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Appendix Figure S1. Representative images of fixed HLOs. Corresponding to Fig. 1c.

a. Panels showing individual HLOs from left to right: H&E, secondary antibody only (Control), anti-CEBPa
(nuclear staining indicated by arrowheads). Scale bars 100 pm.

b. Two HLOs from a., increased magnification for representative indication of nuclear CEBPa staining

(arrowheads). Scale bars 50 um.
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Appendix Figure S2. Replicate distribution, marker gene expression, and additional annotation for
10X scRNA-seq data of day 21 ULA-HLOs. Corresponding to Fig. 1d and 2d.

a. UMAP plot mapping single cells from day 21 ULA-HLOs, colored by replicate.

b. UMAP plot from a., showing the scaled expression of liver cell type marker genes.

¢. UMAP plot from a., showing the cell type annotations generated by literature-based annotation (Methods).
d. UMAP plot from a., showing the cell type annotations generated by the CellTypist! classifier. CellTypist
was trained on cells from human liver scRNA-seq data?. Most probable matches for each cell type are
displayed in the legend, if more than one cell type matches the query sample, alternate labels are separated
by the “|” symbol.

e. Barplot indicating the replicate distribution as the proportion of total cells per cluster calculated with the
Leiden algorithm at resolution 0.1 and ScType® database.

f. Barplots showing cell type distributions across replicates as the proportion of each cell type per total cells
per sample. Annotation performed with ScType?® database followed by statistical enrichment with GSEA-py
enrichr?.

g. Lineplots showing cluster robustness metrics (Davies Bouldin index and Silhoutte score) in dependence to
number of clusters generated through increasing Leiden resolutions (0.1 — 1) for OS- and ULA-HLO
scRNAseq data. Leiden resolution 0.1 generating four clusters in each context was chosen for subsequent
analysis. Silhouette score multiplied by 10 for joint visualization.

h. ForceAtlas2 representations of the cells from OS- and ULA-HLOs, colored by the mean scaled expression
of HSC marker genes, corresponding to Fig. 2d.

i. ForceAtlas2 plot mapping cells from OS-HLOs (n = 8) colored by cell cycle phase.
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Appendix Figure S3. Induction of fibrotic phenotypes in OS-cultured HLOs. Corresponding to Fig. 3.
a. Enlarged representative brightfield images from Fig. 3, showing day 25 OS-HLOs (control, top) and treated
with TGF-B1 (10 ng/ml, bottom). Arrowheads indicate areas of surface roughening.

b. OS-HLOs acquire intracellular vacuoles consistent with steatosis after the exposure to FFAs. H&E
stainings of day 25 OS-HLOs treated with PA or OA for four days. Arrowheads indicate vacuoles. Scale bar,
100 pm.

c. Representative BODIPY immunofluorescence images of day 25 OS-HLOs derived from an additional PSC
line (iPSC4) treated TGF-B1, PA, and OA (right) or the control conditions(left). BODIPY staining (green),
nuclear staining with Hoechst (blue). Scale bar, 50 um. Images are representative of two experiments
performed with HLOs differentiated from iPSC4 cells.

d. Sirius red stainings of day 25 OS-HLOs treated with the OA-Control (left) and OA (right), showing collagen
staining reduction and vacuole deposition in OA-treated HLOs. Arrowheads indicate vacuoles. Scale bar 100
pm. N = 3 experiments.

e. Triglyceride (TAG) content is increased in OS-HLOs treated with TGF-B1, PA, and OA for four days
derived from iPSC4 cells. Bar plots display the total TAG concentration in uM for a representative experiment
where each dot represents one well of HLOs. Kruskal-Wallis test (two-tailed) followed by a post hoc
Conover’s test. P-values as indicated in the figure. Data are shown for one experiment and are representative
of four experiments performed on HLOs differentiated from iPSC4 cells.

f. Sirius red quantification in HLOs treated with TGF-1, PA, and OA. Shown is the percentage of Sirius red
positive tissue by total tissue (normalized by the mean of the respective control HLOs in each experiment).
Quantification based on the whole slide Sirius red percentage mean (left), mean of averaged 200 x 200 um
regions of interest (ROIs) around single HLOs (center), or Sirius red percentage per tissue for each HLO ROI
(right). Kruskal-Wallis test (two-tailed) followed by a post hoc Conover’s test with Bonferroni correction. N > 4
HLOs from one individual experiment (organoid ROIs), n = 3-4 individual experiments (all other plots).

d. qRT-PCR results for COL1A1 and TNFA in day 25 OS-HLOs treated with 400 and 800 uM OA. Shown are
relative mRNA levels normalized to GAPDH (279, Kruskal Wallis test (two-tailed) followed by Conover’s

post hoc test with Bonferroni correction. Ns, not significant. N = 3-4 individual experiments.
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Appendix Figure S4. Marker gene expression and replicate distribution in cells from control and
injured HLOs. Corresponding to Fig. 4.

a. ForceAtlas2 plots mapping cells from OS-HLOs treated with OA (500 uM, n = 2), PA (500 uM, n = 2), TGF-
B1 (10 ng/ml, n = 2), and their respective controls (n = 8) colored by replicate (left) and cell cycle phase
(right).

b. Barplot indicating the replicate distribution as the proportion of total cells per cluster for each cluster. Cell
clusters are colored in the order of their appearance. AH - adult hepatocyte-like, CHOL — cholangiocyte-like,
DCs — ductal cell-like, FH1 — fetal hepatocyte 1-like, cAH — cycling adult hepatocyte-like, FIB — fibroblast-like,
HB1 — hepatoblast 1-like, HB2 — hepatoblast 2-like, HSCs — hepatic stellate cell-like, SMCs — smooth muscle
cell-like.

c. ForceAtlas?2 plots from a., showing the scaled expression of canonical marker genes.

d. Matrixplot shows the scaled mean expression for marker genes in cholangiocyte sub-clusters. Canonical
marker genes (bottom) are sorted by cell type (top). Hierarchical clustering is represented by the dendrogram
on the right.

e. Barplots showing cell type distributions across replicates as the proportion of each cell type per total cells
per sample. Cell clusters are colored in the order of their appearance.

f. Barplots showing zonal distributions (Methods) across replicates as the proportion of each cell type per
total cells per sample for adult-hepatocyte like cells. Zonation categories are colored in the order of their
appearance.

d. Representative qRT-PCR results for COL1A1 and DES in two PSC lines. Shown are relative mRNA levels
normalized to ACTB (279, T-test (two-tailed), p-values as indicated in the figure, ns, not significant. Data are
shown for one experiment where each dot represents one well of HLOs. Data are representative for 3 - 4

experiments performed on HLOs differentiated from each PSC line. 9



h. Summary of all gRT-PCR experiments for COL1A1 and DES in two PSC lines. Shown are relative mRNA
levels normalized to ACTB (2%, Kruskal Wallis test (two-tailed) followed by Conover’s post hoc test. P <

0.05 (*), p < 0.01 (**), p < 0.001 (***), ns, not significant. N = 3 - 4 experiments.

10
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Appendix Figure S5. WikiPathways® enrichment analysis across cell clusters. Corresponding to Fig.
af.,

Circular barplots display the negative decadic logarithm of adjusted p-values for WikiPathways® terms
enriched among differential genes for each condition per cell cluster. Cut-off for plots is an adjusted p-value

below 0.05.

13



n =100 cell-cell pairs

TGF-p1
vs. Ctr|TeF#t

OA

vs. Ctrloa

PA
vs. CtrlPA

HB2

~DCs_HB1
- EE%—SE?LS Interaction
i change
(A control)
_—
-1.0 1.0

FIBs_DCs
FIBs_CHOLs

FH1

14



Fig. S6 continued

C.
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Fig. S6 continued
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Appendix Figure S6. Overview of differential cell-cell interactions in OS-HLOs upon OA, PA, and
TGF-B1 treatment. Corresponding to Fig. 5.

a. Clustered heatmap shows the difference in the fraction of total interactions between each treatment and
its control group. Dendrograms show the hierarchical clustering by condition (top) and cell-cell interaction
(left, every second interaction is labeled). N = 100 possible cell-cell interactions, n = 2 replicates per
condition, n = 6 controls.

b. Chord diagrams showing the fraction of total interactions per source cell with its respective target cells in
HLOs treated with OA, PA, or TGF-B1. Chord diagrams are divided by interactions that have i) a higher
fraction of total interactions in treatment conditions compared to their corresponding control (“enforced”), and
ii) interactions with a lower fraction of total interactions (“reduced”). Colored lines indicate interactions
initiated by the source cell in each column, grey lines indicate interactions of other cell types targeting the
source cell presented in each chord diagram.

c. Upset plot® showing overlapping and specific significant (p < 0.05) cell-cell interactions as identified
through CellPhoneDB? analysis in HLO injury conditions (OA, PA, TGF-B1). Interactions that were also
significant in both control and treatment conditions are not displayed. Black dot indicates presence of the

significant cell-cell interaction in the condition.
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Fig. S7
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Appendix Figure S7. Comparison of normalized expression and imputed expression for two major
terminal states in OS-HLOs.

a. Projection of the top 100 terminal branch cells (sorted by branch probabilities) for two terminal states
identified by Palantir on the ForceAtlas2 representation (top). Corresponding barplots below displaying the
relative distribution of treatment conditions among the top 100 terminal branch cells for each terminal state.

b. Heatmaps showing the imputed gene expression over Palantir pseudotime for GO-term-derived
inflammation (left) and fibrosis (right)-related genes sorted by their imputed expression level at each terminal
state (indicated on top of each heatmap). Imputed expression levels are indicated by color, y-axes
correspond to genes, and x-axes display the pseudotime. Ranked gene lists are provided in Dataset EV8.

c. Matrix plots displaying standard normalized mean expression (top) along with imputed gene expression
(MAGIC, bottom) for genes identified to enrich towards pseudotime for the DC1- and SMC-like terminal states
(genes on the x-axis are the same as in y-axis of b). Categorical ordering by cell type. Dendrogram on the

right displaying hierarchical clustering.
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Fig. S8
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Appendix Figure S8. Expression of cell type- and injury-specific candidate genes composing
signatures predicting fibrosis stages in MASLD? gradually change from healthy to OA-, to PA-, to
TGF-B1-treated HLOs. Corresponding to Fig. 7c.

a. Dot plots showing scaled expression values for genes from the 98-gene signature to predict fibrosis stages
in a cohort of 143 patients across different stages of MASLDS®. Each panel shows an individual cell type. List
has been reduced to genes present among all replicates (n = 8 controls, n =2 OA, n = 2 PA, n = 2 TGF-31).
Dot size corresponds to the fraction of cells in a group expressing the respective gene, and color indicates
the scaled expression level.

b. Heatmaps showing the row-normalized 26- and 98-gene signature scores from a. per cell type and

treatment condition.
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