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Appendix Figure S1. Identification of non-malignant and malignant cells from DEN-
treated rats

A. Dot plots showing average expression of known markers in indicated cell types. Cells
were annotated as T cells, B cells, natural killer (NK) cells, granulocytic/monocytic-
restricted progenitors (GMP), monocytes (Mono), macrophages (M¢), neutrophils
(Neu), dendritic cells (DC), plasmacytoid dendritic cells (pDC), fibroblasts (Fib), non-
malignant parenchymal cells (NMPC), bile duct epithelial cells (BEC) and stromal cells
(SC) by known lineage-specific marker genes. B. Chromosomal copy-number variations
(CNVs) were inferred from transcriptomes of the cells in rats, with SNV signal > 0.05 and
correlation with tumor cells > 0.5. C. Stacked bar plots showing the proportions of different
clusters in the 6 samples.

Related to Figure 1.
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Appendix Figure S2. Identification of malignant cells and composition of each cell

type in HCC patients

A. The definition of malignant cells by inferring CNV, with SNV signal > 0.05 and correlation
with tumor cells > 0.5. B. Stacked bar plots showing the cellular composition of the 8
samples. C. Stacked bar plots showing the proportions of different cell types in tumors (T)
and adjacent liver tissues (AT). D. The level of LGALS3, GPNMB, CD47 and CD24 in

rats and patients.

Related to Figure 2.
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Appendix Figure S3. Single cell RNA analyses of published data from HCC patients

A. Tumor (T), adjacent liver tissue (N) and lymph gland metastasis (L) collection before
processing for scRNA-seq by 10x Genomics. UMAP plot of all the single cells from 10 HCC
patients (indicated by colors). B. UMAP plot showing classification and identification of all
single cells. Cells were annotated as T cell, natural killer cell, B cell, plasma cell, endothelial
cell, monocyte, macrophage, neutrophil, fibroblast, stromal cell, and parenchymal cells
based lineage-specific marker genes (from A). C. Dot plots showing the average
expression of selected markers in the indicated cell types. D. The parenchymal cells from
16 samples were shown by color-coded UMAP plot. E. UMAP colored by sample types. (N:
blue; T: red). F. The parenchymal cells were further identified 11 distinct clusters (clusters
1-11), shown by color-coded UMAP plot. G. The level of genes in parenchymal cells of 10

HCC patients.

Related to Figure 2.
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Appendix Figure S4. Molecular signatures in the trajectory of EP*'f transformed into
HCMeta o MTImmu

A. Pseudotime of the composition of each time-point sample of rats. B. Heatmap showing
the upregulated genes in branch @ and 3 as compared to branch . C. The Gene
Ontology (GO) analysis of upregulated genes of branches @ in B. D. The Gene Ontology
(GO) analysis of upregulated genes of branches 3 in B.

Related to Figure 3.
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Appendix Figure S5. Characterization of the exogenous rat HCC model.

A. Injection of 1x10® GFP-labeled EPCAM" cells via tail vein into DEN-treated male rats
(red arrows). B. Representative liver morphology of DEN-treated together with or without
injection of GFP-labeled EPCAM" cells at 12 and 16 weeks. Yellow arrows indicated the
tumor nodules in the liver. C. Tumor incidences of DEN-treated rats with or without GFP-
labeled EPCAM® cells injection at 4, 8, 12 and 16 weeks (Left). The number and the
greatest diameter of tumor nodules per liver were quantified at 16 weeks (Right). D.
Representative liver morphology and hematoxylin-eosin (HE) staining of samples shown
in B at 12 and 16 weeks. E. Flow cytometry analysis of GFP-labeled cells derived from

GFP-labeled EPCAM" cells injected in DEN-treated rats at 2 weeks after injection. F. Flow



cytometry analysis of GPNMB*Gal-3*, AFP" cells derived from GFP-labeled EPCAM"* cells
in DEN-treated rats at 16 weeks. G. The Gene Ontology (GO) analysis of upregulated
genes in the GPNMB*Gal-3" group. H. Representative colon and lung morphology of in
rats exposed to DEN with or without GFP-labeled EPCAM® cells injection. I. The number
of tumor nodules per colon and lung of (H). J. Representative colon and lung HE staining
of (H). K, L. Staining of GFP, GPNMB, Gal-3 and DAPI in metastatic colon and lung tumors
of (H), respectively. Bar, 100um. At least two independent experiments were performed for
all data. For curve figures and bar figures, data are presented as means + SD. Unpaired
Student’s t-tests were used for comparing two variables. One-way ANOVA was used for
multiple variables comparison. ***, P < 0.001; ****, P < 0.0001; n.s., no significance in
comparison with the control group.

Related to Figure 4.
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Appendix Figure S6. The distribution of T cells in HCC samples from rats and

patients

A, B. UMAP plots of all the single cells of T cells from 6 samples of rats (indicated by

colors). C. Dot plot showing the expression of canonical marker genes for annotating the
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T cell subtypes. D. Bubble chart showing the expression of ligand-receptor pairs highly
expressed between HCMe/EP*DIMTIMMU and regulatory T cells (Treg) in rats. E. UMAP
plot of all the single cells of T cells from 4 HCC patients (indicated by colors). F. UMAP plot
of the T cells from tumors (T) and adjacent liver tissues (AT) of 4 HCC patients. G. Stacked
bar plots showing the frequency of T cell subtypes in HCC patients. H. Dot plot of L-R

interactions between HCMe®/EP*P/MT'™MY/ malignance and Treg.
g g

Related to Figure 5.
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Appendix Figure S7. SOX18 Is associated with immunosuppression of GPNMB*Gal-
3+MTImmu

A. The mRNA levels of Lgals3 and Gpnmb in wild-type (WT) and Sox18-, Tead2-, or
Hdac2-depleted EPCAM* cells. B. The specificity and activity scores of Sox18 in HC?,
EP*Pf and MT'™™ of rats. C. The specificity and activity scores of SOX18 in HCMeta, Ep*Piff
MT'™™ and malignance of HCC patients. D. Volcano plots exhibiting upregulated and
downregulated genes in MT'™™_ E, Overlap of upregulated genes in MT™™ and target
genes of Sox18. F. The level of 353 genes of E in HCM® EP*Pif and MT'™™ (clusters C1-
9). G. ChIP experiment of Cd274, Ccl5, S100a9 and Cxcl2 performed with Sox18
antibody in WT, Sox18-overexpressing and Sox78-knockdown EPCAM" cells. At least
two independent experiments were performed for all data. For curve Figures and bar
Figures, data are presented as means + SD. Unpaired Student’s t-tests were used for
comparing two variables. One-way ANOVA was used for multiple variables comparison. *,

P <0.05; **,P<0.01; **, P <0.001; n.s., no significance in comparison with the control

group.
Related to Figure 6.
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Appendix Figure S8. The role of SOX18 in the transformation of EPCAM" cells to
Gal-3*GPNMB* MT'™™" cells

A. Rats treated with inhibitor of SOX18 (Sm4) starting at 8- or 12- weeks after DEN
exposure (red arrows). The rats were treated with 25 mg/kg Sm4 or an equivalent
volume of 10% DMSO in PBS once a day by oral gavage. B. Tumor formation (yellow
arrows) in the liver of rats subjected to DEN-treatment for 12- and 16- weeks. C. The

10



number of tumor nodules per liver was quantified at 12- and 16- weeks. D. Staining of
EPCAM, GPNMB, Gal-3 and DAPI in tumors of rats subjected to DEN-treatment for
12- and 16- weeks. E. The percent of the EPCAM*GPNMB*Gal-3"AFP” cells in D.
(yellow arrows). At least three independent experiments were performed for all data.
For curve figures and bar figures, data were presented as means + SEM. One-way
ANOVA with multiple comparisons was used for comparing mean of each column with
the mean of every other column. *, P<0.05; n.s., no significance in comparison with

control group.

Related to Figure 6.
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Appendix Table S$1. Function of marker genes in clusters C1-C9 in Figure 1E

Gene Protein Function
Hepatocyte nuclear factor
Hnf4a P y arachidonic acid binding (1)
4-alpha
ruvate biosynthetic
Agxt Py 4 metabolic process (2)
process
Hos6 Hairy and enhancer of split | transcription, = DNA-templated (3); cell
6 (Drosophila) differentiation (4)
lipoprotein metabolic process (5); response to
Apob Apolipoprotein B-100 pop P ®) P
carbohydrate (6)
Serum
Pont araoxonase/arviesterase cholesterol metabolic process (7);
‘1) Y phosphatidylcholine metabolic process (8)
Carbamoyl-phosphate
Cps1 yrprosp hepatic amino acid catabolism (9)
synthase
t lul trix di ly (10);
Pig Plasminogen extracellular matrix fjlsas,semb y (10);
mononuclear cell migration (11)
Car2 Carbonic anhydrase 2 morphogenesis of an epithelium (12)
Il fat it t (13); b i
Gata3 GATA-binding factor 3 cell fate commitment (13); embryonic organ
development (14)
Fabp7 Fatty acid-binding protein | epithelial cell proliferation (15)
I taboli 16); cholesterol
Fol1 Fibrinogen-like protein 1 g ucose.me abolic process (16); cholestero
metabolic process (17)
Angptl3 Angiopoietin-like 3 lipid homeostasis (18)
Cd44 CD44 antigen cell migration (19); cell adhesion (20)
Cd24 Signal transducer CD24 innate immunity (21)
Cd47 Leukocyte surface antigen | cell proliferation (22); positive regulation of T
CD47 cell activation (23)
Aldh1at Aldehyde dehydrogenase | metabolic programming (24); oxidation-
1A1 reduction process (25)
Pzp Alpha-1-macroglobulin suppress T-cell function (26)
iti lati f ti h
Fga Fibrinogen alpha chain posi |v.e regu? ion of peptide hormone
secretion (27); immune system process (28)
Sipi Progranulin negative regulation of viral genome replication
(29)
Interferon-induced
Ifitm1 . defense response to virus (30)
transmembrane protein 1
Mgp Matrix Gla protein cell differentiation (31)
Cd274 CD274 molecule negative regulation of CD8-positive, alpha-
PD-1-ligand beta T cell activation (32)
Vascular endothelial
Kdr cell fate commitment (33)
growth factor receptor 2
Lgals3 Galectin-3 negative regulation of T cell activation (34);

12




negative regulation of T cell receptor (35)

negative regulation of NK cells activation (36);

Ccl5 C-C motif chemokine 5 positive regulation of monocyte chemotaxis
(37)
S100a6 Protein S100-A6 ion transmembrane transport (38)
osteoblast differentiation (39); cell adhesion
Gonmb Transmembrane (40); negative regulation of T cell activation
p glycoprotein NMB (41); negative regulation of T cell proliferation
(42)
Grn Progranulin immune escape (43)
Mmp9 Matrix metalloproteinase-9 | inhibit tumor immune surveillance (44)
lul to interleukin-1 (45);
Cxol2 | CX-C motif chemokine 2 | C2-1ar response to interleukin-1 (45)
inflammatory response (46)
inflammatory response (47); immune system
S100a9 | Protein S100-A9 ¥ response (47) y

process (48)
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Appendix Table S2. Function of Marker Genes in Clusters HC1-HC11 in Figure 2F

Gene Protein Function
Hepatocyte nuclear factor
HNF4a P y arachidonic acid binding (1)
4-alpha
Adipogenesis regulatory | positive regulation of fat cell differentiation
ADIRF
factor (49)
Inter-alpha-trypsin . N o
ITIH d tid hibit tivity (50
3 inhibitor heavy chain H3 endopeptidase inhibitor activity (50)
Insulin-lik th factor Inhibits IGF-mediated growth and
nsulin-like grow -
IGFBP2 bindin rotgin 5 developmental rates (51); negative regulation
gp of canonical Wnt signaling pathway (52)
PON1 Serum paraoxonase / | cholesterol metabolic process (7);
arylesterase 1 phosphatidylcholine metabolic process (8)
Serine-- t
AGXT er.lne Pyruvee metabolic process (2)
aminotransferase
lutathi S-t f
GSTA2 EZU atnione S-ansIerass | o ithelial cell differentiation (53)
i ti lati f
CCL25 C-C motif chemokine 25 immune respor?se, neg.a ive regulation o
leukocyte tethering or rolling (54)
ANG Angiogenin angiogenesis (55); innate immune response
(56)
L leading edge cell differentiation (57);
JUN Transcription factor Jun
P activation-induced cell death of T cells (58)
HES1 Transcription factor HES-1 | cell differentiation (59, 60)
ALDH1A1 Aldehyde dehydrogenase metab.olic programming (24); oxidation-
1A1 reduction process (25)
CD47 Leukocyte surface antigen | cell proliferation (22); positive regulation of T
CD47 cell activation (23)
inflammatory response (47); immune system
S100A9 | Protein S100-A9 " ¥ response (47) y
process (48)
CXCL17 | C-X-C motif chemokine 17 | Recruiting MDSC and Treg (61)
osteoblast differentiation (39); cell adhesion
Transmembrane (40); negative regulation of T cell activation
GPNMB ) . . . .
glycoprotein NMB (41); negative regulation of T cell proliferation
(42)
NAD(P)H dehydrogenase
NQO1 ) ) yeres response to oxidative stress (62)
[quinone] 1
CCL20 C-C motif chemokine 20 recruit Treg cells (63); inflammatory response
(64)
LGALS2 | Galectin-2 T cell homeostasis (65)
somatic stem cell population maintenance
SOX4 Transcription factor SOX-4 ) pop
(66); Immune evasion (67)
DEFB1 Beta-defensin 1 recruit dendritic and T cell (68)
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Cation-independent

cell differentiation (69); enhance regulatory T-

IGF2 e-6-phosphate
Mannose-b-pnosp cell functions (70)
receptor
Retrotransposon-derived
PEG10 orotein PEpG1O adipocyte differentiation (71)
ENOS3 Beta-enolase glycolysis (72); muscle development (73)
DLK1 Protein delta homolog 1 differentiation of hepatic stem cells (74)
Prolyl 4-hyd I
P4HA1 oy . yaroxylase glycolysis (75); chemoresistance (76)
subunit alpha-1
PTTG1 Securin cell growth and metastasis (77); cell cycle (78)
Earl th
EGR1 ary -~ growtit - TeSPONSE | + cell differentiation (79)
protein 1
FABP5 Fatty acid-binding protein | lipid metabolic process (80); glucose
5 metabolic process (81)
CENPF Centromere protein F mitotic-phase progression (82)
2/mitotic- ifi lin-
CCNB1 ; rmiotic-speciiic. cyciin cell-cycle G2/M progression (83)
M to-
MYC ve _ profo-oncogens immune suppression (84)
protein
UBE2C Ubiquitin-conjugating cell growth and invasive (85); protein
enzyme E2 C ubiquitination (86)
Epithelial Il adhesi
EPCAM prinelial - cell - adhesion stem cell differentiation (87)
molecule
ové Ov6 protein hepatic stem cell surface markers (88)
CD44 CD44 antigen stem cell surface markers (87)
CD24 Signal transducer CD24 biomarker for hepatic cancer stem cells (89)
Aldehyde dehyd
ALDH1AT | "'\ 16 yae denyerogenase | ol differentiation (90)
CD133 Prominin-1 cell surface; cell differentiation (91)
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Appendix Table S3. Inmunosuppression-related L-R pairs between MTImmu and
Tex/Treg in rats or humans

Ligand-receptor pairs Reference
Grn-Tnfrsf1b (92)
Bag6-Ncr3 (93)
Cd112-Tigit (94)
TNFSF9-TNFRSF9 (95
LGALS9-CD44 (96

—

PRR3-TIGHT 98
SPP1-CD44 (99

—

)
)
LGALS9-HAVCR2 97)
)
)
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