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Supplementary Fig. 1. Multidimensional scaling plot of 23 spatial regions of interest.
ultidimensional scaling plot illustrates transcriptomic variance across 23 regions of interest. Colors represent individual patients. Shapes represent tissue compartments including tumor cells (TC), normal cells (NC), stroma (NS), and mixed regions. Distance between points indicates the leading log-fold-change of the genes with the highest variance.
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Supplementary Fig. 2. Proportion of differentially expressed genes (DEGs) relative to total analyzed genes across different comparison groups. (A) Comparison between Patient 2 and Patient 3 with the same pathological type (EEC, endometrioid endometrial carcinoma).(B) Comparison between Patient 1 and Patient 4 with the same pathological type (SEC, serous endometrial carcinoma).(C) Comparison among tumor cell (TC) ROIs from Patient 2. (D) Comparison between TC ROIs and TC CD45+ ROIs from Patient 4. The proportion was calculated as (number of DEGs / total analyzed genes) × 100%. DEGs were defined as genes with |fold change| > 2 and P < 0.05.
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Supplementary Fig. 3. Marker confirmation by external database. (A) The expression of ATF5, STMN1, TROAP and CENPF in endometrial cancer and healthy controls in Expression Profiling Interactive Analysis version 2 (GEPIA2). (B) KM survival plots generated using the University of Alabama at Birmingham CANcer data analysis portal. (C) Survival curves for high and low expression of ATF5 and TROAP mapped by theHuman Protein Atlas (HPA). *P < 0.05.
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Supplementary Fig. 4. Correlation analysis of ATF5, STMN1, CENPF, and TROAP expression in the TCGA-UCEC dataset. Scatter plots show pairwise correlations with Pearson correlation coefficients (r) and P values.
[image: ]Supplementary Fig. 5. ATF5 regulates STMN1 unidirectionally without reciprocal feedback. (A) Western blot analysis of ATF5 protein levels following STMN1 knockdown (si-STMN1) in endometrial cancer cells. (B) Western blot analysis of STMN1 protein levels following ATF5 overexpression (OE-ATF5). GAPDH served as a loading control. si-STMN1: STMN1-knockdown cells, oe-ATF5: ATF5-overexpressing plasmid.



	Supplementary Table 1. Characteristics of the patients

	Patient No.
	1
	2
	3
	4

	age
	64
	59
	71
	48

	Pathological type
	SEC
	EEC
	EEC
	SEC

	Degree of differentiation
	G3
	G2
	G2
	G3

	Stages
	I
	I
	II
	IIIC

	Molecular typing4-WHO
	P53 abn
	NSMP
	NSMP
	P53 abn

	According to the ‘Chinese Expert Consensus on Molecular Detection of Endometrial Cancer (2021 Edition)’, the WHO version is recommended for molecular typing;

	 Molecular typing may be applicable to all EC subtypes, but the current prognostically relevant studies included mainly EEC and SEC, and the clinical value of rare subtypes needs to be further elucidated, Ref ibid.



	Supplementary Table 2. Genes groups of related pathways in endometrial cancer

	group name
	genes 

	Estrogen signaling
	ESR1, KMT2D
	
	
	
	
	
	

	Transcription Regulation
	BRCA1, TP53, KMT2D, CTCF, TET2
	
	
	
	

	Chromatin Remodeling
	ESR1, KMT2D
	
	
	
	
	
	

	DNA Damage Response
	MLH1, MSH2, UIMC1,BRCA1, RB1, TP53, ARID1A, PBRM1
	
	

	RAS/RAF Pathway
	NF1, BRAF, HRAS,ERBB2, ERBB3, ERBB4, FLT3, ALK, MYC
	
	

	PI3K Pathway
	PIK3CA, PIK3R1, PTEN,CTNNB1,HRAS, ERBB2, ERBB3, ERBB4, FLT3, ALK, MTOR

	WNT Signaling 
	APC, MYC, CTNNB1
	
	
	
	
	
	

	CA125
	MUC16
	　
	　
	　
	　
	　
	　
	　



Supplementary Table 3. Primer sequence.
	Gene name
	Prime sequence

	STMN1
	Forward: GAGCTGATTCTCAGCCCTCG

	
	Reverse: AGCTTCATGGGACTTGCGTC

	CENPF
	Forward: CGTCCCCGAGAGCAAGTTTA

	
	Reverse: GTAGGCAGCCCTTCTTTCCA

	ATF5
	Forward: TATGAGGTCCTTGGGGGAGC

	
	Reverse: TCAGAGAAGCCATCACCTGCC

	TROAP
	Forward: TCCGGGGTGTATCTCCTACC

	　
	Reverse: TTTCTGCACCCATCTCCTTGG



Supplementary Table 4. Sequence of siRNA.
	Name
	Sequences

	STMN1
	Sense (5’-3’) GAGCTGATTCTCAGCCCTCG

	
	Antisense (5’-3’) AGCTTCATGGGACTTGCGTC

	CENPF
	Sense (5’-3’) CGTCCCCGAGAGCAAGTTTA

	
	Antisense (5’-3’) GTAGGCAGCCCTTCTTTCCA

	ATF5
	Sense (5’-3’) TATGAGGTCCTTGGGGGAGC

	
	Antisense (5’-3’) TCAGAGAAGCCATCACCTGCC

	TROAP
	Sense (5’-3’) TCCGGGGTGTATCTCCTACC

	
	Antisense (5’-3’) TTTCTGCACCCATCTCCTTGG






Supplementary Table 5. Differential genes, transcription factors and related pathways involved
	Transcription factors
	Gene name
	Description
	Pathway

	
	UBE2C
	Genes involved in the G2/M checkpoint, as in progression through the cell division cycle.
	G2M checkpoint

	ATF5
	STMN1
	Genes involved in the G2/M checkpoint, as in progression through the cell division cycle.
	G2M checkpoint

	ATF5
	STMN1
	Genes encoding proteins involved in glycolysis and gluconeogenesis.
	Glycolysis

	
	BCAT1
	Genes up-regulated through activation of mTORC1 complex.
	mTORC1 signaling

	YY1
	ENO1
	Genes encoding proteins involved in glycolysis and gluconeogenesis.
	Glycolysis

	YY2
	ENO1
	Genes up-regulated through activation of mTORC1 complex.
	mTORC1 signaling

	
	KPNA2
	Genes involved in the G2/M checkpoint, as in progression through the cell division cycle.
	G2M checkpoint

	
	KPNA2
	A subgroup of genes regulated by MYC - version 1 (v1).
	MYC targets v1

	
	CALR
	Genes up-regulated through activation of mTORC1 complex.
	mTORC1 signaling

	
	TPI1
	Genes encoding proteins involved in glycolysis and gluconeogenesis.
	Glycolysis

	
	TPI1
	Genes up-regulated through activation of mTORC1 complex.
	mTORC1 signaling

	LHX4
	SQLE
	Genes involved in cholesterol homeostasis.
	Cholesterol homeostasis

	LHX4
	SQLE
	Genes involved in the G2/M checkpoint, as in progression through the cell division cycle.
	G2M checkpoint

	LHX4
	SQLE
	Genes up-regulated through activation of mTORC1 complex.
	mTORC1 signaling

	STAT1、IRF7、IRF9
	CDKN2A
	Genes involved in p53 pathways and networks.
	P53 pathway

	SMARCA4
	ILF2
	A subgroup of genes regulated by MYC - version 1 (v1).
	MYC targets v1

	STAT1、IRF9
	IFI30
	Genes up-regulated through activation of mTORC1 complex.
	mTORC1 signaling

	STAT1、IRF9
	IFI30
	Genes involved in p53 pathways and networks.
	P53 pathway

	
	MIF
	Genes encoding proteins involved in glycolysis and gluconeogenesis.
	Glycolysis

	
	MIF
	Genes encoding proteins involved in glycolysis and gluconeogenesis.
	Glycolysis

	SPDEF
	TFF3
	Genes encoding proteins involved in glycolysis and gluconeogenesis.
	Glycolysis

	
	CKS2
	Genes involved in the G2/M checkpoint, as in progression through the cell division cycle.
	G2M checkpoint

	HES6、NFIA
	TFRC
	Genes up-regulated through activation of mTORC1 complex.
	mTORC1 signaling

	
	FASN
	Genes involved in cholesterol homeostasis.
	Cholesterol homeostasis

	
	HMGB3
	Genes involved in the G2/M checkpoint, as in progression through the cell division cycle.
	G2M checkpoint

	
	PHGDH
	Genes up-regulated through activation of mTORC1 complex.
	mTORC1 signaling

	
	TALDO1
	Genes up-regulated during adipocyte differentiation (adipogenesis).
	Adipogenesis

	
	TALDO1
	Genes encoding proteins involved in glycolysis and gluconeogenesis.
	Glycolysis

	USF2
	ST14
	Genes involved in p53 pathways and networks.
	P53 pathway

	
	S100A11
	Genes involved in cholesterol homeostasis.
	Cholesterol homeostasis

	ELK3、RAD21
	HMGA1
	Genes involved in the G2/M checkpoint, as in progression through the cell division cycle.
	G2M checkpoint

	ATF5、EZH2
	CENPF
	Genes involved in the G2/M checkpoint, as in progression through the cell division cycle.
	G2M checkpoint

	
	CDK1
	Genes involved in the G2/M checkpoint, as in progression through the cell division cycle.
	G2M checkpoint

	
	CDK1
	Genes encoding proteins involved in glycolysis and gluconeogenesis.
	Glycolysis

	
	H2AZ1
	Genes involved in the G2/M checkpoint, as in progression through the cell division cycle.
	G2M checkpoint

	
	H2AZ1
	A subgroup of genes regulated by MYC - version 1 (v1).
	MYC targets v1

	
	MYBL2
	Genes involved in the G2/M checkpoint, as in progression through the cell division cycle.
	G2M checkpoint

	
	IDH2
	Genes encoding proteins involved in oxidative phosphorylation.
	Oxidative phosphorylation

	
	IDH2
	Genes encoding components of peroxisome.
	Peroxisome

	
	JPT1
	Genes involved in the G2/M checkpoint, as in progression through the cell division cycle.
	G2M checkpoint

	
	GPI
	Genes up-regulated through activation of mTORC1 complex.
	mTORC1 signaling

	
	GPI
	Genes up-regulated through activation of mTORC1 complex.
	mTORC1 signaling

	
	GPI
	Genes encoding proteins involved in oxidative phosphorylation.
	Oxidative phosphorylation

	
	GPI
	Genes encoding proteins involved in oxidative phosphorylation.
	Oxidative phosphorylation

	JDP2、SMARCA4
	HDGF
	A subgroup of genes regulated by MYC - version 1 (v1).
	MYC targets v1

	
	H2AX
	Genes involved in the G2/M checkpoint, as in progression through the cell division cycle.
	G2M checkpoint

	HES6
	BNIP3
	Genes involved in protein secretion pathway.
	Protein secretion

	IRF7、SMARCA532
	ATF5
	Genes involved in cholesterol homeostasis.
	Cholesterol homeostasis

	IRF7、SMARCA532
	ATF5
	Genes involved in the G2/M checkpoint, as in progression through the cell division cycle.
	G2M checkpoint

	SMARCA8、SMARCA111、SMARCA529
	LMNB1
	Genes involved in the G2/M checkpoint, as in progression through the cell division cycle.
	G2M checkpoint

	
	SMC4
	Genes involved in the G2/M checkpoint, as in progression through the cell division cycle.
	G2M checkpoint

	
	CDC20
	Genes involved in the G2/M checkpoint, as in progression through the cell division cycle.
	G2M checkpoint

	
	CDC20
	A subgroup of genes regulated by MYC - version 1 (v1).
	MYC targets v1

	FOXM1、NFIX、PAX6
	FADS2
	Genes involved in cholesterol homeostasis.
	Cholesterol homeostasis

	FOXM1、NFIX、PAX6
	FADS2
	Genes up-regulated through activation of mTORC1 complex.
	mTORC1 signaling

	
	PKM
	Genes encoding proteins involved in glycolysis and gluconeogenesis.
	Glycolysis

	
	TOP2A
	Genes involved in the G2/M checkpoint, as in progression through the cell division cycle.
	G2M checkpoint

	
	TOP2A
	Genes encoding components of peroxisome.
	Peroxisome

	
	COX6B1
	Genes encoding proteins involved in oxidative phosphorylation.
	Oxidative phosphorylation

	
	PRDX1
	Genes up-regulated through activation of mTORC1 complex.
	mTORC1 signaling

	
	PRDX1
	Genes encoding components of peroxisome.
	Peroxisome

	SMARCA351
	UQCRQ
	Genes up-regulated during adipocyte differentiation (adipogenesis).
	Adipogenesis

	SMARCA351
	UQCRQ
	Genes encoding proteins involved in oxidative phosphorylation.
	Oxidative phosphorylation

	
	SHMT2
	Genes up-regulated through activation of mTORC1 complex.
	mTORC1 signaling

	APEX1
	AGRN
	Genes encoding proteins involved in glycolysis and gluconeogenesis.
	Glycolysis

	SMARCA1106
	CRABP1
	Genes encoding components of peroxisome.
	Peroxisome

	
	ALDOA
	Genes up-regulated during adipocyte differentiation (adipogenesis).
	Adipogenesis

	
	ALDOA
	Genes encoding proteins involved in glycolysis and gluconeogenesis.
	Glycolysis

	
	ALDOA
	Genes up-regulated through activation of mTORC1 complex.
	mTORC1 signaling

	
	COX8A
	Genes up-regulated during adipocyte differentiation (adipogenesis).
	Adipogenesis

	
	COX8A
	Genes encoding proteins involved in oxidative phosphorylation.
	Oxidative phosphorylation

	
	SLC25A5
	Genes encoding proteins involved in oxidative phosphorylation.
	Oxidative phosphorylation

	ATF5
	TROAP
	Genes involved in the G2/M checkpoint, as in progression through the cell division cycle.
	G2M checkpoint

	
	H1-2
	Genes involved in p53 pathways and networks.
	P53 pathway

	
	PGK1
	Genes encoding proteins involved in glycolysis and gluconeogenesis.
	Glycolysis

	
	PGK1
	Genes up-regulated through activation of mTORC1 complex.
	mTORC1 signaling

	
	PGK1
	A subgroup of genes regulated by MYC - version 1 (v1).
	MYC targets v1

	
	CYC1
	Genes up-regulated during adipocyte differentiation (adipogenesis).
	Adipogenesis

	
	CYC1
	A subgroup of genes regulated by MYC - version 1 (v1).
	MYC targets v1

	
	CYC1
	Genes encoding proteins involved in oxidative phosphorylation.
	Oxidative phosphorylation

	
	DDX39A
	Genes involved in the G2/M checkpoint, as in progression through the cell division cycle.
	G2M checkpoint

	
	DDX39A
	Genes up-regulated through activation of mTORC1 complex.
	mTORC1 signaling

	SMARCA1069
	HSD17B10
	Genes encoding proteins involved in oxidative phosphorylation.
	Oxidative phosphorylation

	
	UCP2
	Genes up-regulated during adipocyte differentiation (adipogenesis).
	Adipogenesis

	
	ECHS1
	Genes up-regulated during adipocyte differentiation (adipogenesis).
	Adipogenesis

	
	ECHS1
	Genes encoding proteins involved in oxidative phosphorylation.
	Oxidative phosphorylation

	
	AVPR1A
	Genes involved in cholesterol homeostasis.
	Cholesterol homeostasis

	
	ENPP2
	Genes up-regulated during adipocyte differentiation (adipogenesis).
	Adipogenesis

	
	SPARCL1
	Genes up-regulated during adipocyte differentiation (adipogenesis).
	Adipogenesis

	
	BTG2
	Genes up-regulated through activation of mTORC1 complex.
	mTORC1 signaling

	
	BTG2
	Genes involved in p53 pathways and networks.
	P53 pathway

	
	DCN
	Genes encoding proteins involved in glycolysis and gluconeogenesis.
	Glycolysis

	
	ALDH1A1
	Genes encoding components of peroxisome.
	Peroxisome

	CEBPD、JUNB、SMARCA224
	FOS
	Genes involved in p53 pathways and networks.
	P53 pathway



Supplementary Table 6. The binding site of ATF5 and STMN1
	Promoter
	 Sequence 

	STMN1 Promoter（WT）
	5’-AAAAAAAATTGAGACAGGGTCTCACT-3’

	STMN1 Promoter（MT）
	5’-AAAAAAAATTCTCTGTGGGTCTCACT-3’
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