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Supplementary Figure 1 

BM precursors were cultured with GM‑CSF alone or in combination with IFN‑γ, IL‑4, IL‑10, 

or TGF‑β and analyzed by multiplexed scRNA‑seq (see Fig. 2). Principal‑component analysis 

(PCA) identified two dominant axes of variation. The 20 genes with the highest positive and 

negative loadings for PC1 and PC2 are listed.  
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Supplementary Figure 2 

Supplementary Figure 2 

Time-resolved, multiplexed scRNA-seq experiment of mixed cell spheroids composed of M-CSF 

macrophages and MC38 cancer cells (see Fig. 4).  Cells per treatment were functionally 

annotated according to GSEA (Hallmark gene sets). 
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Supplementary Figure 3 

A. GFP‑KP1.9 cells were cultured alone or mixed 1:2 with cytokine‑polarised M‑CSF or GM‑CSF 

macrophages in ultra‑low‑attachment plates and imaged for five days.  

B. M-CSF macrophages: Integrated GFP fluorescence intensities across the spheroid area over 

time, demonstrating enhanced spheroid growth in the presence of anti-inflammatory 

macrophages. Data are the mean ± SE of five replicates analyzed within one representative 

experiment.  AUC quantification, one-way ANOVA Dunnett posttest corrected for multiple 

comparisons (control vs IFN-γ p = <0.0001, control vs IL-4  p<0.0001, control vs IL-10 p >0.999 

(ns), control vs TGF-β p<0.0001, control vs TC <0.0001). 

C. GM-CSF macrophages: Analysis as in B (Control vs IFN-γ p<0.0001, control vs IL-4  p 0.0002, 

control vs IL-10 p 0.0234, control vs TGF-β p<0.0001, control vs TC p<0.0001 ). 
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	ABSTRACT  
	Tumor-associated macrophages can either promote or suppress cancer, but current therapeutic approaches fail because we lack a predictive framework for macrophage function. The prevailing M1/M2 paradigm oversimplifies how macrophage developmental origin (ontogeny) and local cytokines interact to determine anti- versus pro-tumor responses. We systematically mapped eight reference macrophage states by differentiating mouse bone marrow cells with either M-CSF or GM-CSF, followed by polarization with four key cytokines (IFN‑γ, IL‑4, IL‑10, TGF‑β). Using integrated transcriptomics, 3D tumor spheroids, and experimental metastasis models, we discovered that macrophage ontogeny determines whether cytokines promote or suppress tumor growth. Most strikingly, IL-4 induced opposite effects: promoting tumor growth, invasion, and metastasis in M-CSF macrophages while suppressing these processes in GM-CSF macrophages. This ontogeny-dependent polarity switch also affected IL-10 responses, whereas IFN‑γ remained consistently
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	Tumor cell line culture GFP-MC38 (donated by Gerhard Christofor, Department of Biomedicine, University of Basel, Basel, Switzerland) was cultured in RPMI-1640 medium supplemented with 10% fetal bovine serum (FBS, Gibco), 1% penicillin/streptomycin (P/S, Gibco), 1% nonessential amino acids (NEAA, Gibco), and 1% sodium pyruvate (Gibco). Tumor cell line culture KP1.9 (donated by Mikael Pittet, Ludwig Cancer Research, University of Geneva, Switzerland) was cultured in IMDM supplemented with 10% FBS, 1% P/S, and transduced with a GFP‑expressing lentiviral vector (Sartorius) before use in spheroid assays. Cell lines with homogeneous GFP expression were obtained by FACS sorting. Cell line authentication was performed before and after cell sorting by Short Tandem Repeat (STR) DNA genotype analysis (Microsynth, Balgach, Switzerland). Cell cultures were maintained at 37°C and 5% CO2 in a humidified incubator. All cells used in this study were confirmed to be negative for mycoplasma. 
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	Spheroids were dissociated in 2 ml digestion medium (RPMI medium (Gibco) + 25 µg/ml Liberase ™ (Roche) + 40 µg/ml DNase I (Roche; 2000 U/ml) and incubated for 30-45 min in a water bath at 37°C with gentle shaking every 5 min. Then, 4 ml PBS + 0.04% BSA was added to stop the digestion. Digested spheroids were used immediately 
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