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Figure S1. VCPKMT promotes ferroptosis in CRC cells.

(A) WB analysis of endogenous VCPKMT protein levels in CRC cell lines.
(B) WB analysis of VCPKMT protein levels in stable transfected CRC cell lines.
(C) Confocal microscopy analysis of lipid peroxidation using Liperfluo dye in VCPKMT-overexpressing DLD-1 cells. Green fluorescence represents oxidized lipids. Scale bar, 50 μm.

(D) Confocal microscopy analysis of intracellular labile iron ions (Fe2+) using the FerroOrange probe in VCPKMT-overexpressing DLD-1 cells. Red fluorescence represents Fe2+. Scale bar, 50 μm. 

All experiments were conducted at least three times, data were presented as mean ± SD. P values were calculated using Student’s t-test (C and D).
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Figure S2. VCPKMT tri-methylates VCP to facilitate the nuclear translocation of VCP and the degradation of HDAC1.

(A) Endogenous IP using anti-VCP antibody to evaluate the tri-methylation of VCP and its interaction with HDAC1 in 293T cells following VCPKMT overexpression.

(B) Endogenous IP using anti-HDAC1 antibody to evaluate the ubiquitylation of HDAC1 and its interaction with VCP in 293T cells following VCPKMT overexpression.

(C) Endogenous IP using anti-HDAC1 antibody to evaluate the methylation and linkage specific ubiquitylation of HDAC1 in 293T cells following VCPKMT knockdown.
(D) WB analysis examining the effects of MG132 (10μM, 4h) on the VCPKMT-induced reduction of HDAC1 protein level in DLD-1 cells.
(E) Subcellular fractionation assays showing the expression and localization of VCP and HDAC1 in DLD-1 cells after VCPKMT overexpression.

(F) IF staining of endogenous VCP in DLD-1 cells after VCPKMT overexpression. DAPI staining shows nuclei. Scale bar, 50 μm.

(G) Co-IP assays using anti-HDAC1 or anti-HA antibody to evaluate the ubiquitylation of HDAC1, tri-methylation of VCP, and their mutual interaction in 293T cells following WT or mutant VCPKMT and VCP overexpression.

All experiments were conducted at least three times, data were presented as mean ± SD. P values were calculated using Student’s t-test (F).
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Figure S3. VCPKMT confers ferroptosis through HDAC1-FTH1 inhibition.

(A) RT-qPCR analysis of ferroptosis-related gene expression in DLD-1 cells with VCPKMT overexpression.

(B) WB analysis of the indicated proteins in VCPKMT-overexpressing DLD-1 cells.

(C) WB analysis of the indicated proteins in VCPKMT-knockdown SW480 cells.
(D) Correlation analysis between VCPKMT and FTH1 using the data from TCGA-COAD and TCGA-READ (n = 647).

(E) RT-qPCR analysis of FTH1 promoter from CUT&Tag of HDAC1 in SW480 cells.
(F) WB assays analyzing the correlation between VCPKMT, HDAC1 and FTH1 protein expression in another 3 CRC tissues and matched paracancerous tissues. α-Tubulin was used as a loading control.

(G) Wb analysis of the indicated proteins to identify the corresponding stable transfected DLD-1 cells.

(H) Rescue experiment using CCK8 assays to assess the effects of HDAC1 overexpression in VCPKMT-overexpressing DLD-1 cells. 
(I) Rescue experiment using colony formation assays to assess the effects of HDAC1 overexpression in VCPKMT-overexpressing DLD-1 cells. 
(J) Cell viability was assessed under various concentrations of erastin using CCK8 assays in DLD-1 cells overexpressing VCPKMT and HDAC1.

(K) Transmission electron microscopy images showing typical subcellular morphological changes associated with ferroptosis in VCPKMT- and HDAC1- knockdown SW480 cells under the treatment of erastin.

All experiments were conducted at least three times, data were presented as mean ± SD. P values were calculated using Student’s t-test (A, E and I), one-way ANOVA (H and J) and Pearson correlation analysis (D).
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Figure S4. VCPKMT promotes ferroptosis via reducing FTH1 expression. 
(A) Wb analysis of the indicated proteins to identify the corresponding stable transfected DLD-1 cells.

(B) Rescue experiment using CCK8 assays to assess the effects of FTH1 overexpression in VCPKMT-overexpressing DLD-1 cells.

(C) Rescue experiment using colony formation assays to assess the effects of FTH1 overexpression in VCPKMT-overexpressing DLD-1 cells.

(D) Colony formation assays were assessed under various concentrations of erastin in DLD-1 cells with VCPKMT and FTH1 overexpression.

(E) Confocal microscopy analysis of lipid peroxidation using Liperfluo dye in VCPKMT- and FTH1-overexpressing DLD-1 cells. Scale bar, 50 μm. 

(F) Confocal microscopy analysis of intracellular labile iron ions (Fe2+) using the FerroOrange probe in VCPKMT- and FTH1-overexpressing DLD-1 cells. Scale bar, 50 μm.

All experiments were conducted at least three times, data were presented as mean ± SD. P values were calculated using Student’s t-test (C, E and F) and one-way ANOVA (B and D).

Supplementary Tables for

VCPKMT-VCP-HDAC1 axis inhibits colorectal cancer by conferring sensitivity to ferroptosis

Table S1. The oligonucleotide sequence of shRNAs and siRNAs.

	Gene
	Sequence

	shVCPKMT-1
	CCGGCTGATGGCCGACTGCATATACCTCGAGGTATATGCAGTCGGCCATCAGTTTTTT

	shVCPKMT-2
	CCGGTCCTTAGAGATCCGATGTATACTCGAGTATACATCGGATCTCTAAGGATTTTTT

	shHDAC1-1
	GAATCCGCATGACTCATAATT

	shHDAC1-2
	CACAGCGATGACTACATTAAA

	siVCPKMT-1
	GGAGATGCTGAAGTACAAA

	siVCPKMT-2
	GAAGGACATCAAGAAGTAT

	siVCPKMT-3
	GAGAAGAAGTTCGAGATGT


Table S2. The primer sequences for qRT-PCR.
	Gene
	Sequence (5’-3’)

	VCPKMT-F
	TCACCGATCTTGAGGAATTGC

	VCPKMT-R
	TATGCAGTCGGCCATCAGTAT

	FTH1-F
	CCCCCATTTGTGTGACTTCAT

	FTH1-R
	GCCCGAGGCTTAGCTTTCATT

	ACSL1-F
	CTTATGGGCTTCGGAGCTTTT

	ACSL1-R
	CAAGTAGTGCGGATCTTCGTG

	GCLC-F
	GGAGACCAGAGTATGGGAGTT

	GCLC-R
	CCGGCGTTTTCGCATGTTG

	PLA2G2A-F
	GAAAGGAAGCCGCACTCAGTT

	PLA2G2A-R
	CAGACGTTTGTAGCAACAGTCA

	GAPDH-F
	TGCACCACCAACTGCTTAGC

	GAPDH-R
	GGCATGGACTGTGGTCATGAG


Table S3. The antibodies used in this study.
	Name
	Manufacturer
	Lot.No.
	Source
	Application

	VCPKMT
	Abcam
	ab121127
	Rabbit
	WB (1:1000);

IF (1:100)

	VCPKMT
	Proteintech
	24722-1-AP
	Rabbit
	IHC (1:200)

	VCP
	Proteintech
	10736-1-AP
	Rabbit
	WB (1:1000);

IP (1:100);

IF (1:200)

	HDAC1
	Abcam
	ab150399
	Rabbit
	WB (1:1000)

	HDAC1
	Proteintech
	10197-1-AP
	Rabbit
	IHC (1:200);

IP (1:50);

CUT&Tag (1:50)

	FTH1
	ABclonal
	A19544
	Rabbit
	WB (1:1000)

	FTH1
	Servicebio
	GB115535
	Rabbit
	IHC (1:100)

	Tri-methylation
	PTM BIO
	PTM-601
	Rabbit
	WB (1:1000)

	Flag
	Sigma
	F1804
	Mouse
	WB (1:1000)

	HA
	CST
	3724S
	Rabbit
	WB (1:1000);

IF (1:400)

	Myc
	Proteintech
	16286-1-AP
	Rabbit
	WB (1:1000)

	ACSL1
	ABclonal
	A16253
	Rabbit
	WB (1:1000)

	GCLC
	Proteintech
	12601-1-AP
	Rabbit
	WB (1:1000)

	PLA2G2A
	ABclonal
	A1234
	Rabbit
	WB (1:1000)

	4-HNE
	Abcam
	ab48506
	Mouse
	IHC (1:100)

	Ubiquitin
	PTM BIO
	PTM-1106
	Rabbit
	WB (1:1000)

	GAPDH
	Proteintech
	60004-1-IG
	Mouse
	WB (1:2000)

	Lamin B1
	Proteintech
	66095-1-IG
	Mouse
	WB (1:1000)

	Ki67
	Abcam
	ab15580
	Rabbit
	IHC (1:500)

	α-tubulin
	Proteintech
	66031-1-IG
	Mouse
	WB (1:2000)

	Mono/Di-methylation
	PTM BIO
	PTM-602
	Rabbit
	WB (1:1000)

	K48-linkage Specific Ubiquitin
	CST
	4289
	Rabbit
	WB (1:500)

	K63-linkage Specific Ubiquitin
	CST
	5621
	Rabbit
	WB (1:500)

	GPX4
	Huabio
	ET1706-45
	Rabbit
	WB (1:1000)

	SLC7A11
	Huabio
	HA600098
	Rabbit
	WB (1:1000)


Table S4. The primer sequences targeting FTH1 promoter for qRT-PCR.
	FTH1 promoter position
	Sequence (5’-3’)

	-2029 to -1834 bp-F
	AGGTGTCTCTATGCTGTCT

	-2029 to -1834 bp-R 
	GCAGGAGAATCGCTTGAA

	-1857 to -1587 bp-F
	CCAGGTTCAAGCGATTCT

	-1857 to -1587 bp-R
	TGTGGAAATGTGGAAATGC

	-1606 to -1411 bp-F
	CTGTTCACTCTGCTCCAA

	-1606 to -1411 bp-R
	GAAGGATGCTGCTAGACC

	-1429 to -1161 bp-F
	CCTAATTCCGTCGGCAAT

	-1429 to -1161 bp-R
	GAGGTCCACTGTTCTGTC

	-1179 to -943 bp-F
	TGCCACCCATAAATTCACA

	-1179 to -943 bp-R
	CACTCACAGGAGCTTCAG

	-961 to -604 bp-F
	CGACACCAGCGATTCTCT

	-961 to -604 bp-R
	CTCAGAGTCCAGGAAGGAG

	-623 to -333 bp-F
	GTCTCCACCTTCCACCTT

	-623 to -333 bp-R
	GAAGTCCACCTCAGAACC

	-333 to -83 bp-F
	CCTGAGCGGAGACGGAGACA

	-333 to -83 bp-R
	TGGAGAGCGAGTAGCGGAGA

	-195 to 0 bp-F
	GGAGCAGAGGAGAGCGAGTA

	-195 to 0 bp-R
	GCGGCTGGGGTTTTATAGTC


