Supplementary table 1. Clinical characteristics of 23 patients for HE and IHC staining

	Patients’ Characteristics
	N=23

	Age (median, range), years
	47 (30-62)

	Menopausal status
	

	Pre-menopause
	17 (73.9%)

	Natural menopause
	5 (21.7%)

	Artificial menopause
	1 (4.3%)

	Parous status
	

	Yes
	21 (91.3%)

	Never
	2 (8.7%)

	Maximal myomas size (mm)
	

	  < 50
	7 (30.4%)

	  50-100
	8(34.8%)

	  ≥100
	4(17.4%)

	  NA
	1(4.3%)

	  No myomas
	3(13.0%)

	Extent of disease
	

	Intrapelvic 
	8 (34.8%)

	Inferior vena cava
	4 (17.4%)

	Right atrium/ventricle
	9 (39.1%)

	Pulmonary artery
	2 (8.7%)




Supplementary table 2. Clinical characteristics of 8 patients for TMT-based proteomic and WES
	
	

	Patients’ Characteristics
	N=8

	Age (median, range), years
	46 (30-59)

	Menopausal status
	

	Pre-menopause
	6 (75.0%)

	Natural menopause
	1 (12.5%)

	Artificial menopause
	1 (12.5%)

	Parous status
	

	Yes
	2 (25.0%)

	Never
	6 (75.0%)

	Maximal myomas size (mm)
	

	  < 50
	3 (37.5%)

	  50-100
	2 (25.0%)

	  ≥100
	0

	  NA
	1 (12.5%)

	  No myomas
	2 (25.0%)

	Extent of disease
	

	Intrapelvic 
	1 (12.5%)

	Inferior vena cava
	1 (12.5%)

	Right atrium/ventricle
	5 (62.5%)

	Pulmonary artery
	1 (12.5%)




Supplementary Table 3. The top 10 upregulated and downregulated DEPs by TMT-based quantitative proteomics analysis
	The top10 up-regulated proteins

	Accession
	Gene name
	P value
	Fold change

	P01591
	JCHAIN
	0.021
	2.87

	P17096
	HMGA1
	0.014
	2.85

	P02654
	APOC1
	0.011
	2.75

	P01871
	IGHM
	0.011
	2.74

	A0A0C4DH35
	IGHV3-35
	0.003
	2.68

	Q15063
	POSTN
	0.014
	2.66

	A0A0C4DH31
	IGHV1-18
	0.004
	2.60

	A0A0B4J1X8
	IGHV3-43
	0.006
	2.54

	P06727
	APOA4
	0.044
	2.46

	A0A075B6K4
	IGLV3-10
	0.033
	2.36

	The top10 down-regulated proteins

	Accession
	Gene name
	P value
	Fold change
	

	Q15847
	ADIRF
	<0.001
	0.30
	

	P00325
	ADH1B
	<0.001
	0.31
	

	P04920
	SLC4A2
	0.031
	0.33
	

	Q9Y6R4
	MAP3K4
	<0.001
	0.33
	

	O94875
	SORBS2
	<0.001
	0.36
	

	O76070
	SNCG
	<0.001
	0.37
	

	Q01995
	TAGLN
	<0.001
	0.37
	

	P07951
	TPM2
	<0.001
	0.40
	

	P09493
	TPM1
	<0.001
	0.40
	

	Q6NY19
	KANK3
	0.003
	0.40
	



Supplementary Table 4. Details of KEGG enrichment pathways (downregulated)
	id
	term
	P value
	Enrichment_score
	Gene
	Count

	hsa04810
	Regulation of actin cytoskeleton
	3.70E-07
	6.22406
	MYH11, MYH9, VCL, ACTN1, MYLK, MYL9, CFL2, RRAS, ITGA6, ITGA1, ITGA7, PFN2
	12

	hsa05410
	Hypertrophic cardiomyopathy
	1.04E-05
	9.09762
	DMD, ITGA6, ITGA1, SGCD, ITGA7, SGCB, PRKAA1
	7

	hsa04510
	Focal adhesion
	1.17E-05
	5.488855
	FLNA, TLN1, VCL, ACTN1, MYLK, MYL9, ILK, ITGA6, ITGA1, ITGA7
	10

	hsa04270
	Vascular smooth muscle contraction
	2.52E-05
	6.602652
	MYH11, MYH9, ACTA2, MYLK, CALD1, MYL9, MYL6, GNAS
	8

	hsa05412
	Arrhythmogenic right ventricular cardiomyopathy
	5.58E-05
	8.810682
	DMD, ITGA6, ITGA1, SGCD, ITGA7, SGCB
	6

	hsa05414
	Dilated cardiomyopathy
	0.000263
	5.496479
	DMD, ITGA6, GNAS, ITGA1, SGCD, ITGA7, SGCB
	7

	hsa03320
	PPAR signaling pathway
	0.000637
	7.156356
	SORBS1, ILK, FABP3, DBI, FABP4
	5

	hsa04213
	Longevity regulating pathway - multiple species
	0.002258
	7.179074
	HSPA1B, HSPA2, SOD1, PRKAA1
	4

	hsa04921
	Oxytocin signaling pathway
	0.002554
	4.321163
	MYLK, MYL9, MYL6, GNAS, CAMK2D, PRKAA1
	6

	hsa04530
	Tight junction
	0.003792
	3.990721
	MYH11, MYH9, ACTN1, MYL9, MYL6, PRKAA1
	6

	hsa00350
	Tyrosine metabolism
	0.004153
	9.167872
	AOC3, ADH1B, MAOB
	3

	hsa04010
	MAPK signaling pathway
	0.004304
	3.066317
	FLNA, HSPA1B, HSPA2, HSPB1, RRAS, DUSP3, MAP3K3, MAP3K4
	8

	hsa04971
	Gastric acid secretion
	0.005359
	5.653521
	MYLK, GNAS, CAMK2D, SLC4A2
	4

	hsa04371
	Apelin signaling pathway
	0.007114
	4.126658
	ACTA2, MYLK, RRAS, GNG11, PRKAA1
	5

	hsa00330
	Arginine and proline metabolism
	0.009131
	6.922679
	CKB, MAOB, ALDH4A1
	3

	hsa00360
	Phenylalanine metabolism
	0.009626
	13.3024
	AOC3, MAOB
	2

	hsa04912
	GnRH signaling pathway
	0.010129
	4.711268
	GNAS, CAMK2D, MAP3K3, MAP3K4
	4

	hsa04922
	Glucagon signaling pathway
	0.016057
	4.111652
	GNAS, PYGM, CAMK2D, PRKAA1
	4

	hsa00590
	Arachidonic acid metabolism
	0.016547
	5.56084
	CBR3, EPHX2, GGT5
	3

	hsa05131
	Shigellosis
	0.018347
	2.850515
	TLN1, VCL, ACTN1, MYL9, ILK, PFN2
	6




Supplementary Table 5. Details of KEGG enrichment pathways (upregulated)
	id
	term
	P value
	Enrichment_score
	Gene
	Count

	hsa04610
	Complement and coagulation cascades
	2.64E-37
	37.32025
	C3, A2M, C4B, C4A, FGB, CFH, CFB, FGG, PLG, C5, FGA, F2, SERPING1, KNG1, F13A1, C4BPA, CFI, C6, C1R, C8B, SERPIND1, C8G, KLKB1, SERPINF2, C1QC, F12, C1QA
	27

	hsa05150
	Staphylococcus aureus infection
	1.27E-18
	16.27529
	C3, C4B, C4A, CFH, CFB, FGG, PLG, C5, CFI, C1R, IGHV5-51, C1QC, IGHV3-43D, IGHV1-18, C1QA, IGHV3-49, IGHV3-43, IGHV6-1
	19

	hsa05171
	Coronavirus disease - COVID-19
	1.79E-17
	9.781945
	C3, C4B, C4A, FGB, CFB, FGG, C5, FGA, F2, F13A1, C6, C1R, C8B, C8G, A0A0C4DH38:IGHV5-51, C1QC, IGHV3-43D, IGHV1-18, C1QA, IGHV3-49, IGHV3-43, IGHV6-1
	23

	hsa05322
	Systemic lupus erythematosus
	2.37E-15
	13.60407
	C3, C4B, C4A, C5, C6, C1R, C8B, C8G, IGHV5-51, C1QC, IGHV3-43D, IGHV1-18, C1QA, IGHV3-49, IGHV3-43, IGHV6-1
	17

	hsa05143
	African trypanosomiasis
	5.66E-11
	15.92857
	APOA1, HPR, KNG1, IGHV5-51, APOL1, IGHV3-43D, IGHV1-18, IGHV3-49, IGHV3-43, IGHV6-1
	11

	hsa05133
	Pertussis
	4.95E-10
	15.79693
	C3, C4B, C4A, C5, SERPING1, C4BPA, C1R, C1QC, CD14, C1QA
	10

	hsa04145
	Phagosome
	8.25E-10
	8.266549
	C3, THBS1, C1R, IGHV5-51, CD14, IGHV3-43D, IGHV1-18, THBS4, IGHV3-49, IGHV3-43, THBS2, CD209, IGHV6-1
	14

	hsa04979
	Cholesterol metabolism
	6.50E-09
	19.08021
	APOB, APOA1, APOH, APOA4, APOA2, APOC3, APOC1, APOC2
	8

	hsa05146
	Amoebiasis
	3.67E-08
	8.745098
	FN1, C8B, C8G, IGHV5-51, CD14, IGHV3-43D, IGHV1-18, IGHV3-49, IGHV3-43, IGHV6-1
	11

	hsa04613
	Neutrophil extracellular trap formation
	1.12E-07
	6.917708
	C3, FGB, FGG, C5, FGA, P0DOX2, IGHV5-51, IGHV3-43D, IGHV1-18, IGHV3-49, IGHV3-43, IGHV6-1
	12

	hsa05340
	Primary immunodeficiency
	4.73E-07
	11.18495
	IGHM, P0DOX2, IGHV5-51, IGHV3-43D, IGHV1-18, GHV3-49, IGHV3-43, IGHV6-1
	8

	hsa05152
	Tuberculosis
	2.16E-06
	5.842795
	C3, P0DOX2, IGHV5-51, CD14, LBP, IGHV3-43D, IGHV1-18, IGHV3-49, IGHV3-43, CD209, IGHV6-1
	11

	hsa05310
	Asthma
	3.33E-06
	10.77791
	P0DOX2, IGHV5-51, IGHV3-43D, IGHV1-18, IGHV3-49, IGHV3-43, IGHV6-1
	7

	hsa04064
	NF-kappa B signaling pathway
	4.05E-06
	7.108619
	P0DOX2, IGHV5-51, CD14, LBP, IGHV3-43D, IGHV1-18, IGHV3-49, IGHV3-43, IGHV6-1
	9

	hsa05330
	Allograft rejection
	6.38E-06
	9.786834
	P0DOX2, IGHV5-51, IGHV3-43D, IGHV1-18, IGHV3-49, IGHV3-43, IGHV6-1
	7

	hsa05140
	Leishmaniasis
	9.95E-06
	7.485315
	C3, P0DOX2, IGHV5-51, IGHV3-43D, IGHV1-18, IGHV3-49, IGHV3-43, IGHV6-1
	8

	hsa04672
	Intestinal immune network for IgA production
	1.23E-05
	8.869318
	P0DOX2, IGHV5-51, IGHV3-43D, IGHV1-18, IGHV3-49, IGHV3-43, IGHV6-1
	7

	hsa05320
	Autoimmune thyroid disease
	1.72E-05
	8.430243
	P0DOX2, IGHV5-51, IGHV3-43D, IGHV1-18, IGHV3-49, IGHV3-43, IGHV6-1
	7

	hsa04640
	Hematopoietic cell lineage
	2.70E-05
	6.530811
	P0DOX2, IGHV5-51, CD14, IGHV3-43D, IGHV1-18, IGHV3-49, IGHV3-43, IGHV6-1
	8

	hsa05416
	Viral myocarditis
	3.00E-05
	7.740496
	P0DOX2, IGHV5-51, IGHV3-43D, IGHV1-18, IGHV3-49, IGHV3-43, IGHV6-1
	7




Supplementary Table 6. Somatic protein-altering mutations in recurrently mutated genes.
	Gene
	patient
	Mutation type
	Gene change
	Protein change

	PKD1
	IVL1
	frameshift deletion
	exon45: c.12327_12339del
	Y4109fs

	 
	 
	 
	exon45: c.12330_12342del
	Y4110fs

	 
	 
	nonsynonymous SNV
	exon45: c.T12325A
	Y4109N

	 
	 
	 
	exon45: c.T12328A
	Y4110N

	 
	IVL6
	nonsynonymous SNV
	exon37: c.A10970G
	A10970G

	 
	 
	 
	exon37: c.A10973G
	K3658R

	CAPN15
	IVL2
	Stopgain
	exon4: c.A391T
	K131X

	 
	 
	nonsynonymous SNV
	exon7: c.G1876A
	E626K

	 
	IVL7
	nonsynonymous SNV
	exon4: c.C1343T
	A448V

	ZNF90
	IVL2
	nonsynonymous SNV
	exon4: c.T1241C
	I414T

	 
	IVL5
	nonsynonymous SNV
	exon4: c.T1521A
	N507K

	SNAPC4
	IVL3
	nonsynonymous SNV
	exon21: c.T4258C
	C1420R

	 
	IVL6
	nonsynonymous SNV
	exon21: c.C4136T
	A1379V

	MUC4
	IVL4
	nonsynonymous SNV
	exon2: c.T12584A
	V4195D

	 
	IVL6
	nonsynonymous SNV
	exon2: c.C12041T
	A4014V




Supplementary methods
Single-cell RNA sequencing
In the cell preparation section: For the quality check and counting of single cell suspension, the cell survival rate is generally above 80%. The cells that have passed the test are washed and resuspended to prepare a suitable cell concentration of 700~1200 cells/ul for 10x Genomics ChromiumTM. The system is operated on the machine.
Steps in GEM Creation & Thermal cycling: GEMs (Gel Bead in Emulsion) were constructed for single cell separation according to the number of cells to be harvested. After GEMs were normally formed, GEMs were collected for reverse transcription in a PCR machine for labeling. 
Post Cycling Cleanup & cDNA Amplication: The GEMs were oil-treated, and the amplified cDNA was purified by magnetic beads, and then subjected to cDNA amplification and quality inspection. 
Library Preparation & Quantification: The 3ʹ Gene Expression Library was constructed with the quality-qualified cDNA. After fragmentation, adaptor ligation, sample index PCR, etc., the library is finally quantitatively examined. 
Sequencing: The final library pool was sequenced on the Illumina xx instrument using 150-base-pair paired-end reads.

TMT protein labelling and bioinformatic analysis
Protein extraction 
Transferring frozen samples into low protein binding tubes (1.5ml Eppendorf) and lysing with 300 μL lysis buffer supplemented with 1mM PMSF. Then samples were further lysed with sonication (The parameters were set as 1s/1s intervals, 3min time and 80W power.).  Centrifuge the samples at 12000xg for 10 min to remove insoluble particles, repeat once to further exclude precipitation. Protein concentration was determined by BCA assay and aliquoted to store at -80°C. 10ug proteins from each sample was separated using 12% SDS-PAGE gel. Separated gel was stained by CBB according to Candiano’s protocol (using eStain LG protein staining instrument). The stained gel was finally scanned by automatic digital gel image analysis system (Tanon 1600). 

Protein digestion and tandem mass tag (TMT) labeling
Take 50ug protein from each sample, and dilute different groups of samples to the same concentration and volume. Add DTT into the above protein solution to make the DTT final concentration about 5mM and incubate at 55°C for 30min. Then add the corresponding volume of iodoacetamide so that the final concentration is about 10mM and place it at room temperature in the dark for 15min. Then 6 times of the volume of precooled acetone in the above system to precipitate the protein and place it at - 20 °C for more than four hours. After precipitation, take out the sample and centrifuge at 8000*g for 10 min at 4 °C for collecting the precipitate. According to the amount of protein, add the corresponding volume of enzymolysis diluent (protein: enzyme = 50:1 (m/m), 100ug of protein add 2ug of enzyme) to redissolve the protein precipitate, then the solutions were incubated for digestion at 37°C overnight. Finally, samples were lyophilized and stored at - 80 °C. 
For TMTpro 16 labelling, resuspend the lyophilized samples in 50 μL 100 mM TEAB and transfer 40 μL of each sample into 1.5ml new tubes for labeling. Add 20ug Anhydrous acetonitrile to TMT reagent vial at room temperature. The centrifuged reagents were dissolved for 5 min and mixed for centrifugation. Then 10 μL of the TMTpro label reagent was added to each sample for mixing. The tubes were incubated for 1h at room temperature. Finally, add 5 μL of 5% hydroxylamine to each sample and incubate that for 15 min to quench the reaction. The labeling peptides solutions were lyophilized and stored at -80°C. 

HPLC fractionation and LC-MS/MS analysis
RP separation was performed on an 1100 HPLC System (Agilent) using an Agilent Zorbax Extend RP column (5 μm, 150 mm × 2.1 mm). Mobile phases A (2% acetonitrile in HPLC water) and B (98% acetonitrile in HPLC water) were used for RP gradient. The solvent gradient was set as follows: 0~8 min, 98% A; 8~8.01 min, 98%~95% A; 8.01~48 min, 95%~75% A; 48~60 min, 75~60% A; 60~60.01 min, 60~10% A; 60.01~70 min, 10% A; 70~70.01 min, 10~98% A; 70.01~75 min, 98% A. Tryptic peptides were separated at an fluent flow rate of 300μL/min and monitored at 210 and 280 nm. Samples were collected for 8-60 minutes, and eluent was collected every minute in centrifugal tube 1-15 in turn. Samples were recycled in this order until the end of gradient. The separated peptides were lyophilized for mass spectrometry. 
All analyses were performed by a QE mass spectrometer (Thermo, USA) equipped with an Easyspray source (Thermo, USA). Samples were loaded by a capillary trap column (100μm×2cm, RP-C18, Thermo Fisher) and then separated by a capillary analytical column (50 cm × 75 μm, RP-C18, Thermo Fisher) on an EASY-nLCTM 1200 system (Thermo, USA). The flow rate was 300 nL/min and linear gradient was set as follow: 0~40 min，5-28% B;40~60min，28-42% B;60~65min，42-90% B; 65~75 min，90% B.
Full MS scans were acquired in the mass range of 350 – 1500 m/z with a mass resolution of 60000 and the AGC target value was set at 1e6. The 20 most intense peaks in MS were fragmented with higher-energy collisional dissociation (HCD) with collision energy of 35. MS/MS spectra was obtained with a resolution of 30000 with an AGC target of 2e5 and a max injection time of 45 ms. The Q Exactive HF dynamic exclusion was set for 60.0 s and run under positive mode. 
Proteome Discoverer (v.2.4) was used to search all the raw data thoroughly against the sample protein database. Database search was performed with Trypsin digestion specificity. Alkylation on cysteine was considered as fixed modifications in the database searching. For protein quantification method, TMT labelling was selected. A global false discovery rate (FDR) was set to 0.01 and protein groups considered for quantification required at least one unique peptide. 
Bioinformatic Analysis 
Differentially expressed proteins (DEPs) were identifying using 1.5-fold change and P<0.05. Correlation analysis, expression pattern clustering heat map, venn analysis were performed using R software. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analyses were performed for the identified DEPs using the “clusterProfiler” and “DOSE” packages in R software. Meanwhile, we used the online STRING database to perform Protein-protein interaction (PPI) network analysis and Cytoscape software to visualize the resulting network.

Whole exome sequencing
DNA extraction and library construction
Genomic DNA was extracted from IVL lesions and corresponding myometrium samples by Agilent SureSelect Human All Exon V6. The Nanodrop spectrophotometer (Thermo Fisher Scientific, Inc., Wilmington, DE) and the 1% agarose electrophoresis were used for DNA quantification and integrity.  
Homo sapiens genomic DNA samples were captured using Agilent SureSelect Human All Exon v8 library (Agilent Technologies, USA) following the manufacturer’s protocol. Briefly, the genomic DNA was sheared into short fragments by enzyme. The sheared DNA was purified and treated with reagents supplied with the kit. Adapters from Agilent were ligated onto the polished ends and the libraries were amplified by polymerase chain reaction (PCR). The amplified libraries were hybridized with the custom probes. The DNA fragments bound with the probes were washed and eluted with the buffer. Then these libraries were sequenced on the Illumina sequencing platform (NovaSeq 6000, Illumina, Inc., San Diego, CA) and 150 bp paired-end reads were generated.

Whole exome sequencing analysis process
The raw data was compiled in fastq format. In order to get high quality reads that can be used for subsequent analysis, the raw reads were pre-processed with fastp (Version: 0.20.0). Firstly, adapter sequences were trimmed. Bases in a sliding widows with average quality value below 20 were also trimmed. Then reads with ambiguous bases or shorter than 75 bp were also removed.
Align the clean reads to the reference human genome (GRCh37) utilizing the BWA  (Version: 0.7.17). The mapped reads were sorted and indexed by using SAMtools (Version: 1.9). The GATK (Version: 4.1.9.0) was for recalibration of the base quality score and single nucleotide polymorphism (SNP) and insertion/deletion (INDELs) realignment. Many annotation databases, such as 1000 Genomes, Refseq, the Catalogue of Somatic Mutations in Cancer (COSMIC), OMIM, etc were referred to SNP&INDEL calling and annotated using ANNOVAR. MuTect (Version: 2.0) software was used to find somatic SNV/INDEL sites, and ANNOVAR software was used for annotation. Control-FREEC (Version: 11.3) software was used to detect somatic CNV on tumor and normal paired samples with default parameters. Lumpy (Version: 0.2.13) software was used to detect somatic SV for tumor and normal paired samples. The detected genomic variation information was visualized using the Circos diagram.

Advanced Analysis
The mutations detected in the tissues of patients were compared with the Cancer Gene Census (CGC) database and the Rahman database to screen for possible cancer susceptibility genes. The mutation features of somatic SNV were extracted by Non-negative Matrix Factorization (NMF). Somatic variants were compared with known driver genes (CGC513; Bert Vogelstein125; SMG127) to screen out known driver genes in tumor samples. Tumor high-frequency mutation analysis was performed using MuSiC (Version: 0.4.1-1) software, and significantly mutated genes test was performed by three methods, including convolution test (CT), Fisher's combined P-value test (FCPT), likelihood ratio test (LRT). Tumor genome mutation correlation analysis was performed using the mutation-relation module of MuSiC software. Driver gene prediction analysis was performed using OncodriveCLUST (Version: 1.0.0) software.
Somatic CNVs were analyzed using Control-FREEC software, and then CNV reproducibility was assessed using GISTIC (Version: 2.0) software. Control-FREEC software was used to detect the loss of heterozygosity (LOH) region in tumor samples, and the In-house software was used to obtain the mutation sites in the LOH region. The Sequenza (Version: 2.1.2) software calculates the purity and ploidy of tumor samples based on a probabilistic model. The clonal structure of tumors was studied using PyClone (Version: 0.13.1) software.

Immunohistochemistry staining
For IHC staining, sections were dewaxed, dehydrated in alcohol, and treated in 0.01 M citrate buffer (pH 6.0) at 95℃ for 15 minutes. The sections were then fixed with 3% (vol/vol) hydrogen peroxide for 10 minutes to destroy the endogenous peroxidase. The blocking of nonspecific binding was performed with 5% BSA at room temperature for 20 minutes. The sections were incubated with candidate antibodies (anti-Vinculin, ab219649, 1:2000) at 4℃ overnight. Afterwards, these sections were treated with secondary antibody, and bound antibody was identified using the polymer technology EnVision/HRP, DAB + Chromogen (Dako, Denmark). Slides were then counterstained with hematoxylin for 30 seconds. All sections were observed under a bright-field microscope.
