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Supplementary Figure 1.
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Supplementary Figure 1. Single-cell transcriptomic analysis identifies CL3-msCAFs in all studies and in an independent spatial transcriptomics TNBC patient cohorts. A. UMAP representation of scRNA-seq analysis of fibroblasts from BC tumors derived from three independent studies [27-29]. Each cell is color-coded according to its annotated stromal cell type. B. Quantification of the study of origin shows the percentage of cells originating from each of the three different studies for each cluster. C. Upper panel: AUCell scores for CL3 marker enrichment in spatial transcriptomics data from 92 TNBC patients from Wang et al, Nat Communications 2024. Lower panel: Percentage of spots with scores higher than 0.15. Patients are ordered according to decreasing percentage of CL 3 positive spots. Vertical lines indicate patients with high, low and trace positivity for CL3-msCAFs.
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Supplementary Figure 2. Correlation of CL3-msCAF stromal genes with CD4+ and CD8+ T-cell–associated transcriptional programs across BC subtypes (related to Figure 2). A, B. Left panels show Venn diagram–based summaries of CL3-msCAF stromal genes exhibiting significant positive (POS) or negative (NEG) correlations with (A) CD4+ T-cell signatures and (B) CD8+ T-cell transcriptional programs in Luminal A and TNBC tumors. Numbers in the center indicate genes shared between subtypes, while lateral numbers represent subtype-specific genes. Right panels display heatmaps of correlation patterns between selected CL3-msCAF stromal genes and individual genes within each T-cell signature, shown separately for Luminal A and TNBC. In all heatmaps, blue and red denote statistically significant positive and negative correlations (p < 0.05), respectively. Stromal genes were selected based on consistent correlation directionality across multiple genes within each immune signature. Analyses were performed using RNA-seq data from The Cancer Genome Atlas (TCGA), focusing on patients with Luminal A BC (n = 229) and those with TNBC (n = 98).
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Supplementary Figure S3. MuSiC-based deconvolution validation. A. Scatter plots showing the correlation between the CL3-msCAF bulk score (see Materials and Methods) and the MuSiC-estimated proportion of CL3-msCAF cells in Luminal A and TNBC TCGA bulk samples. Spearman correlation coefficients (R) and p-values (p) are reported. B. Boxplot comparing MuSiC-estimated CL3-msCAF proportions between Luminal A and TNBC tumors. Statistical significance was assessed by Student's t-test and the corresponding p-value (p) is reported.
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Supplementary Figure 4. Validation of differential expression of CL3-msCAF genes across Luminal A and TNBC subtypes (related to Figure 3). A-C. CL3-msCAF genes associated with T-cell–related programs that are significantly modulated between Luminal A and TNBC tumors in independent datasets: (A) GSE45827 (Luminal A tumors (n=29); TNBC (n=41), (B) GSE65194 (Luminal A tumors (n=29; TNBC (n=55), and (C) GSE43358 (Luminal A tumors (n=16); TNBC (n=17). Boxes represent the interquartile range, center lines indicate the median, and whiskers denote the data range. Statistical significance between subtypes was assessed using Student's t-test, and exact p values are reported within each plot.
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Supplementary Figure 5. Association of CL3-msCAF–related gene expression with chemotherapy response in Luminal A breast cancer and TNBC (related to Figure 5). Expression of selected CL3-msCAF-associated genes with prognostic relevance was evaluated in chemotherapy-treated patients with Luminal A BC (n=1.272) and TNBC (n=658) using the ROC Plotter platform (https://rocplot.com). Patients were stratified according to pathological complete response (pCR). For each gene, top panels show box plots comparing expression between responders and non-responders, and bottom panels display receiver operating characteristic (ROC) curves assessing predictive performance in Luminal A and TNBC tumors. Box plots represent the interquartile range, with median values indicated by center lines and whiskers denoting the data range. For the genes shown, statistical analyses did not reveal significant expression differences between groups, nor did the ROC curves indicate significant predictive performance.


Table S1. List of genes belonging to different cell clusters derived from scRNASeq analysis
	CL0-iCAFs
	CL1-myCAFs
	CL2-Pericytes
	CL3-msCAFs

		APOD



		COL1A1



		ACTA2



	GAPDH

		CFD



	POSTN
		IGFBP7



	PGK1

		PTGDS



	FN1
		RGS5



	ENO1

		MGP



		MMP11



		ADIRF



	LGALS1

		CXCL14



		CTHRC1



		TAGLN



	FTH1

		DCN



		SPARC



		COL4A1



	MT2A

		CXCL12



		COL3A1



		SPARCL1



	TPI1

		C3



		IFI27



		NDUFA4L2



	HLA-C

		FOS



		COL5A1



		MYL9



	HLA-A

		GSN



		COL5A2



		COL18A1



	IER3

		EGR1



		SULF1



		COL4A2



	IFI6

		APOE



		COL12A1



		A2M



	ADM

		JUN



		AEBP1



		NOTCH3



	SCG5

		ZFP36L2



		COL10A1



		MCAM



	BGN

		IGFBP4



		COL11A1



		DSTN



	FN1

		JUNB



		LUM



		CAV1



	ANGPTL4

		ZFP36



		MFAP2



		TPM2



	SEC61G

		CCDC80



		BGN



		S100A4



	NDRG1

		FOSB



		TPM1



		PPP1R14A



	TIMP1

		IGF1



		CTSB



		TIMP1



	PLOD2

		MFAP4



		IFI6



		LHFPL6



	TIMP3

	TXNIP
		INHBA



	MYLK
	AEBP1

	
	ISG15
	
	TGFBI

	
	
	
	EMP3

	
	
	
	TBX3

	
	
	
	LDHA

	
	
	
	BNIP3

	
	
	
	ANPEP

	
	
	
	DDIT4

	
	
	
	P4HA1

	
	
	
	SERPINE1

	
	
	
	PHLDA1

	
	
	
	C4orf3

	
	
	
	LOXL2

	
	
	
	BNIP3L

	
	
	
	IL32





Table S2. Cell signatures exploited for correlation analysis between CL3-CAFs and different immune cells.
	CL3-msCAFs
	T cells
	T CD4 cells
	T CD8 cells
	Cytotoxic cells
	T exhausted cells

	IL32
	CD6
	FRYL
	APBA2
	RUNX3
	CD38

	ENO1
	PRKCQ
	PPP2R5C
	THUMPD1
	APBA2
	LAG3

	LGALS1
	ITM2A
	ITM2A
	FLT3LG
	RORA
	CD160

	TIMP3
	NCALD
	DDX50
	RBM3
	GZMH
	CD244

	PGK1
	CD2
	NUP107
	LEPROTL1
	NKG7
	CD101

	TIMP1
	BCL11B
	ASF1A
	AES
	ZBTB16
	HAVCR2

	NDRG1
	SKAP1
	SLC25A12
	GADD45A
	KLRB1
	ENTPD1

	BNIP3L
	CD96
	ATF2
	SLC16A7
	GNLY
	EOMES

	SERPINE1
	CD3G
	PHF10
	KLF9
	APOL3
	CTLA4

	AEBP1
	TRAT1
	RPA1
	TBCC
	KLRD1
	TIGIT

	GAPDH
	CD3D
	ANP32B
	DNAJB1
	GZMA
	BTLA

	TPI1
	CD28
	BATF
	TMC6
	KLRF1
	PDCD1

	FN1
	LCK
	ICOS
	ABT1
	DUSP2
	 

	TGFBI
	SH2D1A
	FAM111A
	ZEB1
	CTSW
	 

	P4HA1
	GIMAP5
	GOLGA8A
	ZFP36L2
	SIGIRR
	 

	MT2A
	CD3E
	SEC24C
	CD8A
	KLRK1
	 

	IFI6
	TRBC1
	CD28
	TSC22D3
	 
	 

	SEC61G
	 
	UBE2L3
	PF4
	 
	 

	LOXL2
	 
	LRBA
	CAMLG
	 
	 

	LDHA
	 
	NAP1L4
	ZNF22
	 
	 

	TBX3
	 
	 
	ZNF91
	 
	 

	IER3
	 
	 
	SF1
	 
	 

	PHLDA1
	 
	 
	CDKN2AIP
	 
	 

	EMP3
	 
	 
	CD8B
	 
	 

	ADM
	 
	 
	ZNF609
	 
	 

	PLOD2
	 
	 
	PRF1
	 
	 

	C4orf3
	 
	 
	PPP1R2
	 
	 

	ANPEP
	 
	 
	PRR5
	 
	 

	SCG5
	 
	 
	GZMM
	 
	 

	ANGPTL4
	 
	 
	LIME1
	 
	 

	FTH1
	 
	 
	VAMP2
	 
	 

	DDIT4
	 
	 
	ARHGAP8
	 
	 

	BNIP3
	 
	 
	 
	 
	 

	BGN
	 
	 
	 
	 
	 

	HLA-C
	 
	 
	 
	 
	 

	HLA-A
	 
	 
	 
	 
	 





Table S3. Comparative analysis of Luminal A BC Vs normal breast tissue
	Gene
	Normal median
	LuminalA median
	FC
	p_Normal_vs_LuminalA
	Tumor-Normal median
	Survival
p value
	Overall Survival trend
	Gene Expression/OS concordance

	FN1
	4,89
	8,11
	1,66
	1,07E-61
	3,22
	0.02
	Low level ↑ OS
	Yes

	BGN
	5,71
	8,39
	1,47
	1,26E-64
	2,67
	0.02
	High level ↑ OS
	No

	IFI6
	5,34
	6,97
	1,31
	4,47E-29
	1,63
	ns
	/
	/

	IER3
	4,82
	6,17
	1,28
	1,93E-18
	1,35
	0.01
	Low level ↑ OS
	Yes

	AEBP1
	6,03
	7,32
	1,21
	4,19E-28
	1,28
	0.05
	Low level ↑ OS
	Yes

	TIMP1
	6,52
	7,68
	1,18
	6,48E-27
	1,17
	0.02
	Low level ↑ OS
	Yes

	SERPINE1
	3,25
	4,23
	1,30
	5,39E-11
	0,98
	ns
	/
	/

	GAPDH
	8,36
	9,12
	1,09
	1,52E-19
	0,76
	ns
	/
	/

	P4HA1
	3,96
	4,69
	1,18
	2,55E-39
	0,73
	0.03
	Low level ↑ OS
	Yes

	TPI1
	6,25
	6,87
	1,10
	3,18E-31
	0,62
	ns
	/
	/

	SEC61G
	3,96
	4,52
	1,14
	4,83E-28
	0,56
	0.04
	Low level ↑ OS
	Yes

	HLA-C
	7,70
	8,26
	1,07
	1,38E-13
	0,56
	ns
	/
	/

	IL32
	2,72
	3,21
	1,18
	7,11E-06
	0,49
	0.006
	High level ↑ OS
	No

	LOXL2
	3,20
	3,69
	1,15
	4,02E-09
	0,48
	0.0015
	Low level ↑ OS
	Yes

	LDHA
	6,11
	6,58
	1,08
	1,46E-17
	0,46
	ns
	/
	/

	TBX3
	4,02
	4,35
	1,08
	1,38E-04
	0,33
	0.03
	Low level ↑ OS
	Yes

	HLA-A
	7,52
	7,78
	1,03
	4,92E-05
	0,26
	ns
	/
	/

	FTH1
	7,95
	8,13
	1,02
	3,00E-02
	0,17
	ns
	/
	/

	EMP3
	4,10
	4,00
	0,98
	2,46E-02
	-0,10
	ns
	/
	/

	ENO1
	7,49
	7,39
	0,99
	2,97E-02
	-0,10
	/
	/
	/

	BNIP3
	3,35
	3,16
	0,94
	9,52E-06
	-0,19
	ns
	/
	/

	LGALS1
	8,24
	7,97
	0,97
	1,04E-03
	-0,26
	ns
	/
	/

	TIMP3
	2,43
	2,16
	0,89
	1,13E-03
	-0,28
	ns
	/
	/

	C4orf3
	5,82
	5,41
	0,93
	2,30E-31
	-0,41
	0.05
	Low level ↑ OS
	No

	BNIP3L
	5,56
	5,14
	0,92
	1,68E-10
	-0,42
	ns
	/
	/

	SCG5
	1,92
	1,42
	0,74
	1,24E-04
	-0,49
	ns
	/
	/

	MT2A
	6,51
	5,79
	0,89
	7,46E-10
	-0,72
	ns
	/
	/

	NDRG1
	4,83
	3,87
	0,80
	1,65E-29
	-0,97
	0.05
	High level ↑ OS
	Yes

	ADM
	3,45
	1,59
	0,46
	4,72E-38
	-1,86
	0.02
	Low level ↑ OS
	No

	ANGPTL4
	4,50
	2,11
	0,47
	3,56E-41
	-2,40
	ns
	/
	/


OS: overall survival


Table S4. Comparative analysis of TNBC Vs normal breast tissue
	Gene
	Normal median
	TNBC median
	FC
	p_Normal_vs_TNBC
	Tumor-Normal median
	Survival
p value
	Overall Survival trend
	Gene Expression/OS concordance

	FN1
	4,89
	7,50
	1,53
	7,03E-36
	2,61
	0.005
	Low level ↑ OS
	Yes

	BGN
	5,71
	7,97
	1,39
	5,09E-35
	2,25
	0.0004
	High level ↑ OS
	No

	IFI6
	5,34
	7,58
	1,42
	8,69E-20
	2,24
	0.0002
	High level ↑ OS
	No

	IL32
	2,72
	4,64
	1,70
	3,16E-18
	1,92
	0.002
	High level ↑ OS
	No

	GAPDH
	8,36
	10,22
	1,22
	5,96E-39
	1,87
	ns
	/
	/

	TPI1
	6,25
	7,82
	1,25
	4,09E-40
	1,57
	ns
	/
	/

	SEC61G
	3,96
	5,14
	1,30
	4,84E-27
	1,18
	ns
	/
	/

	DDIT4
	4,40
	5,56
	1,26
	3,78E-13
	1,16
	ns
	/
	/

	ENO1
	7,49
	8,56
	1,14
	5,65E-24
	1,07
	/
	/
	/

	HLA-A
	7,52
	8,46
	1,13
	4,55E-13
	0,94
	0.007
	High level ↑ OS
	No

	PLOD2
	3,06
	3,92
	1,28
	1,49E-04
	0,86
	ns
	/
	/

	LDHA
	6,11
	6,90
	1,13
	6,97E-15
	0,78
	0.04
	Low level ↑ OS
	Yes

	P4HA1
	3,96
	4,72
	1,19
	3,51E-15
	0,77
	0.03
	Low level ↑ OS
	Yes

	HLA-C
	7,70
	8,45
	1,10
	1,27E-10
	0,75
	0.04
	High level ↑ OS
	No

	TIMP1
	6,52
	7,20
	1,11
	2,81E-12
	0,69
	ns
	/
	/

	NDRG1
	4,83
	5,45
	1,13
	1,31E-05
	0,61
	ns
	/
	/

	TGFBI
	3,94
	4,43
	1,12
	1,77E-05
	0,49
	ns
	/
	/

	SERPINE1
	3,25
	3,70
	1,14
	3,22E-03
	0,45
	ns
	/
	/

	LOXL2
	3,20
	3,65
	1,14
	1,52E-05
	0,44
	0.03
	Low level ↑ OS
	Yes

	MT2A
	6,51
	6,09
	0,94
	1,09E-02
	-0,41
	ns
	/
	/

	C4orf3
	5,82
	5,22
	0,90
	4,23E-19
	-0,60
	0.01
	High level ↑ OS
	Yes

	SCG5
	1,92
	1,29
	0,67
	1,62E-03
	-0,63
	0.03
	Low level ↑ OS
	No

	ADM
	3,45
	2,80
	0,81
	7,85E-06
	-0,65
	0.009
	High level ↑ OS
	Yes

	BNIP3L
	5,56
	4,45
	0,80
	6,44E-32
	-1,11
	/
	/
	/

	TIMP3
	2,43
	1,13
	0,46
	1,96E-22
	-1,31
	ns
	/
	/

	TBX3
	4,02
	2,38
	0,59
	1,35E-23
	-1,65
	ns
	/
	/

	ANGPTL4
	4,50
	2,65
	0,59
	7,65E-12
	-1,85
	ns
	/
	/


OS: overall survival



Table S5. Comparative analysis of Luminal A BC Vs TNBC
	Gene
	FC
	p_LuminalA
vs TNBC
	TNBC-Luminal A median
	Luminal A
	TNBC

	
	
	
	
	Survival
p value
	Overall Survival trend
	Gene Expression/OS concordance
	Survival
p value
	Overall Survival trend
	Gene Expression/OS concordance

	NDRG1
	1,41
	5,36E-19
	1,58
	0.05
	High level ↑ OS
	Yes
	ns
	/
	/

	IL32
	1,45
	3,73E-12
	1,43
	0.006
	High level ↑ OS
	Yes
	0.002
	High level ↑ OS
	No

	ADM
	1,76
	7,57E-15
	1,20
	0.02
	High level ↑ OS
	No
	0.009
	High level ↑ OS
	Yes

	ENO1
	1,16
	4,69E-29
	1,17
	/
	/
	/
	/
	/
	/

	GAPDH
	1,12
	1,86E-21
	1,11
	ns
	/
	/
	ns
	/
	/

	TPI1
	1,14
	2,48E-21
	0,95
	ns
	/
	/
	ns
	/
	/

	PLOD2
	1,29
	7,26E-09
	0,87
	/
	/
	/
	ns
	/
	/

	DDIT4
	1,17
	3,37E-14
	0,79
	/
	/
	/
	ns
	/
	/

	HLA-A
	1,09
	4,85E-07
	0,68
	ns
	/
	/
	0.007
	High level ↑ OS
	No

	SEC61G
	1,14
	5,42E-12
	0,62
	0.04
	Low level ↑ OS
	Yes
	ns
	/
	/

	ANGPTL4
	1,26
	2,35E-06
	0,54
	ns
	/
	/
	ns
	/
	/

	LDHA
	1,05
	1,89E-03
	0,32
	ns
	/
	/
	0.04
	Low level ↑ OS
	Yes

	MT2A
	1,05
	6,31E-03
	0,30
	ns
	/
	/
	ns
	/
	/

	TGFBI
	1,07
	7,85E-04
	0,30
	/
	/
	/
	ns
	/
	/

	HLA-C
	1,02
	4,25E-02
	0,20
	ns
	/
	/
	0.04
	High level ↑ OS
	No

	BNIP3
	1,05
	4,25E-03
	0,16
	ns
	/
	/
	/
	/
	/

	C4orf3
	0,97
	4,42E-02
	-0,19
	0.05
	Low level ↑ OS
	No
	0.01
	High level ↑ OS
	Yes

	BGN
	0,95
	9,28E-03
	-0,42
	0.02
	High level ↑ OS
	No
	0.0004
	High level ↑ OS
	No

	TIMP1
	0,94
	4,05E-02
	-0,48
	0.02
	Low level ↑ OS
	Yes
	ns
	/
	/

	SERPINE1
	0,87
	3,62E-04
	-0,54
	ns
	/
	/
	ns
	/
	/

	FN1
	0,92
	2,08E-05
	-0,61
	0.02
	Low level ↑ OS
	Yes
	0.005
	Low level ↑ OS
	Yes

	BNIP3L
	0,87
	1,68E-18
	-0,69
	ns
	/
	/
	/
	/
	/

	TIMP3
	0,52
	6,32E-16
	-1,03
	ns
	/
	/
	ns
	/
	/

	AEBP1
	0,85
	7,76E-14
	-1,13
	0.05
	Low level ↑ OS
	Yes
	/
	/
	/

	IER3
	0,81
	4,36E-11
	-1,15
	0.01
	Low level ↑ OS
	Yes
	/
	/
	/

	TBX3
	0,55
	3,10E-33
	-1,97
	0.03
	Low level ↑ OS
	Yes
	ns
	/
	/


OS: overall survival


Table S6. Comprehensive comparison of msCAFs with known CAF subtypes
	Feature
	iCAF
	myCAF
	apCAF
	tCAF / glyCAF
	meCAF / glyCAF
	CAF-S1 (BC)
	msCAF (This study)

	1. TUMOUR CONTEXT & DEFINITION

	Tumour types 
	Pan-cancer (PDAC, BC, CRC, lung)
	Pan-cancer (PDAC, BC, lung)
	PDAC, BC, ovary, CRC
	BC (tCAF); sarcoma/PDAC (glyCAF)
	PDAC (meCAF); murine sarcoma (glyCAF)
	BC (TNBC, Luminal A/B)
	BC 

	BC subtype enrichment
	Pan-BC (variable)
	Luminal A enriched
	TNBC > Luminal
	Aggressive BC (tCAF); sarcoma
	Not assessed in BC
	TNBC enriched (CAF-S1)
	TNBC >> Luminal A ✓

	Key references (PMID)
	Öhlund 2017 (28232471)
	Öhlund 2017 (28232471)
	Elyada 2019 (31197017); Kieffer 2020 (32434947)
	Cords 2023 (37463917); Broz 2024
	Wang 2021 (34035226); Fan 2025
	Costa 2018 (29455927); Kieffer 2020 (32434947)
	This study

	2. MARKER & TRANSCRIPTIONAL SIGNATURE

	αSMA / ACTA2
	Low / absent
	High ✓
	Absent / low
	± (tCAF moderate)
	✗
	High (FAP+)
	✗

	Inflammatory cytokines (IL-6, CXCL12, LIF)
	✓ (defining feature)
	✗
	✗
	✗
	✗
	IL-6, TGF-β ±
	✗

	MHC class II (CD74, HLA-DRA, HLA-DQ, HLA-DP)
	✗ (except IFNγ-iCAF subcluster)
	✗
	✓ (defining)
	✗
	✗
	✓ (IFNγ-iCAF)
	✗

	MHC class I (HLA-A, HLA-C) — no CD74
	✗
	✗
	✗
	✗
	✗
	✗
	✓ 

	IL32 / IFI6 / EMP3
	✗
	✗
	✗
	✗
	✗
	✗
	✓ 

	Canonical stromal markers (COL1A1, VIM, LGALS1)
	✓
	✓
	±
	✓
	±
	✓
	✓

	Absence of epithelial markers (EpCAM, CDH1)
	✓
	✓
	✓
	✓
	✓
	✓
	✓

	Absence of EMT regulators (ZEB1, TWIST1, SNAI1)
	✓
	✓
	✓
	✓
	n/a
	✓
	✓ 

	3. METABOLIC PROGRAMME

	Glycolytic reprogramming (GAPDH, PGK1, ENO1, TPI1, LDHA)
	±
	✗ (TCA dominant)
	✗
	✓ (glyCAF, GLUT1/HK2)
	✓ (meCAF/glyCAF)
	✗
	✓ 

	Hypoxia-response module (ADM, NDRG1, DDIT4, BNIP3, ANGPTL4)
	✗
	✗
	✗
	✓ (tCAF, HIF-targets, CAIX)
	✗ (meCAF)
	✗
	✓ 

	Stress / apoptotic regulators (BNIP3L, DDIT4, PHLDA1)
	✗
	✗
	✗
	± (tCAF)
	✗
	✗
	✓

	Lactate production / T-cell metabolic suppression
	✗
	✗
	✗
	±
	✓ (inferred)
	✓ (GLUT1)
	✓ 

	Top pathway enrichment (GO/GSEA)
	IL-6/JAK/STAT3; chemokine signalling
	TGF-β; ECM organisation; actomyosin
	Ag presentation; CD4 T-cell activation
	Hypoxia (tCAF); Glycolysis/GLUT1 (glyCAF)
	Glycolysis; oxidative phosphorylation
	ECM; TGF-β; immune checkpoint
	Glycolysis; Hypoxia; ROS; ECM; Ag processing (MHC I)

	Co-occurrence of glycolysis + hypoxia + ECM + MHC I
	✗
	✗
	✗
	✗
	✗
	✗
	✓ 

	4. ECM REMODELLING PROGRAMME

	ECM-remodelling genes (FN1, LOXL2, PLOD2, SERPINE1, P4HA1, TGFBI)
	±
	✓ (high, COL1A1/FN1)
	✗
	± (tCAF moderate)
	✗
	✓ (collagen, fibronectin)
	✓ 

	Dense stromal barrier formation
	✗
	✓
	✗
	± (tCAF)
	✗
	✓
	✓ 

	FN1 / LOXL2 / P4HA1 prognostic in BC
	✗
	±
	✗
	✗
	✗
	✗
	✓ 

	5. IMMUNE INTERACTIONS

	Primary immune target
	T cells (pro-inflammatory/chemo.)
	T cells (structural exclusion)
	CD4⁺ T → Treg expansion
	CD8⁺ T (metabolic exclusion)
	CD8⁺ T, NK, DC (meCAF); CD8⁺ T (glyCAF)
	Treg, CD8⁺ T (CD73/TGF-β)
	CD8⁺ T, total T cells (strong)

	CD8⁺ T-cell suppression
	±
	✓ (ECM barrier)
	✗ (mainly CD4⁺)
	± (tCAF indirect)
	✓
	✓
	✓ 

	Negative correlation with CD8⁺ T-cell infiltration (bulk RNA)
	✗
	±
	✗
	✗
	✓ (meCAF)
	✓ (glyCAF)
	✓ 

	Treg expansion
	±
	±
	✓ (defining)
	✗
	✓ (meCAF/neutrophil recruit.)
	✗
	✗

	T-cell exhaustion markers (TIM-3, LAG-3, CD39)
	✗
	±
	±
	✗
	±
	±
	✓ 

	Immunosuppressive mechanism
	Paracrine cytokines (IL-6, CXCL12)
	ECM barrier; TGF-β; PGE2
	MHC II ligation without co-stimulation → tolerance/Treg
	Hypoxia-driven exclusion; CXCL16/CXCR6 (glyCAF)
	Glycolytic metabolites; neutrophil/Treg recruit.
	CD73-mediated adenosine; TGF-β; Treg expansion
	Multi-mechanism: glycolysis + hypoxia + ECM barrier + atypical MHC I (CD8⁺ exhaustion)

	iCAFs and myCAFs: correlation with immune infiltrate
	Positive (pro-immune cytokines)
	Variable / negative
	n/a
	n/a
	n/a
	Negative (CAF-S1 immunosuppressive)
	ONLY CAF population negatively correlated with T cells across both BC subtypes

	Association with immunotherapy response
	Resistance (iCAF-S1 clusters)
	Resistance
	Mixed / context-dependent
	Resistance (tCAF)
	Paradox: better response in PDAC
	Resistance
	Resistance (inferred; DeCAF model)

	6. CLINICAL & PROGNOSTIC RELEVANCE

	Prognostic relevance (OS data available)
	±
	±
	±
	✓ (tCAF — poor OS)
	± (meCAF in PDAC)
	✗
	✓ (both BC subtypes)

	Subtype-specific prognostic genes
	✗
	✗
	✗
	✗
	✗
	✗
	✓ (Luminal A: IER3, TIMP1, TBX3, SEC61G; TNBC: LDHA, ADM, C4orf3)

	Chemotherapy response prediction
	✗
	✗
	✗
	✗
	✗
	✗
	✓ (TNBC: ADM, FN1, LOXL2, TIMP1; Luminal A: FN1, SEC61G, TBX3)

	FN1⁺ CAF subpopulation: functional validation
	✗
	± (FN1 expressed)
	✗
	✗
	✗
	✗
	✓ (FN1 knockdown → reduced migration; Chen PMID 41194113)

	DeCAF / treatment-resistance framework
	✗
	✗
	✗
	✗
	✗
	Resistance (CAF-S1 clusters)
	✓ (consistent with DeCAF: tumour-promoting CAF → poor treatment outcome)

	7. KEY DIFFERENTIATING FEATURES vs. msCAF

	What CL3/msCAF shares with this subtype
	ECM ± component; stromal identity
	ECM remodelling genes (FN1, LOXL2)
	Antigen presentation (but MHC I not II)
	Hypoxia-response module (tCAF)
	Glycolytic enzymes (LDHA, ENO1)
	Immunosuppression; ECM; BC context
	— (self)

	What CL3/msCAF lacks vs. this subtype
	No inflammatory cytokine signature (IL-6, CXCL12)
	No αSMA-high contractile programme
	No CD74 / MHC II; targets CD8⁺ not CD4⁺/Treg
	glyCAF: no broad hypoxia module; no antigen presentation
	meCAF: no hypoxia; no ECM remodelling; no CD8⁺ suppression in BC
	No MHC II; no CD73/Treg axis; distinct metabolic identity
	—

	Unique to CL3/msCAF (absent in all others)
	—
	—
	—
	—
	—
	—
	Co-occurrence of: MHC I (no CD74) + glycolysis + hypoxia + ECM remodelling + CD8⁺ T-cell exclusion — within a single, reproducible stromal population across 3 BC cohorts
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