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Figure S1. (A) eQTL analysis results of rs4976398 in lung tissue. (B) Violin plots show the association between SPOCK1 expression in lung tissues and the indicated genotypes (AA, AG, and GG). (C) IHC staining was performed to compare SPOCK1 expression in tumor tissues. Patients carrying the risk allele (AG) exhibited significantly higher SPOCK1 protein expression in tumor tissues compared to non-carriers (AA). (D-G) After interfering with the listed genes, cells viability was measured. (H-I) GTEx and TCGA databases: SPOCK1 expressed differently in normal and NSCLC tissues. (J-M) Correlations of SPOCK1 levels with the tumor stage and tumor grade of NSCLC. (N-P) Kaplan-Meier survival plot: NSCLC patients with high levels of SPOCK1 showing poor prognosis. (Q) A multivariate Cox proportional hazards analysis, adjusting for key clinical variables, including age, gender, and AJCC pathological stage. SPOCK1 expression remained significantly associated with OS even after adjusting for these clinical parameters (HR = 1.551, 95% CI: 1.290–2.115, p = 0.012). Abbreviations: GEO, gene expression omnibus; T, tumor; N, normal. The following statistical definitions were used. *P< 0.05; N.S: stands for P > 0.05, not significant.
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Figure S2. (A-B) cell proliferation and migration analysis of NSCLC cells. (C) CCK8 assay results show the cell viability in different experimental groups. (D-E) The levels of intracellular (D) Fe2+ and (E) lipid peroxidation (BODIPY™ 581/591 C11 stain) levels in different treatment groups. Scale bar = 20μm. (F) Co-immunoprecipitation (Co-IP) assays demonstrated that SPOCK1 protein physically interacts with Integrin α5 and Integrin β1. (G) Immunofluorescence (IF) colocalization analysis revealed that SPOCK1 (red) and Integrin β1 (green) exhibited strong colocalization in the cytoplasm and near the cell membrane (Rr = 0.857). (H) Western blot analysis and quantification showed that overexpression of SPOCK1 (OE-SPOCK1) significantly increased the phosphorylation levels of FAK, Src, JAK2, and STAT3. Notably, these SPOCK1-mediated activations were significantly attenuated by the addition of neutralizing antibodies against Integrin α5 or Integrin β1. Scale bar = 20 μm. n = 3 per group,*P< 0.05; N.S: stands for P > 0.05, not significant.
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Figure S3. (A) Western blot analysis of the HSF1/SPOCK1 axis. Overexpression of HSF1 (OE-HSF1) upregulated the expression of SPOCK1, SLC3A2, and GPX4. Subsequent knockdown of SPOCK1 reversed the HSF1-induced upregulation of SLC3A2 and GPX4. (B–D) Ferroptosis markers: Overexpression of HSF1 decreased MDA concentration (B), Fe2+ levels (C), and lipid peroxidation (D). These anti-ferroptotic effects were significantly blocked upon SPOCK1 knockdown. (E-G) In vivo xenograft model. Lewis lung cancer (LLC) cells with lentivirus-mediated SPOCK1 overexpression construct ("SPOCK1-OE") or the corresponding vector ("Vec") were injected into C57BL/6 J mice at a rate of 3 × 106 cells per mouse to establish the experimental model. The mice were sacrificed 24 days later. Image of tumors (E), tumor weight statistics (F), and growth curves are showed (G). Overexpression of SPOCK1 significantly promoted tumor growth in vivo. (H–K) mIHC analysis of tumor-infiltrating immune cells: (H) Detection of CD8, GZMB, and PD-1. OE-SPOCK1 tumors showed increased CD8+ T cell infiltration (I) but also a higher proportion of PD-1+ cells (J) and a decreased proportion of GZMB+ cells (K). (L-N) Detection of CD4 and FOXP3 (L). OE-SPOCK1 tumors exhibited significantly increased infiltration of CD4+ cells (M) and FOXP3+ CD4+ T cells (N), suggesting an immunosuppressive microenvironment. Scale bar = 0.1mm. n = 3 per group, * P< 0.05; N.S: stands for P > 0.05, not significant.
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Figure S4. (A–G) Histological validation: IHC scoring was employed to evaluate the expression alterations of SPOCK1, Ki67, SLC3A2, and 4-HNE across the indicated experimental groups. (H-I) mIHC cell-type proportions. (J-M) scRNA cluster proportions and marker validation. 



Table S1: sequences utilized in this study
	qPCR primers
	Forward5’-3’
	Reverse 5’-3’

	SPOCK1
	CCC AAC CAC GGC AAT TTC CTA
	ATC GTC TCG AAA GCG GTT CC

	SLC3A2
	CTCAACTTCTCCGACTCTACC
	TTCACAGTCATGTTGGCACTTA

	HSF1
	CGACAGTGGCTCAGCACATTCC
	ACAGCATCAGGGGCGTAGAGG

	ACTIN
	CCT GGC ACC CAG CAC AAT
	GGG CCG GAC TCG TCA TAC

	shRNA
	

	sh-SPOCK1-s1
	GCTTTCGAGACGATGATTATT
	

	sh-SPOCK1-s2
	CCCTTCAGAGATCAATGCCAT
	

	sh-HSF1-s1
	TAGCCTGCCTGGACAAGAA
	

	sh-HSF1-s2
	GTGCTGCCCAAGTACTTCA
	

	siRNA
	sense（5'-3'）
	antisense（5'-3'）

	SPOCK1
	GCUGGAUGACCUAGAAUAUTT
	AUAUUCUAGGUCAUCCAGCTT

	EMC7
	GGACAGACUTUCUAATGAATT
	UUCAUUAGAAAGUCUGUCCTT

	THSD7B
	GGGCAAUAGAGAUAGGUUATT
	UAACCUAUCUCUAUUGCCCTT

	CHRM5
	GCCAGCUCAAGACAGUUAATT
	UUAACUGUCUUGAGCUGGCTT





Table S2: JASPAR to predict STAT3 binds to the promoter of SLC3A2
	Matrix ID
	Name
	Score
	Relative score
	Sequence ID
	Start
	End
	Strand
	Predicted sequence

	MA0144.3
	MA0144.3.STAT3
	9.033312
	0.919222612
	SLC3A2
	629
	637
	-
	TTCTTGTAA

	MA0144.3
	MA0144.3.STAT3
	8.896642
	0.917452125
	SLC3A2
	182
	190
	+
	ATCCTGGAA

	MA0144.3
	MA0144.3.STAT3
	8.398077
	0.910993489
	SLC3A2
	1906
	1914
	-
	TCCCTGGAA

	MA0144.3
	MA0144.3.STAT3
	7.98148
	0.905596702
	SLC3A2
	441
	449
	+
	TACCTGGAA

	MA0144.3
	MA0144.3.STAT3
	7.98148
	0.905596702
	SLC3A2
	1022
	1030
	+
	TACCTGGAA

	MA0144.3
	MA0144.3.STAT3
	7.0906415
	0.894056371
	SLC3A2
	183
	191
	+
	TCCTGGAAA

	MA0144.3
	MA0144.3.STAT3
	6.884934
	0.891391542
	SLC3A2
	733
	741
	-
	TTCAAGAAA

	MA0144.3
	MA0144.3.STAT3
	6.81471
	0.89048183
	SLC3A2
	242
	250
	+
	ATCTGAGAA

	MA0144.3
	MA0144.3.STAT3
	6.0663114
	0.88078673
	SLC3A2
	663
	671
	-
	TTCTGGGGA

	MA0144.3
	MA0144.3.STAT3
	6.0620303
	0.880731271
	SLC3A2
	1907
	1915
	+
	TCCAGGGAA





Table S3:SLC3A2 chip- primer design of promoter sequence
	Gene
	
	Sequence

	primer 1
	F primer
	ACAGGGGTAAGGCAGGATGT

	
	R primer
	GCCTCCCAGGGTGAATACAG

	
	Size:658bp

	primer 2
	F primer
	GGCAGGATGTTTCCTCCTCA

	
	R primer
	CTGCCTCCCAGGGTGAATAC

	
	Size:650bp

	primer 3
	F primer
	ACAAGCATTCGTCTGACCCT

	
	R primer
	ACCAAAGCCTGCTTAACCCA

	
	Size:142bp

	primer 4
	F primer
	CCCAGGCTAAAACAGGGGTA

	
	R primer
	TTGGCGCCTTCCATCTTGTT

	
	Size:576bp

	primer 5
	F primer
	GGCAGGATGTTTCCTCCTCAT

	
	R primer
	AGGGTGTGCTGTTACCCTCA

	
	Size:478bp

	primer 6
	F primer
	GACCCTGGGCAGATCAGTG

	
	R primer
	GATGTTCAGCCCACAAGAGC

	
	Size:894bp








Table S4: JASPAR to predict HSF1 binds to the promoter of SPOCK1
	Motif ID
	Alt ID
	Sequence Name
	Strand
	Start
	End
	p-value
	q-value
	Matched Sequence

	MA0319.1
	HSF1
	SPOCK1
	+
	1543
	1550
	0.000105
	0.433
	ATGGAATA

	MA0319.1
	HSF1
	SPOCK1
	-
	224
	231
	0.000605
	0.771
	CTGGAAGG

	MA0319.1
	HSF1
	SPOCK1
	+
	1317
	1324
	0.000797
	0.771
	GTGGAAGT

	MA0319.1
	HSF1
	SPOCK1
	+
	1479
	1486
	0.00091
	0.771
	TTGGAACC

	MA0319.1
	HSF1
	SPOCK1
	+
	1903
	1910
	0.000932
	0.771
	ATAGAAGT




Table S5: Biotinylated probe primer
	SPOCK1-2-a F-bio：5'﹣TTGTGGAAGTCAGTGTGGCGATTC﹣3'

	SPOCK1-2-a F（cold）：5'﹣TTGTGGAAGTCAGTGTGGCGATTC﹣3'

	SPOCK1-2-a R：5'﹣GAATCGCCACACTGACTTCCACAA﹣3'

	SPOCK1-2-b F-bio：5'﹣CAAAGACTTGGAACCAACCCAAAT﹣3'

	SPOCK1-2-b F（cold）：5'﹣CAAAGACTTGGAACCAACCCAAAT﹣3'

	SPOCK1-2-b R：5'﹣ATTTGGGTTGGTTCCAAGTCTTTG﹣3'

	SPOCK1-2-c F-bio：5'﹣ATATACACCATGGAATACTATGCA﹣3'

	SPOCK1-2-c F（cold）：5'﹣ATATACACCATGGAATACTATGCA﹣3'

	SPOCK1-2-c R：5'﹣TGCATAGTATTCCATGGTGTATAT﹣3'

	SPOCK1-2-a-mut F-bio：5'﹣TTGGCACTGTCAGTGTGGCGATTC﹣3'

	SPOCK1-2-a-mut R：5'﹣GAATCGCCACACTGACAGTGCCAA﹣3'

	SPOCK1-2-b-mut F-bio：5'﹣CAAAGACGGCACTGTAACCCAAAT﹣3'

	SPOCK1-2-b-mut R：5'﹣ATTTGGGTTACAGTGCCGTCTTTG﹣3'

	SPOCK1-2-c-mut F-bio：5'﹣ATATACACCGGCACTGTCTATGCA﹣3'

	SPOCK1-2-c-mut R：5'﹣TGCATAGACAGTGCCGGTGTATAT﹣3'





SLC3A2 promoter region
AAAACTATTTTAGTTACGGTTGCTAATGGACAAACTAAGAAAAGGTAACCAAATGTCTCAGACAATTCCTTATGGAATAAGCTCTCATGCCCTCTTCATGTTAACCCTGGTGAGTTCACAATTACTGGTTCCCAGGCTAAAACAGGGGTAAGGCAGGATGTTTCCTCCTCATTGGAGCAGAATCCTGGAAAGCTACAACTGACAAGCATTCGTCTGACCCTGGGCAGATCAGTGGGCATCTATCTGAGAAAAAAGGGGCATATATCAGTGGGCATCTATCTAGAAACATCACTACAGAGAACAAGAGGAACCAGAAAACTTTATGGGTTAAGCAGGCTTTGGTAACAAATATCAAAATGGCTAAGTTATCTATTAGATAATAGGCCCATAGAATTCGAAAAACAACTTACTGTAAGATAGAGGCAGACTGTCATCAGGAATACCTGGAAAGGAAAGCAAATTAGTTATTTTAAGGTATTAGGATGGAATGAAGCTTATTCATAAACAACAACTGCCATCAGAACTCTAACATGCTATTAACTTTTGTACCTCACAGAACATCAGCTTATCAATTCAAATCATCTGACAGTAACGTGATCGATATATGGATGAGGGTAACAGCACACCCTTACAAGAACTGTAGTACCGGGTTGCGATCTCCCTCCCCAGAAAATCATTTCAAGAGGAACAAGATGGAAGGCGCCAAAAAACATTGTTCCGCCGGCCACTTGTTTTCTTGAACATTTACAAAGATGACATACACCAATTTGGATAATTACCTGTATTCACCCTGGGAGGCAGCTGAATTCCCCAGGATAGATTATGAGATGCTGTAGACAACAGAGGAAAGCATTTTATGTACCTAAAAATAGTCATTCAAAGACCCCTTAAGACCTCTCTCTCACTTCTCAGTAGTAAGATGACATCACTTGAAAGTTCAGCCATATGCTTGTCATTTTGTGTTCATCATGGAGTGGTTATCTACAAGGTCTCCTCTGTAAGAGCATAAACCATGTACACCTACCTGGAACATTACTGTAACGCTGGCTTTGCATAAAGATGGGTCTTGTCCCATTCCTTCACCAGTAAGCTCTTGTGGGCTGAACATCTGAAAAAATAACACCCTTCACTAACACCTCAGACAAATCAATAGGGCCCTGACATTTGTTGCGTACAGTACAGTGCTACTCAGAATTTTCTGTTTTCTCCACTAATCCATCAGAAAGAGAGAGTTCAGTTCGTAAAATCATCCCCGTAGCAACTTCCACACACTCAACGAAAGAGCAGAGATTAAGAAATGGCCGTAAGAACTTACTGCAACAACAGAGCTCTCTTCGGTTCCAACGTGCGCGTAAATCCTGCAGACAGGAGCCCAATAAGACATTAGGTCAACTCAGGGCATTTCGAAAACGCTATTTTCTGAACAGACGGCTAAGCAAGAGGCTTGCAGGGCCCATCTCCTCAGAGTTATTTATCCTCACGGAGCTCAGTACAGGTCTGTGAAAAGGTCCTCATCATAGGAAGGGGGACCTACACGGCCCGCCATCGCCATTTTGTCCTTCACAAAGCCCCACTGCTACTTTTAAGCCTCGAGGCCACGCACAAGACCTTATCCGCCAGTCGCCCTGGCCAGGCAGCTACAACACAGAAGGCATAGTGCGTGCTATGCTATGTTCGCACAATCGCTCAAAAGAAAATAAAAGAAAAAGACAAAGTACAAAAGAGTAACAGCTATAAAGACCACGAAGCCACTTACCACGAGCAGTAGAAAAATGAGAACGAATCTCCCCGGGGAGACGATTAAATACCATGCCGCAGAGGCCCACGGGATTTGGGGGCGGGGCTACGGCGAGCGCACGCGCATACGTTGACCGCATGCGACCCCGGGGAGTTGTGGGTAGAGAGTTCCAGGGAAGGAGGGCGTAGACAAAGCGCCACCTGAACTTGCGGCGCGAAAAAGGCGCGCATGCGTCCTACGGGAGCGTGCTGGCTCACCGACC




SPOCK1 promoter region
GAGAGGCGGGGTCCAGATGTGCGGGGCCTGGGGGCTCCAGCCAGGAGATTGGTCTTTATCAGGAAAGCATTGTGAAGAATTTTGTGTTGAGGGGAGAGGGGTGATGGGATGGTCAGACTTGTTCTGAAAGAGCGCTCAGGTGTCTGGGGAATGGGGTGTAGTTGTACAGAGAAAGGTGACAGGCCAGTATCACTTGTATACAGGCAGGGGAAGACATTAAGTCCCTTCCAGCCCTATTTCACCAAACATTGCTGGTATTTGGAAACGGGGTGGGGGATGGGGCAGGACCAGACTTCTGCTTCTCAGTGTTCTGTCCCTGTAGCCTGATCTGTTTTTCCTCTCTCCCCTCCCTCCCATCTAGGGGAACTCAACAGGTTAGTGCTGGGGCCGGTTCTCAAGGGGCAGGACAGTGGTAAGCATGGCATAGGGCATGGGAGTGCAGAGATGCAGGTGGGTGCATGACTTGGGATGGGCAGTGCAGATATTCACTTATCCAGGGAATGGCAGGACGGTGGTTATCAAACTTTGCCATGCATAAAAAACGCCTCGGGAGCTCATTAAAAGTGCAGACTTGGAAGCTTTCCTAAGGAATGCTGACTCAGCAAGTGGGGCGGTGGGGCAGGAATCATTTTTAGGAAGTTCGCTTCTCTCTCCACCCAGGTGATTTTGATCTAGATAACCCGACGGCCTTCCTTTTGAGAATGCCTCCATGCTGGCCTGCGTCTTGGCCTCATATCCTCAGTCCCCTCTTCTGTCTCGCACCAGCCTGGGCCTGAAAGCTGATTTTAGCCCTGCATTAAGATGTGAATGACCCAGGACATAGGCGTGGGCAAGGACTTCATGTCCAAAACACCAAAAGCAATGGCAACAAAAGCCAAAATTGACAAATGGGATCTAATTAAACTAAAGAGCTTCTGCACAGCAAAAGAAACTACCATCAGAGTGAACAGGCAACCTACAACATGGGAGAAAATTTTCGCAACCTACTCATCTGACAAAGGGCTAATATCCAGAATCTACAATGAACTCAAACAAATTTACAAGAAAAAAACAAACAACCCCATCAAAAAGTGGGCGAAGGACATGAACAGACACTTCTCAAAAGAAGACATTTATGCAGCCAAAAAATACATGAAAAAATGCTCATCATCACTGGCCATCAGAGCAATGCAAATCAAAACCACTATGAGATATCATCTCACACCAGTTAGAATGGCAATCATTAAAAAGTCAGGAAACAACAGGTGCTGGAGAGGATGTGGAGAAATAGGAACACTTTTACACTGTTGGTGGGACTGTAAACTAGTTCAACCATTGTGGAAGTCAGTGTGGCGATTCCTCAGGGATCTAGAACTAGAAATACCATTTGACCCAGCCATCCCATTACTGGGTATATACCCAAAGGACTATAAATCATGCTGCTATAAAGCCACATGCACACGTATGTGTATTGCGGCATTATTCACAATAGCAAAGACTTGGAACCAACCCAAATGTCCATCAATGATAGACTGGATTAAGAAAATGTGGCACATATACACCATGGAATACTATGCAGCCATAAAAAAGGATGAGTTCATGTCCTTTGTAGGGACGTGGATGAAATTGGAAACCATCATTCTCAGTAAACTATCGCAAGAACAAAAAACCAAACACCGCATATTCTCACTCATAGGTGGGAATTGAACAATGAGATCACATGGACACAGGAAGGGGAATATCACACTCTGGGGACTGTGGTGGGGTGGGGGGAGTGGGGAGGGATAGCATTGGGAGATATACCTAATGCTAGATGACGAGTTAGTGGGTGCAGCGCACCAGCATGGCACATGTATACATATGTAACTAACCTGCACAATGTGCACATGTACCCTAAAACTTAAAGTATAATTAAAAAAAAAAATAGAAGTAAATTAAAAAAAAAAAAAAAAAAAAAAAAGATGTGAATGACCACGTTCCGGGCTGGGGCGGCCGGGCTGTCGGGCAGGCAGCGCGCGGCCACCAGGGGGCGCCAGAGCCTTGGCTCGCGCGCTCGGCCTCCTCCGCCCGCGGACGCCGCGCCCGAGCCAGCGAGCGAGCAGAGC
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