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[image: FigureS1]Fig S1. Validation of differentially alternative splicing events (DASE) regulated by 25-hydroxyvitamin D (25(OH)D). 
A UpSet plots of AS events of various types. B Pie chart of the proportion of candidate DASEs. C, E Gel electrophoresis images validating candidate DASEs spliced with significant (C) or non-significant (E) differences. D Sashimi plots of validated DASEs. F Gel electrophoresis (left) and quantitative bar graphs (right) validating KDM6A Δexon13 in SK-BR-3 treated with 100 nM 25(OH)D. Data are shown as mean±SD. One-way ANOVA was used in C and E. ns: not significant, *p < 0.05, **p < 0.01, ***p < 0.001.
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Fig S2. mRNA expression of KDM6A and the protein structure of KDM6A Δexon13.
A qPCR analysis demonstrated the effect of 25(OH)D on the mRNA expression of the KDM6A in BC cells. B Protein sequence alignment of KDM6A-L and KDM6A-S surrounding the exon13 region. C AlphaFold3 predicted the protein structure of KDM6A-S and compared it to KDM6A-L. KDM6A-L is shown in blue, KDM6A-S in green, with exon 13 and protein structural changes highlighted. Data are shown as mean±SD. T test was used in A. ns: not significant, *p < 0.05, **p < 0.01, ***p < 0.001.
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Fig S3. KDM6A Δexon13 inhibits proliferation, cell cycle progression and stemness of BC cells.
A, B EdU assays were used to assess the influence of KDM6A-L and KDM6A-S knockdown (A) or overexpression (B) on BC cell lines. C, D The effect of KDM6A-L and KDM6A-S on the cell cycle was assessed by flow cytometry. E, F Flow cytometry was employed to assess changes in the percentage of breast cancer stem cells (BCSCs). 

[image: FigureS4 已更新完 VDrescue]
Fig S4. KDM6A Δexon13 plays a crucial role in the anticancer effects of 25(OH)D.
A - F Rescue assays were performed in BRCA cells treated with 100 nM 25(OH)D and transfected with plasmids to overexpress KDM6A-L or siRNA to knock down KDM6A-S. A The efficiency of overexpression and knockdown was validated by qPCR. B, C CCK8 (B) and EdU assays (C) were performed to assess the proliferation. D Flow cytometry was used to analyze the transition from G1 to S phase or G1 arrest in the cell cycle. Data are shown as mean±SD. One-way ANOVA was used in A - C, two-way ANOVA was used in D. ns: not significant, *p < 0.05, **p < 0.01, ***p < 0.001.

[image: FigureS5 测序]
Fig S5. Enrichment analysis of RNA-seq, CUT&Tag and Mass Spectrometry assays.
A GSEA enrichment analysis of RNA-seq data in OE-L group compared to OE-S group. B Heatmap showing genes enriched in the term 'Transforming Growth Factor Beta Receptor Binding'. C GSEA enrichment analysis of RNA-seq data from MDA-MB-453 cells treated with 25(OH)D. D GSEA enrichment analysis of CUT&Tag data from OE-L and OE-S groups. E Co-IP and silver staining experiments were conducted on the Control group (Vector), OE-L group (FLAG-tagged), and OE-S group (FLAG-tagged). F GO enrichment analysis of the mass spectrometry (MS) results.
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Fig S6. KDM6A Δexon13 reverses the inhibitory effect of 25(OH)D on stemness.
A, B Flow cytometry (A) and tumor-sphere assays (B) were used to evaluate the stemness of BRCA cells. Scale bar = 50 μm. One-way ANOVA was used in A, B. ns: not significant, *p < 0.05, **p < 0.01, ***p < 0.001.
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Fig S7. TRAP1 promotes the proliferation of BC cells.
A ChIP analysis of H3K27me3 in the promoters of TRAP1 in MDA-MB-453 cells. B TRAP1 mRNA expression is detected by qPCR in paired tumor and normal tissues (n=24). C Survival analysis of TRAP1 using the Kaplan-Meier Plotter Database. D, E The efficiency of TRAP1 knockdown (D) and overexpression (E) was validated by qPCR. F - I EdU (F, G) and Flow cytometry assays (H, I) were performed in BC cells with TRAP1 knockdown or overexpression to assess proliferation and cell cycle. Data are shown as mean±SD. T test was used in B and E, one-way ANOVA was used in D. *p < 0.05, **p < 0.01, ***p < 0.001.
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Fig S8. TRAP1 promotes the stemness of BC cells.
A, B Flow cytometry was used to assess the effect of TRAP1 on the percentage of BCSCs. C GO and KEGG enrichment analyses of TRAP1 were performed using the BRCA dataset from TCGA.
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Fig S9. KDM6A Δexon13 suppresses proliferation of BC cells by inhibiting TRAP1 transcription.
A - F Rescue assays were performed in BRCA cells co-transfected to overexpress KDM6A-L and knock down TRAP1, or to knock down KDM6A-L and overexpress TRAP1. A - D CCK8 (A, B) and EdU (C, D) assays were used to assess cell proliferation in the OE-L+siTRAP1 and si-L+OE-TRAP1 groups. E, F Flow cytometry was used to assess changes to cell cycle. Data are shown as mean±SD. One-way ANOVA was used in A-D, two-way ANOVA was used in E and F. *p < 0.05, **p < 0.01, ***p < 0.001.
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Fig S10. KDM6A Δexon13 suppresses stemness of BC cells by inhibiting TRAP1 transcription and Smad2/3 phosphorylation.
A - E Rescue assays were performed in the OE-L+siTRAP1 and si-L+OE-TRAP1 groups. A - D Flow cytometry (A, B) and tumor sphere assays (C, D) were conducted to assess the stemness of BRCA cells. Scale bar = 50 μm. E Western blot assays were used to validate the expression of TRAP1 and p-Smad2/3. Data are shown as mean±SD. One-way ANOVA was used in A-D. *p < 0.05, **p < 0.01, ***p < 0.001.

[bookmark: _GoBack][image: FigureS11 SF 用这个]
Fig S11. Measurement of candidate splicing factors.
A, B RNA expression of SNRPN in MDA-MB-453 cells with 100nM 25(OH)D treatment (A) and SNRPN knockdown (B) was detected by qPCR. C Gel electrophoresis images were used to assess KDM6A Δexon13 in MDA-MB-453 cells with SNRPN knockdown. D-G mRNA expression of KHDRBS3 in BRCA cells with 25(OH)D treatment (D), KHDRBS3 knockdown (E) and overexpression (F), and in rescue groups (G) was detected by qPCR. Data are shown as mean±SD. T test was used in A-B, D, F, one-way ANOVA was used in E, G, two-way ANOVA was used in C. *p < 0.05, **p < 0.01, ***p < 0.001.

Supplemental Tables
Table S2. Correlation between KDM6AΔexon13 and clinicopathological features in 74 BRCA patients
	Characteristics
	Total (n)
	KDM6A Δexon13 PSI (n)
	P value

	
	
	PSI† Low
	PSI High
	

	Age
	
	
	
	0.423

	<50
	32
	19
	13
	

	≥50
	42
	21
	21
	

	Menopausal status
	
	
	
	0.310 

	Premenopausal
	33
	20
	13
	

	Postmenopausal
	41
	20
	21
	

	Tumor stage 
	
	
	
	

	Tis-T1
	22
	16
	6
	0.036*

	T2-3
	52
	24
	28
	

	Node stage 
	
	
	
	0.025* 

	N0
	43
	28
	15
	

	N1-3
	31
	12
	19
	

	Molecular subtypes
	
	
	
	0.915

	HR+/HER2-
	41
	23
	18
	

	HR+/HER2+
	17
	8
	9
	

	HR-/HER2+
	4
	2
	2
	

	TN
	12
	7
	5
	

	Ki-67 expression
	
	
	
	0.315 

	≤ 20%
	17
	11
	6
	

	> 20%
	57
	29
	28
	

	Histological grade
	
	
	
	 

	I-II
	44
	25
	19
	0.563

	III
	30
	15
	15
	

	Serum 25(OH)D level (nM)
	
	
	
	0.197 

	<50
	66
	34
	32
	

	≥50
	9
	6
	2
	


†PSI, percentage spliced in, is calculated as relative mRNA expression of KDM6A-L/(KDM6A-L+KDM6A-S), GAPDH as reference. 
Abbreviation: HR, Hormone receptor. 25(OH)D, 25-hydroxyvitamin D. Tis, carcinoma in situ; TN, Triple negative breast cancer.
Note: Chi-square test was used to examine the correlation between the PSI of KDM6A Δexon13 and the clinicopathological features of patients. *p < 0.05.

Table S4. Sequences of siRNAs used in this study
	siRNA
	Sequence
	Targeted transcript

	KDM6A siL1
	CCACAAGGTAGTCTACAGA
	NM_001291415.2

	KDM6A siL2
	GGCGTGGAGCCTACCAATT
	NM_001291415.2

	KDM6A siS1
	GTATTTACAGGCATGTAAA
	NM_001291416.2

	KDM6A siS2
	TAAGTATTTACAGGCATGT
	NM_001291416.2

	siTRAP1-1
	GGAUGUCCGUGAGUGGCAACA
	/

	siTRAP1-2
	CCGCUACACCCUGCACUAUAATT
	/

	siSNRPN
	GACUAUAGAAUGAGAUGUAUC
	/

	siKHDRBS3-1
	GUACUUCCAUCUCAAUGAUGA
	/

	siKHDRBS3-2
	GCUGGGACAGAAAGUGUUAAUTT
	/



Table S5. Plasmid information and sources
	Gene
	Source
	Targeted transcript

	KDM6A OE-L
	GeneChem
	NM_001291415.2

	KDM6A OE-S
	GeneChem
	NM_001291416.2

	TRAP1
	GeneChem
	/

	KHDRBS3
	GeneChem
	/



Table S6. Lentivirus information and sources
	Gene
	Source
	Targeted transcript

	KDM6A OE-L
	GeneChem
	NM_001291415.2

	KDM6A OE-S
	GeneChem
	NM_001291416.2



Table S7. Primers for qPCR
	Gene
	Forward primer sequence (5’-3’)
	Reverse primer sequence (3’-5’)

	KDM6A-L
	CCTACCAATTCCCGCAGAGC
	GCAGGACTGGACAGGTCATC

	KDM6A-S
	GCACGAATTAAGTATTTACAGGCAT
	CTATTTGCGCGGAGCTGTTC

	KHDRBS3
	ACGGACATGGACTCAGTGAGGAG 
	CTCGCTGAAGGTGCCTTGTGTC

	SNRPN
	GTTTTGGGTCTGGTGTTGCT
	CATTACCTGCTGGGATGGT

	TRAP1
	CGCAGCATCTTCTACGTGC
	CTGATGAGTGCGCTCTCC

	GAPDH
	TGCACCACCAACTGCTTAGC
	GGCATGGACTGTGGTCATGAG

	TRAP1-TSS (ChIP-qPCR)
	CACGATCCTGATGGGTGTTGG
	CAGACCAGGGTGTGCAGTTTT




Table S8. Primers for RT-PCR
	Gene
	Forward primer sequence (5’-3’)
	Reverse primer sequence (3’-5’)

	CANT1
	AGTCGGCCACCTTCCTCC
	CCAGTTGTGTGCATTGTGGG

	NUBP2
	CGGGCGTAAGCGGACT
	TAGGGACGCAGGGCTTCTAT

	PI4KB
	AAGGCCGGAGCAAGTTTTGA
	ACAGCCAGACTTCGAGCTTC

	LGMN
	AAGATCGTCTCCTTGCTGGC
	GGCGCTCACACTTGGAAAAG

	KDM6A
	GAATCCTGCAACCAGCCTCA
	GCAGGACTGGACAGGTCATC

	GEMIN8
	TCCAAGGAAAACTAGGCCCC
	AGGCCTGGTAGCTTTCGATG

	RHOT1
	GAGACATGGGCCACACTGAT
	ACTTGCTCGAAGCCAAAACG

	VEGFA
	TCACCAAGGCCAGCACATAG
	GCAACGCGAGTCTGTGTTTT

	MYO6
	AGAGCAACGTGCTCCAAAGT
	AGTCAGGCCAGTCTCCTCAA

	RPAIN
	GGGACAGGCTCCTAAACAGG
	GCTCTAGAGGATCACAGCCC

	CSNK1G3
	GAACAGCAAGTGCACCAAACTTA
	CCAGCCAGATCTAGGTGCTCT



Table S9. List of antibodies used in this study
	Antibodies
	Source
	Catalog number
	Application

	KDM6A
	CST
	33510
	WB (1:1000)

	H3K27me3
	CST
	9733
	WB (1:1000)

	Histone 3
	CST
	4499
	WB (1:2000)

	TRAP1
	Senta
	sc-13557
	WB (1:500)

	KHDRBS3
	proteintech
	13563-1-AP
	WB (1:1000)

	Smad 2/3
	CST
	8685
	WB (1:1000)

	p-Smad 2/3
	abcam
	ab254407
	WB (1:1000)

	GAPDH
	proteintech
	60004-1-Ig
	WB (1:50000)

	FLAG
	CST
	14793
	WB (1:5000)

	EpCAM-PE
	Thermo Fisher
	12-9326-42
	Flow (5ul/test)

	CD24-FITC
	Thermo Fisher
	11-0247-42
	Flow (5ul/test)

	CD44-PE
	Thermo Fisher
	12-0441-81
	Flow (0.125ug/test)
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