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Figure S1. Bioinformatic analysis of TCEA1 mRNA expression and prognostic value in public HCC cohorts. (A) Comprehensive analysis of TCEA1 mRNA expression fold change (log₂FC, Tumor vs Non-tumor) across 90 independent HCC bulk RNA-seq datasets covering over 10,000 clinical tissue samples. Each grid corresponds to one individual dataset; solid black dots mark datasets with adjusted P < 0.05. The color gradient bar indicates log₂FC value (red = upregulation in tumor, blue = downregulation in tumor). (B) Kaplan–Meier overall survival curves stratified by TCEA1 mRNA high/low expression in three independent HCC patient cohorts (LCGC-LIRI-JP, TCGA-LIHC, GSE124751). High TCEA1 mRNA expression correlates with significantly worse overall survival of HCC patients. *P < 0.05, **P < 0.01 by log-rank test.
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Figure S2. Quantitative statistical analysis of malignant phenotypes in NC and TCEA1-45aa-overexpressing HCC cells. (A) Quantification of total colony cell counts for NC and T1-45aa-overexpressing HUH7 and PLC/PRF/5 cells. (B) Statistical quantification of relative wound healing migration rate within 1–24 h from scratch wound healing assays. (C) Quantification of cell numbers in Transwell migration (left, without Matrigel) and invasion (right, with Matrigel) assays for NC and T1-45aa groups in two HCC cell lines. (D–E) Quantitative statistics of EdU-positive proliferation ratio (EdU/DAPI, %) in NC and T1-45aa HUH7 and PLC/PRF/5 cells under normoxic (D) and hypoxic (E) culture conditions. (F) Relative 3D tumor spheroid diameter ratio (Day 6 / Day 1) of NC and T1-45aa spheroids cultured under normoxia and hypoxia. (G) Quantified relative EdU fluorescence intensity per unit spheroid area (calculated by ImageJ as fluorescence intensity divided by spheroid area) for 3D tumor spheroids of NC and T1-45aa groups under normoxic and hypoxic conditions. Data are presented as mean ± SD. Statistical comparisons were performed using two-tailed Student’s t-test. **P < 0.01, ***P < 0.001. NC, negative empty vector control; T1-45aa, TCEA1-45aa overexpression; EdU, 5-ethynyl-2′-deoxyuridine.
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Figure S3. Quantitative statistics of malignant phenotypes for epistasis assay with NC-KD/ENO1-KD combined with NC-OE/T1-45aa-OE in HCC cells. (A) Quantification of colony formation cell counts in HUH7 and PLC/PRF/5 cells across four experimental groups (NC-KD+NC-OE, NC-KD+T1-45aa-OE, ENO1-KD+NC-OE, ENO1-KD+T1-45aa-OE). (B) Statistical quantification of relative wound healing migration rate (1–24 h) from scratch wound healing assay for the four groups of HUH7 and PLC/PRF/5 cells. (C) Transwell cell counting for migration (left, no Matrigel) and invasion (right, with Matrigel) in four-group HUH7 and PLC/PRF/5 HCC cells. (D) Quantitative analysis of EdU-positive proliferative ratio (EdU/DAPI, %) of adherent HUH7 and PLC/PRF/5 cells in four treatment groups. (E) Quantified relative EdU fluorescence intensity of 3D tumor spheroids (detected by ImageJ, fluorescence intensity normalized to spheroid area) for four groups of HUH7 and PLC/PRF/5 cells. Data are presented as mean ± SD. Statistical comparisons were performed by two-tailed Student’s t-test. **P < 0.01, ***P < 0.001; ns, nonsignificant. NC-KD, negative control knockdown; ENO1-KD, ENO1 stable knockdown; NC-OE, empty vector overexpression; T1-45aa-OE, TCEA1-45aa overexpression; EdU, 5-ethynyl-2′-deoxyuridine.
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Figure S4. Supplementary co-IP, transcriptional level and hypoxic expression verification assays. (A) Reciprocal co-IP immunoblots detecting the binding between wild-type ENO1-HA and Flag-tagged TCEA1-45aa-R35A mutant in HUH7 and PLC/PRF/5 cells. The schematic at the top marks the R35 mutation site within the 1–45 aa sequence of TCEA1-45aa. (B) Reciprocal co-IP assays examining the interaction between Flag-TCEA1-45aa-WT and HA-tagged ENO1-S263A mutant in two HCC cell lines. The schematic above indicates the S263 mutation locus of full-length ENO1 (1–434 aa). (C) qPCR quantification of relative ENO1 mRNA levels in HCC cells transfected with NC, T1-45aa-WT-Flag or T1-45aa-R35A-Flag, corresponding to western blot groups in Figure 4A; TCEA1-45aa exerts no influence on ENO1 transcription. (D) qPCR detection of relative ENO1 mRNA expression in cells transfected with NC, FBXW7+NC, FBXW7+T1-45aa-WT-Flag or FBXW7+T1-45aa-R35A-Flag, matching immunoblot groups in Figure 4D; TCEA1-45aa cannot regulate ENO1 transcription. (E) Western blot analysis of endogenous TCEA1-45aa protein abundance in HUH7 and PLC/PRF/5 cells under normoxic and hypoxic conditions, supporting the increased ribosome occupancy at the TCEA1 uORF observed under hypoxia in Figure 7K. β-actin was used as loading control. (F) qPCR measurement of relative TCEA1-5′UTR transcript abundance under normoxia and hypoxia in HUH7 and PLC/PRF/5 cells; hypoxia fails to upregulate the mRNA level of TCEA1-5′UTR. Data are presented as mean ± SD. Statistical comparisons were performed using two-tailed Student’s t-test; ns, nonsignificant. co-IP, co-immunoprecipitation; WT, wild-type; NC, negative empty vector control.


KEY RESOURCES TABLE
	Reagent or Resource
	SOURCE
	IDENTIFIER

	Antibodies

	Anti-TCEA1-45aa，1：1000
	GenScript
	Custom-made

	Anti-ENO1，1：5000
	Cell Signaling Technology
	3810S

	Anti-FBXW7，1：3000
	Cell Signaling Technology
	8990S

	Anti-Flag，1：2000
	Sigma-Aldrich
	F1804

	Anti-HA，1：2000
	Sigma-Aldrich
	H9658

	Anti-Myc，1：3000
	Sigma-Aldrich
	M4439

	Anti-β-actin，1：5000
	Bioworld
	BS6007M

	HRP-conjugated anti-rabbit secondary antibody，1：2000
	Proteintech
	SA00001-1

	HRP-conjugated anti-mouse secondary antibody，1：2000
	Proteintech
	SA00001-2

	FITC-conjugated secondary antibody，1：1000
	Invitrogen
	A11001

	Cy3-conjugated secondary antibody，1：1000
	Invitrogen
	A10520

	Anti-EIF3A，1：2000
	Proteintech
	67713-1-Ig

	Anti-TCEA1-45aa，1：1000
	GenScript
	Custom-made

	Bacterial and virus strains

	Escherichia coli DH5α competent cells
	TransGen Biotech
	CD201

	Escherichia coli BL21 (DE3) competent cells
	TransGen Biotech
	CD601

	Stbl3 competent cells
	Invitrogen
	C737303

	Lentiviral packaging plasmid psPAX2
	Addgene
	#12260

	Lentiviral envelope plasmid pMD2.G
	Addgene
	#12259

	Lentiviral overexpression vector encoding TCEA1-45aa
	This study
	N/A

	Lentiviral shRNA vector targeting TCEA1-45aa
	This study
	N/A

	Lentiviral vector encoding ENO1
	This study
	N/A

	Lentiviral vector encoding YTHDF3
	This study
	N/A

	Lentiviral vector encoding EIF3A
	This study
	N/A

	Empty vector control lentivirus
	This study
	N/A

	Flag-tagged TCEA1-45aa expression plasmid
	This study
	N/A

	HA-tagged ENO1 expression plasmid
	This study
	N/A

	Myc-tagged FBXW7 expression plasmid
	This study
	N/A

	TCEA1-uORF luciferase reporter plasmid
	This study
	N/A

	Biological samples
	
	

	HCC tissues
	the Third Affiliated Hospital of Guangzhou Medical University; the First Affiliated Hospital of Chongqing Medical University
	N/A

	HCC cDNA microarray
	Shanghai Engineering Center for Molecular Medicine
	HLivH090Su01

	Chemicals, peptides, and recombinant proteins

	DMEM medium
	Gibco
	C11995500BT

	MEM medium
	Gibco
	C11095500BT

	Fetal bovine serum
	Excell Bio
	12B276

	Penicillin-Streptomycin
	Gibco
	15140-122

	0.25% EDTA Trypsin
	Gibco
	25200-072

	DMSO
	Sigma-Aldrich
	D2650

	Puromycin
	Biotopped
	TA0069

	Lipofectamine 3000
	Invitrogen
	L3000008

	Lipofectamine RNA iMAX
	Invitrogen
	13778-150

	RIPA lysis buffer
	Beyotime
	P0013B

	Western/IP lysis buffer
	Beyotime
	P10013

	Protease inhibitor cocktail
	Roche
	04693159001

	PMSF
	Beyotime
	ST506

	ECL detection kit
	Thermo Fisher Scientific
	34580

	TRIzol reagent
	Invitrogen
	15596026

	High-fidelity DNA polymerase
	NEB
	M0530L

	T4 DNA ligase
	NEB
	M0202L

	STM2457
	MedChemExpress
	HY-134836

	ENO1 inhibitor
	Selleck Chemicals
	SML1114

	Critical commercial assays

	Mycoplasma Detection Kit
	Beyotime
	C0YTR6

	RNA Extraction Kit
	Vazyme
	RC101

	Reverse Transcription Kit
	Vazyme
	RT601

	qPCR Kit
	Vazyme
	Q204

	Plasmid Mini Kit
	Tiangen
	DP103-03

	DNA Gel Extraction Kit
	Tiangen
	DP209-03

	BCA Protein Assay Kit
	Thermo Fisher Scientific
	23225

	CCK-8 Kit
	Dojindo
	CK04

	EdU Assay Kit
	RiboBio
	C10310

	Experimental models: Cell lines

	HUH-7 cells
	National Collection of Authenticated Cell Cultures
	SCSP-526

	PLC/PRF/5 cells
	National Collection of Authenticated Cell Cultures
	SCSP-5095

	Li-7 cells
	National Collection of Authenticated Cell Cultures
	SCSP-5062

	Software and algorithms

	GraphPad Prism 10.0
	GraphPad
	RRID:SCR_002798

	R version 4.3.2
	R Core Team
	RRID:SCR_001905

	BioRender
	BioRender Team
	RRID:SCR_018361

	AlphaFold3
	DeepMind
	https://alphafoldserver.com

	ImageJ
	NIH
	https://imagej.nih.gov/ij/





SUPPLEMENTARY TABLES
Table S1. Clinical survival information of hepatocellular carcinoma patients from tissue microarray, related to Fig. 1
Table S2. Untargeted omics differential expression bubble plot, related to Fig. 2
Table S3. Heatmap of glycolysis pathway related differentially expressed genes, related to Fig. 2
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