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Supplementary Figure S8. Induction of CTHRC1+ myofibroblasts in ex vivo hPCLS (corresponding to Figure 4).
(a-c) UMAP embedding of 9,721 single stromal cells from FC and CC treated hPCLS, color coded by cell type
identity (a), tissue donor (b), and treatment/sample (c). (d-I) UMAP feature plots illustrating relative expression
of CTHRC1+ myofibroblast marker gene signature. (m-p) UMAP feature plots illustrating relative expression of
pericytes and smooth muscle cells marker genes. (q-s) UMAP embeddings of 19,335 single COL1A2+ stromal
cells from the in vivo pulmonary fibrosis cell atlas, color coded by cell type (q), disease status (r), and cohort (s).
(t) In vivo marker gene signatures. The heatmap shows the average scaled expression of markers in each
stromal cell type. (u,v) Qualitative analysis of non-conserved responses to FC on the gene (u) and pathway (v)
level in (myo)fibroblasts. The bar plots illustrate the diverging behavior of non-conserved genes (log2FC) (u),
and IPA pathways (IPA pathway activity score) (v) in (myo)fibroblasts.
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Supplementary Figure S9. Myofibroblast-Basaloid cell interactions are absent in control lungs yet define
fibroblast foci in early-stage IPF and are recapitulated in the hPCLS model upon fibrotic cocktail treatment
(corresponding to Figure 4). (a) Additional representative indirect iterative IF image (4i) of eight different
epithelial (KRT17, KRT5, KRT8, SFTPC, PDPN) and stromal (TNC, aSMA, DES) cell markers demonstrating the
interaction of elongated basaloid (SFTPC-/KRT17+/KRT8+/KRT5-) cells (white dashed contour) and
myofibroblasts (TNC+/aSMA+/DES-) in fibroblastic foci of early-stage IPF (IPF1). Scale bars = 100 um (overview
image) and 20 um (enlarged view). (b) Basaloid cells and myofibroblasts are absent in control lungs. (c) The
interaction of SFTPC-/KRT17+ cells (white arrowheads) and TNC+/aSMA-/DES- (myo-)fibroblasts is also
recapitulated ex vivo in FC-treated hPCLS at d6. In addition, an interaction of KRT17+/SFTPC- cells with
TNC+/aSMA+/DES+ cells in the thickened alveolar septum has been observed. Scale bars = 100 um (overview
image) and 50 um (enlarged view). (d) No interaction of KRT17+ cells and (myo-)fibroblasts are found in
CC-treated hPCLS (d6). Scale bars = 100 um (overview image) and 20 um (enlarged view).
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Supplementary Figure S10: Induction of VWA1+/PLVAP+ ectopic ECs in ex vivo hPCLS (corresponding to Figure
5). (a-c) UMAP embedding of 10,418 single CLDN5+ epithelial cells from FC and CC treated hPCLS, color coded
by cell type (a), tissue donor (b), and treatment / sample (c). (d-h) UMAP feature plots illustrating relative
expression of VWA1+/PLVAP+ ectopic EC marker gene signature. (j-m) UMAP embeddings of trajectory
inference analysis on endothelial cells, color coded by cell type and overlaid by estimated cell type connectivity
as measure by partition-based graph abstraction (PAGA) (j), CellRank initial states probability (k), CellRank
terminal states probability (I), and CellRank latent time (m). (n-p) UMAP embeddings of 29,534 single CLDN5+
immune cells from the in vivo pulmonary fibrosis cell atlas, color coded by cell type (n), disease status (o), and
cohort (p). (q) /n vivo marker gene signatures. The heatmap shows the average scaled expression of markers in
each endothelial cell type. (r,s) Qualitative analysis of non-conserved responses to FC on the gene (r) and
pathway (s) level in vascular endothelial cells. The bar plots illustrate the diverging behavior of non-conserved
genes (log2FC) (r), and IPA pathways (IPA pathway activity score) (s) in vascular endothelial cells.
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Supplementary Figure S11. A conserved fibrogenic cell-cell communication circuit in hPCLS (corresponding to
Figure 7). (a) Schematic illustration of the cell-cell communication analysis. Differential gene expression (DGE)
testing was performed for each cell type to define perturbed gene programs. For each receiver cell type the
respective perturbed gene programs were then used as input for NicheNet to predict ligands that could induce
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the gene program in the receiver cell type. For each sender-receiver cell type pair we then calculated the sum
of the products of the ligand activity scores and the average expression of the ligand in a sender cell type to get
a measure of how much a sender cell type contributes to the perturbation gene program in the receiver cell
type. These so-called directional interaction scores in their entirety allowed the generation of a cell type-cell
type interaction matrix, which was used to quantitatively visualize the directionality of cell-cell communication
routes after perturbation. (b,c) Overview of the cell-cell communication routes between all meta cell states as
predicted by NicheNet ex vivo (b) and in vivo (c). The top panel shows the average expression of ligands
predicted by NicheNet across sender cells. The bottom panel visualizes the corresponding predictive score of
all ligands to induce their downstream target gene signature in the respective receiver cell types as measured
by the Pearson correlation target gene prediction ability. Only top 25 ligands per receiver cell type are shown
due to space constraints, which explains absence of some conserved ligands shown in Fig. 7d. (d) Overview of
the cell-cell communication routes between five cell states of the fibrogenic alveolar cell circuit in vivo as
predicted by NicheNet. The top panel shows the average expression of ligands predicted by NicheNet across
sender cells. The bottom panel visualizes the corresponding predictive score of all ligands to induce their
downstream target gene signature for the respective sender-receiver cell type combination as measured by the
Pearson correlation target gene prediction ability.
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Supplementary Figure S12: Drug-specific perturbations of the conserved cell-cell circuit (corresponding to
Figure 8). (a-e) Cell type frequencies after CC, FC, FC+CMP4, and FC+Nintedanib treatment. (f) Similarity of CC,
FC, FC+CMP4, and FC+Nintedanib treated cells from hPCLS compared to Control and Pulmonary Fibrosis cells in
the PF-extended HLCA (in vivo reference) as assessed by scArches mapping. Stacked bar plots show the
percentage of cells mapping to either Control or Pulmonary Fibrosis with regards to treatment for each cell
state. Fisher’s exact test. (g-k) Shifts in cell type similarity of basaloid cells (g), ectopic ECs (h), myofibroblasts
(i), activated pericytes (j), and SPP1+ macrophages (k) from CC, FC, FC+CMP4, and FC+Nintedanib treated
hPCLS as assessed by scArches mapping. Upper rows show zoom-in on cells from healthy control lungs , lower
rows show zoom-in on cells from pulmonary fibrosis lungs. (I) Heatmap visualizing perturbations of cell-cell
communication routes after drug treatments as shown in Fig. 8h but based on all meta-cell types contained in
the data set.
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