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Semaphorin 7A aggravates abdominal aortic aneurysm through PDK1/SGK3/YTHDC1 axis-mediated phenotypic switching of vascular smooth muscle cells
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[bookmark: _Hlk198823054]Supplemental Method
Study populations
[bookmark: OLE_LINK12]The AAA GWAS dataset was obtained from a GWAS meta-analysis of 17 summary statistics across 14 discovery cohorts conducted by the AAAgen consortium. The dataset included 39,221 individuals with AAAs, comprising 37,214 individuals of European ancestry and 2,007 of African ancestry. The participants were sourced from the ARIC, CHB-CVDC+DBDS, CHIP+MGI, deCODE, DiscovEHR, eMERGE, HUNT, Mayo VDB, MVP, NZ AAA Genetics Study, PMBB, TABS, UKAGS+VIVA and UKBB cohorts. SNPs were identified on the basis of their genomic location via the ‘MungeSumstats’ package. Index variants associated with semaphorin genes, including SEMA3A, SEMA3B, SEMA3C, SEMA3D, SEMA3E, SEMA3F, SEMA3G, SEMA4A, SEMA4B, SEMA4C, SEMA4D, SEMA4F, SEMA4G, SEMA5A, SEMA5B, SEMA6A, SEMA6B, SEMA6C, SEMA6D and SEMA7A, were identified (Table S2). Significant SNPs (P < 5×10-8) were visualized via LocusZoom. Genetic variants significantly associated with SEMA7A gene expression were further investigated via cis-expression quantitative trait locus (cis-eQTL) data from the eQTLGen Consortium.
[bookmark: _Hlk169791017]RNA sequencing
[bookmark: OLE_LINK10]Total RNA was extracted from the VSMCs (n = 3 per group) via a TRIzol total RNA extraction kit (DP419, TIANGEN). RNA quality was assessed via 0.8% agarose gel electrophoresis and spectrophotometry. Libraries were prepared via the Hieff NGS® Ultima Dual-mode RNA Library Prep Kit (12310ES, Yeasen) following the manufacturer’s protocols. Library fragments were enriched via PCR amplification and size-selected for 350–550 bp. Sequencing was performed on an Illumina NovaSeq 6000 platform (paired-end). The raw reads were processed by removing adapters and low-quality bases via TrimGaloreto. Clean reads were aligned to the GRCm38/mm10 mouse reference genome with HISAT2. Differentially expressed genes (DEGs) were identified via DESeq2 with a log2|fold-change| > 1 and p-adjust < 0.05. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analyses were conducted via ClusterProfiler, and volcano plots were generated with ggplot2.
Calcium phosphate (CaPO4)-induced AAA model
[bookmark: _Hlk191302324][bookmark: _Hlk168991358][bookmark: _Hlk177499392][bookmark: _Hlk200458479][bookmark: _Hlk191302498]Ten-week-old male C57BL/6J mice were used in this study. The mice were placed on an animal operating table and anaesthetized. A midline incision was made to expose the infrarenal region of the abdominal aorta, which was wrapped with a small piece of gauze soaked in 0.5 mol/L CaCl2 solution. After 10 min, the CaCl2-soaked gauze was replaced with PBS-soaked gauze for 5 min to promote the formation of calcium phosphate (CaPO4) crystals. The control mice in the sham group were treated with gauze soaked in 0.5 mol/L NaCl for 15 minutes. Two weeks after the application of CaPO4, aneurysm size was assessed via ultrasound imaging and stereomicroscopy. The mice were subsequently euthanized, and the aortas were collected for further evaluation.
Immunoblotting
[bookmark: _Hlk169093137][bookmark: _Hlk169180568][bookmark: OLE_LINK7][bookmark: _Hlk169025341][bookmark: OLE_LINK9][bookmark: OLE_LINK8]AAA tissues, human VSMCs (CRL-1999, ATCC) and primary mouse VSMCs were lysed in RIPA buffer (1% Triton X-100, 1% deoxycholate, 0.1% SDS, 10 mM Tris and 150 mM NaCl) supplemented with a protease and phosphatase inhibitor cocktail (5872, CST) and 1 mM PMSF. Protein samples (30 µg) were heated to 100°C for 10 minutes in sample buffer (LT101, EpiZyme) and separated via 10% SDS‒PAGE. Western blots were incubated with 5% nonfat milk (D8340, Solarbio), washed with TBST, and probed with the following primary antibodies: mouse anti-mouse SEMA7A (1:1000, sc-374432, Santa Cruz), rabbit anti-human SEMA7A (1:1000, PA5-28971, Invitrogen), goat anti-mouse OPN (1:1000, AF808, RD Systems), rabbit anti-mouse CNN1 (1:1000, BM4088, BOSTER), rabbit anti-mouse p-PI3K (1:1000, T40116, Abmart), rabbit anti-mouse PI3K (1:1000, T40115, Abmart), rabbit anti-mouse p-AKT (1:1000, 9271, CST), rabbit anti-mouse AKT (1:1000, 4691S, CST), rabbit anti-mouse p-PDK1 (1:1000, 3061S, CST), rabbit anti-mouse PDK1 (1:1000, AF7707, Beyotime), rabbit anti-mouse SGK3 (1:1000, 12699-1-AP, Proteintech), rabbit anti-mouse ITGB1 (1:1000, 12594-1-AP, Proteintech), Sheep anti-mouse PLXNC1 (1:1000, AF5375, RD Systems), rabbit anti-mouse YTHDC1 (1:1000, 14392-1-AP, Proteintech), mouse anti-mouse β-Actin (1:5000, 60008-1-Ig, Proteintech), mouse anti-mouse GAPDH (1:50000, 60004-1-Ig, Proteintech). After incubation at 4°C overnight, the membranes were incubated with the following secondary antibodies: donkey anti-goat IRDye 800CW (1:10000, 925--32214, LI-COR), anti-rabbit IgG (H+L) (DyLight 800 4X PEG Conjugate) (1:10000, 5151S, CST), anti-mouse IgG (H+L) (DyLight 800 4X PEG Conjugate) (1:10000, 5257S, CST), and rabbit anti-Sheep IgG (H+L) cross-adsorbed secondary antibody (DyLight™ 800) (1:10000, SA5-10060, Invitrogen). Proteins were detected with an Odyssey infrared imaging system (LI-COR, USA).
Histological staining
AAA and control mice were euthanized and perfused with ice-cold PBS to remove blood. The aortas were isolated, cleaned of perivascular adipose tissue, and fixed in 4% paraformaldehyde overnight. Fixed tissues were dehydrated with 20% sucrose and embedded in optimal cutting temperature (OCT) compound. Frozen cross-sections were stained with hematoxylin and eosin (H&E), Victoria blue (VB) and von Kossa staining following standard protocols. Images were captured using an Olympus DP73 digital microscope.
Immunofluorescence
Frozen sections (10 µm thick) were prepared via a Leica CM1950 cryosectioning instrument (Leica Microsystems) to enhance signal detection and spatial resolution in co-localization analyses of targets. The sections were incubated with the following primary antibodies: rabbit anti-mouse SEMA7A (1:200, ab23578, Abcam), rat anti-mouse CD31 (1:200, 557355, BD), α-smooth muscle-Cy3™ (1:500, C6198, Sigma‒Aldrich), rabbit anti-mouse YTHDC1 (1:200, 14392-1-AP, Proteintech), mouse anti-mouse Calponin 1 (1:200, sc-58707, Santa Cruz), rabbit anti-mouse OPN (1:500, ab218237, Abcam), rabbit IgG (1:200, A7016, Beyotime), mouse IgG (1:200, A7028, Beyotime) and rat IgG (1:200, A7031, Beyotime). The secondary antibodies used included donkey anti-rat IgG H&L Alexa Fluor® 647 (1:200, ab150123, Abcam), donkey anti-rabbit IgG H&L Alexa Fluor® 568 (1:200, ab175470, Abcam), and donkey anti-rabbit IgG H&L Alexa Fluor® 488 (1:200, ab181346, Abcam). The sections were mounted with DAPI Fluoromount-G (0100–20, SouthernBiotech), dried at 4°C overnight, and imaged via a confocal microscope (FV3000, Olympus).
Transabdominal ultrasound
Aortic diameters were measured by Vevo 2100 high-frequency ultrasound system (FUJIFILM VisualSonics) equipped with an MS550D linear-array transducer (P/N 11882, S/N MS550D-0084), which provides high-resolution vascular imaging suitable for small animal models. Ultrasound measurements were performed at two time points: day -1 (baseline) and day 14 following CaPO4 application. The mice were anaesthetized with isoflurane and positioned supine on the operating panel. The abdominal hair was removed, and ultrasound images of the abdominal aortas were captured via a Vevo 2100 high-resolution imaging system. Both cross-sectional and longitudinal images showing the maximum dilation of the abdominal aorta were recorded (B-mode imaging).
Cell culture
[bookmark: OLE_LINK4][bookmark: _Hlk168991004][bookmark: _Hlk167720103][bookmark: _Hlk168996242][bookmark: _Hlk169181390][bookmark: _Hlk199404316]Primary vascular smooth muscle cells (VSMCs) were isolated from the thoracic aortas of 8-week-old male mice. Briefly, thoracic aortas were harvested and washed with Hank’s balanced salt solution (HBSS) after the perivascular adipose tissue was removed. The aortas were digested with type II collagenase (1 mg/mL) in HBSS for 10 minutes at 37°C to strip the adventitia and intima. The remaining aortic tissue was cut into small pieces and further digested with type II collagenase (1 mg/mL) and 0.1% trypsin in HBSS for 2 h at 37°C. Cells at passages 3 to 6 were used for subsequent experiments. Human aortic smooth muscle cells (HA-VSMCs) were purchased from ATCC (CRL-1999) and cultured in Ham's F-12K supplemented with endothelial cell growth supplement and 10% FBS at 37°C in 5% CO2.
CaPO4 stimulation
[bookmark: OLE_LINK22][bookmark: _Hlk182938619]For calcium phosphate (CaPO4) stimulation, VSMCs were seeded into 6-well plates and cultured overnight. The cells were then treated with 0.05 M CaPO41 for another 30 minutes, followed by culture for 48 hours to induce VSMC phenotypic switching.
Transcriptional analyses
[bookmark: _Hlk200184168]Total RNA was extracted from primary VSMCs with a TRIzol total RNA extraction kit (DP419, TIANGEN) and reverse-transcribed using 5 × All-in-one RT Mastermix (G490, abm). qRT‒PCR was performed with LightCycler 480 SYBR Green I Master Mix (4887352001, Roche) on a LightCycler 480 II (Roche, Switzerland). GAPDH was used as an endogenous control. The specific sequences of the primers used for qRT‒PCR and RT‒PCR are listed in Table S3.
Transfection of shRNAs
[bookmark: _Hlk169177591][bookmark: _Hlk169177680][bookmark: _Hlk169181946]To silence Itgb1 and Ythdc1 expression in VSMCs, shRNAs targeting Itgb1 were designed via the GV493 construct from Shanghai Genechem Co. (Shanghai, China), and shRNAs targeting Ythdc1 were generated via the pLKO.1 construct from Suzhou GENTLEGEN Co. (Suzhou, China). A total of 300,000 cells were seeded in a 6-well plate 12 hours prior to transfection. The shRNAs and negative control shRNA were transfected into cells via LipofectamineTM 3000 (L3000001, Invitrogen). After 48 hours, the transfected cells were harvested for subsequent experiments.
[bookmark: _Hlk199404565]Transfection of plasmids
[bookmark: _Hlk169166051][bookmark: _Hlk199404509]To overexpress Sema7a and Sgk3 in VSMCs, the corresponding plasmids were generated from GV492 and GV657 constructs from Shanghai Genechem Co. (Shanghai, China). The plasmids used for protein expression were CMV-Sema7a-3FLAG-gcGFP and CMV-Sgk3-3FLAG-zsGreen. For transfection, six microliters of Lipofectamine™ 3000 reagent and 5 µg of plasmid DNA, along with 10 µL of P3000™ reagent, were diluted with 125 µL of Opti-MEM™ medium. The two tubes were vortexed separately, mixed and incubated for 15 minutes at room temperature. The resulting DNA‒lipid complex was subsequently added to the cells in a 6-well plate. After 48 hours of incubation, the transfected cells were collected for protein extraction.
Cell migration assay
Cell migration ability was assessed using a Transwell assay. Human aortic smooth muscle cells (HA-VSMCs) transfected with SEMA7A-overexpressing plasmids (CMV-SEMA7A-3FLAG-zsGreen) were seeded into the upper chambers of transwell inserts with 0.8 µm pore polycarbonate membranes in FBS-free Ham's F-12K medium. The lower chambers were filled with 0.6 mL of Ham’s F-12K medium supplemented with 10% FBS as a chemoattractant. After 24 hours of incubation, the cells that had migrated to the lower surface of the membrane were fixed with 4% paraformaldehyde (PFA) for 15 minutes, stained with 5% crystal violet, and visualized under a microscope.
[bookmark: OLE_LINK49]Proteomic analysis
[bookmark: OLE_LINK31]The nuclear and cytoplasmic proteins of the VSMCs were extracted via the Nuclear and Cytoplasmic Protein Extraction Kit (PK10014; Proteintech) according to the manufacturer’s instructions. Aliquots of 20 μg of nuclear protein were diluted in urea buffer UA (8 M urea, 0.1 M Tris–HCl, pH 8.5) to a final concentration of 0.5% SDS. Proteins were digested with trypsin at a 1:50 protein-to-enzyme ratio and incubated at 37°C for 18 hours. The peptides were recovered by centrifugation at 14,000 × g for 5 minutes, followed by elution with 50 μL of 50 mM ABC. Peptides were analysed via a nanoElute® 2 UHPLC (Bruker Daltonics, Germany) coupled to a timsTOF HT mass spectrometer (Bruker Daltonics, Germany). MS data were analysed with MSFragger (v4.0) in FragPipe (v21.1) against the mouse reference proteome database (UniProt, April 2024, 21709 protein sequences). Peptide identification was verified via philosopher (v5.1.0) to achieve a 1% false discovery rate (FDR). IonQuant (v 1.10.12)2 was used for quantitative analysis, and MaxLFQ3 values were used for comparative analysis.
Coimmunoprecipitation
[bookmark: _Hlk169093283][bookmark: _Hlk169096750]Proteins from primary vascular smooth muscle cells were lysed in buffer (P0013, Beyotime) supplemented with protease/phosphatase inhibitor cocktail (5872, CST) and 1 mM PMSF. Protein concentrations were detected via a BCA assay (P0012, Beyotime). Immunoprecipitating antibodies or control IgG were added to 800 µg of protein and rotated at 4°C overnight. Protein A/G-agarose beads (A10001XS, Abmart) were used to capture immunocomplexes, which were subsequently washed. Finally, the proteins were eluted by boiling in 2× Laemmli buffer. The samples were analysed via SDS‒PAGE.
Collagen gel contraction assay
Cell contractile ability was assessed using a collagen gel contraction assay.4 HA-VSMCs pretreated with 0.05 M CaPO4 for 30 minutes were mixed with cold collagen gel solution (1 mg/mL; Solarbio, Beijing, China) and seeded into individual wells of a 96-well cell contraction plate. The gels were allowed to polymerize at 37°C for 20 minutes, followed by the addition of 100 µL Ham’s F-12K medium containing 1% FBS and 50 µM ACP or scrambled control peptide was added to each well. After 24 hours of incubation, the gels were fixed with 4% PFA and photographed using a digital camera.
Elastase-induced AAA model
Male mice aged 10–12 weeks were anaesthetized, and the infrarenal aortas were surgically isolated. Sterile cotton soaked with elastase (total enzymatic activity: 2 units) or saline was wrapped around the aortas for 30 minutes. Afterward, the elastase-soaked cotton was carefully removed, and the abdominal cavity was thoroughly perfused with sterile saline before the incision was sutured. The mice were subsequently euthanized, and the whole aorta was collected after 14 days for further analysis.
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Supplemental Figure Legends
Figure S1. SEMA7A expression in macrophages, endothelial cells and vascular smooth muscle cells in mouse and human AAA tissues. (A) Co-localization of SEMA7A with α-SMA+ VSMCs in human AAA tissue. SEMA7A, red; α-SMA, green; DAPI, blue. Scale bars = 20 µm. (B) Representative immunofluorescence images showing the expression of SEMA7A, MOMA-2, CD31 and α-SMA in CaPO4-induced AAA tissues. Left: DAPI, blue; SEMA7A, red; MOMA-2, green. Middle: DAPI, blue; SEMA7A, red; CD31, green. Right: DAPI, blue; SEMA7A, red; α-SMA, green. Scale bars = 50 µm.

Figure S2. Generation and genotyping of cell type-specific Sema7a conditional knockout mice. (A) Strategy for generating Sema7aΔSMC mice (left) and genotype results for Sema7aflox/flox and Sema7aΔSMC mice (right). (B) Strategy for generating Sema7aΔEC mice (left) and genotyping results for Sema7aflox/flox and Sema7aΔEC mice (right). (C) Strategy for generating Sema7aΔMø mice (left) and genotyping results for Sema7aflox/flox and Sema7aΔMø mice (right).

[bookmark: _Hlk199079449]Figure S3. The expression of TNF-α and MMP2 in AAA tissues from Sema7aΔSMC and Sema7aflox/flox mice. (A) Immunofluorescence staining showing the expression of TNF-α in AAA tissues from Sema7aΔSMC and Sema7aflox/flox mice. TNF-α, red; DAPI, blue. Scale bars = 50 µm. The data are presented as mean ± SEM, *P < 0.05, Student’s t-test, n = 5 mice per group. (B) Immunofluorescence staining showing the expression of MMP2 in AAA tissues from Sema7aΔSMC and Sema7aflox/flox mice. MMP2, green; DAPI, blue. Scale bars = 50 µm. The data are presented as mean ± SEM, *P < 0.05, Student’s t-test, n = 5 mice per group.

Figure S4. Endothelial cell SEMA7A has no effect on CaPO4-induced AAA development. (A) Representative microscopy images of the abdominal aorta. Scale bars = 2 mm. (B) Quantification of the maximal diameter of the abdominal aorta via ImageJ software. The data are presented as mean ± SEM, Student’s t-test, n ≥ 6 mice per group. ns: not significant. (C) Ultrasound images of the abdominal aortas from the mice in each group following CaPO4 or saline stimulation. Scale bars = 1 mm. (D) Representative images of hematoxylin and eosin (H&E) and Victoria blue (VB) staining of the abdominal aortas in the indicated groups. Scale bars = 100 µm (left and middle) or 20 µm (right). (E) Quantification of elastin degradation in each group. The data are presented as mean ± SEM, Student’s t-test, n = 6 mice per group. ns: not significant.

Figure S5. Myeloid cell SEMA7A has no effect on CaPO4-induced AAA development. (A) Representative microscopy images of the abdominal aorta. Scale bars = 2 mm. (B) Quantification of the maximal diameter of the abdominal aorta via ImageJ software. The data are presented as mean ± SEM, Student’s t-test, n ≥ 9 mice per group. ns: not significant. (C) Ultrasound images of the abdominal aortas from the mice in each group following CaPO4 or saline stimulation. Scale bars = 1 mm. (D) Representative images of HE and VB staining of abdominal aortas from the indicated groups. Bar = 100 µm (left and middle) or 20 µm (right). (E) Quantification of elastin degradation in each group. The data are presented as mean ± SEM, Student’s t-test, n = 5 mice per group. ns: not significant.
[bookmark: _Hlk199256440][bookmark: _Hlk209548728]Figure S6. SEMA7A overexpression promotes proliferation and migration of human aortic VSMCs. (A) An EdU incorporation assay was used to assess the proliferation of human aortic smooth muscle cells following SEMA7A overexpression. EdU, red; Hoechst, blue. Scale bars = 100 µm. The data are presented as mean ± SEM, **P < 0.01, Student’s t-test. (B) Transwell assays were used to determine the migration of human aortic smooth muscle cells following SEMA7A overexpression, and the cells that migrated to the lower chamber were visualized via crystal violet staining. Scale bars = 100 µm. The data are presented as mean ± SEM, **P < 0.01, Student’s t-test. 

Figure S7. DEG heatmap associated with PI3K‒Akt. Heatmap illustrating the expression of genes associated with the PI3K‒Akt signaling pathway among the downregulated DEGs. The DEGs of RNA-seq were analysed with Wald test.

Figure S8. The expression of Itga1, Itga5 and Itgav. The mRNA levels of Itga1, Itga5 and Itgav in saline- or CaPO4-stimulated mouse VSMCs were measured via RT‒PCR. M: marker.

[bookmark: _Hlk199231052][bookmark: _Hlk199243745]Figure S9. Assessment of the stability and tissue retention of ACP in vivo. (A) Representative confocal images of AAA tissues collected at 1 h, 24 h, and 48 h after intravenous injection of 25 mg/kg rhodamine B-labeled ACP in CaPO₄-induced AAA mice. The control group received vehicle only. Rhodamine B, red; DAPI, blue. Scale bars = 20 µm. (B) Plasma concentrations of ACP at indicated time points post-injection. The data are presented as mean ± SEM, ***P < 0.001, ****P < 0.0001, Student’s t-test. ns: not significant.

Figure S10. Effect of Sema7a deletion on the elastase-induced AAA model. (A) Representative microscopy images of the abdominal aorta. Scale bars = 2 mm. (B) Quantification of the maximal diameter of the abdominal aorta via ImageJ software. The data are presented as mean ± SEM, ****P < 0.0001, Student’s t-test, n ≥ 4 mice per group. ns: not significant. (C) Ultrasound images of the abdominal aortas from the mice in each group following elastase or saline stimulation. Scale bars = 1 mm. (D) Representative images of H&E and VB staining of the abdominal aortas in the indicated groups. Scale bars = 100 µm (left and middle) or 20 µm (right). (E) Quantification of elastin degradation in each group. The data are presented as mean ± SEM, Student’s t-test, n = 4 mice per group. ns: not significant. (F) Representative immunofluorescence staining images of aortas from mice treated with elastase or saline. DAPI, blue; α-SMA, green; SEMA7A, red. Scale bars = 100 µm.

Table S1. Baseline characteristics of enrolled patients with AAA and control subjects.
	Variable
	Control (n =10)
	AAA (n =12)
	P value

	Age (year)
	51.00±7.513
	49.58±12.63
	0.759

	Male gender (n (%))
	6 (60.0)
	9 (75.0)
	0.652

	Hypertension (n (%))
	1 (10.0)
	8 (66.7)
	0.012

	Smoking (n (%))
	2 (20.0)
	6 (50.0)
	0.204




Table S2. Screening for the top 5 index variants of semaphorins at genome-wide loci via GWAS meta-analysis.
	Rsid
	Chr
	Pos
	Ref
	Alt
	Pvalue
	Gene

	rs142941040
	7
	83650857
	G
	A
	0.00147
	SEMA3A

	rs577188624
	7
	83768268
	C
	A
	0.00392
	SEMA3A

	rs6976211
	7
	83651854
	C
	T
	0.004713
	SEMA3A

	rs747012390
	7
	83730477
	T
	A
	0.005581
	SEMA3A

	rs146024367
	7
	83682204
	G
	A
	0.005972
	SEMA3A

	rs183489260
	3
	50309917
	G
	A
	0.01152
	SEMA3B

	rs145373059
	3
	50314245
	C
	T
	0.01831
	SEMA3B

	rs587717429
	3
	50310574
	C
	T
	0.0271
	SEMA3B

	rs191300748
	3
	50310292
	T
	A
	0.02849
	SEMA3B

	rs182623934
	3
	50310295
	T
	A
	0.03032
	SEMA3B

	rs73374809
	7
	80483948
	C
	T
	0.0004857
	SEMA3C

	rs73374807
	7
	80483270
	T
	A
	0.0006217
	SEMA3C

	rs144509399
	7
	80461354
	G
	A
	0.001974
	SEMA3C

	rs189112183
	7
	80391816
	C
	T
	0.002071
	SEMA3C

	rs183227815
	7
	80469078
	C
	T
	0.003386
	SEMA3C

	rs543434484
	7
	84720489
	G
	A
	0.0002248
	SEMA3D

	rs576948582
	7
	84720484
	G
	A
	0.001234
	SEMA3D

	rs1243446256
	7
	84748393
	C
	T
	0.001782
	SEMA3D

	rs1788038286
	7
	84710174
	C
	T
	0.002742
	SEMA3D

	rs78757145
	7
	84628441
	C
	T
	0.003855
	SEMA3D

	rs73174544
	7
	83099718
	C
	T
	0.0001164
	SEMA3E

	rs2371872
	7
	83271602
	G
	C
	0.0002142
	SEMA3E

	rs73176544
	7
	83138551
	G
	A
	0.0003474
	SEMA3E

	rs772663601
	7
	83151117
	C
	A
	0.0004428
	SEMA3E

	rs575440870
	7
	83150258
	G
	A
	0.0007891
	SEMA3E

	rs117239638
	3
	50202380
	C
	T
	0.0001775
	SEMA3F

	rs73080992
	3
	50213525
	G
	A
	0.004215
	SEMA3F

	rs150162823
	3
	50203567
	C
	T
	0.008739
	SEMA3F

	rs143208781
	3
	50208756
	G
	A
	0.008785
	SEMA3F

	rs142098890
	3
	50218961
	C
	T
	0.01153
	SEMA3F

	rs729555
	3
	52478389
	C
	T
	0.0002718
	SEMA3G

	rs2016575
	3
	52477080
	C
	T
	0.001832
	SEMA3G

	rs140949459
	3
	52471930
	C
	T
	0.002546
	SEMA3G

	rs149877430
	3
	52475117
	C
	T
	0.002631
	SEMA3G

	rs138947564
	3
	52472852
	G
	A
	0.002663
	SEMA3G

	rs573815596
	1
	156120126
	G
	A
	0.006481
	MIR7851|SEMA4A

	rs73006730
	1
	156125688
	C
	T
	0.01654
	MIR7851|SEMA4A

	rs73006739
	1
	156135027
	C
	T
	0.01857
	SEMA4A

	rs143334199
	1
	156120608
	C
	A
	0.02045
	MIR7851|SEMA4A

	rs111616737
	1
	156138266
	C
	T
	0.02181
	SEMA4A

	rs187978430
	15
	90757797
	G
	A
	0.00657
	SEMA4B

	rs115653818
	15
	90733896
	C
	T
	0.007894
	SEMA4B

	rs114543294
	15
	90745201
	C
	T
	0.009743
	SEMA4B

	rs77583305
	15
	90745484
	G
	A
	0.009743
	SEMA4B

	rs80292087
	15
	90743588
	G
	A
	0.0106
	SEMA4B

	rs12471298
	2
	97526788
	C
	A
	0.01238
	SEMA4C

	rs12476284
	2
	97526787
	T
	A
	0.01247
	SEMA4C

	rs142388264
	2
	97530748
	C
	T
	0.01725
	SEMA4C

	rs564149781
	2
	97528326
	G
	A
	0.02391
	SEMA4C

	rs61173747
	2
	97528070
	C
	T
	0.02744
	SEMA4C

	rs72750915
	9
	92079617
	G
	A
	0.0003357
	SEMA4D

	rs561484466
	9
	91986657
	G
	T
	0.000676
	SEMA4D

	rs773563326
	9
	92068451
	G
	A
	0.0008351
	SEMA4D

	rs572887155
	9
	92075484
	C
	T
	0.001365
	SEMA4D

	rs185465351
	9
	92065448
	G
	C
	0.002096
	SEMA4D

	rs553803605
	2
	74905712
	G
	A
	0.02296
	SEMA4F

	rs531847457
	2
	74906288
	C
	T
	0.02296
	SEMA4F

	rs191676997
	2
	74904389
	C
	T
	0.02306
	SEMA4F

	rs71418744
	2
	74902071
	C
	T
	0.02851
	SEMA4F

	rs13411846
	2
	74908998
	G
	A
	0.03869
	SEMA4F

	rs188155769
	10
	102738936
	G
	A
	0.001712
	MRPL43|SEMA4G

	rs150176473
	10
	102744589
	C
	A
	0.01178
	MRPL43|SEMA4G

	rs41291462
	10
	102733407
	C
	A
	0.01239
	SEMA4G

	rs12571302
	10
	102742763
	C
	A
	0.01765
	MRPL43|SEMA4G

	rs67692077
	10
	102740271
	C
	T
	0.01887
	MRPL43|SEMA4G

	rs540419698
	5
	9140977
	G
	A
	0.0001822
	SEMA5A

	rs56818841
	5
	9217128
	C
	A
	0.0008507
	SEMA5A

	rs17320284
	5
	9220707
	G
	A
	0.0009568
	SEMA5A

	rs139829310
	5
	9437053
	G
	A
	0.001012
	SEMA5A

	rs1806150
	5
	9154803
	G
	A
	0.001052
	SEMA5A

	rs562381444
	3
	122675421
	C
	T
	2.69E-05
	SEMA5B

	rs573111723
	3
	122636613
	C
	T
	5.70E-05
	SEMA5B

	rs557306761
	3
	122692586
	C
	T
	0.0002476
	SEMA5B

	rs140942151
	3
	122719255
	C
	T
	0.0005439
	SEMA5B

	rs141627090
	3
	122736102
	C
	T
	0.001982
	SEMA5B

	rs371308685
	5
	115840237
	C
	T
	0.0002208
	SEMA6A

	rs149292544
	5
	115835829
	G
	A
	0.0002435
	SEMA6A

	rs972696299
	5
	115834064
	G
	A
	0.0003579
	SEMA6A

	rs189978452
	5
	115843775
	G
	A
	0.001874
	SEMA6A

	rs570951747
	5
	115906325
	G
	A
	0.003607
	SEMA6A

	rs140004758
	19
	4546697
	C
	T
	0.01162
	SEMA6B

	rs114744547
	19
	4551196
	G
	C
	0.02141
	SEMA6B

	rs144778213
	19
	4545452
	C
	T
	0.02316
	SEMA6B

	rs45475097
	19
	4552674
	G
	A
	0.03047
	SEMA6B

	rs10403643
	19
	4549732
	C
	T
	0.05708
	SEMA6B

	rs780450882
	1
	151108333
	C
	T
	0.01776
	SEMA6C

	rs11807526
	1
	151115997
	C
	A
	0.02357
	SEMA6C

	rs188349205
	1
	151104307
	T
	A
	0.0236
	SEMA6C

	rs587734391
	1
	151104409
	G
	A
	0.0236
	SEMA6C

	rs764255615
	1
	151117441
	G
	A
	0.02987
	SEMA6C

	rs549196
	15
	47623717
	C
	T
	0.0001181
	SEMA6D

	rs785458
	15
	47626212
	G
	T
	0.0001231
	SEMA6D

	rs11070577
	15
	47597357
	T
	A
	0.0001642
	SEMA6D

	rs8032781
	15
	47619123
	G
	C
	0.0003146
	SEMA6D

	rs541885768
	15
	47554077
	G
	A
	0.000332
	SEMA6D

	rs11856835
	15
	74716174
	G
	A
	4.30E-10
	SEMA7A

	rs11852760
	15
	74718699
	G
	A
	4.20E-06
	SEMA7A

	rs8036616
	15
	74716761
	G
	A
	0.0001779
	SEMA7A

	rs4887145
	15
	74718366
	C
	T
	0.000213
	SEMA7A

	rs28362872
	15
	74721190
	G
	A
	0.0002147
	SEMA7A




Table S3. Primers used for qRT‒PCR and RT‒PCR.
	Gene
	Forward (5'→3')
	Reverse (5'→3')

	Cnn1 (Mouse)
	TCTGCACATTTTAACCGAGGTC
	GCCAGCTTGTTCTTTACTTCAGC

	Cnn3 (Mouse)
	CTCTCCGCCGAAGTTAAGAAC
	TTCGCACAATATGATGCCGTC

	Acta1 (Mouse)
	CCCAAAGCTAACCGGGAGAAG
	GACAGCACCGCCTGGATAG

	Actg2 (Mouse)
	CCGCCCTAGACATCAGGGT
	TCTTCTGGTGCTACTCGAAGC

	Spp1
(Mouse)
	ATCTCACCATTCGGATGAGTCT
	TGTAGGGACGATTGGAGTGAAA

	Ccl8
(Mouse)
	TCTACGCAGTGCTTCTTTGCC
	AAGGGGGATCTTCAGCTTTAGTA

	Nrp1
(Mouse)
	ACCTCACATCTCCCGGTTACC
	AAGGTGCAATCTTCCCACAGA

	Mmp13 (Mouse)
	TGTTTGCAGAGCACTACTTGAA
	CAGTCACCTCTAAGCCAAAGAAA

	Sema7a (Mouse)
	CACCGTGCTTTTCCATGAGC
	CGGGGAAGTTGAAGTGGTAGAC

	Gapdh
(Mouse)
	AGGTCGGTGTGAACGGATTTG
	GGGGTCGTTGATGGCAACA

	Itgb1
(Mouse)
	ATGCCAAATCTTGCGGAGAAT
	TTTGCTGCGATTGGTGACATT

	Plxnc1 (Mouse)
	GTGTGGCGATCTGAGCAAG
	GTATAGGCGAGAGAGCCTGTT

	Itga1
(Mouse)
	TCAAGTTGTGAACTCGTTCGC
	GGGCCAATGTCCATCCTCTTA

	Itga5
(Mouse)
	CTTCTCCGTGGAGTTTTACCG
	GCTGTCAAATTGAATGGTGGTG

	Itgav
(Mouse)
	TTGATTCAACAGGCAATCGAGA
	AGCATACTCAACGGTCTTTGTG

	ITGB1 (Human)
	CCTACTTCTGCACGATGTGATG
	CCTTTGCTACGGTTGGTTACATT

	PLXNC1 (Human)
	CTACAAACTCGTTCCTFATCCTG
	GTGGCTGTTAAACACTCCGAA

	GAPDH (Human)
	GGAGCGAGATCCCTCCAAAAT
	GGCTGTTGTCATACTTCTCATGG
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