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a Gene programs (GPs) upregulated by cytokine treatment per cell type

IFN-y_GP29 Ncl, Eif4a1, Eifsa, Npm1, Set, Nme1, Ppp1r14b, Mif, Ptma, Serbp1
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IL-18_GP34 Stat1, Lyé6a, Ifi47, Igtp, Samhd1, Gbp4, Gbp7, Gbp2, Ifi203, Ifi2712a

IL-18_GP01 Npm1, Xcl1, Ncl, Eif5a, Serbp1, Ran, Ptma, Snu13, TommZ20, Eif4al

IL-18_GP28 Hspas, Calr, Hsp90b1, Manf, Pdia6, Ncl, Pdia3, Spcs2, Canx, Fubp1

IL-18_GP22 Plac8, Pkib, Rap1a, ligp1, Jaml, Dnajc7, Ifi203, Csf2rb2, Pfn1, Irf7

IL-18_GP21 Cxcl9, Serpina3g, Cst3, Cd74, H2-Ab1, H2-Eb1, H2-Aa, Bcl2a1b, Dnase1l3, Cd52

IL-18_GPO05 Fabp5, Tmem123, S100a4, Marcks, Ccr7, Etv3, Zfp36l1, Tbc1d4, Tmem176a, Basp1

IL-18_GP37 Ccl22, Cst3, Apol7c, Serpinb6b, Serpinb9, Crip1, Fscn1, Cd40, Tagln2, Calm1

IL-18_GP33 Arpc3, Uba52, Chchd2, Clic1, Rbx1, Ubb, Snrpg, Hnrpf, Arpc2, Ugcrb
IL-18_GP40 Cxcl10, Gbp2, Ifi47, Cxcl9, Isg15, Irgm1, Ifi204, Gbp5, Serpina3g, Gbp7

IL-18

IL-33_GP35 Ncl, Eif5a, Nom1, Nme1, Eif4at, Mif, Ptma, Serbp1, Ppp1r14b, Ppia
IL-33_GP07 Hspa5, Hsp90b1, Manf, Calr, Pdia6, Selenos, Srgn, Xbp1, Spcs2, Fabp5
IL-33_GP13 Stat1, Sifn5, Ifi203, Mndal, Isg15, Irf7, Ifi2712a, Samhd1, Ifi47, Trim30a

| (=] |

IL-36a_GP20 Ly6a, Ifi2712a, Ly6e, Bst2, Satb1, Igfbp4, H2-K1, Ms4a4b, Stat1, Gbp4
IL-36a_GP08 Ncl, Npm1, Mif, Serbp1, Eif4ai, Ptma, Nme1, Eif5a, Anp32b, C1gbp

IL-36a_GPO07 Ubab2, Lars2, Snrpg, Gapdh, Cox7c, Dynll1, Arpc5, Arpc3, Ubb, Rabac1

IL-36a_GP04 Calr, Hspa5, Hsp90b1, Manf, Pdia6, Pdia3, Spcs2, Sdf2I1, Krtcap2, Sec61g

IL-36a_GP26 Srgn, Odc1, Gadd45b, Traf1, Cd82, Nfkb1, Furin, Btg1, Bcl2a1b, Pim1

IL-36a_GP33 Ly6d, Cd74, H2-Ab1, H2-Aa, Ly6c2, Irf8, Tyrobp, Mpeg1, Ly6a, Siglech

IL-36a_GP29 Fabp5, Cd74, H2-Aa, Cst3, Il4i1, Srgn, H2-Eb1, S100a4, Marcks, Anxa2

IL-36a_GP40 Isg15, Slfn5, Samhd1, Irf7, Mndal, Ifitm3, Cxcl9, Stat1, Rnf213, Ifi47

IL-36a_GPO03 Fau, Eeflal, Wnk1, Rack1, Hnrnpa2b1, Eef1b2, Pabpc1, Naca, Eef2, Ncl

IL-36a_GP32 Snu13, Set, Eif4g2, Hnmpf, G3bp1, Eif4al, Eif5, Ncl, Srsf3, Vasp

IL-36a_GP22 Lyz2, Ifitm3, Fcer1g, Ifitm2, S100a6, Plac8, Chil3, Vim, Ms4a6d, Tyrobp
IL-36a_GP12 S700a9, S100a8, Srgn, Fth1, lI1b, Fcer1g, Ifitm3, Tyrobp, S100a11, Slfn4 - Iong

®5

IL-2_GP06 Npm1, Ptma, Ppia, Eif5a, Serbp1, Nme1, Ncl, Eeflal, Atp5g1, Mif . 10
IL-2_GP29 Stat1, Igtp, Ifi47, Samhd1, Gbp7, Gbp4, Psme2, H2-T23, Ly6a, Psmb9

IL-2_GP09 Ncl, Npm1, Gzmb, Ldha, Eif5a, Tomm20, Ran, Hspd1, Ccnd2, Ppp1ri4b .15
IL-2_GP19 Hspab, Calr, Hsp90b1, Manf, Pdia6, Spcs2, Pdia3, Dnajc3, Krtcap2, Dnajb11 X
IL-2_GP31 Tmsb10, Myl6, Fth1, Eif1, Fau, H3f3b, Oaz1, Ppia, Elob, Atp5! Effect size
IL-2_GP39 Vim, ll2rb, Crip1, Rgs1, Mbni1, Xist, Fau, Eef1al, Ltb, H2-K1

IL-2_GP08 Cxcl9, Cxcl10, Serpina3g, Samhd1, Gbp5, Irgm1, Ifi47, Slfn5, Fam26f, Gbp2

IL-2_GP18 Lyz2, Ifitm3, Plac8, Tyrobp, Fcer1g, Cybb, Ifi2712a, Lgals3, S100a4, Psap

IL-36a

(]

IL-2

IL-4_GP06 Ncl, Npm1, Eif5a, Eif4a1, Nme1, Mif, Ran, Set, Ptma, Ppp1ri4b

IL-4_GP36 Sfpq, Ncl, Hnrnpu, Dock10, Hspa5, Kenq1ot1, Son, Eeflal, Fus, Pabpct

IL-4_GP40 Bcl2, H2-DMa, Eef1a1, lli4ra, H2-K1, Trbc2, Fau, Eno1, Bcl11b, Rack1

IL-4_GP34 Ly6d, Cd74, H2-Ab1, Ly6a, Tyrobp, Siglech, Plac8, Irf8, H2-Aa, Bst2 0

IL-4_GP26 Psap, Pabpc1, Pcbp2, Eif4g2, Dazap2, Sod1, BC005537, Laptm5, Ptp4aZ2, Hsp90b1

IL-4_GP29 Lars2, Srsf5, Srp14, Myl12a, Ubb, Chchd2, Edf1, Rbx1, Brk1, Psma2 B Beell

IL-4_GP35 Calr, Hsp90b1, Hspa5, Pdia6, Sdf2l1, Manf, Tmsb10, Sec61g, Spcs2, Crip1 I CD4+ T cell

CD8+ T cell
YO T cell

Treg
NK cell
ILC

|
IL-7_GP30 Isg15, Mndal, Bst2, Ifi2712a, Ifi203, Stat1, Slfn5, Irf7, [fit3, Ifi47

IL-7_GP39 Trbc2, Ltb, H2-K1, Igfbp4, Ms4a4b, Tmsb10, Bcl2, Eeflal, H2-D1, Fau [ ]
IL-7_GP19 Ncl, Eifsa, Npm1, Mif, Nme1, Eif4a1, Ppp1r14b, Ran, Ptma, Ranbp1

IL-7_GP26 Hspa5, Hsp90b1, Pabpc1, Eif3a, Canx, Ncl, Ccnd2, Lars2, Mat2a, Mbnl1 ] pDC
IL-7_GP08 Calr, Hspa5, Hsp90b1, Manf, Pdia6, Spcs2, Pdia3, Sec61g, Krtcap2, Ppib ] cDC1
IL-7_GP03 Arpc2, Eif4g2, Rap1a, Arpc5, Edf1, Pcbp1, Capza2, Rbx1, Grb2, Top1 ] DC2
IL-7_GP20 Lyz2, Ifitm3, Plac8, Tyrobp, Fcer1g, S100a6, Lgals3, Cybb, Psap, S100a4 ’&igD c

W00 Langerhans
IL-15_GP18 Igfbp4, Ifi2712a, Ms4a4b, Trbc2, Ltb, Ms4a6b, Tmsb10, Cd52, Ccnd2, Fau -Mﬁgl;?ggl atge
IL-15_GP28 Nkg7, Tmsb10, Cd8b1, Cd52, Cd3d, Ly6c2, Cd3g, Ms4adb, Cdsa, Piprcap = Neut yh‘l
IL-15_GP21 Npm1, Ncl, Gzmb, Eif5a, Ptma, Serbp1, Nme1, Mif, Snu13, Eif4al eutropni
IL-15_GP15 Hspa5, Manf, Calr, Hsp90b1, Pdia6, Spcs2, Hnrpa3, Ostc, Selenok, Selenos I Mast cell
IL-15_GP35 Stat1, Ifi47, Ly6a, Samhd1, Igtp, Gbp2, Gbp4, Gbp7, Psmb9, Psmb10
IL-15_GPO05 Isg15, Slfn5, Irf7, Mndal, Ifi27I2a, Ifi203, Sp100, Phf11b, Rnf213, Bst2
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Supplementary Fig. 1 | Gene programs (GPs) upregulated by IFN-y, IL-18, IL-33, IL-36a, IL-2, IL-4, IL-7, IL-15, IL-3, GM-CSF, and TNF-
a across cell types.
See next page for caption.



Supplementary Fig. 1 | Gene programs (GPs) upregulated by IFN-y, IL-18, IL-33, IL-36a, IL-2, IL-4, IL-7, IL-15,
IL-3, GM-CSF, and TNF-a across cell types.

a-k, Upregulated GPs following cytokine treatment with respect to PBS controls for a, IFN-y, b, IL-18, ¢, IL-33, d, IL-
360, e, IL-2, f, IL-4, g, IL-7, h, IL-15, i, IL-3, j, GM-CSF, and k, TNF-a. GPs that are significantly upregulated between
cytokine and PBS treatment (FDR < 0.01 and effect size > 1) in any cell type are shown in the figure. Significant GPs
(FDR < 0.05 and effect size > 0) for each cell type are represented as circles, with circle size indicating statistical
significance and color representing effect size (capped at 10). The top-weighted genes in each upregulated GP, which are
co-expressed genes that may be related to cell type identity or cellular response to cytokines, are shown on the right in
blue.
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Supplementary Fig. 2 | CD4+ T cell responses to cytokines: polarization states, subclusters, marker gene
expression, and gene programs.

a, Top, UMAP visualization of CD4+ T cells for all cytokines, colored by polarization states; bottom, table with cell type
polarization states (left column), single cytokine drivers (middle column), and top marker genes (right column);
reproduced from Fig. 3 for ease of reference. b, Pairwise Pearson correlation coefficients between polarization states. ¢,
UMAP visualization of CD4+ T cells shown independently for each cytokine treatment, colored by cytokine treatment
(blue) or PBS treatment control (gray). d, UMAP visualization of CD4+ T cells for all cytokine or PBS treatment; cells
colored for CD4+ T cell Louvain subclusters. e, Top overexpressed genes in each Louvain subcluster in d; color, column-
scaled average expression; size of circle, percentage of cells in the subcluster expressing each gene. f-i, CD4+ T cell
responses to each cytokine stimulation. f, Fraction of cells per subcluster in each cytokine treatment. Colors represent
subclusters defined in d. g, Enrichment of each subcluster in each cytokine treatment; size of circle, Bonferroni-adjusted
P-value of hypergeometric test relative to PBS; black fills, P < 0.01. h, Row-normalized relative expression of
representative marker genes of each polarization state in cytokine-treated vs. PBS-treated cells. i, Enrichment of CD4+ T
cell gene programs obtained from NMF analysis of all CD4+ T cells in cytokine-treated cells relative to PBS-treated cells;
size of circle, FDR-adjusted P-value from two-sided Wilcoxon rank-sum test; shade, effect size representing the mean
difference in gene program weight. j, Top weighted genes in each gene program in i. k, Average gene program weight in
each subcluster. Rows and columns were hierarchically clustered using the complete-linkage method on Euclidean
distances.
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Supplementary Fig. 3 | CD8+ T cell responses to cytokines: polarization states, subclusters, marker gene
expression, and gene programs.

a, Top, UMAP visualization of CD8+ T cells for all cytokines, colored by polarization states; bottom, table with cell type
polarization states (left column), single cytokine drivers (middle column), and top marker genes (right column);
reproduced from Fig. 3 for ease of reference. b, Pairwise Pearson correlation coefficients between polarization states. ¢,
UMAP visualization of CD8+ T cells shown independently for each cytokine treatment, colored by cytokine treatment
(blue) or PBS treatment control (gray). d, UMAP visualization of CD8+ T cells for all cytokine or PBS treatment; cells
colored for CD8+ T cell Louvain subclusters. e, Top overexpressed genes in each Louvain subcluster in d; color, column-
scaled average expression; size of circle, percentage of cells in the subcluster expressing each gene. f-i, CD8+ T cell
responses to each cytokine stimulation. f, Fraction of cells per subcluster in each cytokine treatment. Colors represent
subclusters defined in d. g, Enrichment of each subcluster in each cytokine treatment; size of circle, Bonferroni-adjusted
P-value of hypergeometric test relative to PBS; black fills, P < 0.01. h, Row-normalized relative expression of
representative marker genes of each polarization state in cytokine-treated vs. PBS-treated cells. i, Enrichment of CD8+ T
cell gene programs obtained from NMF analysis of all CD8+ T cells in cytokine-treated cells relative to PBS-treated cells;
size of circle, FDR-adjusted P-value from two-sided Wilcoxon rank-sum test; shade, effect size representing the mean
difference in gene program weight. j, Top weighted genes in each gene program in i. k, Average gene program weight in
each subcluster. Rows and columns were hierarchically clustered using the complete-linkage method on Euclidean
distances.
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Supplementary Fig. 4 | yo T cell responses to cytokines: polarization states, subclusters, marker gene expression, and gene programs.
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Supplementary Fig. 4 | yo T cell responses to cytokines: polarization states, subclusters, marker gene expression,
and gene programs.

a, Top, UMAP visualization of y5 T cells for all cytokines, colored by polarization states; bottom, table with cell type
polarization states (left column), single cytokine drivers (middle column), and top marker genes (right column);
reproduced from Fig. 3 for ease of reference. b, Pairwise Pearson correlation coefficients between polarization states. ¢,
UMAP visualization of y6 T cells shown independently for each cytokine treatment, colored by cytokine treatment (blue)
or PBS treatment control (gray). d, UMAP visualization of yo T cells for all cytokine or PBS treatment; cells colored for
v6 T cell Louvain subclusters. e, Top overexpressed genes in each Louvain subcluster in d; color, column-scaled average
expression; size of circle, percentage of cells in the subcluster expressing each gene. f-i, yd T cell responses to each
cytokine stimulation. f, Fraction of cells per subcluster in each cytokine treatment. Colors represent subclusters defined in
d. g, Enrichment of each subcluster in each cytokine treatment; size of circle, Bonferroni-adjusted P-value of
hypergeometric test relative to PBS; black fills, P < 0.01. h, Row-normalized relative expression of representative marker
genes of each polarization state in cytokine-treated vs. PBS-treated cells. i, Enrichment of yo T cell gene programs
obtained from NMF analysis of all yd T cell in cytokine-treated cells relative to PBS-treated cells; size of circle, FDR-
adjusted P-value from two-sided Wilcoxon rank-sum test; shade, effect size representing the mean difference in gene
program weight. j, Top weighted genes in each gene program in i. k, Average gene program weight in each subcluster.
Rows and columns were hierarchically clustered using the complete-linkage method on Euclidean distances.
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Supplementary Fig. 5 | Treg responses to cytokines: polarization states, subclusters, marker gene expression, and
gene programs.

a, Top, UMAP visualization of Tregs for all cytokines, colored by polarization states; bottom, table with cell type
polarization states (left column), single cytokine drivers (middle column), and top marker genes (right column);
reproduced from Fig. 3 for ease of reference. b, Pairwise Pearson correlation coefficients between polarization states. ¢,
UMAP visualization of Tregs shown independently for each cytokine treatment, colored by cytokine treatment (blue) or
PBS treatment control (gray). d, UMAP visualization of Tregs for all cytokine or PBS treatment; cells colored for Treg
Louvain subclusters. e, Top overexpressed genes in each Louvain subcluster in d; color, column-scaled average
expression; size of circle, percentage of cells in the subcluster expressing each gene. f-i, Treg responses to each cytokine
stimulation. f, Fraction of cells per subcluster in each cytokine treatment. Colors represent subclusters defined in d. g,
Enrichment of each subcluster in each cytokine treatment; size of circle, Bonferroni-adjusted P-value of hypergeometric
test relative to PBS; black fills, P < 0.01. h, Row-normalized relative expression of representative marker genes of each
polarization state in cytokine-treated vs. PBS-treated cells. i, Enrichment of Treg gene programs obtained from NMF
analysis of all Tregs in cytokine-treated cells relative to PBS-treated cells; size of circle, FDR-adjusted P-value from two-
sided Wilcoxon rank-sum test; shade, effect size representing the mean difference in gene program weight. j, Top
weighted genes in each gene program in i. k, Average gene program weight in each subcluster. Rows and columns were
hierarchically clustered using the complete-linkage method on Euclidean distances.
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Supplementary Fig. 6 | pDC responses to cytokines: polarization states, subclusters, marker gene expression, and
gene programs.

a, Top, UMAP visualization of pDCs for all cytokines, colored by polarization states; bottom, table with cell type
polarization states (left column), single cytokine drivers (middle column), and top marker genes (right column);
reproduced from Fig. 3 for ease of reference. b, Pairwise Pearson correlation coefficients between polarization states. ¢,
UMAP visualization of pDCs shown independently for each cytokine treatment, colored by cytokine treatment (blue) or
PBS treatment control (gray). d, UMAP visualization of pDCs for all cytokine or PBS treatment; cells colored for pDC
Louvain subclusters. e, Top overexpressed genes in each Louvain subcluster in d; color, column-scaled average
expression; size of circle, percentage of cells in the subcluster expressing each gene. f-i, pDC responses to each cytokine
stimulation. f, Fraction of cells per subcluster in each cytokine treatment. Colors represent subclusters defined in d. g,
Enrichment of each subcluster in each cytokine treatment; size of circle, Bonferroni-adjusted P-value of hypergeometric
test relative to PBS; black fills, P < 0.01. h, Row-normalized relative expression of representative marker genes of each
polarization state in cytokine-treated vs. PBS-treated cells. i, Enrichment of pDC gene programs obtained from NMF
analysis of all pDCs in cytokine-treated cells relative to PBS-treated cells; size of circle, FDR-adjusted P-value from two-
sided Wilcoxon rank-sum test; shade, effect size representing the mean difference in gene program weight. j, Top
weighted genes in each gene program in i. k, Average gene program weight in each subcluster. Rows and columns were
hierarchically clustered using the complete-linkage method on Euclidean distances.
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Supplementary Fig. 7 | cDC2 responses to cytokines: polarization states, subclusters, marker gene expression, and
gene programs.

a, Top, UMAP visualization of cDC2 cells for all cytokines, colored by polarization states; bottom, table with cell type
polarization states (left column), single cytokine drivers (middle column), and top marker genes (right column);
reproduced from Fig. 3 for ease of reference. b, Pairwise Pearson correlation coefficients between polarization states. ¢,
UMAP visualization of cDC2 cells shown independently for each cytokine treatment, colored by cytokine treatment
(blue) or PBS treatment control (gray). d, UMAP visualization of cDC2 cells for all cytokine or PBS treatment; cells
colored for cDC2 Louvain subclusters. e, Top overexpressed genes in each Louvain subcluster in d; color, column-scaled
average expression; size of circle, percentage of cells in the subcluster expressing each gene. f-i, cDC2 responses to each
cytokine stimulation. f, Fraction of cells per subcluster in each cytokine treatment. Colors represent subclusters defined in
d. g, Enrichment of each subcluster in each cytokine treatment; size of circle, Bonferroni-adjusted P-value of
hypergeometric test relative to PBS; black fills, P < 0.01. h, Row-normalized relative expression of representative marker
genes of each polarization state in cytokine-treated vs. PBS-treated cells. i, Enrichment of cDC2 gene programs obtained
from NMF analysis of all cDC2 cells in cytokine-treated cells relative to PBS-treated cells; size of circle, FDR-adjusted P-
value from two-sided Wilcoxon rank-sum test; shade, effect size representing the mean difference in gene program
weight. j, Top weighted genes in each gene program in i. k, Average gene program weight in each subcluster. Rows and
columns were hierarchically clustered using the complete-linkage method on Euclidean distances.
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Supplementary Fig. 8 | MigDC responses to cytokines: polarization states, subclusters, marker gene expression,
and gene programs.

a, Top, UMAP visualization of MigDCs for all cytokines, colored by polarization states; bottom, table with cell type
polarization states (left column), single cytokine drivers (middle column), and top marker genes (right column);
reproduced from Fig. 3 for ease of reference. b, Pairwise Pearson correlation coefficients between polarization states. ¢,
UMAP visualization of MigDCs shown independently for each cytokine treatment, colored by cytokine treatment (blue)
or PBS treatment control (gray). d, UMAP visualization of MigDCs for all cytokine or PBS treatment; cells colored for
MigDC Louvain subclusters. e, Top overexpressed genes in each Louvain subcluster in d; color, column-scaled average
expression; size of circle, percentage of cells in the subcluster expressing each gene. f-i, MigDC responses to each
cytokine stimulation. f, Fraction of cells per subcluster in each cytokine treatment. Colors represent subclusters defined in
d. g, Enrichment of each subcluster in each cytokine treatment; size of circle, Bonferroni-adjusted P-value of
hypergeometric test relative to PBS; black fills, P < 0.01. h, Row-normalized relative expression of representative marker
genes of each polarization state in cytokine-treated vs. PBS-treated cells. i, Enrichment of MigDC gene programs obtained
from NMF analysis of all MigDCs in cytokine-treated cells relative to PBS-treated cells; size of circle, FDR-adjusted P-
value from two-sided Wilcoxon rank-sum test; shade, effect size representing the mean difference in gene program
weight. j, Top weighted genes in each gene program in i. k, Average gene program weight in each subcluster. Rows and
columns were hierarchically clustered using the complete-linkage method on Euclidean distances.
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Supplementary Fig. 9 | Langerhans cell responses to cytokines: polarization states, subclusters, marker gene
expression, and gene programs.

a, Top, UMAP visualization of Langerhans cells for all cytokines, colored by polarization states; bottom, table with cell
type polarization states (left column), single cytokine drivers (middle column), and top marker genes (right column);
reproduced from Fig. 3 for ease of reference. b, Pairwise Pearson correlation coefficients between polarization states. ¢,
UMAP visualization of Langerhans cells shown independently for each cytokine treatment, colored by cytokine treatment
(blue) or PBS treatment control (gray). d, UMAP visualization of Langerhans cells for all cytokine or PBS treatment; cells
colored for Langerhans cell Louvain subclusters. e, Top overexpressed genes in each Louvain subcluster in d; color,
column-scaled average expression; size of circle, percentage of cells in the subcluster expressing each gene. f-i,
Langerhans cell responses to each cytokine stimulation. f, Fraction of cells per subcluster in each cytokine treatment.
Colors represent subclusters defined in d. g, Enrichment of each subcluster in each cytokine treatment; size of circle,
Bonferroni-adjusted P-value of hypergeometric test relative to PBS; black fills, P < 0.01. h, Row-normalized relative
expression of representative marker genes of each polarization state in cytokine-treated vs. PBS-treated cells. i,
Enrichment of Langerhans cell gene programs obtained from NMF analysis of all Langerhans cells in cytokine-treated
cells relative to PBS-treated cells; size of circle, FDR-adjusted P-value from two-sided Wilcoxon rank-sum test; shade,
effect size representing the mean difference in gene program weight. j, Top weighted genes in each gene program in i. k,
Average gene program weight in each subcluster. Rows and columns were hierarchically clustered using the complete-
linkage method on Euclidean distances.
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Supplementary Fig. 10 | Monocyte responses to cytokines: polarization states, subclusters, marker gene expression,
and gene programs.

a, Top, UMAP visualization of monocytes for all cytokines, colored by polarization states; bottom, table with cell type
polarization states (left column), single cytokine drivers (middle column), and top marker genes (right column);
reproduced from Fig. 3 for ease of reference. b, Pairwise Pearson correlation coefficients between polarization states. ¢,
UMAP visualization of monocytes shown independently for each cytokine treatment, colored by cytokine treatment (blue)
or PBS treatment control (gray). d, UMAP visualization of monocytes for all cytokine or PBS treatment; cells colored for
monocyte Louvain subclusters. e, Top overexpressed genes in each Louvain subcluster in d; color, column-scaled average
expression; size of circle, percentage of cells in the subcluster expressing each gene. f-i, Monocyte responses to each
cytokine stimulation. f, Fraction of cells per subcluster in each cytokine treatment. Colors represent subclusters defined in
d. g, Enrichment of each subcluster in each cytokine treatment; size of circle, Bonferroni-adjusted P-value of
hypergeometric test relative to PBS; black fills, P < 0.01. h, Row-normalized relative expression of representative marker
genes of each polarization state in cytokine-treated vs. PBS-treated cells. i, Enrichment of monocyte gene programs
obtained from NMF analysis of all monocytes in cytokine-treated cells relative to PBS-treated cells; size of circle, FDR-
adjusted P-value from two-sided Wilcoxon rank-sum test; shade, effect size representing the mean difference in gene
program weight. j, Top weighted genes in each gene program in i. k, Average gene program weight in each subcluster.
Rows and columns were hierarchically clustered using the complete-linkage method on Euclidean distances.
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Supplementary Fig. 11 | Neutrophil responses to cytokines: polarization states, subclusters, marker gene
expression, and gene programs.

a, Top, UMAP visualization of neutrophils for all cytokines, colored by polarization states; bottom, table with cell type
polarization states (left column), single cytokine drivers (middle column), and top marker genes (right column);
reproduced from Fig. 3 for ease of reference. b, Pairwise Pearson correlation coefficients between polarization states. ¢,
UMAP visualization of neutrophils shown independently for each cytokine treatment, colored by cytokine treatment
(blue) or PBS treatment control (gray). d, UMAP visualization of neutrophils for all cytokine or PBS treatment; cells
colored for neutrophil Louvain subclusters. e, Top overexpressed genes in each Louvain subcluster in d; color, column-
scaled average expression; size of circle, percentage of cells in the subcluster expressing each gene. f-i, Neutrophil
responses to each cytokine stimulation. f, Fraction of cells per subcluster in each cytokine treatment. Colors represent
subclusters defined in d. g, Enrichment of each subcluster in each cytokine treatment; size of circle, Bonferroni-adjusted
P-value of hypergeometric test relative to PBS; black fills, P < 0.01. h, Row-normalized relative expression of
representative marker genes of each polarization state in cytokine-treated vs. PBS-treated cells. i, Enrichment of
neutrophil gene programs obtained from NMF analysis of all neutrophils in cytokine-treated cells relative to PBS-treated
cells; size of circle, FDR-adjusted P-value from two-sided Wilcoxon rank-sum test; shade, effect size representing the
mean difference in gene program weight. j, Top weighted genes in each gene program in i. k, Average gene program
weight in each subcluster. Rows and columns were hierarchically clustered using the complete-linkage method on
Euclidean distances.
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Supplementary Fig. 12 | Further characterization of IL-18 induced NK-f polarization state and IL-10/p induced NK-c polarization state in

NK cells.
See next page for caption.

26



Supplementary Fig. 12 | Further characterization of IL-18 induced NK-f polarization state and IL-10/f induced
NK-c polarization state in NK cells.

a-f, NK-f polarization state induced by IL-18. a, UMAP visualization of NK cells for all cytokine or PBS treatment,
colored by IL-18 treatment. Reproduced from Extended Data Fig. 6c IL-18 subpanel. b, Top IL-18 regulated genes in
NK cells (logoFC > 1.1 and FDR-adjusted P < 0.01, two-sided Wilcoxon rank-sum test), colored by mean log,FC in
expression relative to PBS treatment. Major cytokines inducing other NK cell polarization states are shown for
comparison for IL-18-regulated genes. 3 independent mice for each cytokine treatment are shown in adjacent columns. ¢,
Violin plot showing expression of selected IL-18 regulated genes in NK cells in response to each of the 86 cytokines. IL-
18 treated cells are colored in cyan. d, Biological processes enriched in NK cells stimulated with IL.-18 compared to PBS.
Other cytokines shown as a comparison as in b. Shade represents normalized enrichment score (NES); size represents
FDR-adjusted P-value. e, Violin plot showing expression of IL-18 regulated genes in 3 independent mice treated with IL-
18 or in 14 independent mice treated with PBS; dotted line, median expression in PBS-treated cells. f, Violin plot showing
expression of genes encoding IL-18 receptors in NK cells, for all cells treated with any cytokine or with PBS only. g-j,
NK-c polarization state induced by IL-10/B. g, UMAP visualization of NK cells for all cytokine or PBS treatment, colored
by IL-10/B treatment. h, Violin plot showing expression of IL-1a/B-regulated Ifingr! expression in NK cells in each
cytokine treatment; dotted line, median expression of PBS-treated cells; reproduced from Fig. 3p Ifigr! panel for ease of
reference. i, Violin plot showing expression of /fngr/ in 6 independent mice treated with IL-1a/p or in 14 independent
mice treated with PBS; dotted line, median expression of PBS-treated cells. j, Violin plot showing expression of genes
encoding IL-10/B receptors and related receptors in NK cells; shown for all cells treated with any cytokine or with PBS
only.
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Properties of the cell-cell interactome
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Supplementary Fig. 13 | Cell type properties in the cell-cell interactome.
Properties of Extended Data Fig. 11. For each cell type (a circle), showing the number of cytokines expressed and the total

number of cell types targeted through any cytokine. Size of the circle is proportional to the number of paths in the cell-cell
interactome.

28



Cytokine responses in severe COVID-19 in human blood cells
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Supplementary Fig. 14 | Additional IREA software output on human COVID-19 blood samples.

a-b. IREA analysis on peripheral blood cells collected from severe COVID-19 patients relative to healthy volunteers.
IREA compass plots showing enrichment scores for each of 86 cytokines in CD8+ T cells and CD4+ T cells in ventilated
COVID-19 patients relative to healthy controls. Bar length represents enrichment score, shade represents FDR adjusted P-
value (two-sided Wilcoxon rank-sum test), with darker colors representing more significant enrichment (red: enriched in
ventilated COVID-19 patients, blue: enriched in healthy control). Cytokines with receptors expressed are indicated by
black filled boxes.
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