Supplementary Information


Table S1: Gene expression markers used in cell type identification
	Cell Type  
	Markers  

	CD8 T cells1  
	CD8A2,3, GZMB2, TRAC4, CD3E2,3,5,6  

	CD4 T cells7  
	CD42,3, CCR48, CD289, IL1310, (- FOXP311)

	B cells12  
	PXK13, HLA-DRA14, MS4A12,3, CD192,3  

	Regulatory T cells (Tregs)15 
	FOXP311, IKZF216, IL2RA2,3, TNFRSF417  

	NK cells18  
	NCAM12,3, FCGR3A3,19, GNLY20, KLRD12, (- CD3D/E21)

	NK T cells22
	CD3E23, CD8A23, KLRF124, FCG3A25, NKG724, KLRD124

	γδ T cells22
	CD3E26, GZMH26, TRDC27, TRGC127, TRGC227, (-CD424, -CD8A24)

	Myeloid28,29  
	CD142,3, CD682, CD1632,3, LYZ30 

	Plasma cells31  
	CD3832, CD79A33, (- CD1934,35, - CD2036,37)

	Plasmacytoid Dendritic Cells (pDCs)38
	IL3RA2,3, CLEC4C2,3, LILRA43,39, PLD440,41  



Citations in the left Cell Type column refer to resources that provided general cell typing guidance and were used for additional marker genes. Citations in the right Markers column represent papers identifying the specific genes listed there as markers of a particular cell type.

Table S2: Gene expression markers used in T cell clustering and myeloid cell clustering
	Cell Type  
	Markers  

	T cell markers42

	Treg 43
	CD4, FOXP3, IL2RA

	CD8_Exh 44,45
	PRF1, GZMB, TOX, PDCD1, LAG3, TIGIT, HAVCR2

	CD8_pEx 44,45
	PRF1, GZMB, TCF7, TOX, PDCD1, LAG3, TIGIT, HAVCR2

	CD8_Eff 46,47
	NKG7, GNLY, CCL5

	γδ T 48–50
	TRDC, TRGC1

	CD4_Naive 51,52
	CD4, TCF7, LEF1, CCR7, SELL

	Stemlike 53,54
	CCR7, TCF7, FOXP1, (-TIGIT, -PDCD1, -LAG3, -TOX)

	MAIT 48–50
	KLRG1, TRAV1, TRAV2

	Th1 55–57
	CD4, RUNX3, ANXA3, IFNG

	Th2 55–57
	CD4, LIMA1, IL4R, GATA3

	Myeloid cell markers58–60

	C1QC61
	C1QB, C1QC, CD206, HLA-DR, SEPP1, APOE, FOLR2, (-SPP1)

	CLEC1262
	CLEC12A, CCR2, LY6C2, S100A6

	AQP963
	AQP9, FN1, SPP1, NDRG1


Citations listed for T cell markers and Myeloid cell markers were used to guide all subtypes.


Table S3: Choice of Imputation Method, NRMSE on pre-ICI discovery mean rank matrix, 70% interaction threshold
	Imputation Method
	Transposed Mean Rank Matrix
	NRMSE

	Random Forest
	Yes
	0.341

	Random Forest
	No
	0.529

	MICE PMM
	Yes
	0.509

	MICE PMM
	No
	NA – did not converge, too few samples to provide plausible donor values

	kNN
	Yes
	0.455

	kNN
	No
	NA – error, no samples with complete data, can’t compute nearest neighbors









Table S4: Choice of Interaction Threshold, NRMSE and Retained Interactions of Imputation
	Comparison
	Minimum Proportion of Samples with Observed Interaction Scores 
	Retained Interactions
	Percent Zeros
	NRMSE

	Pre R vs. NR
	0.7
	1037
	13.85
	0.341

	NR Pre vs. Post
	0.92
	476
	3.28
	0.290

	R Pre vs. Post
	0.9
	285
	4.83
	0.253

	Validation Pre vs. Post
	0.72
	1294
	15.31
	0.335






Table S5: Selected Pathways
	Interaction Category
	mSigDB Pathways

	Immune Suppression
	HALLMARK_TGF_BETA_SIGNALING
BIOCARTA_NFKB_PATHWAY
GSE9650_EFFECTOR_VS_EXHAUSTED_CD8_TCELL_DN
GSE15659_RESTING_VS_ACTIVATED_TREG_DN

	Apoptotic
	HALLMARK_APOPTOSIS
HALLMARK_TNFA_SIGNALING_VIA_NFKB

	MHC
	REACTOME_CLASS_I_MEDIATED_ANTIGEN_PROCESSING_PRESENTATION
REACTOME_MHC_CLASS_II_ANTIGEN_PRESENTATION

	Other
	HALLMARK_PROTEIN_SECRETION

	Adhesion
	KEGG_ECM_RECEPTOR_INTERACTION
BIOCARTA_INTEGRIN_PATHWAY

	Chemotaxis
	BIOCARTA_CXCR4_PATHWAY
BIOCARTA_CCR5_PATHWAY

	Immune Activation
	HALLMARK_INFLAMMATORY_RESPONSE
HALLMARK_INTERFERON_GAMMA_RESPONSE
WP_T_CELL_RECEPTOR_AND_COSTIMULATORY_SIGNALING
BIOCARTA_TCR_PATHWAY
GSE13738_RESTING_VS_TCR_ACTIVATED_CD4_TCELL_DN

	Note: Pathways were selected based on the interactions that were identified in the pre-ICI R vs. NR comparison and their corresponding functional categories. These pathways may have other biological functions depending on the circumstances.



Figure S1: Additional scRNAseq quality control and cell typing information
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a. Quality control plots for Sade-Feldman dataset. Cells with Total Genes (nFeature_RNA) > 500, Total Genes < 3000, and Percent Mitochondrial Genes <2 were retained for downstream analysis.
b. Quality control plots for Jerby-Arnon dataset. Dataset obtained from GEO had zero mitochondrial genes included. Cells with nFeature_RNA > 500 and nFeature_RNA < 7500 were retained for downstream analysis.
c. Differentially expressed genes for each cluster used to supplement expression of canonical cell type markers in cell type identification process.
d. Expression of canonical cell type markers in the defined cell type clusters.
e. Expression of markers used to determine T cell subsets
f. Expression of markers used to determine myeloid subsets

Figure S2: Univariate comparison of cell subsets and interaction frequencies
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a. Cell proportions for the subset of patients where matched pre- and post-ICI samples were available.
b. Fraction of T cell subsets – defined as the number of cells in that subset divided by the total number of T cells in that sample – was compared across R and NR pre- and post-ICI groups. Th2 = CD4+ T helper 2, Th1 = CD4+ T helper 1, CD8T.Eff = CD8+ Effector T cell, CD8T.pEx = CD8+ T progenitor exhausted T cell, gdT = gamma delta T cell, MAIT = mucosal associated invariant T, Treg = regulatory T cell, CD8T.Exh = Exhausted CD8+ T cell.
c. Fraction of T cell subsets for patients where matched pre- and post-ICI samples were available.
d. Myeloid cell subsets in R and NR pre- and post-ICI groups.
e. Interaction frequencies for cell type pairs with R and NR differences with p-values between 0.05 and 0.25 (trending but less significant than those in Fig. 1e).
In all matched tests, a paired Wilcoxon test was used to determine significance. For non-matched two group comparisons, a Wilcoxon rank-sum test was used. For comparisons with more than two groups, Kruskal-Wallis followed by Dunn’s post-hoc test was used.




Figure S3: Survival of Mixed Interaction Expression in Bulk RNA-seq
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a. Average of z-scored expression data for LR pairs for melanoma patients, as shown in Fig. 4a, with coloring matching the three groups in panel b.
b. Survival for all three clusters. Mixed phenotype (Cluster 3: Orange) shows similar trends as interaction high (Cluster 2: Red).


Figure S4: Pre- to Post-Treatment Comparison of Cell Abundance and Interaction Frequency
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a. Cell type proportions pre-post in R and NR
b. Unique interaction frequencies pre- post in R and NR
In a, b, * denotes statistical significance. .p<0.1, *p<0.05, **p<0.01. Statistical significance was determined by a Kruskal-Wallis test followed by Dunn’s post-hoc test. The median is indicated by a colored line.


Figure S5: Jerby-Arnon Additional Cell Type Proportion and Interaction Frequency Comparisons
a. 
[image: ]


b.
[image: ]

a. Coarse cell type proportions compared in all pre-treatment patients compared to post-NR in Jerby-Arnon data. 
b. Univariate comparison of interaction frequency in both Jerby-Arnon and Sade-Feldman pre-treatment patients (all, no response stratification) and post-treatment NR.
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