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Extended Data Fig. 5 | See next page for caption.
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Extended Data Fig. 5 | PDAC organoid specific IL-4/IL-13 response module 
is context specific and unique from other IL-4/IL-13 signatures. a. Left: 
Heatmap showing the Pearson correlation of the expression of the Moffitt 
classical and basal transcriptional signatures with the expression of each CS 
cNMF module over bulk PDAC RNA-seq data from TCGA. Right: Heatmap of the 
Pearson correlation of the Moffitt classical and basal transcriptional signatures 
with the expression of each CS cNMF module over malignant PDAC single 
cells from Raghavan et al. b. Scatterplots showing the correlation between the 
Moffitt classical score and our PDAC IL-4/IL-13 IL-4/IL-13 response GEP (top) or 
three IL-4/IL-13 transcriptional signatures from MsigDB as computed over bulk 
RNA-seq data from PDAC tumors available in TCGA. c. Scatterplots showing the 
correlation between the Moffitt classical score and our PDAC IL-4/IL-13 response 
GEP (top) or three IL-4/IL-13 transcriptional signatures from MsigDB as computed 
across malignant PDAC cells from Raghavan et al. d. Scatterplots showing the 
correlation between the Moffitt basal score and our PDAC IL-4/IL-13 response GEP 
(top) or three IL-4/IL-13 transcriptional signatures from MsigDB as computed 
over bulk RNA-seq data from PDAC tumors available in TCGA. e. Scatterplots 

showing the correlation between the Moffitt basal score and our PDAC IL-4/IL-13 
response GEP (top) or three IL-4/IL-13 transcriptional signatures from MsigDB 
as computed across malignant PDAC cells from Raghavan et al. f. Venn diagrams 
for the overlap between single-ligand validation experiment cNMF GEP module 
genes and genes from existing signatures in the literature. g. Kaplan–Meier 
survival plots of a pancreatic cancer patient cohort (TCGA PAAD, n = 182, bulk 
RNA-seq expression data) based on single-ligand IFNγ GEP and TGF-β GEP 
(left column) compared with their literature counterparts (right column). h. 
Integrated low-dimensional embedding (UMAP) of the scRNA-seq data from 
the IL-4 single-ligand perturbation experiment. Color scale indicates the 
density of the ligand treatment. i. Top 25 differentially expressed genes between 
IL-4 and DMSO-only treated groups (two-sided Wilcoxon test, BH adjusted 
p-value < 0.01). j. Overrepresentation Analysis (ORA) of all significant (two-sided 
Wilcoxon test, BH adjusted p-value < 0.05) differentially expressed genes in IL-4 
vs control cells using MsigDB Hallmark dataset. For the ORA, one-sided Fisher’s 
exact test is computed and FDR correction is applied to the p-value.
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Extended Data Fig. 6 | Modulation effect of 90 MOA compounds on LPS or IFNβ response across PBMC cell types. a. Potentiation or interference strength of 90 
compounds on cell type specific GEPs, including non-stimulant response GEPs, derived from cNMF runs using data from LPS+control screens (top) or IFNβ+control 
screens (bottom).
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Extended Data Fig. 7 | See next page for caption.
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Extended Data Fig. 7 | Evaluation of the effects of MOA compounds on 
IFNβ responses in PBMCs. a. Line plots of the number of detected positive/
negative IFNβ response potentiators and interferers per cell type as a function 
of the p-value cut-off used in one-sided permutation tests for the significance 
of regression coefficients. b. Top: Ponatinib induces multiple different effects 
on IFNβ response modules across cell types. Bottom: Evaluation of genes 
comprising IFNβ JAK-STAT related response GEPs. ‘IFNβ JAK-STAT common 
genes’ are the intersection of selected top genes from B cell GEP3, CD4 T cell 
GEP3, and CD8 T cell GEP1. ‘B cell GEP3 unique genes’ are the genes unique to 
the selected top genes from B cell GEP3. All scores are calculated using scanpy 
‘score_genes’ function and normalized to median of DMSO + IFNβ group. Two-

sided Mann-Whitney U test was performed to test score differences (Methods). 
All the box plots indicate 25th percentile at the bottom, median in the middle and 
75th percentile at the top. Whiskers are drawn to the farthest datapoints within 
1.5* interquartile range from the nearest hinge. Sample sizes in each stimulation 
condition: DMSO n = 198 (B cell), n = 1,730 (CD4) n = 201 (CD8); DMSO + IFNβ 
n = 174 (B cell), n = 1,276 (CD4), n = 87 (CD8); Ponatinib+IFNβ n = 119 (B cell), 
n = 1,145 (CD4), n = 66 (CD8). c. Annotation of B cell cNMF GEP modules from 
IFNβ + control condition. d. Annotation of CD4 T cell cNMF GEP modules from 
IFNβ + control condition seen in Fig. 4f. GEP3 highly correlates with JAK-STAT 
pathway signature. e. Annotation of CD8 T cell cNMF GEP modules from 
IFNβ + control condition.
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Extended Data Fig. 8 | Evaluation of the effects of MOA compounds on IFNβ responses in PBMCs (continued). a. Bar plot of compounds with the strongest effects 
on IFNβ response in each cell type. b. Annotation of monocyte cNMF GEP modules from IFNβ + control condition.
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Extended Data Fig. 9 | See next page for caption.
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Extended Data Fig. 9 | Evaluation of the effects of MOA compounds on LPS 
responses in PBMCs. a. Line plots of the number of detected positive/negative 
LPS response potentiators and interferers per cell type as a function of the 
p-value cut-off used in permutation tests for the significance of regression 
coefficients. b. Merimepodib exerts multiple different effects on LPS response 
modules across cell types. Two-sided Mann-Whitney U test without multiple 
hypothesis correction was performed to test score differences (Methods). All 
the box plots indicate 25th percentile at the bottom, median in the middle and 
75th percentile at the top. Whiskers are drawn to the farthest datapoints within 
1.5* interquartile range from the nearest hinge. Sample sizes in each stimulation 

condition: DMSO n = 198 (B), n = 1730 (CD4), n = 201 (CD8), n = 396 (monocyte); 
DMSO + LPS n = 507 (B), n = 3,259 (CD4), n = 61(CD8), n = 1,395 (monocyte); 
Merimepodib+LPS n = 233 (B), n = 2,865 (CD4), n = 375 (CD8), n = 165 (monocyte). 
c. Annotation of monocyte cNMF GEP modules from LPS+control condition. d. 
Annotation of B cell GEPs from LPS+control condition. GEP3 highly correlates 
with amine biosynthesis/metabolic processes and TNF pathway signatures. 
e. Annotation of CD8 T cell GEPs from LPS+control condition. GEP3 highly 
correlates with JAK-STAT pathway signature. f. Annotation of CD4 T cell cNMF 
GEP modules from LPS+control condition.
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Extended Data Fig. 10 | See next page for caption.
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Extended Data Fig. 10 | Evaluation of the effects of MOA compounds on LPS 
responses in PBMCs (continued). a. Annotation of NK cell cNMF GEP modules 
from LPS+control condition. b. Bar plot of compounds with the strongest effects 
on LPS response in each cell type. c. Divergent effects on LPS GEP7 in monocytes 
by two pyruvate dehydrogenase kinase inhibitors where BX-912 is a positive 
potentiator and AZD7545 is a positive interferer. Two-sided Mann-Whitney U 
test without correction was performed to test score differences (Methods). All 
the box plots indicate 25th percentile at the bottom, median in the middle and 
75th percentile at the top. Whiskers are drawn to the farthest datapoints within 
1.5* interquartile range from the nearest hinge. d. ML298 Hydrochloride as a 
representative compound with pleiotropic effects across cell types in both IFNβ 
(right) and LPS (left) stimulation conditions. Module scores were normalized 
against median in DMSO+stimulation condition in each comparison. Two-sided 
Mann-Whitney U test without multiple hypothesis correction was performed 
to test score differences (Methods). All the box plots indicate 25th percentile at 
the bottom, median in the middle and 75th percentile at the top. Whiskers are 

drawn to the farthest datapoints within 1.5* interquartile range from the nearest 
hinge. e. Ruxolitinib as a positive interferer of LPS-GEP3 in CD8 T cells. Two-sided 
Mann-Whitney U test without correction was performed to test score differences 
(Methods). All the box plots indicate 25th percentile at the bottom, median in 
the middle and 75th percentile at the top. Whiskers are drawn to the farthest 
datapoints within 1.5* interquartile range from the nearest hinge. f. Evaluation 
of CS LPS response module (B cell GEP3) in Ruxolitinib-only perturbation. 
Two-sided Mann-Whitney U test without correction was performed to test score 
differences (Methods). All the box plots indicate 25th percentile at the bottom, 
median in the middle and 75th percentile at the top. Whiskers are drawn to the 
farthest datapoints within 1.5* interquartile range from the nearest hinge. Despite 
a statistically insignificant difference in monocytes between DMSO-only and 
DMSO + LPS treated groups, the large shift between the module scores warrants 
the inclusion of Ruxolitinib’s effect as an example of a positive potentiator in this 
cell type.
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