid chromatography, and mass spectrometry

These analyses were performed by Wuhan Metware Biotechnology Co., Ltd. (Wuhan, China). In brief, the cell samples were har-
vested and oxylipins were extracted according to the manufacturer’s instructions. Ultra-high-performance liquid chromatography with
tandem mass spectrometry was then used for oxylipin analysis. Resultant data were analyzed with reference to the Metware database,
and cluster analysis was performed for differential oxylipin content.

2.9. Quantitative real-time polymerase chain reaction (qRT-PCR) analysis

Cells were harvested and total RNA was extracted with TRIzol reagent (Thermo, 15596026CN) in accordance with the manu-
facturer’s instructions. Next, 500 ng of total RNA was reverse transcribed into cDNA with HiScriptII Q RT SuperMix for qPCR (Vazyme,
R223-01). qRT-PCR was then performed with ChamQ TM Universal SYBR qPCR Master Mix (Vazyme, Q711-02) on a Bio-Rad machine
(Hercules, CA). The primer sequences were as follows: Sarm1 sense, 5′- TGCTCGACTCTAACCGCTTGGA -3′ and antisense, 5′-
TCGCTGAACACCTTGGTCTTGC-3′; AHNAK2 sense, 5′-AGGTCTCGGTGGATGTGTCTGC-3′ and antisense, 5′- TGCGGAGGT-
CAGTGGTCTTGAG-3′; NT5C sense, 5′- CGGACACGCAGGTCTTCATCTG -3′ and antisense 5′-CGATTGTGGCAGCAGGTGAACA-3′; SOX8
sense, 5′- CTTGCTGAGCGAGAGCGAGAAG -3′ and antisense, 5′-GCCGTGGCTGGTACTTGTAGTC-3′; β-actin sense, 5′-CATG-
TACGTTGCTATCCAGGC-3′ and antisense, 5′- CTCCTTAATGTCACGCACGAT -3′. β-actin served as the internal control.

2.10. Western blot analysis

TM cells were lysed in RIPA buffer (Beyotime, P0013B) for 30 min on ice. Protein concentrations were then quantified with a BCA
kit (Thermo, 23227). Total protein aliquots (40 μg) were then subjected to 10 % sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis and transferred to polyvinylidene fluoride (PVDF) membranes (Millipore, IPVH08100). Membranes were blocked in 5 %
non-fat milk (Solaribio, D8340) for 2 h, and then incubated with primary antibodies at 4 ◦C overnight. The following morning, the
membranes were washed three times with 0.1 % TBST and then incubated with an appropriate secondary antibody. Signals were
detected using a Bio-RAD imaging system. The following primary antibodies were used: MYOC (SC-515500, Santa Cruz Biotech-
nology), GAPDH (SC-47724, Santa Cruz Biotechnology). HRP-linked anti-mouse IgG (Cell Signaling, 7076) was used as the secondary
antibody.

2.11. Statistical analysis

Statistical data are reported as the mean ± standard error. Statistical analysis was performed using GraphPad Prism software.
Student’s unpaired t-tests were used to compare data between two groups, and one-way analysis of variance was used for comparisons
between more than two groups. P < 0.05 was considered to indicate a statistically significant difference.

X. Yan et al.



Heliyon 10 (2024) e37137

4

3. Results

3.1. TM cells that overexpressed MYOCS341P were more sensitive to mechanical stress

First, we characterized the specific origin of human primary TM cells by Dex treatment. We observed the robust expression of
MYOC protein following Dex treatment (Fig. 1A and B). Next, we investigated the ability of MYOCS341P to cope with mechanical stress
by overexpressing MYOCS341P in TM cells and then applying CMS. As shown in Fig. 1C–E, the levels of MYOC mRNA (Fig. 1C) and
protein (Fig. 1D and E) MYOC were both significantly upregulated. The overexpression of MYOCS341P in TM cells by lentiviral infection
without CMS is depicted in Fig. S1. Next, we performed flow cytometry and found that cell death increased after CMS; Furthermore,
TM cells that overexpressed MYOCS341P were more sensitive to CMS, as indicated by a far greater increase in cell death than normal TM
cells (Fig. 1F and G).

3.2. DEGs in TM cells under CMS

Next, we investigated the genetic changes of TM cells that overexpressed MYOCS341P in response to CMS, TM cells that had been
transfected with the empty vector and TM cells that overexpressed MYOCS341P were subjected to CMS at 20 % stretch, 1 Hz, for 24 h.
Cells in the control group were cultured under the same conditions, except that they did not undergo CMS. After RNA sequencing, we
identified DEGs using the following criteria: (i) fold change ≥1.5 or ≤0.66; and (ii) P < 0.05.

Fig. 2A shows a heatmap of gene expression in TM cells transfected with the empty vector (defined as TM) and TM cells transfected
with the empty vector and treated by CMS (defined as TM-CMS). A total of 1159 DEGs were identified; of these, 316 were upregulated
and 843 were downregulated (Fig. 2A). Fig. 2B and C shows a heatmap of the top 20 upregulated and downregulated genes. The gene
showing the greatest upregulation in response to mechanical stimulation was CYP1A1; this gene encodes a member of the cytochrome
P450 superfamily of enzymes and plays a critical role in the biotransformation and detoxification of xenobiotics [16]. This finding
indicated that CMS caused harmful stress when applied to the TM cells. The gene most strongly downregulated in response to me-
chanical stimulation was TGFA. TGFA is a mitogenic polypeptide with a high affinity for the epidermal growth factor receptor.
Reduced TGFA expression has been correlated with the inhibition of cell proliferation [17]; thus, this result implies that the prolif-
eration of TM cells was inhibited by CMS.

A total of 271 DEGs were identified between the TM-CMS and TM cells that overexpressed MYOCS341P and were treated by CMS
(defined as the S341P-CMS group); of these, 233 were upregulated and 38 were downregulated (Fig. 2D). A heatmap of the top 20
upregulated and downregulated genes is shown in Fig. 2E and F. The most strongly upregulated gene in the S341P-CMS group was
CHRNA3, which encodes a member of the nicotinic acetylcholine receptor family of proteins. Polymorphisms in CHRNA3 have been
reported to increase the risk of smoking initiation and susceptibility to lung cancer [18]. The most downregulated gene was RIT2; It

Fig. 1. The detection of cell death in human trabecular meshwork (TM) cells after cyclic mechanical stretch (CMS). (A) Western blot detection of
MYOC and GAPDH protein expression in TM cells with and without Dex treatment. (B) MYOC band intensity normalized to that of the untreated
group, as determined by ImageJ software. ***P < 0.001. (C) qPCR analysis of MYOC mRNA expression in the TM, TM-CMS and S341P-CMS groups.
***P < 0.001. (D) Western blot detection of MYOC and GAPDH protein expression in the TM, TM-CMS and S341P-CMS groups. (E) MYOC band
intensity normalized to that of the TM group, as determined by ImageJ software (right). ***P < 0.001. (F, G) Flow cytometry analysis (F) and
statistical analysis (G) of TM cells without CMS, and in the TM-CMS and S341P-CMS groups. All the full, non-adjusted images of Western blot are
provided in Fig. S2. ***P < 0.001.

X. Yan et al.



Heliyon 10 (2024) e37137

5

belongs to the RAS superfamily of small GTPases and plays a key role in calcium signaling [19,20]. Calcium oscillations are closely
associated with pressure perception and regulation in TM cells [21], thus implying that calcium signaling may have been dysfunctional
in the S341P-CMS group.

3.3. Gene ontology (GO) and KEGG analyses of DEGs in TM cells subjected to CMS

Next, we performed GO analysis with the DEGs and found that CMS induced marked upregulation of genes related to lipid response,
the negative regulation of cell proliferation, and oxidoreductase activity (Fig. 3A), and significant downregulation of genes involved in
extracellular matrix organization, collagen-containing extracellular matrix, and extracellular matrix (Fig. 3B). Thus, we hypothesized
that CMS induces an imbalance in the redox microenvironment and abnormal extracellular matrix organization. Notably, in the S341P-
CMS group, CMS upregulated genes associated with the cell cycle and double-strand break repair (Fig. 3C), and downregulated genes
involved in positive regulation of cellular respiration, negative regulation of cytochrome c release, and negative control of necrotic cell
death (Fig. 3D). Therefore, we propose that MYOCS341P aggravates damage to TM cells via mitochondria-related pathways.

In addition to GO analysis, we used KEGG pathway enrichment analysis to investigate how S341P influenced the response to CMS
stimulation. Following CMS, alterations were detected in signaling pathways associated with mitophagy, autophagy, necroptosis, cell
adhesion, and extracellular matrix (ECM)–receptor interaction in the TM-CMS group (Fig. 4A). In the 341P-CMS group, we identified
enrichment in mitophagy, autophagy, and signaling pathways associated with homologous recombination, ubiquitin-mediated pro-
teolysis, and RAS signaling (Fig. 4B). Furthermore, gene set enrichment analysis (GSEA) showed that mitochondrial function was
impaired in the S341P-CMS group, as evidenced by the downregulation of oxidative phosphorylation and respiratory electron
transport signaling (Fig. 4C and D). Based on enrichment score (ES), the top five genes in oxidative phosphorylation pathway were
ATP5ME, NDUFV3, MT-CO3, ATP6V1H and ATP6V1D, while the top five genes in respiratory electron transport pathway were
NDUFV3, NDUFAF1, CYCS, SDHC, and NDUFAF5. The downwards trend in the expression of these genes may lead to mitochondrial
dysfunction, thereby increasing sensitivity to CMS.

3.4. Validation of DEGs by qPCR

Next, we investigated gene expression patterns to identify genes associated with aggravated injury in the S341P-CMS group. The
resulting heatmap revealed different gene expression patterns between the TM and TM-CMS groups, and between the S341P-CMS and
TM-CMS groups (Fig. 5A). We selected genes with much lower expression levels or much higher expression levels (a fold change ≥1.5
or ≤0.66) in the S341P-CMS group when compared with the TM and TM-CMS groups (Fig. 5B). Four genes were identified (SARM1,
AHNAK2, NT5C, and SOX8) and subsequently confirmed by qPCR analysis. Following CMS, the mRNA levels of SARM1, AHNAK2 and

Fig. 2. DEG analysis arising from transcriptomic data. (A) Volcano plot analysis of genes that were markedly regulated by CMS. (B) Heatmap
showing the abundance of the top 20 upregulated transcripts when compared between the TM and TM-CMS groups. (C) Heatmap showing the
abundance of the top 20 downregulated transcripts when compared between the TM and TM-CMS groups. (D) Volcano plot analysis of genes that
were significantly regulated when compared between the S341P-CMS and TM-CMS groups. (E) Heatmap showing the abundance of the top 20
upregulated transcripts when compared between the S341P-CMS and TM-CMS group. (F) Heatmaps showing the abundance of the top 20 down-
regulated transcripts when compared between the S341P-CMS and TM-CMS groups.
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NT5C were increased in TM cells, with much higher levels in the S341P-CMS group (Fig. 5C). In contrast, the mRNA levels of SOX8
decreased after CMS; furthermore, the expression levels of this gene were much lower in the S341P-CMS group (Fig. 5C). According to
GSEA, mitochondrial function was dysregulated in the S341P-CMS group. Mitochondria are a source of reactive oxygen species (ROS),
which are strong associated with oxidative stress [22]. We also performed oxidized lipidomics to analyze the oxylipin levels; the results
of this analysis are shown as heatmaps in Fig. 6A and B. We observed marked changes in the oxylipin profile when compared between
the three groups, including arachidonic acid (Fig. 6A) and docosahexaenoic acid (Fig. 6B). Arachidonic acid (ARA) is an essential
component of mammalian cell membrane phospholipids and generates various oxylipins via the cyclooxygenase (COX), lipoxygenase
(LOX), and cytochrome P450 (CYP) pathways, including prostaglandins (PGEs), leukotrienes, and epoxy metabolites. These oxylipins
can influence mitochondrial function by increasing the production of mitochondrial ROS and by influencing calcium homeostasis [23,

Fig. 3. GO analysis of DEGs. (A) GO analysis of upregulated genes between the TM-CMS and TM groups. (B) GO analysis of downregulated genes
between the TM-CMS and TM groups. (C) GO analysis of upregulated genes between the S341P-CMS and TM-CMS groups. (D) GO analysis of
downregulated genes between the S341P-CMS and TM-CMS groups.
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24]. Docosahexaenoic acid (DHA) is a highly abundant polyunsaturated fatty acid (PUFA) in the brain and retina, and produces various
oxylipins via similar enzymatic pathways. DHA plays a crucial role in maintaining mitochondrial function and cell survival [25].
Oxylipins of DHA may also contribute to mitochondria dysfunction. Collectively, these results suggest that the increased sensitivity to
CMS in TM cells that overexpressed MYOCS341P may be related to mitochondrial dysfunction caused by alterations in genes associated
with mitochondrial function and lipid metabolism, as identified by GSEA. These results indicate that the increased sensitivity to CMS in
TM cells that overexpressed MYOCS341P may be associated with mitochondrial dysfunction.

4. Discussion

TM tissue has evolved to adapt to CMS stimulation to maintain homeostasis in the outflow of aqueous humor [26]. However,
patients with glaucoma exhibit different biomechanics in the TM tissues when compared with age-matched healthy controls [27]. To
better understand the biomechanical properties of TM cells under CMS with or without the overexpression of MYOCS341P, we sys-
tematically identified and validated DEGs between TM and TM-CMS groups and between S341P-CMS and TM-CMS groups. In
particular, we found that mitochondrial dysfunction may be involved in the TM damage induced by MYOCS341P.

Generally, TM cells adjust to mechanical stress by activating downstream signaling pathways [28]. The adaptive mechanism in-
cludes, but is not limited to, integrin signaling [29], cationic mechanosensitive channels mediating changes in the composition of the

Fig. 4. KEGG and GSEA analyses of DEGs. (A) KEGG pathway enrichment analysis between the TM-CMS and TM group. (B) KEGG pathway
enrichment analysis between the S341P-CMS and TM-CMS groups. (C, D) GSEA analysis between the S341P-CMS and TM-CMS group.
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Fig. 5. Expression pattern analysis of DEGs. (A) Heatmaps showing gene expression patterns in the TM, TM-CMS, and S341P-CMS groups. (B)
Heatmaps of DEGs between the TM, TM-CMS, and S341P-CMS groups. (C) qPCR analysis of SARM1, AHNAK2, NT5C and SOX8 mRNA expression
levels in the TM, TM-CMS, and S341P-CMS groups. *P < 0.05, **P < 0.01, ***P < 0.001.

Fig. 6. Oxylipin profiles under CMS. (A) Heatmap showing differences in the arachidonic acid (ARA) content between the TM, TM-CMS, and S341P-
CMS groups. (B) Heatmap showing differences in docosahexaenoic acid (DHA) content between the TM, TM-CMS, and S341P-CMS groups.
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extracellular matrix (ECM) and cytoskeleton remodeling [5], and autophagy [30]. Following CMS, we consistently identified changes
in the biological processes associated with ECM organization. Furthermore, we found that CMS led to alterations in oxidoreductase
activity, indicating impaired redox homeostasis following mechanical stretch. Thus, protective signaling occurs in the TM to counter
mechanical stretch and maintain homeostasis. However, there are also negative signaling pathways that can impair TM cells, including
necroptosis. Therefore, the balance between protective signaling and injury-related signaling is crucial for TM cells.

The aggregation of mutant MYOC due to impaired autophagy is known to cause damage to TM cells without mechanical stress, as
reported previously [13,31]. Under the conditions of mechanical stretch, we found that TM cells that overexpressed MYOCS341P were
more sensitive to CMS. We hypothesized that activated autophagy in mechanically stretched TM cells could have partially compro-
mised the dysregulated autophagy in the MYOCS341P group, and that the upregulated autophagy eventually led to over-activated
autophagy. It has been reported that the hyper-activation of autophagy can be harmful to the retina, and that the inhibition of
autophagy can protect the retina from light injury [32]. Other studies have supported the concept of autophagy as a double-edged
sword [33,34]. Further studies are now needed to confirm that the over-activation of autophagy in MYOCS341P cells following CMS
stimulation can impair the functionality of TM cells. In addition to autophagy, we also observed changes in signaling pathways
associated with homologous recombination, ubiquitin-mediated proteolysis, and RAS signaling in TM cells that overexpressed
MYOCS341P.

In the present study, we performed oxylipin profiling to investigate the metabolic changes associated with MYOCS341P over-
expression in TM cells under CMS. Our profiling identified several key oxylipins derived from ARA, which were significantly altered in
the TM-S341P-CMS group. We observed a significant increase in prostaglandin E2 (PGE2) and leukotriene B4 (LTB4) levels. PGE2 is
known to affect mitochondrial membrane potential [35], while LTB4 can increase mitochondrial ROS production [36], leading to
oxidative stress and mitochondrial damage. Oxylipins are bioactive lipids that play crucial roles in inflammation, oxidative stress, and
cell death; all of these processes are intimately linked to mitochondrial function. By profiling these molecules, we aimed to identify the
metabolic pathways affected by MYOCS341P overexpression and their potential contributions to dysfunction in TM cells.

We also observed differential expression patterns between the TM and TM-CMS groups, and between the S341P-CMS and TM-CMS
groups, and identified four genes which underwent expression changes in TM cells that overexpressed MYOCS341P under CMS. Notably,
these genes included SARM1 and SOX8. SARM1, a NAD + hydrolase that is associated with cell death in response to injury or stress
[37]. This could explain the increased rate of cell death in the S341P-CMS group when compared with the TM-CMS group. The
downregulation of SOX8 has been reported to impair autophagy. The much lower expression levels of SOX8 in the S341P-CMS group
may have exacerbated autophagy impairment, further damaging TM cells.

In summary, this study identified the main mechanism underlying damage to TM cells with MYOCS341P overexpression under CMS.
Regulation of mitochondrial function may provide a potential treatment direction for patients with primary open-angle glaucoma
carrying MYOC mutations.
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