


Supplementary Information
[bookmark: OLE_LINK7][bookmark: OLE_LINK1]USP13 promotes colorectal cancer progression by 
deubiquitinating and stabilizing HIF-1α
Bo Gu1, †, Si-Yu Chang2, †, Ke-Ke Li1, Bai-Qi Wang4, Shao-Bo Ke*, 1, Xiao-Dong Zhang*, 1, 2, 3 and Run-Lei Du*, 1, 2
[bookmark: OLE_LINK15]1College of Life Sciences & Renmin Hospital, Wuhan University, Wuhan, 430072, Hubei, China.
[bookmark: OLE_LINK4]2National Health Commission Key Laboratory of Birth Defect Research and Prevention & MOE Key Lab of Rare Pediatric Diseases, Department of Cell Biology and Genetics, School of Basic Medical Sciences, School of Basic Medical Sciences, Hengyang Medical School, University of South China, Hengyang, 421001, Hunan, China.
3Key Laboratory of Research on Clinical Molecular Diagnosis for High Incidence Diseases in Western Guangxi of Guangxi Higher Education Institutions, Affiliated Hospital of Youjiang Medical University for Nationalities. Baise, Guangxi 533000, China.
4Department of Radiation Oncology, The Second Affiliated Hospital University of South China Clinical Research Center, For Prevention and Treatment of Breast & Thyroid Disease in Hunan Province, Hengyang, 421001, Hunan, China.
*Correspondence to:
Shao-Bo Ke, E-mail: doctorhpyc@163.com
Xiao-Dong Zhang, E-mail: zhangxd@usc.edu.cn
Run-Lei Du, Email: runleidu@whu.edu.cn
† These authors contribute equally to this study


Supplemental Figure 1
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Fig. S1 Positive correlation between USP13 and the expression of HIF-1α target genes. (A) FLAG-DUBs were transfected into 293T cells individually. After 24 hours, cells were cultured in 1% O2 for 12 hours, and endogenous HIF-1α protein level was detected by Western blot. (B) The correlation between HIF1A with HIF target genes VEGFA, PDK1, HK2 and LDHA analyzed by TCGA colorectal cancer database. (C) The correlation between USP13 with HIF target genes VEGFA, PDK1, HK2 and LDHA analyzed by TCGA colorectal cancer database. (D) Correlation of USP13 and HIF1A mRNA expression level analyzed by TCGA colorectal cancer database.
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Fig. S2 USP13 enhances the transcriptional activity of HIF-1α. (A) Expression levels of HIF-1α and its target genes were analyzed in USP13 overexpressing or control CRC cell lines by Western blot. (B) Expression levels of HIF-1α and its target genes were analyzed in USP13 knockout or control CRC cell lines by Western blot. (C) mRNA levels of HIF-1α and its target genes in USP13 knockout or control HCT116 cells by qRT‒PCR.
Data was represented as mean ± SD, ***p<0.001.
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Fig. S3 USP13 facilitates the nuclear translocation of HIF-1α. (A) USP13 was overexpressed in HCT116 cells. Following subcellular fractionation, cytoplasmic and nuclear extracts were prepared and analyzed by Western blot to determine the protein levels of HIF-1α in each compartment. (B) Cytoplasmic and nuclear fractions were isolated from USP13-knockout and control cells. The protein levels of HIF-1α in each subcellular compartment were determined by Western blot.
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[bookmark: OLE_LINK71][bookmark: _Hlk210754530]Fig. S4 USP13 promotes CRC cells proliferation and migration. (A) A total of 1,000 control and USP13 overexpressing HCT116 cells were seeded in 96-well plates. Cell viability was evaluated with CCK-8 assay for every 24 hours. (B, C) Wound healing assay was performed to assess the migration ability of control and USP13 knockout (B) or overexpressing (C) HCT116 cells. Scale bar, 100 μm. (D) The healing rate was calculated in B and C.
[bookmark: _Hlk211439267]Data was represented as mean ± SD, *p<0.05, **p<0.01, ***p<0.001.
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Fig. S5 USP13-HIF-1α interaction in the murine CRC model. (A) Tumor tissues from Figure 7J were lysed, and the cell lysates were subjected to co-immunoprecipitation, validating the interaction between USP13 and HIF-1α. (B) The interaction between USP13 and HIF-1α was validated by co-immunoprecipitation assays using protein lysates from intestinal tumors isolated from wild-type mice in the CRC model (Figure 8).

Supplementary Table S1 sgRNA and shRNA sequences.
	sgRNA
	sequences

	sgUSP13-1
	[bookmark: OLE_LINK77]Forward (5'-3'): GCCGCCCGGCATGCCGAACA
Reverse (5'-3'): TGTTCGGCATGCCGGGCGGC

	sgUSP13-2
	Forward (5'-3'): GACCTGGGCACGCGGATCGT
Reverse (5'-3'): ACGATCCGCGTGCCCAGGTC

	shRNA
	sequences

	shHIF1A
	Forward (5'-3'): AAGTGTACCCTAACTAGCCGA
Reverse (5'-3'): TCGGCTAGTTAGGGTACACTT



Supplementary Table S2 Primer sequences for RT-qPCR.
	Gene Name
	sequences

	ACTB
	Forward (5'-3'): CCCTGGAGAAGAGCTACGAG
Reverse (5'-3'): CGTACAGGTCTTTGCGGATG

	USP13
	Forward (5'-3'): AGCCTCCGGTGAAATCTGAA
Reverse (5'-3'): CGATGCGGTTCCTCTCTACT

	HIF1A
	Forward (5'-3'): ATGTAATGCTCCCCTCACCC
Reverse (5'-3'): CCTGAATCTGGGGCATGGTA

	VEGFA
	Forward (5'-3'): ATCCAATCGAGACCCTGGTG
Reverse (5'-3'): ATCTCTCCTATGTGCTGGCC

	SLC2A1
	Forward (5'-3'): GGCCATCTTTTCTGTTGGGG
Reverse (5'-3'): CGCAGTACACACCGATGATG

	HK2
	Forward (5'-3'): GAGCCACCACTCACCCTACT
Reverse (5'-3'): CCAGGCATTCGGCAATGTG

	PDK1
	Forward (5'-3'): AGTTCATGTCACGCTGGGTA
Reverse (5'-3'): CAGCTTCAGGTCTCCTTGGA

	LDHA
	Forward (5'-3'): ATGGCAACTCTAAAGGATCAGC
Reverse (5'-3'): CCAACCCCAACAACTGTAATCT
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