Supplementary Methods
Public-data preprocessing and scoring
TCGA-ESCA expression and clinical data were integrated with TCGASpliceSeq PSI matrices by sample identifier. Hypoxia activity was quantified in R by single-sample gene set enrichment analysis using the 200-gene MSigDB HALLMARK_HYPOXIA signature listed in Table S8. Gene-expression values were transformed as log2(FPKM + 1), and enrichment scores were calculated using a weighted rank-based procedure with an exponent of 0.25. Samples were stratified into hypoxia-score-high and hypoxia-score-low groups at the median score.
Alternative-splicing burden (ASB) was defined as the number of PSI events showing abnormal deviation from the normal reference distribution. Events with more than 20% missing PSI values in either tumor or normal samples were excluded, and the remaining missing values were imputed using the median within the corresponding group. For each event, the mean and standard deviation of PSI values were calculated across normal samples. An event was classified as aberrant in a tumor sample when the absolute difference from the normal mean exceeded 0.10 and the corresponding standardized deviation exceeded 2. Standard deviations equal to zero were replaced with 0.0001. ASB scores were calculated across all retained events and separately for A3SS, A5SS, AFE, ALE, SE, MXE, and RI events.
Expression matrices from GSE225645, GSE161533, and TCGA-ESCC were analyzed in R. For candidate prioritization, genes upregulated under hypoxia in both KYSE150 and KYSE410 cells and genes upregulated in ESCC in both GSE161533 and TCGA were defined using a fold-change threshold of ≥2 and a Benjamini–Hochberg false-discovery rate of <0.05. These gene sets were intersected with Gene Ontology-annotated RNA-splicing genes. Reactome over-representation analysis of the hypoxia-responsive differentially expressed genes was performed through Enrichr. Three-year overall survival was analyzed after median dichotomization of gene expression.

RNA extraction, RT-PCR, and RT-qPCR
Total RNA was isolated using TRIzol reagent and reverse-transcribed using M-MLV reverse transcriptase. Endpoint PCR was performed using GoTaq G2 Hot Start Polymerase, and products were resolved by agarose-gel electrophoresis. RT-qPCR was performed using SYBR Green master mix on a CFX96 Real-Time PCR System (Bio-Rad). ACTB served as the reference gene, and relative expression was calculated using the 2−ΔCt or 2−ΔΔCt method. Primer sequences are listed in Table S6.
HOX-L and HOX-S were quantified by isoform-specific RT–qPCR after normalization to ACTB. In cultured cells, relative isoform usage was expressed as the HOX-L/HOX-S ratio because SF3B4 depletion did not significantly alter total HOXA11-AS abundance. In human ESCC tissues, HOX-L percent-spliced-in was calculated as HOX-L/(HOX-L + HOX-S) × 100. 
RNA interference, plasmid transfection, and stable-cell selection
KYSE150 and KYSE450 cells were transfected with control or SF3B4-targeting siRNAs at a final concentration of 50 nM using Lipofectamine 2000. Stable sh-SF and control cells were generated by lentiviral transduction followed by selection with 2 μg/mL puromycin for 2 weeks. HOX-L, HOX-S, HIF-1α, minigene constructs, and the corresponding control vectors were transiently introduced using NEOFECT DNA transfection reagent; for cells cultured in six-well plates, 2 μg plasmid DNA and 1 μL transfection reagent were used per well. Cells were collected 24–48 h after transfection for RNA analysis and 48–72 h after transfection for protein analysis. 
Cell-growth, colony-formation, cell-cycle, and apoptosis assays
For real-time cell analysis, 2 × 10³ cells per well were seeded in E-Plate 96 plates and monitored every 15 min using the xCELLigence RTCA MP system (Agilent Technologies). For colorimetric viability assays, 3 × 10³ cells per well were seeded in 96-well plates and analyzed at the indicated intervals using the reagent listed in Table S4. For colony formation, 3 × 10³ cells per well were seeded in six-well plates, cultured for 10 days, fixed, stained with 1% crystal violet, and quantified by colony number or total colony area in ImageJ, as specified in the figure legends.
For cell-cycle analysis, cells were fixed in 70% ethanol at −20 °C, stained with PI/RNase buffer for 15 min, and analyzed using a BD FACSCalibur cytometer after exclusion of debris and doublets. For apoptosis analysis, floating and adherent cells were collected after the indicated cisplatin treatments and stained using Annexin V/propidium iodide or Annexin V/7-AAD kits. Annexin V-positive cells were defined as the combined early- and late-apoptotic populations.
Exploratory cisplatin-combination xenograft experiment
A total of 1 × 107 KYSE450 cells in 100 μL sterile PBS was injected subcutaneously into each mouse on day 0. When tumor volumes reached 50–150 mm³ on day 7, mice were allocated to four treatment groups, with six mice initially assigned to each group: saline plus control siRNA (si-NC), saline plus SF3B4-targeting siRNA (si-SF), cisplatin plus si-NC, and cisplatin plus si-SF.
Cisplatin was administered intraperitoneally at 2.5 mg/kg on days 7, 10, 13, and 16 after tumor-cell inoculation, and control animals received saline. Chemically modified in vivo si-SF or si-NC, custom synthesized by RiboBio Co., Ltd. (Guangzhou, China), was administered intratumorally without an additional delivery reagent at 2 nmol in 25 μL per tumor on the same treatment days. Tumor dimensions were measured at the indicated intervals, and tumor volume was calculated as length × width²/2.
Prespecified humane endpoints included a tumor volume exceeding 1,500 mm³ and a reduction in body weight of more than 10% from baseline. Animals meeting either criterion were euthanized immediately. Measurements obtained before euthanasia were retained in the longitudinal tumor-growth analysis, whereas animals unavailable at the scheduled day-20 endpoint were not included in analysis requiring day-20 measurements or tissue collection.
Longitudinal tumor-growth data from the four treatment groups were analyzed by two-way repeated-measures ANOVA with treatment group and time as factors, followed by Tukey’s multiple-comparisons test. Terminal tumor weights were analyzed by one-way ANOVA followed by Tukey’s multiple-comparisons test. All tests were two-sided, and P < 0.05 was considered statistically significant.

Immunoblotting, immunohistochemistry, immunofluorescence, and fractionation
Cell or tissue lysates were prepared in RIPA buffer, separated by SDS–PAGE, and transferred to nitrocellulose membranes. Membranes were incubated with primary antibodies overnight at 4 °C, followed by either IRDye-conjugated or horseradish peroxidase-conjugated secondary antibodies for 1 h at room temperature. Fluorescent and chemiluminescent signals were acquired using an Odyssey infrared imaging system (LI-COR Biosciences) and an Amersham Imager 600 (GE Healthcare), respectively, and band intensities were quantified in ImageJ after normalization to GAPDH or β-actin. Nuclear and cytoplasmic fractions were prepared using a commercial fractionation kit, with Lamin B1 and GAPDH serving as nuclear and cytoplasmic markers, respectively.
For immunohistochemistry, 4-μm paraffin sections were deparaffinized, rehydrated, subjected to antigen retrieval in EDTA buffer (pH 9.0), blocked, and incubated with anti-SF3B4 or anti-Ki-67 antibody overnight at 4 °C. Sections were developed with DAB, counterstained with hematoxylin, and imaged using a Nikon ECLIPSE Ti2 microscope. Immunoreactivity was evaluated using an immunoreactive score calculated as staining intensity (0–3) multiplied by the proportion score for positive cells (≤25%, 1; 26%–50%, 2; 51%–75%, 3; >75%, 4), yielding a total score of 0–12.
For immunofluorescence, cells grown on coverslips were fixed with ice-cold methanol for 5 min, permeabilized with 0.3% Triton X-100 for 10 min, blocked with 5% bovine serum albumin, and incubated with anti-phospho-β-catenin (Ser675) antibody overnight at 4 °C. Cells were then incubated with an FITC-conjugated secondary antibody, counterstained with DAPI, and imaged using a Nikon A1R confocal microscope under identical acquisition settings across groups. 
RNA sequencing and alternative-splicing analysis
Total RNA from KYSE450 cells stably expressing sh-NC or sh-SF was subjected to strand-specific paired-end mRNA sequencing, with three independent biological replicates per group, on an Illumina NovaSeq 6000 platform by Sinotech Genomics Co., Ltd. (Shanghai, China). Raw reads were processed using fastp to remove adapter sequences, low-quality 3′-terminal bases with quality scores below 20, reads shorter than 25 nucleotides, and reads mapped to ribosomal RNA. Clean reads were aligned to the human GRCh38 reference genome using HISAT2. Gene and transcript abundance was quantified using StringTie and reported as FPKM for expression visualization. Gene-level count data were normalized using the trimmed mean of M-values method and analyzed for differential expression using edgeR; differentially expressed genes were subsequently subjected to BioPlanet 2019 pathway enrichment using Enrichr. Alternative-splicing structures were identified and classified using ASTALAVISTA v3.1. MISO 0.5.4 was used to estimate posterior mean PSI values, 95% credible intervals, between-group ΔPSI values, and Bayes factors. Candidate SF3B4-responsive splicing events were defined by |ΔPSI| ≥ 0.20 and Bayes factor ≥ 2. Splice-junction usage was visualized from aligned BAM files using Sashimi plots.
RIP-seq and motif analysis
SF3B4 RIP-seq was performed in KYSE450 cells. RNA recovered from three independent RIP experiments was pooled to generate the SF3B4 RIP sample, with matched input RNA pooled in parallel from the corresponding lysates. Libraries were sequenced on an Illumina HiSeq platform by Sinotech Genomics Co., Ltd. (Shanghai, China). RIP-enriched regions relative to the matched input were identified and annotated using RIPSeeker, and enriched sequence motifs within these regions were identified using HOMER.
Label-free quantitative proteomics and pathway analysis
Proteins from KYSE150 cells expressing HOX-L, HOX-S, or vector control were digested using a filter-aided sample-preparation workflow, desalted with C18 tips, and analyzed on an EASY-nLC 1200 system coupled to a Q Exactive HF mass spectrometer (Thermo Fisher Scientific). Raw mass-spectrometry data were searched against the UniProtKB/Swiss-Prot human reference proteome downloaded in 2022 and processed using an intensity-based label-free quantification workflow in Proteome Discoverer 2.2. Proteins with fold change ≥ 1.20 or ≤ 0.83 and P < 0.10 were considered differentially abundant and subjected to Gene Ontology enrichment analysis using clusterProfiler. For gene-set enrichment analysis, the unfiltered protein-abundance matrix was analyzed in Sangerbox 3.0 by assigning samples to the HOX-L, HOX-S, and vector groups and selecting the C2:KEGG gene-set collection. GSEA was performed for the HOX-L versus HOX-S and HOX-L versus vector comparisons.





















Table S1 Associations of SF3B4 and HOXA11-AS isoform expression with clinicopathological characteristics in the institutional and TCGA-ESCC cohorts 
A. Institutional ESCC cohort
	Characteristic
	Category
	Patients, n (%)
	P value for SF3B4
	P value for HOX-L
	P value for HOX-S

	Total cohort
	—
	50
	—
	—
	—

	Pathological T category
	pT1–2
	12 (24.0)
	0.59
	0.94
	0.40

	
	pT3
	38 (76.0)
	
	
	

	Pathological N category
	pN0
	31 (62.0)
	0.85
	0.38
	0.96

	
	pN1–3
	19 (38.0)
	
	
	

	Pathological M category
	pM0
	50 (100)
	NA
	NA
	NA

	Pathological stage
	I–II
	34 (68.0)
	0.86
	0.27
	0.68

	
	III–IV
	16 (32.0)
	
	
	


B. TCGA-ESCC cohort
	Characteristic
	Category
	Patients, n (%)
	P value for SF3B4

	Total cohort
	—
	79
	—

	Pathological T category
	pT1–2
	35 (44.3)
	0.58

	
	pT3–4
	44 (55.7)
	

	Pathological N category
	pN0
	46 (59.0)
	0.59

	
	pN1–3
	32 (41.0)
	

	Pathological M category
	pM0
	79 (100)
	NA

	Pathological stage
	I–II
	54 (68.4)
	0.46

	
	III–IV
	25 (31.6)
	


* Data are presented as n (%). For expression analyses, pathological T categories were grouped as pT1–2 and pT3–4, pathological N categories as pN0 and pN1–3, and pathological stages as stages I–II and III–IV. One TCGA-ESCC case classified as pNX was excluded from the N-category analysis; percentages for this variable were calculated using the 78 cases with an available pathological N category. Differences in expression between two independent clinicopathological groups were evaluated using unpaired two-tailed Student’s t-tests. All tests were two-sided. NA, not applicable.



















Table S2. Cell lines and culture conditions
	Cell line
	Source
	Catalogue no.
	Culture medium

	KYSE30
	Procell Life Science & Technology
	CL-0577
	RPMI-1640 + 10% FBS

	KYSE150
	Procell Life Science & Technology
	CL-0638
	RPMI-1640 + 10% FBS

	KYSE450
	Procell Life Science & Technology
	CL-0990
	RPMI-1640 + 10% FBS

	KYSE510
	Procell Life Science & Technology
	CL-0737
	RPMI-1640 + 10% FBS

	HEK293T
	Procell Life Science & Technology
	CL-0005
	DMEM + 10% FBS

	ECA109
	Provided by Dr. Masatoshi Tagawa
	N/A
	RPMI-1640 + 10% FBS

	YES2
	Provided by Dr. Masatoshi Tagawa
	N/A
	RPMI-1640 + 10% FBS

	KYSE410
	Provided by Dr. Masatoshi Tagawa
	N/A
	RPMI-1640 + 10% FBS

	NE/KYSE70/
KYSE140/KYSE180
	Whole-cell lysates provided by Prof. Yongmei Song
	N/A
	N/A














Table S3. RNA-interference reagents and constructs used in this study
A. RNA-interference reagents
	Reagent
	Sequence/target (5′–3′)
	Supplier
	Application

	si-NC
	UUCUCCGAACGUGUCACGUTT
	GenePharma
	Transient RNAi control

	si-SF1#
	GGAUGAGAAGGUUAGUGAATT
	GenePharma
	Transient SF3B4 depletion

	si-SF2#
	GCACCAAGGCUAUGGCUUUTT
	GenePharma
	Transient SF3B4 depletion

	sh-NC lentiviral vector
	Non-targeting sequence
	GeneChem
	Stable control; puromycin selection

	sh-SF lentiviral vector
	Target sequence identical to si-SF2#
	GeneChem
	Stable SF3B4 depletion; puromycin selection

	In vivo si-NC
	Non-targeting sequence
	RiboBio
	Intratumoral RNAi control

	In vivo si-SF
	Target sequence identical to si-SF2#
	RiboBio
	Intratumoral SF3B4 depletion


B. Plasmid and minigene constructs
	Construct
	Insert or modification
	Application

	Empty vector
	pcDNA3.1 without an inserted target sequence
	Vector control

	pcDNA3.1-HOX-L
	Full-length HOXA11-AS long isoform corresponding to RefSeq NR_002795.2
	HOX-L overexpression and rescue

	pcDNA3.1-HOX-S
	Novel, unannotated HOXA11-AS short isoform generated by alternative 5′ splice-site usage and lacking nucleotides 702-856 of the HOX-L insert
	HOX-S overexpression and rescue

	pcDNA3.1-HIF-1A
	Human HIF-1A coding sequence corresponding to RefSeq NM_001530.4
	HIF-1A overexpression

	HOX-WT minigene
	HOXA11-AS exon 1, competing proximal and distal 5′ splice sites, 300-bp flanking intronic sequences, and exon 2; wild-type CCCTGCTG motif
	Splice-site reporter

	HOX-MUT minigene
	Same minigene structure as HOX-WT, with CCCTGCTG replaced by AAAAAAAA
	Motif-mutant splice-site reporter


* All plasmid constructs were generated in the pcDNA3.1 backbone by Youbao Bio. Insert identities were confirmed by Sanger sequencing.
















Table S4. Key reagents, kits, and drugs
	Reagent/kit
	Supplier
	Catalogue no.

	TRIzol reagent
	Invitrogen
	15596018CN

	M-MLV reverse transcriptase
	Invitrogen
	28025013

	GoTaq G2 Hot Start Polymerase
	Promega
	M7401

	2 × qPCR Mix（SYBR Green）
	Shanghai Life-iLab Biotech
	AN19L919

	Lipofectamine™ 2000
	Invitrogen
	11668019

	Neofect™ DNA transfection reagent
	NEOFECT
	TF201201

	Puromycin
	MedChemExpress
	HY-B1743

	Cisplatin
	MedChemExpress
	HY-17394

	IWR-1
	MedChemExpress
	HY-12238

	2-Deoxy-D-glucose
	MedChemExpress
	HY-13966

	SimpleChIP kit
	Cell Signaling Technology
	#9003S

	Magna RIP kit
	Millipore
	17-700

	XF Cell Mito Stress Test Kit
	Agilent Technologies
	103015-100

	XF Glycolysis Stress Test Kit
	Agilent Technologies
	103020-100

	PI/RNase staining buffer
	BD Biosciences
	550825

	PE Annexin V apoptosis detection kit
	BD Biosciences
	559763

	Cell Counting Kit-8
	MedChemExpress
	HY-K0301

	Nuclear and Cytoplasmic Protein Extraction Kit
	Proteintech
	PK10014

	DAPI
	Biosharp
	BL105A

	Antifade mounting medium
	Biosharp
	BL701A




Table S5. Antibodies used in this study
	Target
	Supplier
	Catalogue no.
	Application
	Dilution/amount

	HIF-1α
	Abcam
	ab308433
	ChIP
	5.0 μg/IP

	SF3B4
	Proteintech
	10482-1-AP
	WB; IHC; RIP
	WB 1:2,000; IHC 1:100; RIP 4.0 μg/IP

	Ki-67
	Proteintech
	27309-1-AP
	IHC
	1:80

	HK2
	Proteintech
	22029-1-AP
	WB
	1:2,000

	PKM2
	Proteintech
	60268-1-Ig
	WB
	1:2,000

	ENO1
	Proteintech
	21829-1-AP
	WB
	1:2,000

	LDHA
	Proteintech
	21799-1-AP
	WB
	1:2,000

	GAPDH
	Bioworld
	BS65656
	WB; cytoplasmic marker
	1:10,000

	β-actin
	Proteintech
	20536-1-AP
	WB
	1:2,000

	β-catenin
	Proteintech
	51067-2-AP
	WB
	1:2,000

	Phospho-β-catenin (Ser675)
	Cell Signaling Technology
	#4176
	WB; IF
	WB 1:1,000; IF 1:200

	c-MYC
	Cell Signaling Technology
	#18583
	WB
	1:1,000

	Cyclin D1
	Proteintech
	60186-1-Ig
	WB
	1:1,000

	Lamin B1
	Proteintech
	12987-1-AP
	WB; nuclear marker
	1:10,000

	Rabbit control IgG
	Cell Signaling Technology
	Included in SimpleChIP kit, #9003S
	ChIP
	5.0 μg/IP

	Histone H3
	Cell Signaling Technology
	Included in SimpleChIP kit, #9003S
	ChIP positive control
	5.0 μg/IP

	Rabbit control IgG
	Millipore
	Included in Magna RIP kit, 17-700
	RIP
	4.0 μg/IP

	IRDye goat anti-rabbit IgG
	LI-COR
	926-32211
	WB secondary
	1:10,000

	IRDye goat anti-mouse IgG
	LI-COR
	926-68020
	WB secondary
	1:10,000

	FITC goat anti-rabbit IgG
	Proteintech
	SA00003-2
	IF secondary
	1:200














Table S6. Primers used in this study
A. ChIP-PCR primers
	Primer set
	Forward primer (5′–3′)
	Reverse primer (5′–3′)

	SF3B4 promoter site 1
	GGTAACTGGAGGGGGAAAGTC
	GGGGACCGGACTTAAGTATCAC

	SF3B4 promoter site 2, primer set 1
	TCCCGTTACACTCTCACGCT
	GCAGCGGTTCACTAACCTTC

	SF3B4 promoter site 2, primer set 2
	TTTTGCTCCCTCCCTTCAAGATG
	CAGCGGTTCACTAACCTTCTCAT


B. RIP-PCR primers
	Target
	Forward primer (5′–3′)
	Reverse primer (5′–3′)

	Total HOXA11-AS
	CTGTTCTCCTGGAGTCTCGC
	CACCGTGCAAATCGGACAAG


C. Target-gene and isoform-specific RT-qPCR primers
	Target
	Forward primer (5′–3′)
	Reverse primer (5′–3′)

	SF3B4
	CGAAGCATCAAATGAAGCAAA
	GAAGCCAATACGGGTGAACAA

	HK2
	GAGCCACCACTCACCCTACT
	CCAGGCATTCGGCAATGTG

	LDHA
	ATGGCAACTCTAAAGGATCAGC
	CCAACCCCAACAACTGTAATCT

	PKM
	GCTCCGGATCTCTTCGTCTTT
	TGTCTAGAGCCACAGCAACG

	ACTB
	CTCCATCCTGGCCTCGCTGT
	GCTGTCACCTTCACCGTTCC

	GAPDH
	AATCCCATCACCATCTTCCAG
	CCTTCTCCATGGTGGTGAAGAC


D. Primers for validation of candidate splicing events
	Target
	Forward primer (5′–3′)
	Reverse primer (5′–3′)

	HOX-L
	TCCGATTTGCACGGTGACTT
	CGGATGTCAGCGCCTCTAAA

	HOX-S
	GGCTTCGGAGGAGGTCCA
	GGAACTCGGACTTGGCCTT

	EIF4B-L
	ATAGGGCGCCTCCAATTGAC
	AGTGTAGGGTGGCGATTTGG

	EIF4B-S1
	TTACCACGTGAACCCAGCAAT
	GGGCATAGCAGAAGCACTCTT

	EIF4B-S2
	GCAATACCAGTTTCCAGTGTGAT
	GCCAGAAAGTCTGTTAGGGAGA

	MKNK2-L
	AAAAGGCAGAGAATCCCCCG
	TGCCCCTCCTGAATCTCGTA

	MKNK2-S
	AAAGACCTCACGTCCTTCGC
	AAGTGACTGTCCCACCAGGA

	CDK19-L
	GCCAGCTTCGCCTTGAAATC
	TCGCTAATGAGCTCGAGGAAG

	CDK19-S
	TCCAACGCTTGAGGTCCATAC
	TGTTTGAGTACGAAGGGTGCAA

	AKT2-L
	GTGATGGACTGGGCGGTAAA
	TACCGCGACATCAAGGTGC

	AKT2-S1
	ATGCACACCACATGGGACTC
	GCAGTTGACACTCCGCTAGT

	AKT2-S2
	CGTGGGTCTGGAAGGCATAC
	GTGTGTGCAGAATAAGCAGGG

	ANXA2-L, outer
	CACGGCCCAGGTTATCTTGT
	CAGGACCTTATCTCGCGTCC

	ANXA2-L, inner
	CCCGCTTGGTTGAACACATT
	CCATATGCACTTGGGGGTGT

	ANXA2-S1, outer
	CATTGCTGCGGTTGGTCAAA
	TTCCTCCTTCCCATTTCGGC

	ANXA2-S1, inner
	TCCCGCTCAGCATCAAAGTT
	TCAGCAACCGAGAGGAGTCT

	ANXA2-S2, outer
	GTTCAAAGCATCCCGCTCAG
	CGGTCTCTTTCCACCCACTC

	ANXA2-S2, inner
	ATCCCGCTCAGCATCAAAGT
	TTTGATCGAGGTCACTGGGC
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Table S7 Top candidate genes selected for the validation of SF3B4-mediated alternative splicing
	Event name
	sample1 posterior mean
	sample1 ci low
	sample1 ci high
	sample2 posterior mean
	sample2 ci low
	sample2 ci high
	Diff
	Bayes factor
	event
type
	gsymbol

	7:MSTRG.28267.2-ENST00000522674:27186109-27186263
	0.74
	0.66
	0.82
	0.19
	0.01
	0.44
	0.55
	12847764.99
	A5SS
	HOXA
11-AS

	6:ENST00000368911-ENST00000457688:110815009-110746201
	0.78
	0.54
	0.94
	0.2
	0.06
	0.42
	0.58
	120132.55
	SE
	CDK19

	12:ENST00000549077-ENST00000416762:53019006-53021860
	0.92
	0.87
	0.97
	0.59
	0.5
	0.68
	0.33
	1000000000000.00
	SE,A3SS
	EIF4B

	19:ENST00000591601-ENST00000589441:2039856-2037465
	0.99
	0.97
	1
	0.78
	0.69
	0.89
	0.21
	10927.47
	RI
	MKNK2

	15:ENST00000421017-ENST00000557906:60397258-60386086
	0.61
	0.01
	0.98
	0.4
	0.05
	0.82
	0.21
	2.02
	SE
	ANXA2

	19:ENST00000311278-ENST00000483166:40238091-40236104
	0.81
	0.77
	0.84
	0.56
	0.43
	0.67
	0.25
	7530.30
	A5SS
	AKT2



Table S8 Genes included in the HALLMARK_HYPOXIA signature used for ssGSEA-based hypoxia scoring
	ACKR3
	CAV1
	EFNA3
	GPC4
	KDM3A
	NOCT
	PPARGC1A
	SRPX

	ADM
	CAVIN1
	EGFR
	GPI
	KIF5A
	NR3C1
	PPFIA4
	STBD1

	ADORA2B
	CAVIN3
	ENO1
	GRHPR
	KLF6
	P4HA1
	PPP1R15A
	STC1

	AK4
	CCN1
	ENO2
	GYS1
	KLF7
	P4HA2
	PPP1R3C
	STC2

	AKAP12
	CCN2
	ENO3
	HAS1
	KLHL24
	PAM
	PRDX5
	SULT2B1

	ALDOA
	CCN5
	ERO1A
	HDLBP
	LALBA
	PCK1
	PRKCA
	TES

	ALDOB
	CCNG2
	ERRFI1
	HEXA
	LARGE1
	PDGFB
	PYGM
	TGFB3

	ALDOC
	CDKN1A
	ETS1
	HK1
	LDHA
	PDK1
	RBPJ
	TGFBI

	AMPD3
	CDKN1B
	EXT1
	HK2
	LDHC
	PDK3
	RORA
	TGM2

	ANGPTL4
	CDKN1C
	F3
	HMOX1
	LOX
	PFKFB3
	RRAGD
	TIPARP

	ANKZF1
	CHST2
	FAM162A
	HOXB9
	LXN
	PFKL
	S100A4
	TKTL1

	ANXA2
	CHST3
	FBP1
	HS3ST1
	MAFF
	PFKP
	SAP30
	TMEM45A

	ATF3
	CITED2
	FOS
	HSPA5
	MAP3K1
	PGAM2
	SCARB1
	TNFAIP3

	ATP7A
	COL5A1
	FOSL2
	IDS
	MIF
	PGF
	SDC2
	TPBG

	B3GALT6
	CP
	FOXO3
	IER3
	MT1E
	PGK1
	SDC3
	TPD52

	B4GALNT2
	CSRP2
	GAA
	IGFBP1
	MT2A
	PGM1
	SDC4
	TPI1

	BCAN
	CXCR4
	GALK1
	IGFBP3
	MXI1
	PGM2
	SELENBP1
	TPST2

	BCL2
	DCN
	GAPDH
	IL6
	MYH9
	PHKG1
	SERPINE1
	UGP2

	BGN
	DDIT3
	GAPDHS
	ILVBL
	NAGK
	PIM1
	SIAH2
	VEGFA

	BHLHE40
	DDIT4
	GBE1
	INHA
	NCAN
	PKLR
	SLC25A1
	VHL

	BNIP3L
	DPYSL4
	GCK
	IRS2
	NDRG1
	PKP1
	SLC2A1
	VLDLR

	BRS3
	DTNA
	GCNT2
	ISG20
	NDST1
	PLAC8
	SLC2A3
	WSB1

	BTG1
	DUSP1
	GLRX
	JMJD6
	NDST2
	PLAUR
	SLC2A5
	XPNPEP1

	CA12
	EDN2
	GPC1
	JUN
	NEDD4L
	PLIN2
	SLC37A4
	ZFP36

	CASP6
	EFNA1
	GPC3
	KDELR3
	NFIL3
	PNRC1
	SLC6A6
	ZNF292
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normal

reference

distribution.

Events

with

more

than

20%

missing

PSI

values

in

either

tumor

or

normal

samples

were

excluded,

and

the

remaining

missing

values

were

imputed

using

the

median

within

the

corresponding

group.

For

each

event,

the

mean

and

standard

deviation

of

PSI

values

were

calculated

across

normal

samples.

An

event

was

classified

as

aberrant

in

a

tumor

sample

when

the

absolute

difference

from

the

normal

mean

exceeded

0.10

and

the

corresponding

standardized

deviation

exceeded

2.

Standard

deviations

equal

to

zero

were

replaced

with

0.0001.

ASB

scores

were

calculated

across

all

retained

events

and

separately

for

A3SS,

A5SS,

AFE,

ALE,

SE,

MXE,

and

RI

events.

Expression

matrices

from

GSE225645,

GSE161533,

and

TCGA-ESCC

were

analyzed

in

R.

For

candidate

prioritization,

genes

upregulated

under

hypoxia

in

both

KYSE150

and

KYSE410

cells

and

genes

upregulated

in

ESCC

in

both

GSE161533

and

TCGA

were

defined

using

a

fold-change

threshold

of

=

2

and

a

Benjamini

–

Hochberg

false-discovery

rate

of

<0.05.

These

gene

sets

were

intersected

with

Gene

Ontology-annotated

RNA-splicing

genes.

Reactome

over-representation

analysis

of

the

hypoxia-

responsive

differentially

expressed

genes

was

performed

through

Enrichr.

Three-year

overall

survival

was

analyzed

after

median

dichotomization

of

gene

expression.

