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Semaphorin 7A promotes human vascular smooth muscle cell proliferation and migration through the β-catenin signaling pathway
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Abstract: Background: Vascular smooth muscle cells (VSMCs) undergo a conversion from a contractile phenotype to a proliferative synthetic phenotype, contributing to the pathogenesis of cardiovascular diseases. Semaphorin 7A (SEMA7A) is a glycosylphosphatidylinositol-anchored membrane protein that plays an important role in vascular homeostasis by regulating endothelial cell behaviors. However, the expression and role of SEMA7A in VSMCs remain unclear. Methods: In this study, we screened for VSMC-regulating genes in publicly available datasets and analyzed the expression of SEMA7A in human coronary artery smooth muscle cells (hCASMCs) treated with platelet-derived growth factor-BB (PDGF-BB). The effects of SEMA7A overexpression and knockdown on hCASMC proliferation and migration were examined. The signaling pathways involved in the action of SEMA7A in hCASMCs were determined. Results: Bioinformatic analysis showed that SEMA7A was significantly dysregulated in VSMCs treated with oxidized low-density lipoprotein or overexpressing progerin, a pro-atherogenic gene. The PDGF-BB stimulation led to a concentration- and time-dependent induction of SEMA7A. Depletion of SEMA7A attenuated PDGF-BB-induced hCASMC proliferation and migration. Conversely, overexpression of SEMA7A enhanced hCASMC proliferation and migration. Mechanistically, SEMA7A stimulated the activation of the β-catenin pathway and upregulated c-Myc, CCND1, and MMP7. Knockdown of β-catenin impaired SEMA7A-induced hCASMC proliferation and migration. Conclusions: SEMA7A triggers phenotype switching in VSMCs through the β-catenin signaling pathway and may serve as a potential therapeutic target for cardiovascular diseases.
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Introduction

Vascular smooth muscle cells (VSMCs) are a major cell type of the arterial wall and play a key role in the development of various cardiovascular diseases including atherosclerosis (Pan et al., 2022). While VSMCs in healthy arteries remain quiescent and provide contractile function and structural support, they exhibit altered phenotypes under pathological conditions (Bennett et al., 2016). For example, in atherosclerotic plaques, contractile VSMCs switch to a pro-atherogenic phenotype with elevated proliferation, migration, and extracellular matrix production (Lagrange et al., 2022; Zheng et al., 2022). The transition of VSMCs from a contractile phenotype to a proliferative synthetic phenotype leads to pathological vascular remodeling and lesion formation (Sakic et al., 2022). Platelet-derived growth factor-BB (PDGF-BB) can promote VSMC proliferation and migration and is widely used as a stimulator of VSMC phenotype transition (Li et al., 2021; Ran et al., 2021). Understanding the mechanisms involved in the regulation of VSMC phenotype plasticity is of importance in developing effective therapies for the treatment of vascular lesions.

Semaphorin 7A (SEMA7A; also known as CD108) is a glycosylphosphatidylinositol (GPI)-anchored membrane protein that participates in a variety of biological processes including neural development, immune regulation, cardiovascular diseases, and cancer (You et al., 2019; Crump et al., 2021; Loy et al., 2021). Plexin C1 and β1 integrin have been identified as the receptors for Sema7A. Inoue et al. (2018) reported that Sema7A mediates olfactory synapse formation through interaction with plexin C1. Further, Sema7A has been found to modulate the metabolic reprogramming of macrophages by activating the mTOR- and AKT2-signaling pathways, leading to the resolution of acute inflammation and maintenance of tissue homeostasis (Körner et al., 2021). Suzuki et al. (2007) demonstrated that the interaction between Sema7A and α1β1 integrin triggers T-cell-mediated inflammatory responses. Recent studies have indicated the role of Sema7A in regulating vascular homeostasis and atherosclerotic plaque formation (Hu et al., 2018b). Overexpression of Sema7A in endothelial cells promotes the expression of cell adhesion molecules and monocyte adhesion through the β1 integrin receptor (Hu et al., 2018a). However, the expression and role of SEMA7A in VSMCs are poorly understood.

In this study, we screened for differentially expressed genes (DEGs) in publicly available datasets and identified SEMA7A as a DEG in human VSMCs exposed to pro-atherogenic stimuli. Moreover, we uncovered the role and molecular mechanisms of SEMA7A in mediating VSMC phenotype switching.

Materials and Methods

Bioinformatic analysis

To search for key genes involved in the regulation of VSMCs, we analyzed 2 publicly available Gene Expression Omnibus (GEO) datasets, GSE68021 and GSE198983. Microarray data deposited in the GSE68021 dataset show gene expression changes in human VSMCs exposed to native and oxidized low-density lipoprotein (oxLDL). The oxLDL plays an important role in vascular remodeling by promoting phenotype switching in VSMCs (Wang et al., 2021a). Data on RNA sequencing in the GSE198983 dataset reveal differential expression of genes in VSMCs overexpressing progerin, a pro-atherogenic gene (Hamczyk et al., 2019). We used GEO2R software (https://www.ncbi.nlm.nih.gov/geo/geo2r/) to identify DEGs from microarray data, and NetworkAnalyst software (https://www.networkanalyst.ca/) to detect DEGs from RNA sequencing data. Statistically significant DEGs were defined at an adjusted p-value of <0.05 and log2(fold change) >1.

Cell culture and treatment

Human coronary artery smooth muscle cells (hCASMCs) were obtained from Lonza (Basel, Switzerland) and maintained in smooth muscle growth medium-2 (Lonza) containing 10% fetal bovine serum (FBS; Lonza). Cells in passages 2–6 were used in this study. For PDGF-BB treatment, hCASMCs were serum starved for 24 h and then exposed to recombinant human PDGF-BB (Peprotech, Rocky Hill, NJ, USA). Unless stated otherwise, hCASMCs were treated with 40 ng/mL of PDGF-BB for 24 h (Wang et al., 2021b). For inhibitor experiments, hCASMCs with overexpression of SEMA7A were exposed to 20 μM of LY29402 (a PI3K/Akt inhibitor; Sigma-Aldrich, St. Louis, MO, USA) or 100 nM of PD0325901 (an MEK inhibitor; Sigma-Aldrich) for 24 h.

RNA extraction and quantitative real-time PCR (qRT-PCR) analysis

Total RNA was extracted from hCASMCs using Trizol reagent (Invitrogen, Carlsbad, CA, USA) according to the manufacturer’s protocol. RNA samples were reverse transcribed to cDNA using oligo (dT) primers. The qRT-PCR was performed on an ABI Prism 7500 Sequence Detection System (Applied Biosystems, Foster City, CA) using the SYBR Premix Ex Taq (TaKaRa, Tokyo, Japan). The PCR primers used are summarized as follows: SEMA7A forward, 5′-CAGACTCCTCAAACTTGACTA-3′ and SEMA7A reverse, 5′-GTCTTCAGGAACACCAGCCAC-3′; c-Myc forward, 5′-GTCAAGAGGCGAACACACAAC-3′ and c-Myc reverse, 5′-TTGGACGGACAGGATGTATGC-3′; CCND1 forward, 5′-CGTGGCCTCTAAGATGAAGG-3′ and CCND1 reverse, 5′-CTGGCATTTTGGAGAGGAAG-3′; MMP7 forward, 5′-TGTATGGGGAACTGCTGACA-3′ and MMP7 reverse, 5′-GCGTTCATCCTCATCGAAGT-3′; CTNNB1 forward, 5′-AAAGCGGCTGTTAGTCACTGG-3′ and CTNNB1 reverse, 5′-CGAGTCATTGCATACTGTCCAT-3′; GAPDH forward, 5′-GGAGCGAGATCCCTCCAAAAT-3′ and GAPDH reverse, 5′-GGCTGTTGTCATACTTCTCATGG-3′. For an internal control, GAPDH was used. The relative gene expression was quantified using the comparative cycle threshold (CT) method (2−ΔΔCT method).

Small interfering RNAs (siRNAs), plasmids, and cell transfection

Two specific siRNAs targeting different sites of the SEMA7A transcripts were used in this study: siSEMA7A#1 sense, 5′-GUUCACUGUCAGUCUCCAAAG-3′; siSEMA7A#2 sense, 5′-CCACACUCACUCUUGGCUUAA-3′. A siRNA targeting β-catenin mRNA (siCTNNB1) was purchased from Dharmacon (Lafayette, CO, USA), with the sense sequence given to be 5′-AAGUCCUGUAUGAGUGGGAAC-3′ (Deng et al., 2002). For the SEMA7A overexpression study, full-length SEMA7A-expressing sequence (NM_003612) was amplified by PCR and cloned to pcDNA3.1(+) vector. The inserts were validated by sequencing.

hCASMCs at 85% confluence were transfected with the pcDNA3.1/SEMA7A plasmid or indicated siRNAs (a final concentration of 40–50 nM for each) using Lipofectamine 3000 (Invitrogen). Twenty-four hours later, transfected cells were examined for gene expression, proliferation, and migration.

EdU cell proliferation assay

Cell proliferation was evaluated by 5-ethynyl-2′-deoxyuridine (EdU) labeling assays. In brief, hCASMCs were seeded on coverslips at 5 × 104 cells per well in 12-well plates. After indicated treatments, the cells were labeled with EdU (10 μM; Beyotime Biotechnology, Shanghai, China) for 2 h. Following fixation, the cells were incubated with the Click Additive Solution for 30 min in the dark. Nuclei were counterstained with Hoechst 33342. Cell images were obtained using a fluorescence microscope. The proliferation index was expressed as a percentage of the EdU-positive cells.

MTT assay

hCASMCs were plated in 24-well plates (1 × 104 cells per well) and cultured for 72 h in the presence or absence of PDGF-BB (40 ng/mL). Viable cells were examined by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) assay. In brief, cells were incubated with MTT solution (0.5 mg/mL) at 37°C for 4 h. The purple precipitates were dissolved in dimethyl sulfoxide, and absorbance was recorded at 540 nm. The blank control was measured at 720 nm. Results are expressed as the corrected absorbance, which was obtained by subtracting the background absorbance for assay absorbance.

In-vitro wound healing assay

Cell migration capacity was determined using in vitro wound healing assays, as described previously (Jin et al., 2020). The hCASMCs transfected with indicated constructs were plated in 6-well plates (1 × 106 cells/well) and grew to confluence. A sterile 100-μL pipette tip was used to generate a scratch on the cell monolayer. After incubation with or without PDGF-BB (40 ng/mL) for 24 h, cell migration was evaluated under a microscope. Percentage of wound closure was calculated using the formula: ([(wound area at 0 h—wound area at 24 h)/(wound area at 0 h)] × 100).

Western blot analysis

The hCASMCs were lysed in radio-immunoprecipitation assay lysis buffer supplemented with protease and phosphatase inhibitor cocktails (Thermo Fisher Scientific, Waltham, MA, USA). Protein samples were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis and transferred to nitrocellulose membranes (Sigma-Aldrich). Membranes were blocked for 1 h in 5% fat-free milk. After blocking, membranes were probed with primary antibodies at 4°C overnight. The primary antibodies used are listed as follows: anti-SEMA7A (#PA5-28971, Thermo Fisher Scientific), anti-active β-catenin (#8814, Cell Signaling Technology, Danvers, MA, USA), anti-β-catenin (#9562, Cell Signaling Technology), anti-phospho-ERK (#9101, Cell Signaling Technology), anti-ERK (#9102, Cell Signaling Technology), anti-phospho-Akt (#9275, Cell Signaling Technology), anti-Akt (#9272, Cell Signaling Technology), and anti-GAPDH (#2118, Cell Signaling Technology). The membranes were then incubated with horseradish peroxidase (HRP)-conjugated anti-rabbit or anti-mouse IgG (Cell Signaling Technology). Protein bands were visualized using chemiluminescence (Amersham Biosciences/GE Healthcare, Piscataway, NJ, USA) and quantified using Quantity One software (Bio-Rad Laboratories, Hercules, CA, USA).

TOPFlash/FOPFlash reporter assay

TOPFlash/FOPFlash reporter assay was performed to evaluate β-catenin-dependent transcriptional activity (Chen et al., 2019). In brief, hCASMCs were co-transfected with pcDNA3.1/SEMA7A together with TOPFlash or FOPFlash luciferase reporter constructs (Beyotime, Shanghai, China). To control for transfection efficiency, the cells were co-transfected with the pRL-TK Renilla luciferase plasmid (Beyotime). Twenty-four hours after transfection, cells were lysed with lysis buffer and examined for luciferase activities using the Dual-Luciferase Reporter Assay System (Promega, Madison, WI, USA). The TOPFlash or FOPFlash luciferase reporter was normalized to Renilla luciferase activity. The normalized TOPFlash to FOPFlash ratio was then calculated.

Statistical analysis

Data are presented as mean ± standard deviation (SD). All experiments were repeated 3 times (3 biological replicates for each). Statistical significance was analyzed using Student’s t-test or one-way analysis of variance followed by the Tukey post-hoc test. Values with p < 0.05 were considered to be statistically significant.

Results

Identification of VSMC-regulating genes

We analyzed the publicly available datasets GSE68021 and GSE198983 that were obtained from human VSMCs exposed to oxLDL or overexpressing progerin. There were 507 DEGs (upregulated or downregulated) in GSE68021 and 373 in GSE198983. A Venn diagram revealed 20 common genes between the 2 sets of DEGs (Fig. 1A). Among the 20 overlapping genes, we focused on SEMA7A because of its involvement in the regulation of vascular homeostasis and atherosclerotic plaque formation (Hu et al., 2018a).
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Figure 1: PDGF-BB induces the expression of SEMA7A in hCASMCs. (A) A Venn diagram showing differentially expressed genes identified from GSE68021 and GSE198983 datasets. A list of 20 common genes are summarized below. (B) Quantification of SEMA7A transcripts in hCASMCs exposed to different concentrations of PDGF-BB for 24 h. (C) Quantification of SEMA7A transcripts in hCASMCs exposed to 40 ng/mL of PDGF-BB for different times. *p < 0.05 vs. untreated cells. Each assay was repeated 3 times, each with 3 biological replicates.

PDGF-BB induces the expression of SEMA7A in hCASMCs

To investigate the regulation of SEMA7A in proliferating hCASMCs, we used PDGF-BB to stimulate serum-starved hCASMCs. Compared to control cells cultured in 0.2% FBS, PDGF-BB-treated hCASMCs showed a profound elevation in the expression of the SEMA7A transcript (Figs. 1B and 1C). The upregulation of SEMA7A was in a time- and concentration-dependent manner. Treatment with PDGF-BB at the concentrations of 20–60 ng/mL for 24 h led to a 2-6-fold induction of SEMA7A mRNA expression (Fig. 1B). When hCASMCs were exposed to 40 ng/mL of PDGF-BB, the expression of SEMA7A started to increase at 12 h and peaked at 24 h (Fig. 1C). These results suggest that SEMA7A may be involved in VSMC phenotype switching.

SEMA7A depletion impairs the effects of PDGF-BB on VSMC proliferation and migration

To ascertain the role of SEMA7A in regulating VSMC phenotypes, we knocked down SEMA7A with siRNA technology. Transfection with 2 different siRNAs caused a significant reduction of SEMA7A mRNA expression in hCASMCs (Fig. 2A). The EdU cell proliferation assays demonstrated that SEMA7A-silenced and control hCASMCs showed a comparable low proliferation index in a low serum (0.2% FBS) condition (Fig. 2B). When cultured in media containing 40 ng/mL PDGF-BB, SEMA7A-silenced cells displayed a significantly lower proliferation index than control cells. Consistently, MTT assays indicated a significant decline in viable cell number in the SEMA7A knockdown group when cultures were stimulated with PDGF-BB for 72 h (Fig. 2C). Additionally, PDGF-BB-induced hCASMC migration was blocked by SEMA7A silencing, as evidenced by in vitro wound-healing assays (Fig. 2D).
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Figure 2: SEMA7A depletion impairs the effects of PDGF-BB on VSMC proliferation and migration. (A) Quantification of SEMA7A transcripts in hCASMCs transfected with indicated siRNAs. (B) EdU cell proliferation assay. hCASMCs transfected with indicated siRNAs were cultured in the presence of 0.2% FBS or 40 ng/mL of PDGF-BB. Nuclei were counterstained with Hoechst 33342 (blue). Scale bar = 50 μm. (C) hCASMCs transfected with indicated siRNAs were cultured for 72 h in the presence or absence of PDGF-BB (40 ng/mL). Cell viability was assessed by MTT assays. (D) In vitro wound-healing assays were performed to evaluate the migration capacity of hCASMCs after indicated treatments. *p < 0.05. Each assay was repeated 3 times, each with 3 biological replicates.

SEMA7A overexpression promotes the proliferation and migration of VSMCs

Next, we examined the impact of enforced expression of SEMA7A on VSMC phenotypes. Western blot analysis validated overexpression of SEMA7A in hCASMCs after transfection with the SEMA7A-expressing plasmid (Fig. 3A). Of note, ectopic expression of SEMA7A enhanced the proliferation and migration of hCASMCs (Figs. 3B–3D). These results indicate that SEMA7A has the capacity to drive VSMC proliferation and migration.
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Figure 3: SEMA7A overexpression promotes the proliferation and migration of VSMCs. (A) Western blot analysis of SEMA7A protein levels in hCASMCs transfected with indicated constructs. Numbers indicate fold change relative to the vector group. (B) EdU cell proliferation assays performed in hCASMCs transfected with indicated constructs. Nuclei were counterstained with Hoechst 33342 (blue). Scale bar = 50 μm. (C) hCASMCs were transfected with indicated constructs, and viability was assessed by MTT assays. (D) In vitro wound-healing assays performed in hCASMCs transfected with indicated constructs. *p < 0.05. Each assay was repeated 3 times, each with 3 biological replicates.

SEMA7A induces the activation of the β-catenin pathway

Having determined that SEMA7A acts as an inducer of VSMC phenotype switching, we explored the mechanism underlying SEMA7A action. Several signaling pathways including ERK, PI3K/Akt, and β-catenin have been found to be involved in the regulation of VSMC phenotypes (Shen et al., 2014; An et al., 2022). Interestingly, SEMA7A overexpression increased the level of active β-catenin in hCASMCs (Figs. 4A and 4B). However, as determined by Western blot analysis, the phosphorylated and total protein levels for Akt and ERK remained unaffected in SEMA7A-overexpressing hCASMCs (Suppl. Fig. S1A). Immunofluorescent staining of β-catenin revealed that SEMA7A-overexpressing hCASMCs displayed an enhancement of β-catenin nuclear translocation (Fig. 4C). The TOPFlash/FOPFlash reporter assays indicated that SEMA7A-overexpressing hCASMCs had a 4.2-fold increase in the normalized TOPFlash reporter activity compared to control cells (p < 0.05; Fig. 4D). We also measured the effect of SEMA7A overexpression on the expression of several β-catenin signaling downstream targets, i.e., c-Myc, CCND1, and MMP7. Notably, ectopic expression of SEMA7A led to an induction of c-Myc, CCND1, and MMP7 in hCASMCs (Fig. 4E). All these data demonstrate that SEMA7A contributes to the activation of the β-catenin signaling pathway in VSMCs.
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Figure 4: SEMA7A induces the activation of the β-catenin pathway. (A) Western blot analysis of protein levels in hCASMCs transfected with indicated constructs. (B) Bar graphs show quantification of active and total β-catenin levels. Results are expressed as fold change relative to the vector group. (C) Immunofluorescent staining of β-catenin (green) in SEMA7A-overexpressing hCASMCs. Nuclei were counterstained with Hoechst 33342 (blue). Scale bar = 20 μm. (D) TOPFlash/FOPFlash reporter assays. Data are expressed as fold change relative to the vector group. (E) Quantification of c-Myc, CCND1, and MMP7 transcripts. *p < 0.05. Each assay was repeated 3 times, each with 3 biological replicates.

The β-catenin signaling pathway is required for SEMA7A-induced phenotype conversion in VSMCs

Next, we asked whether SEMA7A triggered VSMC phenotype conversion through the β-catenin signaling pathway. To address this, we knocked down β-catenin in SEMA7A-overexpressing hCASMCs (Fig. 5A). Importantly, depletion of β-catenin attenuated the induction of hCASMC proliferation and migration by SEMA7A overexpression (Figs. 5B–5D). Moreover, the upregulation of c-Myc, CCND1, and MMP7 by SEMA7A was reversed when β-catenin was silenced (Fig. 5E). We also checked the effect of chemical inhibition of PI3K/Akt and ERK pathways on SEMA7A-mediated phenotype in hCASMCs. As shown in Suppl. Figs. S1B–S1D, treatment with 20 μM of LY29402 or 100 nM of PD0325901 for 24 h had no significant impact on SEMA7A-indced proliferation and migration in hCASMCs. Taken together, activation of the β-catenin signaling pathway is essential for SEMA7A action in VSMCs.
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Figure 5: The β-catenin signaling pathway is required for SEMA7A-induced phenotype conversion in VSMCs. (A) Quantification of β-catenin transcripts in SEMA7A-overexpressing hCASMCs transfected with indicated siRNAs. (B) EdU cell proliferation assays performed in hCASMCs transfected with indicated constructs. (C) hCASMCs were transfected with indicated constructs, and viability was assessed by MTT assays. (D) In vitro wound-healing assays performed in hCASMCs transfected with indicated constructs. (E) Quantification of c-Myc, CCND1, and MMP7 transcripts in hCASMCs transfected with indicated constructs. *p < 0.05. Each assay was repeated 3 times, each with 3 biological replicates.

Discussion

Aberrant vascular remodeling is a key event linked to the development of various cardiovascular diseases (Bennett et al., 2016). VSMCs exhibit a high plasticity and can transform from a contractile phenotype to a proliferative, migratory phenotype. Mounting evidence indicates that VSMCs play a critical role in pathological vascular remodeling (Chakraborty et al., 2021). In this study, we identify SEMA7A as an important regulator of VSMC phenotypes. Specially, overexpression of SEMA7A promotes CAMSC proliferation and migration. Moreover, the knockdown of SEMA7A blocks PDGF-BB-induced proliferation and migration of hCASMCs. Our data suggest that SEMA7A represents a potential therapeutic target for cardiovascular diseases.

We analyzed GEO datasets and found that SEMA7A is dysregulated in VSMCs in response to pro-atherogenic stimuli oxLDL and progerin (Chen et al., 2019; Jin et al., 2020). Consistently, our results show that SEMA7A is significantly upregulated in PDGF-BB-treated VSMCs. PDGF-BB has been reported to mediate arterial stiffening in response to aging and metabolic stress (Santhanam et al., 2021). These results suggest that SEMA7A may act as a stress-responsive gene and contribute to cardiovascular diseases. In support of our hypothesis, Köhler et al. (2020) reported that SEMA7A can increase platelet thrombo-inflammatory activity, thus aggravating post-ischemic myocardial tissue injury. Most interestingly, clinical evidence shows that a high serum SEMA7A level is an independent risk factor of acute atherothrombotic stroke (You et al., 2019). Therefore, SEMA7A may be a biomarker for cardiovascular diseases.

Semaphorin signaling is required for vascular patterning and heart development (Gitler et al., 2004). Several semaphorin proteins have been found to modulate VSMC phenotypes. For example, semaphorins 3A and 3E can suppress VSMC proliferation and migration (Wu et al., 2017; Wu et al., 2019). Moreover, the number of semaphorin-3E-positive VSMCs is reduced in atherosclerotic plaques (Wu et al., 2017), suggesting a protective role for semaphorin-3E during atherosclerosis. In contrast to semaphorins 3A and 3E, our data show that SEMA7A overexpression facilitates VSMC proliferation and migration. These findings suggest that semaphorin proteins play opposite roles in regulating the phenotypes of VSMCs. A previous study demonstrated that vascular SEMA7A induces atherosclerosis by modulating endothelial cell function (Hu et al., 2018a). VSMC phenotype conversion is causally linked to atherosclerotic lesion formation (Sakic et al., 2022). Thus, our results suggest that SEMA7A might contribute to atherosclerosis by promoting VSMC transformation to a proliferative, migratory phenotype.

Plexin C1 and β1 integrin are 2 established receptors for SEMA7A (Suzuki et al., 2007; Inoue et al., 2018). However, the blockade of plexin C1 and β1 integrin using neutralizing antibodies had no significant impact on SEMA7A-induced phenotype switching in hCASMCs (data not shown). Instead, we found that SEMA7A overexpression enhances the activation of β-catenin signaling in hCASMCs, as evidenced by increased levels of active β-catenin and β-catenin-dependent transcriptional activities. Multiple β-catenin downstream targets (c-Myc, CCND1, and MMP7) are upregulated by SEMA7A overexpression. These β-catenin target genes play important roles in mediating VSMC proliferation and migration. Luo et al. (2019) reported that the downregulation of c-Myc contributes to the ligustilide-mediated suppression of rat VSMC migration. In addition, c-Myc is reported to bind to the DNMT1 promoter to initiate DNMT1 expression, consequently facilitating VSMC proliferation (Xu et al., 2019). Upregulation of CCND1 is involved in oxidized low-density lipoprotein-stimulated VSMC proliferation and migration (Zhang et al., 2021). Therefore, we speculated that SEMA7A might promote phenotype conversion of VSMCs through the β-catenin signaling pathway. Interestingly, we demonstrate that knockdown of β-catenin impairs SEMA7A-induced hCASMC proliferation and migration. Moreover, the upregulation of c-Myc, CCND1, and MMP7 by SEMA7A is blocked when β-catenin is silenced. Taken together, our results suggest that SEMA7A upregulation induces the activation of β-catenin signaling to promote VSMC proliferation and migration, thereby contributing to vascular remodeling (Fig. 6).
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Figure 6: A schematic model of the mechanism for SEMA7A-induced VSMC proliferation and migration through activation of the β-catenin pathway.

Although our data confirm the capacity of SEMA7A in inducing VSMC phenotype switching, the exact role of SEMA7A in the pathogenesis of cardiovascular diseases warrants further investigation. Additionally, it remains to be determined how SEMA7A activates the β-catenin signaling pathway in VSMCs.

In conclusion, our work identifies SEMA7A as a novel inducer of VSMC proliferation and migration. The β-catenin signaling pathway mediates the effects of SEMA7A overexpression on phenotype conversion of VSMCs. These findings warrant further exploration of the value of SEMA7A as a therapeutic target in treating cardiovascular diseases.
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Figure S1: Inhibition of PI3K/Akt and ERK pathways has no significant effect on SEMA7A-mediated phenotype in hCASMCs. (A) Western blot analysis of indicated proteins in hCASMCs transfected with SEMA7A-expressing plasmids or empty vector. (B–D) hCASMCs with overexpression of SEMA7A were exposed to 20 μM of LY29402 or 100 nM PD0325901 for 24 h. The cells were subjected to (B) EdU cell proliferation assay, (C) MTT assay, and (D) in-vitro wound healing assay. *p < 0.05; ns, no significance.
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