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Aims

Methods
and results

Conclusion

Semaphorin 7A (SEMA7A), a membrane-anchored glycoprotein involved in immune and vascular signalling, has been
implicated in cardiovascular diseases. However, its role in the development of abdominal aortic aneurysm (AAA) has
not been defined. In this study, we investigated the role of SEMA7A in AAA progression and the underlying
mechanisms.

A meta-analysis of genome-wide association studies identified SEMA7A as a candidate gene involved in AAA forma-
tion. Global and vascular smooth muscle cell (VSMC)-specific Sema7a knockout mice were generated and subjected to
a CaPO4-induced AAA model. Compared with wild-type controls, SEMA7A-deficient mice exhibited a 28.6% reduc-
tion in aortic expansion, a finding that was recapitulated in VSMC-specific Sema7a knockout mice. RNA sequencing of
CaPOy-stimulated mouse VSMCs, along with immunofluorescence staining of AAA tissues, revealed that SEMA7A
deficiency suppressed VSMC phenotypic switching. Further mechanistic studies demonstrated that SEMA7A pro-
motes this switching via the integrin a581-mediated PDK1/SGK3/YTHDC1 signalling axis. Notably, administration
of a synthetic SEMA7A-mimicking small peptide, ACP, significantly inhibited VSMC phenotypic switching and attenu-
ated AAA progression.

This study underscores the critical role of SEMA7A in regulating VSMC phenotypic switching through a novel PDK1/
SGK3/YTHDC1 axis, which contributes to AAA pathogenesis, suggesting that targeting SEMA7A is a promising thera-
peutic strategy for AAA prevention and treatment.
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1. Introduction

Abdominal aortic aneurysm (AAA) is a serious and potentially fatal
condition characterized by permanent regional dilation of the ab-
dominal aorta exceeding 1.5 times its normal diameter. This patho-
logical enlargement can lead to aortic rupture and sudden death.!
Although AAA often remains asymptomatic during its early stages,
rupture is associated with a mortality rate exceeding 80%.2 While
surgical interventions such as open repair and endovascular aneur-
ysm repair (EVAR) are currently the mainstays of treatment, no ef-
fective pharmacological therapies exist to halt or reverse disease
progression. Therefore, there is an urgent need to elucidate the mo-
lecular mechanisms driving AAA pathogenesis to identify novel
therapeutic targets.

A key histopathological hallmark of AAA is medial degeneration,
which compromises the structural integrity of the abdominal aorta
and contributes to its dilation and potential rupture.* This degener-
ation is closely linked to the phenotypic switching of VSMCs within
the tunica media. Under pathological stimuli, VSMCs undergo a
transition from a contractile phenotype to a synthetic phenotype,
a critical early event in AAA pathogenesis.”®> Dedifferentiated
VSMCs not only contribute to extracellular matrix (ECM) degrad-
ation through the production of matrix metalloproteinases
(MMPs),%7 but also intensify vascular inflammation by secreting
proinflammatory cytokines.2 Consequently, identifying and target-
ing key regulators of VSMC phenotypic switching offers a promis-
ing strategy for the AAA treatments.

Semaphorin 7A (SEMA7A) is a distinctive member of the class VII
semaphorin subfamily, characterized by glycosylphosphatidylinosi-
tol (GPl)-anchored membrane association.” Although traditionally
recognized for its role in axon guidance within the nervous sys-
tem,'® emerging evidence suggests that SEMA7A plays pivotal
roles in a range of inflammation-related diseases, including
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cancer,'*13 sepsis, 1415

diovascular diseases.'?

Our previous studies demonstrated that SEMA7A deficiency at- ¢
tenuates atherosclerotic plaque formation by reducing leukocyte ad-
hesion induced by disturbed blood flow.'? Endothelial SEMA7A has
been implicated in endothelial-to-mesenchymal transition (EndMT)
via TGF-82/Smad signalling, mediated by the transcription factor o
ATF3.21 Although the pathological mechanisms of atheroscleroastO
and AAA differ in several respects, they share many common patho- &
genic features, including vascular inflammation,?? vascular calcifica- %
tion,?® and phenotypic modulation of vascular cells.® Given this §
overlap, the present study aimed to elucidate the signalling pathways T
through which SEMA7A contributes to AAA development and to 3
evaluate its potential as a therapeutic target.

2. Methods

2.1 Human samples

Human serum samples and AAA tissues were obtained from<
the First Affiliated Hospital of the University of Science and ~
Technology of China (USTC). This study was approved by the £
Research Ethics Committee of the First Affiliated Hospital of ©
USTC (Approval No: 2024-RE-467). This study was also conducted <
in accordance with the Declaration of Helsinki. All patients were*;
fully informed about the research and provided written informed §
consent. The baseline characteristics of the enrolled patients with 3
AAA and control subjects are provided in Supplementary material
online, Table S1.

17,18

obesity,*® multiple sclerosis, and car-
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2.2 Animals

The animal protocol for this study was approved by the
Ethics Committee of Soochow University (Approval No:
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SUDA20250429A03). Sema7a-flox mice were generated by the
CAM-SU Genomic Resource Center at Soochow University. Mouse
strains, including the Sema7a knockout, Myh11-CreER™, Cdh5-Cre,
and LysM-Cre strains, were obtained from Jackson Laboratory (Bar
Harbor). To generate VSMC-specific Sema7a-knockout mice
(Sema7a*>MC), Sema7a-flox mice were crossed with Myh11-CreER™?
mice. CreERT2 recombinase activation in Sema7a**™¢ mice was in-
duced by administering tamoxifen (75 mg/kg body weight) via intra-
peritoneal injection every 24 h for five consecutive days. Endothelial
cell (EC)-specific Sema7a-knockout mice (Sema7a“E) were generated
by crossing Sema7a-flox mice with Cdh5-Cre mice, whereas myeloid
cell-specific Sema7a-knockout mice (Sema7a*™?) were generated by
crossing Sema7a-flox mice with LysM-Cre mice. All mice used were
onaC57BL/6J background, with at least six generations of backcross-
ing to ensure genetic consistency. All the animal experiments were
conducted under specific pathogen-free barrier conditions and in
compliance with the institutional guidelines of the Laboratory
Animal Center of Soochow University. All procedures followed the
guidelines from Directive 2010/63/EU of the European Parliament.
The mice were anaesthetized with 240 mg/kg tribromoethanol via in-
traperitoneal injection in order to produce less bradycardia with less
effect on cardiac loading and ventricular function than does xyla-
zine-ketamine.?* At the appropriate time, the mice were euthanized

2.3 Cell experiments with inhibitors

Mouse VSMCs were seeded into 6-well plates and allowed to ad-
here overnight. The cells were then pretreated with one of the fol-
lowing inhibitors for 12 h: SGK3-PROTAC1 (SGK3 INH, 3 uM,
T13847, TargetMol), obtustatin (¢181 INH, 5uM, T78219,
TargetMol), ATN-161 (581 INH, 5 uM, T10397, TargetMol) or
integrin-IN-1 (avp1l INH, 5uM, T13473, TargetMol). After
pretreatment, the cells were exposed to 0.05M CaPO, for
30 min, followed by the addition of the same concentration of
the respective inhibitor. The cells were then cultured for an
additional 48 h.

2.4 Administration of synthetic peptides

The scrambled peptide and SEMA7A RGD-containing peptide
(ACP) were synthesized by TGpeptide Biotechnology (Nanjing,
China). The peptides were verified via high-performance
liquid chromatography and mass spectrometry (MS) character-
ization. To evaluate the preventive effects of ACP, peptides
(scrambled or ACP) were administered intravenously at a dose
of 25 mg/kg one day before AAA model induction. The same
dose was subsequently administered every three days for two
weeks. To assess the therapeutic effects of ACP, peptides
(scrambled or ACP) were administered intravenously at a dose
of 50 mg/kg starting on day 7 after CaPO4-induced AAA induc-
tion. For this therapeutic regimen, injections were given every
two days.

2.5 Statistical analysis
Differentially expressed genes (DEGs) for RNA-seq analysis were
identified via the Wald test, as implemented in the ‘DESeq2’
package. Statistical analyses were performed via Prism 8.0
(GraphPad Prism Software). An unpaired two-tailed Student’s t
test was used to evaluate differences between groups, with stat-
istical significance defined as P < 0.05 (*), P<0.01 (**), P<0.001
(***), and P<0.0001 (****). The data are presented as the
mean + SEM.

The detailed experimental protocols and materials used for this
study are provided in the Methods section of the Supplementary
Material.

3. Results

3.1 Increased SEMA7A expression is associated
with AAA

To investigate the potential association between semaphorins and
AAA, we screened single nucleotide polymorphisms (SNPs) in
semaphorin-related genes using data from a genome-wide associ-
ation study (GWAS) meta-analysis encompassing 39 221 indivi-
duals with AAA.2° This analysis identified a significant association
between the intronic variant rs11856835 at the SEMA7A locus
and AAA, reaching the genome-wide significance threshold (P <
5x107%) (Figure 1A, Supplementary material online, Table S2).
This association has also been previously reported,?® further sub-
stantiating the relevance of this variant in AAA pathogenesis. To as-
sess the potential functional impact of rs11856835, we analysed
cis-expression quantitative trait locus (cis-eQTL) data from the
eQTLGen consortium and found a positive correlation between
rs11856835 and SEMA7A expression (Figure 1B). Supporting this
genetic evidence, analysis of human serum samples revealed sig-
nificantly elevated SEMA7A levels in AAA patients compared
with healthy adults (Figure 1C). Notably, immunofluorescence
analysis revealed co-localization of SEMA7A with a-SMA*
VSMCs in human AAA tissues (see Supplementary material
online, Figure S1A).

To further investigate the biological implications of SEMA7A in
AAA, we performed gene set enrichment analysis (GSEA) in
VSMCs overexpressing SEMA7A (Figure 1D). GSEA revealed a sig-
nificant enrichment of genes involved in cartilage development, a
process implicated in vascular calcification.?”?® Consistently,
SEMA7YA overexpression markedly upregulated the expression of
vascular calcification-related genes (Figure 1E), including SPP1,2?
BMP4,%% and BMP6.%! Given the emerging role of vascular calcifi-
cation as both a hallmark and potential driver of AAA progression,?®
we employed a calcium phosphate (CaPQO,)-induced AAA mouse
model, which recapitulates key pathological features of human
AAA, including elastin degradation and vascular calcification.3%33

Histological analysis via Von Kossa staining and protein quantifi-
cation by Western blotting confirmed that robust calcification in
CaPO,-treated aortic tissues (Figure 1F), accompanied by elevated
SEMAZ7A expression (Figure 1G). Additionally, immunofluorescence
staining demonstrated spatial co-localization of SEMA7A with
BMP4 (Figure 1H) and a marked increase in SEMA7A expression
(Figure 1I), suggesting a potential mechanistic link between
SEMA7A and calcification processes during AAA development.
Taken together, these findings provide compelling evidence for a
strong association between increased SEMA7A expression and
AAA, implicating SEMA7A as a potential contributor to disease
pathogenesis.

3.2 Global or VSMC-specific deletion of Sema7a

mitigates AAA development
To elucidate the role of SEMA7A in AAA development, Sema7Za™*
and Sema7a~'~ mice were subjected to CaPO, application to the
abdominal aorta. As shown in Figure 2A, SEMA7A deficiency atte-
nuated aneurysm formation. The mean abdominal aorta diameter
in Sema7a~’~ mice was 28.6% smaller compared to Sema7a*’*
mice (P < 0.01) (Figure 2B and C). Further histological assessments
via haematoxylin and eosin (H&E) staining and Victoria blue (VB)
staining revealed that SEMA7A deficiency mitigated vascular le-
sions and elastin degradation (Figure 2D and E), suggesting a pro-
tective role of SEMA7A deficiency against CaPO4-induced AAA.
Although elevated SEMA7A expression was observed both in
AAA patient serum and in CaPOg4-induced AAA mouse models,
the cellular source and mechanistic contribution of SEMA7A re-
main unclear. To clarify this, we performed immunofluorescent
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Figure 1 Increased SEMA7A expression is associated with AAA. (A) Identification of the AAA-associated single-nucleotide polymorphism
(SNP) rs11856835 at the SEMA7A locus via meta-analysis of the AAAgen consortium. (B) The top 10 significant genetic variants significantly
associated with SEMA7A expression were identified via cis-expression quantitative trait locus (cis-eQTL) analysis from the eQTLGen
Consortium. (C) Serum SEMA7A levels in AAA patients vs. healthy adults. Data are presented as mean + SEM, ****P < 0.0001, Student’s
t-test. (D) Gene set enrichment analysis (GSEA) based on the Gene Ontology (GO) biological process database revealed that the cartilage de-
velopment pathway was enriched in SEMA7A-overexpressing HA-VSMCs. (E) Heatmap showing the expression levels of the contractile mark-
er CNN1 and calcification-related molecules in human VSMCs overexpressing SEMA7A. (F) Von Kossa staining demonstrated vascular
calcification in CaPOg4-induced AAA tissues in mice. Scale bars =100 um (left and middle) or 20 um (right). (G) Western blot analysis of
SEMA7YA protein levels in CaPO4-induced AAA tissues. Data are presented as mean + SEM, **P < 0.01, Student’s t-test. n = 5 mice per group.
au: arbitrary units. (H) Immunofluorescence staining of SEMA7A and BMP4 in CaPO4-induced mouse AAA tissues and (1) statistical analyses of
SEMA7A expression in AAA tissues. Data are presented as mean £ SEM, ****P < 0.0001, Student’s t-test. SEMA7A, red; BMP4, green; DAPI,

blue. Scale bars = 100 um (left and middle) or 20 pum (right).
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Figure 2 Global or VSMC-specific deletion of Sema7a mitigates AAA development. (A) Representative microscopy images of the abdominal
aorta. Scale bars = 2 mm. (B) Quantification of the maximal aortic diameter via ImageJ software. The data are presented as mean + SEM, **P <
0.01, ****P < 0.0001, Student’s t-test, n > 5 mice per group. (C) Ultrasound images of abdominal aortas from Sema7a*’* and Sema7a~'~ mice at
2 weeks post-CaPO, stimulation. Scale bars = 1 mm. (D) Representative images of H&E and Victoria blue (VB) staining of abdominal aortas from
Sema7a*’* and Sema7a~’~ mice. Scale bars = 50 um (left and middle) or 20 pm (right). (E) Quantification of elastin degradation in each group.
The data are presented as mean + SEM, ***P < 0.001, ****P < 0.0001, Student’s t-test. (F) Representative images of immunofluorescence stain-
ing (left) and 3D reconstruction (right) of the aorta following CaPO, treatment. SEMA7A, green; CD31, white; a-SMA, red; DAPI, blue. Scale
bars = 20 um (left), 200 um (middle) or 5 um (right). (G, H) Western blot analysis of the SEMA7A protein in CaPO4-stimulated primary mouse
VSMCs (G) or in human aortic vascular smooth muscle cells (HA-VSMCs) following CaPO, stimulation (H). Representative immunoblots are
shown, and the results are presented as mean + SEM, ***P < 0.001, Student’s t-test. n (the number of biological replicates) = 5 in each group.
au: arbitrary units. (/) Representative images of abdominal aortas from Sema7a**M and Sema7a™f°* mice in the CaPO,-induced AAA model.
Scale bars = 2 mm. (J) Quantification of the maximal aortic diameter in each group via ImageJ software. The data are presented as mean + SEM,
4P < 0.0001, Student’s t-test, n > 8 mice per group. (K) H&E and VB staining of CaPO4-induced AAA tissues. Scale bars = 50 um (left and
middle) or 20 pum (right). (L) Quantification of elastin degradation in Sema7a*°™¢ and Sema7a/f°* mice. The data are presented as mean *
SEM, **P < 0.01, Student’s t-test, n = 6 mice per group.
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co-staining of lesioned aortic tissue using anti-SEMA7A antibody
alongside antibodies of markers for macrophages, endothelial cells
(ECs) and VSMCs. This analysis revealed a pronounced increase in
SEMATYA levels specifically in VSMCs but not in ECs or macro-
phages (Figure 2F, Supplementary material online, Figure S1B).
Supporting this finding, Western blot analysis demonstrated upre-
gulated SEMA7A protein levels in mouse and human aortic VSMCs
following CaPQ, stimulation (Figure 2G and H).

To directly assess the cell type-specific contribution of SEMA7A,
we generated conditional Sema7a-knockout mice targeting VSMCs
(Sema7a*>MC), ECs (Sema7a“E®), and myeloid cells (Sema7a*™?) (see
Supplementary material online, Figure S2A-2C), with Sema7af®¥flox
used as controls. VSMC-specific deletion of Sema7a significantly
ameliorated CaPOg4-induced AAA development (Figure 21 and J)
and led to a reduction in vascular lesions, elastin fragmentation,
and vascular inflammation (Figure 2 K and 2L, Supplementary
material online, Figure S3). In contrast, deletion of Sema7a in ECs
(see Supplementary material online, Figure S4A-4E) or myeloid cells
(see Supplementary material online, Figure S5A-5E) did not affect
AAA progression. Collectively, these findings establish that
VSMC-derived SEMA7A plays a central role in AAA pathogenesis.

3.3 SEMA7A deficiency inhibits VSMC

phenotypic switching in AAA

To elucidate the mechanism by which VSMC-derived SEMA7A con-
tributes to CaPQOg4-induced AAA, we performed RNA sequencing on
VSMCs isolated from Sema7a*’* and Sema7a~'~ mice following
CaPO, stimulation. A total of 341 differentially expressed genes
(DEGs) were identified, including 119 upregulated genes and 222
downregulated genes in Sema7a~’~ VSMCs compared with wild-
type controls (Figure 3A). Notably, genes associated with the syn-
thetic phenotype of VSMCs, such as Spp1, Ccl8, Nrp1, and Mmp13,
were significantly downregulated, while contractile phenotype mar-
kers, including Chn1, Ccn3, Actal, and Actg2, were markedly upregu-
lated in SemaZa~"~ VSMCs (Figure 3B). These transcriptomic findings
were further validated using qRT-PCR (Figure 3C) and Western blot
analysis, which confirmed a decrease in osteopontin (OPN, encoded
by Spp1) and a concurrent increase in Calponin1 (encoded by Cnhn1)
in SemaZa~’~ VSMCs (Figure 3D). In contrast, overexpression of
SEMA7A in human aortic VSMCs induced VSMC phenotypic switch-
ing, characterized by reduced Calponinl expression and increased
OPN expression (Figure 3E). Moreover, SEMA7A overexpression sig-
nificantly enhanced VSMC proliferation (see Supplementary material
online, Figure S6A) and migration (see Supplementary material online,
Figure S6B).

To determine whether these effects were preserved in vivo, we
analysed markers of phenotypic switching in CaPO4-induced AAA
model using immunofluorescence staining (Figure 3F). In
SemaZ7a~’~ mice, OPN expression was significantly reduced
(Figure 3G), whereas Calponin1 expression was markedly increased
(Figure 3H), resulting in a lower OPN/Calponin1 ratio (Figure 3I).
Taken together, these findings identify SEMA7A as a novel driver
of VSMC phenotypic modulation, thereby contributing to AAA
pathogenesis in CaPO4-induced model.

3.4 SEMA7A promotes VSMC phenotypic
switching via the PDK1/SGK3/YTHDC1
signalling pathway

To elucidate the molecular mechanism by which SEMA7A promotes
VSMC phenotypic switching, we performed Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway analysis on DEGs between
Sema7a®™* and Sema7a~’~ VSMCs. The top five enriched signalling
pathways included cell adhesion molecules, the PI3K-Akt signalling
pathway, malaria, viral protein interactions with cytokines, and cyto-
kine receptors and cytokine-cytokine receptor interactions

(Figure 4A). Notably, the PI3K-Akt pathway presented the greatest 5
proportion of DEGs, prompting us to further investigate its role in 2
SEMA7A-driven VSMC phenotypic switching.

Western blot analysis revealed that although PI3 K and AKT 3
phosphorylation remained unchanged, PDK1 phosphorylation was &
significantly decreased in Sema7a~'~ VSMCs following CaPO, stimu- &
lation (Figure 4B and C). Since PDK1 activates both AKT-dependent i
and AKT-independent downstream targets, we examined its%
AKT-independent effector, serum/glucocorticoid-regulated kinase £
3 (SGK3). The RNA sequencing data identified Sgk3 as one of the & 3
top four downregulated genes in the PI3K-Akt pathway in CL
Sema7a’ VSMCs (see Supplementary material online, Figure 57), a 3
finding validated by Western blot (Figure 4D). To assess the functional &
relevance of SGK3, we treated primary VSMCs with©
SGK3-PROTAC1,%* a selective SGK3 degrader, following CaPO, 8
stimulation. Both Western blot and gRT-PCR analyses demonstrated &
that SGK3 inhibition significantly suppressed CaPO4-induced VSMC 2
phenotypic switching (Figure 4E and F). Conversely, SGK3 overex-
pression (SGK3-OE) induced VSMC phenotypic switching, even in
the absence of CaPQ, stimulation (Figure 4G and H). These results es-
tablish the PDK1/SGK3 axis as a crucial mediator of
SEMA7A-induced VSMC phenotypic modulation.

To further delineate the downstream effectors of SGK3, we con-
ducted nuclear proteomics analysis of VSMCs treated with
SGK3-PROTACI1. A total of 339 differentially expressed nuclear pro-
teins were identified, including YTH domain-containing protein 1
(YTHDC1) as the most significantly downregulated (Figure 5A and B).
Western blot further confirmed reduced YTHDC1 expression follow-
ing SGK3-PROTAC1 treatment (Figure 5C).
YTHDC1, we generated shRNA-mediated Ythdc1-knockdown 5
VSMCs and found that its depletion suppressed synthetic markersﬁ1
while enhancing contractile markers expression under CaPO, stimula- 3
tion (Figure 5D and E), indicating that YTHDC1 promotes VSMC pheno-
typic switching. Moreover, SGK3 overexpression in SEMA7A-deficient 5
mouse VSMCs restored YTHDC1 levels and promoted phenotypic 2
switching (Figure 5F), confirming that SEMA7A regulates VSMC pheno-
typic switching through the PDK1/SGK3/YTHDC1 axis.

As a known m®A reader, YTHDC1 modulates mRNA stability by
binding methylated transcripts.®>3¢ To explore whether this mech-
anism underlies its regulation of contractile genes, we used the _
SRAMP prediction tool to analyse m®A modification sites in Cnn1, 2
Cnn3, and Actal transcripts. The results indicated that these con- 5
tractile marker transcripts contained multiple m°A sites &
(Figure 5G-5I). Treatment with actinomycin D, an RNA polymerase =
Il inhibitor, demonstrated that Ythdc1 knockdown significantly en- 2
hanced mRNA stability of these contractile markers (Figure 5J-5L), 5
suggestlng that YTHDC1 facilitates their mRNA degradation in anU
méA-dependent manner. Taken together, these findings establlsh =
that SEMA7A promotes VSMC phenotypic switching through acti-
vation of the PDK1/SGK3/YTHDC1 signalling axis, in part by the %
m®A-dependent degradation of contractile markers mRNAs. This =
pathway provides a mechanistic link between SEMA7A signalling &
and VSMC dysfunction in AAA pathogenesis.
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3.5 Interaction of SEMA7A with integrin a581
promotes VSMC phenotypic switching

SEME7A has been reported to actlvate downstream signalling M
pathways primarily through integrin f1, PlexinC1,®” or GPIb.%° ¢
To determine whether these receptors mediate SEMA7A-induced &
VSMC phenotypic switching, we first examined the expression of S
integrin B1 (encoded by Itgb1) and PlexinC1 (encoded by Plxnc1), &
considering that GPIb has been identified as a SEMA7A receptor £
only in platelets.?® RT-PCR analysis revealed the expression of &
Itgh1 but not Plxncl in both human and mouse VSMCs §
(Figure 6A). Consistently, Western blot analysis confirmed the ab-
sence of PlexinC1 expression even after CaPO, stimulation
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Figure 3 SEMA7A deficiency inhibits VSMC phenotypic switching in CaPO4-induced AAA mouse model. (A) Volcano plot displaying the DEGs
of VSMCs isolated from Sema7a*’* and Sema7a~'~ mice after CaPO, stimulation. The DEGs of RNA-seq were analysed with Wald test. (B)
Heatmap showing the expression levels of contractile and synthetic VSMC markers among the identified DEGs. (C) gqRT-PCR analysis of con-
tractile and synthetic VSMC marker gene expression shown in (B). Data are presented as mean + SEM, **P < 0.01, ***P < 0.001, Student’s t-test.
ns: not significant. (D) Western blot analysis showing the protein levels of SEMA7A, Calponinl and OPN in VSMCs from Sema7a*’* and
Sema7a~’~ mice after CaPO, stimulation. The data are shown as mean + SEM, *P < 0.05, **P < 0.01, ****P < 0.0001, Student’s t-test. n (the num-
ber of biological replicates)=5 in each group. (E) Western blot analysis of SEMA7A, Calponinl and OPN protein levels in
Sema7a-overexpressing (SEMA7A-OE) human aortic vascular smooth muscle cells (HA-VSMCs). The data are presented as mean + SEM,
**P < 0.01, ****P < 0.0001, Student’s t-test. n (the number of biological replicates) = 5 in each group. (F-I) Representative images (F) and stat-
istical analyses (G-I) of the immunofluorescence staining of AAA tissues from Sema7a*’* and Sema7a~'~ mice. OPN, red:; Calponini, green;
DAPI, blue. Scale bars =200 um (left and middle) or 50 um (right). The data are presented as mean + SEM, *P < 0.05, **P < 0.01, Student’s
t-test, n > 5 mice per group.
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Figure 4 SEMA7A deficiency inhibits the PDK1/SGK3 pathway. (A) Bubble plot depicting the top 5 enriched Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathways in the upregulated or downregulated genes. (B, C) Western blot analysis of phosphorylated and total PI3 K
(p-PI3 K, t-PI3 K), AKT (p-AKT, t-AKT) and PDK1 (p-PDK1, t-PDK1) protein levels in VSMCs from Sema7a** and Sema7a™'~ mice after
CaPQy, stimulation. The results are presented as mean = SEM, **P < 0.01, Student’s t-test. ns: not significant. n (the number of biological repli-
cates) = 5 in each group. au: arbitrary units. (D) Western blot showing SGK3 protein levels in VSMCs from Sema7a
CaPO, stimulation. The results are presented as mean + SEM, ***P < 0.001, Student’s t-test. n (the number of biological replicates) = 5 in each
group. au: arbitrary units. (E) Western blot showing SGK3, Calponin1 and OPN protein levels in CaPQO,4-stimulated mouse VSMCs treated with
SGK3-PROTAC1 (SGK3-INH). The results are presented as mean + SEM, **P < 0.01, ***P < 0.001, Student’s t-test. n (the number of biological
replicates) = 5 in each group. au: arbitrary units. (F) gRT-PCR analysis of contractile and synthetic marker gene expression in CaPO4-stimulated
VSMCs treated with SGK3-INH or DMSO. *P < 0.05, **P < 0.01, Student’s t-test. (G) Western blot analysis of SGK3, Calponin1 and OPN pro-
tein levels in Sgk3-overexpressing (SGK3-OE) mouse primary VSMCs. The results are presented as mean + SEM, *P < 0.05, ***P < 0.001,
****P < 0.0001, Student’s t-test. n (the number of biological replicates) = 5 in each group. au: arbitrary units. (H) Heatmap displaying the ex-
pression of contractile and synthetic VSMC markers in Sgk3-overexpressing mouse primary VSMCs. *P < 0.05, **P <0.01, ***P < 0.001,

Student’s t-test.

T T
SGK3 Calponin1

(Figure 6B). Interestingly, while SEMA7A expression was upregu-
lated following CaPO, stimulation, integrin $1 levels remained un-
changed (Figure 6B and C). To assess whether integrin 1

directly interacts with SEMA7A in CaPO,4-stimulated VSMCs,

wnk

+/+

and Sema7a~’~ mice after
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co-immunoprecipitation assays were performed, revealing an inter-
action between endogenous integrin f1 and SEMAT7A (Figure 6D).
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Figure 5 The méa reader YTHDC1 is essential for SGK3-mediated VSMC phenotypic switching. (A) Volcano plot showing differentially ex-
pressed proteins in the DMSO- or SGK3-INH-treated groups. The differentially expressed proteins were analysed with Student’s t-test. (B)
Heatmap representing the relative expression levels of the top 10 differentially expressed proteins in the DMSO- or SGK3-INH-treated groups.
(C) Western blot analysis of YTHDC1 protein levels in the nuclei of mouse VSMCs in the DMSO- or SGK3-INH-treated groups. The results are
presented as mean = SEM, ***P < 0.001, Student’s t-test. n (the number of biological replicates) =5 in each group. au: arbitrary units. (D)
Western blot analysis of YTHDC1, OPN and Calponin1 expression in mouse VSMCs after shRNA-mediated Ythdc1 knockdown. (E) gRT-
PCR analysis of contractile and synthetic VSMC marker gene expression after Ythdcl knockdown under CaPO, stimulation. *P < 0.05,
**P < 0.01, Student’s t-test. (F) Western blot analysis of SGK3, YTHDC1, Calponini, and OPN protein levels in SEMA7A-deficient mouse
VSMCs following SGK3 overexpression (SGK3-OE). (G-1) m°A sites were identified in the Cnn1 (G), Cnn3 (H) and Actal (I) mRNASs via the
SRAMP prediction server. (J-L) RNA stability of Cnn1 (J), Cnn3 (K) and Actal (L) mRNAs measured by qRT-PCR after blocking new RNA syn-
thesis with actinomycin D. Data are presented as mean + SEM, **P < 0.01, ****P < 0.0001, Student’s t-test. n (the number of biological repli-
cates) > 5 in each group. ns: not significant.
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Figure 6 The interaction of SEMA7A with integrin a581 promotes VSMC phenotypic switching. (A) The mRNA levels of ITGB1 and PLXNC1
were examined by RT-PCR in HA-VSMCs and MA-VSMC:s. (B, C) The protein levels of integrin 81 and PlexinC1 in mouse VSMCs treated with
CaPQ, or saline. The results of are presented as mean + SEM, Student’s t-test. n (the number of biological replicates) = 5 in each group. ns: not
significant. au: arbitrary units. (D) Coimmunoprecipitation (co-IP) assay showing the interaction between integrin 81 and SEMA7A in
CaPOy,-stimulated mouse primary VSMCs. The results are representative of 5 independent biological replicates. (E) The protein levels of in-
tegrin B1 in Itgb1-knockdown mouse VSMCs. The data are presented as mean = SEM, *P < 0.05, **P < 0.01, Student’s t-test. n (the number
of biological replicates) =5 in each group. (F) Calponinl and OPN protein levels in Itgb1-knockdown mouse VSMCs treated with CaPO,.
The results are presented as mean + SEM, *P < 0.05, **P < 0.01, Student’s t-test. n (the number of biological replicates) =5 in each group.
au: arbitrary units. (G) mRNA levels of contractile and synthetic VSMC marker genes in ltgb1-knockdown mouse VSMCs after CaPQ, stimu-
lation. *P < 0.05, **P < 0.01, ****P < 0.0001, Student’s t-test. ns: not significant. (H-J) Phosphorylation of PDK1 and protein levels of SGK3 and
YTHDC1 in Itgb1-knockdown mouse VSMCs treated with CaPQO,. The results are presented as mean + SEM, *P < 0.05, **P < 0.01, ***P < 0.001,
Student’s t-test. n (the number of biological replicates) = 5 in each group. au: arbitrary units. (K, L) Representative immunofluorescence images
and statistical analyses of YTHDC1 in Itgb1-knockdown VSMCs after CaPO, stimulation. Phal: phalloidin. YTHDC1, red; Phal, green; DAPI,
blue. Scale bars = 20 um. The results are presented as mean £ SEM, ***P < 0.001, Student’s t-test. n (the number of biological replicates) > 5
in each group. (M, N) Protein levels of OPN and Calponin1 in CaPOy,-stimulated mouse VSMCs treated with obtustatin (an a1p1 inhibitor),
ATN-161 (an o581 inhibitor) or integrin-IN-1 (an avf1 inhibitor). The data are presented as mean + SEM, *P < 0.05, **P < 0.01, Student’s
t-test. n (the number of biological replicates) = 5 in each group. ns: not significant. au: arbitrary units. (O-Q) Phosphorylation of PDK1 and pro-
tein levels of SGK3 and YTHDC1 in CaPO,-stimulated mouse VSMCs treated with inhibitors. The data are presented as mean + SEM, *P < 0.05,
****P < 0.0001, Student’s t-test. n (the number of biological replicates) = 5 in each group. ns: not significant. au: arbitrary units.
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To further evaluate the functional role of integrin $1, we used
short hairpin RNA (shRNA) to knock down Itgb1 expression in
mouse VSMCs with three independent shRNAs (Figure 6E).
Among them, shRNA-1 achieved the most efficient knockdown
and was used in subsequent experiments. Western blotting and
gRT-PCR analyses showed that Itgb1 knockdown significantly
reduced the expression of synthetic markers while increasing the
expression of contractile markers in VSMCs (Figure 6F and G).
These results suggest that integrin 1 mediates SEMA7A-induced
phenotypic switching in CaPOg4-stimulated VSMCs. Further
analysis revealed that Itgh1 knockdown suppressed PDK1 phos-
phorylation (Figure é6H and I) and decreased SGK3 expression
(Figure 6H and J), mimicking the signalling alterations observed in
Sema7a-deficient cells. Additionally, both Western blotting
(Figure 6H and J) and immunofluorescence staining (Figure 6 K
and 6L) demonstrated a significant reduction in YTHDC1 expres-
sion, indicating that integrin 1 is required for SEMA7A-mediated
activation of the PDK1/SGK3/YTHDC1 axis.

Since ITGA1,* ITGAS5,%® and ITGAV,*? as ITGB1-binding subu-
nits, have been shown to mediate SEMA7A-induced cellular signal-
ling, we next assessed their expression in primary mouse VSMCs
using RT-PCR. ltgal, Itga5, and Itgav were all expressed in
VSMCs even in the absence of CaPO, stimulation (see
Supplementary material online, Figure S8). To identify the specific
integrin 1-binding subunits involved in SEMA7A-induced pheno-
typic switching, VSMCs were pretreated with obtustatin (an a1f1
inhibitor), ATN-161 (an 581 inhibitor) or integrin-IN-1 (an avf1 in-
hibitor), followed by CaPO, stimulation for 48 h and Western blot
analysis. The results revealed that integrin 581 was the predomin-
ant receptor mediating SEMA7A-induced phenotypic switching, in
contrast to integrins a1f1 and aVB1 (Figure 6 M and 6N). Inhibition
of integrin a5p1 also suppressed PDK1 phosphorylation (Figure 60
and 6P) and reduced the expression of SGK3 and YTHDC1
(Figure 60 and 6Q), consistent with the effects observed in
Itgb1-knockdown cells. Collectively, these findings indicate that
SEMA7A promotes VSMC phenotypic switching primarily through
integrin a5pf1-mediated activation of the PDK1/SGK3/YTHDC1
signalling pathway, thereby contributing to AAA pathogenesis.

3.6 Administration of an inhibitory peptide of
SEMA7A retards the development of

CaPO,-induced AAA in mice

Given that the RGD (Arg-Gly-Asp) motif within the Sema domain of
SEMA7A is recognized by integrin,” we hypothesize that a synthet-
ic SEMA7A RGD-containing peptide could competitively inhibit the
binding of SEMA7A to integrin 1, thereby preventing AAA devel-
opment. To test this hypothesis, we designed a chimeric peptide
consisting of the RGD sequence conjugated to the cell-penetrating
peptide CGKRK, denoted as ACP (Figure 7A). To assess the stability
and tissue retention of ACP in vivo, we synthesized rhodamine
B-labelled ACP and administered it via tail vein injection in the
CaPOy-induced AAA model. Confocal imaging of AAA tissues col-
lected at 1, 24, and 48 h post-injection revealed persistent rhoda-
mine B fluorescence at all time points, whereas no signal was
observed in vehicle-injected controls (see Supplementary material
online, Figure S9A), indicating that ACP effectively accumulated
and remained in the aneurysmal tissue for at least 48 h. In parallel,
plasma analysis showed that more than 50% of the injected ACP re-
mained in circulation at 48 h than at the 1-hour level (see
Supplementary material online, Figure S9B), suggesting sustained
systemic availability.

Encouraged by these findings, we next investigated the prevent-
ive potential of ACP in vivo. Wild-type mice received intravenous
injections of ACP or a scrambled control peptide (25 mg/kg) one
day before CaPO,-induced AAA induction (Figure 7B).

Stereomicroscope imaging revealed significantly reduced aneur-
ysm formation in the ACP-treated group (Figure 7C). Quantitative
assessment of maximal aortic diameter and vascular ultrasound im-
aging confirmed that ACP administration reduced CaPO4-induced
aortic dilation by 22.9% compared to the scrambled control
(Figure 7D and E). Histological analyses, including H&E staining
and Victoria blue staining, demonstrated that ACP treatment pre-
served vascular wall integrity and mitigated elastin degradation
caused by CaPQ, (Figure 7F and G). To evaluate whether ACP ad-
ministration influences VSMC phenotypic switching in vivo, we per-
formed immunofluorescence staining for VSMC markers
(Figure 7H). ACP significantly increased the expression of the con-
tractile marker Calponin1 (Figure 71) and decreased the expression
of the synthetic marker OPN in the tunica media (Figure 7J), result-
ing in a lower OPN/Calponin1 ratio compared with the scrambled
peptide (Figure 7 K). Consistently, Western blot confirmed that
ACP reduced OPN expression while increasing Calponinl expres-
sion (Figure 7L). To further assess ACP’s functional effects, a colla-
gen gel contraction assay was conducted using human aortic
VSMCs. ACP significantly enhanced the contractile capacity
(Figure 7 M), suggesting its efficacy in preventing VSMC phenotypic
switching in vitro.

To evaluate the therapeutic effects of ACP, peptides were intra-
venously administered at 50 mg/kg beginning on day 7 after
CaPOy-induced AAA induction, with injections repeated every
two days. Maximal aortic diameter measurements showed that de-
layed ACP treatment reduced CaPO,-induced aortic dilation by
26.7% compared to scrambled controls (Figure 7N and 70).
Histological assessments further revealed improved vascular archi-
tecture and reduced elastin degradation in ACP-treated mice
(Figure 7P and 7Q). These findings indicate that ACP may serve as
a promising therapeutic strategy for AAA treatment.

4. Discussion

This study identified SEMA7A as a critical contributor to the patho-
genesis of AAA. A GWAS meta-analysis pinpointed an
AAA-associated variant (rs11856835) within the SEMA7A locus.
Elevated expression of SEMA7A was observed in both human AAA
tissues and a murine CaPO4-induced AAA model. Notably, global or
VSMC-specific deletion of Sema7a significantly attenuated AAA pro-
gression in mice. Transcriptomic analyses of CaPO,-stimulated
VSMCs, alongside immunofluorescence staining of AAA tissue, re-
vealed that SEMA7A deficiency suppresses VSMC phenotypic
switching—a hallmark of aneurysm pathology. Mechanistically,
SEMA7A promotes VSMC phenotypic switching primarily through
integrin a581-mediated activation of the PDK1/SGK3/YTHDC1 sig-
nalling axis. Importantly, systemic administration of the synthetic
SEMA7A peptide ACP inhibited VSMC phenotypic switching and
halted AAA progression in mice, suggesting a promising preventive
and therapeutic strategy for AAA.

SEMAZ7A has been implicated in various cardiovascular conditions,
including atherosclerosis,’” myocardial ischaemia,?° viral myocardi-
tis*® and Kawasaki disease.** However, its role in AAA pathogenesis
has remained largely unexplored. While Tang et al. reported elevated
SEMAZ7A levels in AAA tissues, their study focused on SEMA4D and
did not investigate the specific molecular mechanisms of SEMA7A in
aneurysm development.*? Our findings address this gap by demon-
strating that Sema7a deletion in VSMCs protects against
CaPO;-induced AAA by inhibiting phenotypic switching via integrin
a5p1. Although multiple receptors for SEMA7A have been reported,
including integrin 81, PlexinC1, and GPIb, our data indicate that integ-
rin 1 is the primary functional receptor in VSMCs, as PlexinC1 ex-
pression was negligible. We showed that Itgb1 knockdown
inhibited CaPO4-induced VSMC phenotypic switching, which is con-
sistent with previous findings that ITGB1 acts as a mediator of the
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Figure 7 Administration of ACP mitigates the development of CaPO,-induced AAA in mice. (A) Sequences of the ACP and scrambled peptide
used in the study. (B) Experimental design for evaluating the effects of ACP administration in the CaPOj-induced AAA model. (C)
Representative macroscopic images of abdominal aortas from mice treated with ACP or scrambled peptides following CaPO4-induced AAA.
Scale bars = 2 mm. (D) Quantification of the maximal diameter of the abdominal aorta via ImageJ software. The data are presented as mean
+ SEM, **P < 0.01, Student’s t-test, n=9 or 10 mice per group. (E) Ultrasound imaging of abdominal aortas from mice treated with ACP or
scrambled peptide at 2 weeks after CaPQO, stimulation. Scale bars = 1 mm. (F) H&E and VB staining of CaPO4-induced AAA tissues treated
with ACP or scrambled peptides. Scale bars = 100 um (top and middle) or 20 um (bottom). (G) Quantification of elastin degradation in each
group. The data are presented as mean + SEM, *P < 0.05, Student’s t-test, n = 6 mice per group. (H-K) Immunofluorescence staining showing
the expression of VSMC markers in AAA tissues from mice treated with ACP or the scrambled peptide. OPN, red; Calponin1, green; DAPI, blue.
Scale bars = 200 um (left and middle) or 50 um (right). The data are presented as mean + SEM, *P < 0.05, **P < 0.01, Student’s t-test, n > 5 mice
per group. (L) Protein levels of Calponin1 and OPN in CaPQO,-stimulated mouse VSMCs treated with 50 uM ACP or scrambled peptide. (M) ACP
treatment restores contractility of human aortic VSMCs after CaPO4 stimulation in collagen gel contraction assay. The data are presented as
mean = SEM, ***P < 0.001, Student’s t-test, n = 4 per group. Scale bars = 1 mm. (N) Representative macroscopic images of abdominal aortas
from mice treated with 50 mg/kg scrambled peptide or ACP, starting on day 7 after CaPO4-induced AAA induction. Injections were adminis-
tered every two days. Scale bars = 2 mm. (O) Quantification of maximal abdominal aortic diameters in scrambled and ACP groups using ImageJ
software. The data are presented as mean + SEM, **P < 0.01, Student’s t-test, n = 9 mice per group. (P) Representative H&E and VB images of
abdominal aortas from scrambled and ACP-treated groups. Scale bars = 100 um (left and middle) or 20 um (right). (Q) Quantification of elastin
degradation in the scrambled and ACP groups. The data are presented as mean + SEM, *P < 0.05, Student’s t-test, n = 6 mice per group.
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effect of miR-134-5p on human VSMC phenotypic switching.*> Our
data further identify integrin a581 as the dominant heterodimer me-
diating SEMA7A-induced VSMC phenotypic switching, providing a
clearer mechanistic basis for receptor specificity.

Unexpectedly, integrated transcriptomic and proteomic analyses
revealed that SEMA7A signals through a PDK1/SGK3/YTHDC1
pathway. SGK3, a downstream effector of PDK1, is structurally re-
lated to AKT but functions in a distinct PI3K-dependent,
AKT-independent axis.** Although integrin f1 has previously been
implicated upstream of PI3 K/AKT signalling,**~*’ how it regulates
SGK3 remains unclear and warrants further investigation.
Additionally, YTHDC1, a m®A RNA-binding protein, appears to regu-
late VSMC contractile gene expression via m*A-mediated RNA decay.
This finding aligns with previous work demonstrating that low-dose
colchicine reduces AAA formation by inhibiting YTHDC1-mediated
méA modification,*® providing converging evidence for the import-
ance of this pathway.

Interestingly, while SEMA7A plays a critical role in
CaPOg4-induced AAA, we did not observe a similar effect on
elastase-induced AAA (see Supplementary material online,
Figure S10A-10E). This inconsistent observation may be due to
the differences in the pathological processes involving SEMA7A
in these two infrarenal AAA models. Unlike calcium
phosphate-induced AAA, which not only induces VSMC phenotyp-
ic switching but also leads to vascular calcification,®?
elastase-induced AAA results primarily from the degradation of
vascular elastin and the promotion of VSMC apoptosis.*’ Our im-
munofluorescence staining results also revealed differences in
SEMAT7A expression, as elastase treatment did not upregulate
SEMA7A expression as CaPQO, stimulation did (see
Supplementary material online, Figure S10F). While both models
are widely used for mechanistic studies of AAA and share features

such as localized inflammation and extracellular matrix remodelling,
they incompletely mimic the complexity of human AAA. Future
studies should explore SEMA7A’s role in the angiotensin
ll-induced suprarenal AAA model, which better reflects the system-
ic and haemodynamic components of human disease.

In this study, thoracic aortic VSMCs were used in vitro, suggest-
ing that SEMA7A may also regulate phenotypic switching in VSMCs
beyond the abdominal aorta. This raises the intriguing possibility
that SEMA7A could play a broader role in thoracic aortic diseases
such as thoracic aortic aneurysm (TAA) or dissection, warranting
further investigation. Additionally, while elevated serum SEMA7A
levels were observed in AAA patients, this increase is not necessar-
ily unique to AAA, as SEMAT7A is also upregulated in other inflam-
matory and vascular conditions, including acute atherothrombotic
stroke.”® These findings suggest that circulating SEMA7A may re-
flect a general inflammatory milieu rather than serve as a disease-
specific marker. Therefore, its clinical diagnostic utility may depend
on combination with other biomarkers to improve specificity.
Moreover, systemic administration of ACP likely leads to its distri-
bution across multiple organs, raising concerns about its off-target
effects. Future studies should focus on developing targeted deliv-
ery systems to enhance cell-type specificity and reduce systemic
exposure.

In conclusion, our study identified SEMA7A as a pivotal mediator
of AAA through its interaction with integrin «581 and subsequent
activation of the PDK1/SGK3/YTHDC1 signalling cascade, which
promotes VSMC phenotypic switching. Importantly, administration
of the synthetic peptide ACP effectively halted AAA progression,
demonstrating its potential as a therapeutic strategy. These find-
ings provide new mechanistic insights into AAA pathogenesis and
highlight SEMA7A as a promising therapeutic target for AAA pre-
vention and treatment.

Translational perspective

This study identifies SEMA7A as a key regulator of abdominal aortic aneurysm (AAA) through integrin a5p1-mediated PDK1/SGK3/
YTHDC1 signalling, which drives vascular smooth muscle cell (VSMC) phenotypic switching. These findings enhance our understanding
of AAA pathogenesis. Importantly, treatment with a synthetic SEMA7A small peptide (ACP) halted AAA progression, highlighting a
promising therapeutic strategy for the prevention and treatment of AAA.

Supplementary material

Supplementary Methods; Supplementary Figure legends;
Supplementary material online, Figures S1-5S10; Supplementary
material online, Tables S1, S2 and S3. Supplementary material is
available at Cardiovascular Research online.
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