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Supplementary Fig. 1. Comprehensive dissection and clustering of 57,702 single cells from primary and metastatic
PDAC tissues. Related to Figure 1. (a) Top 50 mutated genes called from WES data in three patients with matched PT
and HM tissues. (b) UMAP plot of 57,702 cells colored by the cell clusters. (c) Heatmap showing the scaled expression level of
cell subset-specific marker genes (left). Examples of marker gene expression are shown in the middle UMAPs and the enriched
GO terms of biological processes for highly expressed genes in each cell type are shown in the right UMAPs. (d) UMAP plot
displaying the integrated cell map, which consists of 11 cell types from scRNA-seq datasets (n=25) for primary pancreatic tumors
(Peng et al., 2019'). Cells are colored by cell types. (e) Bar plot showing the percentage of cells in each group across all major cell
types. (f) Immunofluorescent staining showing co-localization of CD31 (green), CD45 (red), Vimentin(yellow), PanCK (purple)
and DAPI (blue) in NT, PT and HM samples. Scale bars, 55um (left) and 25um (right). This experiments was repeated in 3
patients with similar results. Source data are provided as a Source Data file. (g) Chord diagram displaying the relationship of cell
types annotated in the integrated cell map in each sample groups and all samples as a whole. The width of the line represents the
proportion of cell types. (h) UMAP plot of 57,702 cells colored by the cell clusters/subsets (left) or by samples (right). (i) Bar
plot representing the percentage of cells for each major cell type in different samples.
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Supplementary Fig. 2. Transcriptional signatures of epithelial cells. Related to Figure 2. (a) UMAP showing
re-clustering analysis of epithelial cells (ECs), colored by patients. (b) UMAP plot showing the expression pattern of eight classical
EC marker genes. (c¢) Bar plot showing the percentage of cells in each sample group across all EC subtypes.(d) Dot plots showing
expression of the top five EC-subtype-specific gene markers in sample groups (top) or cell subtypes (bottom).
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Supplementary Fig. 3. Copy Number Variation analysis of epithelial cells. Related to Figure 2. (a) Heatmap
showing the predicted CNV level in the eight samples. The normalized CNV levels were shown, the red color represents high CNV
level and yellow represents low CNV level. (b) CNV inferred by scRNA-seq or WES data in the same patient. (¢) UMAP showing
the distribution of ECs based on CNV normal, low, median and high. Cells are colored according to the subtype.
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Supplementary Fig. 4. Malignancy of epithelial cells. Related to Figure 2. (a) Kaplan-Meier curves for TCGA PDAC
patients (n = 178) showing the survival rate grouped by the abundance of EC subtypes. The p-value was calculated using the
two-sided log-rank test. (b) Expression of CEACAMS5 and CEACAMG6 in TCGA PDAC samples (n = 178) with different clinical
stages. The number of samples in each stage is indicated in the legend. The boxes showing the median (horizontal line), second
to third quartiles (box), and Tukey-style whiskers (beyond the box). (c) Inferred cell type abundance in TCGA PDAC samples
(n = 178) using CIBERSORTx. The number of samples in each stage is indicated in the legend. The boxes showing the median
(horizontal line), second to third quartiles (box), and Tukey-style whiskers (beyond the box). (d)Gene set enrichment analysis in
each cell cluster.
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Supplementary Fig. 5. Pseudotime trajectory analysis of epithelial cells. Related to Figure 3. (a) Bar plots showing
the percentage of cells for each cell state as defined by the pseudotime trajectory based on CNV levels (top), sample groups (middle)
or cell subtypes (bottom). (b) Diagrams showing the density distribution of cell subtypes in different sample groups along the
predicted pseudotime. (c) Distribution of marker genes and clusters on branches during pseudotime differentiation trajectory.(d)
Heatmap visualizing the scaled expression of cell differentially expressed genes in epithelial cells among cell states. Selected marker
genes are highlighted. (e) Heatmap showing the top five pathways enriched in cell states (S1-S5) by GSEA analyses.
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Supplementary Fig. 6. Validations of key findings of epithelial cells in large cohort samples. Related to Figure 3.
(a) Boxplots showing the expression pattern of differentially expressed genes highlighted in (Figure 3h) using the RNA-seq dataset
from Yang et al., 20212 (NT: n = 6; PT: n = 13; HM: n = 14). The number of samples in each group is indicated in the legend. The
boxes showing the median (horizontal line), second to third quartiles (box), and Tukey-style whiskers (beyond the box). (b)Violin
plots showing the expression pattern of differentially expressed genes highlighted in (Figure 3h) using the scRNA-seq dataset
from Peng et al., 2019'. (c) Kaplan-Meier curves of TCGA PDAC patients showing the survival rate grouped by the expression
levels of the indicated marker genes. The p-value was calculated using the two-sided log-rank test. (d) Forest plot showing the
hazard regression of selected genes based on TCGA PDAC data (n = 178). The p-value is calculated with two-sided log-rank test.
(e) IHC analysis of LITAF in PT and HM samples from the First Affiliated Hospital of Soochow University. Scale bars, 100um.
The bar plot showing the quantification results,n = 10 patients with paired PT and HM samples. The p-value is calculated with
one-sided Wilcoxon rank sum test. Source data are provided as a Source Data file. (f) IHC analysis of LITAF in NT and PT
samples from Nanjing Drum Tower Hospital (n=46 patients). Scale bars, 100um. The bar plot showing the quantification results,
the p-value is calculated with one-sided Wilcoxon rank sum test. The boxes showing the median (horizontal line), second to third
quartiles (box), and Tukey-style whiskers (beyond the box). Source data are provided as a Source Data file. (g) Bar plot showing
the correlation between LITAF expression and lymph node metastasis (n=46 patients). The p-value is calculated with one-sided
Wilcoxon rank sum test. The boxes showing the median (horizontal line), second to third quartiles (box), and Tukey-style whiskers
(beyond the box). Source data are provided as a Source Data file.
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Supplementary Fig. 7. The transcriptional landscape of stromal cells in PDAC microenvironment. Related to
Figure 4. (a) Distribution of stromal cells in different groups on the UMAP. Pie chart showing the proportion of three sample
groups in each cell subtype. (b) Heatmap showing the scaled expression levels of cell subtype-specific marker genes. (c) Box plots
shows the percentage of cells in PT and HM groups for each subtype. The top right box plot showing the percentage of cells in PT
and HM groups as a whole. The number of samples in each category is indicated in the left/bottom of boxplot. The boxes showing
the median (horizontal line), second to third quartiles (box), and Tukey-style whiskers (beyond the box).
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Supplementary Fig. 8. Validations of key findings of stromal cells in large cohort samples. Related to Figure 4.
(a)Boxplots showing the expression pattern of differentially expressed genes highlighted in Figure 4e using the RNA-seq dataset
from Yang et al., 20212. The number of samples in each group is indicated in the legend. The boxes showing the median (horizontal
line), second to third quartiles (box), and Tukey-style whiskers (beyond the box). (b) UMAP plot of CAFs colored by the cell
subsets (left) or by samples (right), scRNA-seq dataset using the Peng et al., 2019'. (c) Dot plots showing the expression of highly
expressed RGS5+ myCAFs genes in the CAFs subsets, scRNA-seq dataset using the Peng et al., 20191



DAPI/FN1/a-SMA/

Supplementary Fig. 9. Immunofluorescent staining showing co-localization of FN1 and a-SMA.. Related to Figure
4. Immunofluorescent staining showing co-localization of FN1 (green), a-SMA (red), PanCK (purple) and DAPI (blue) in PT
and HM samples (n = 3 patients). Scale bars of each group, 50um (left) and 20pum (right).

10



I Neutrophil

s
3
u

2
1
0

-1
L)

Scaled
expression

WHYLOVadry
WHZ00ovadry
WH600vadry
WHP0OVadry
WHE0OVAadry
WH800vadry
WHZLOvadry
WHOLOVAdry
WHS1LOvadry
WH8LOVadry
WHZLovadry
WHELOVadry
WHZ00ovadry
WHL0OVadry
1d810vadry
1dz1ovadry
- 1deoovadry
- - 1d€Lovadry
1d200vadry
1d/1ovadry
1dvLovadry
1d600vadry
- 1dy00vadry
1d800vadry
1d100vadry
- 1ds1ovadry
- 1doLovadry
NGLOVAdry
NzLovadry

o s i - group

[ [ Nwoovadry
NELOVAdry
[ NoLovadry

® HM-P3
® HM-P4

Myeloid cell

3
3

ydrogen peroxide

metabolic

retinoid metabolic
diterpenoid metabolic

h

%

terpenoid metabolic
triglyceride metabolic
collagen metabolic

>
T
H
<
T
=%

activation of immune

response

=
U
S
ac
g5
B
Lo
c 2
o]
2%
£ 0
€

© E

cell death

o
m el

- bl
E, s g
Eg b= 8
N c
om c 6 @
= S= €
5 £ =
= G N z
55 S5 £z
S 2 238 o5
29 @5 £
o 3 - 3 E

n,m

-
high

Enrichment

B
low

&

response to tumor
necrosis factor
inflammatory response
fatty acid transport

f

uoissaidxe 60

NUPR1
=]

GCHFR

FABP5

|
I+
I

group

APOE
==
FN1
MARCO
.

- I

CHI3L1

=]
FBP1

£3NT (n=6)
PT (n=13)
EIHM (n = 14)

2021)

seq data from Yang et al

(RNA

scRNA-seq data from Peng et al., 2019

NT PT
cluster

APOE

APOC1

FABPS

SPP1

NUPR1

FN1

MARCO

ccL18

CHI3L1

FBP1

CTSD

CSTB

UMAP 1

d

2dvAn

c000000°00000- 000000000

wsijogejew 9g uIWeyA
uonepelBap auloNB|OS| PUE BuIoNa)| ‘BulleA
sisayjuAsolq suouinb-piouad.a) Jayjo pue suouinbign
wsijogejew auIsoIAL

qejew ueydoydAiy

wisijogejow aulwely |

sisayjuAsolq suogyoeq plouadial

wsijoqejow auunejodAy pue auune|

$91pog 8U0jaY Jo uonepelfap pue sisayjuAsg
wsijogejew nyng

SISaUIUASOIq BUOWLIOY PloJalS

sisayjuAsolq plosals

wSIj0gejow 850J0NS PUE YaIelS

wsijogejow jouney
wsijogejow ajeAnAd

wsijogejew sulpiwiAg

wsijogejow auling

wsljoqejaw sjeouedold

sisayjuAsolq pioe a|iq Arewd

wsijogejaw ||Aydoiojyo pue uukydiod
wsijogejew ajeulydsoyd pue sjeuoydsoyd
wsijogejew suluelejAuayd

Kemyjed ojeydsoyd asojuag
SUOISIBAUODIB)U BJeu0INoN|6 pue asojuad
sISayjuAsolq YOO pue ajeuayjojueq
uonejkioydsoyd aanepixo

sisayjuAsolq ueok|B-Q jo sadAy Jayi0
uonepeibap ueok|b 18y)0

@je|o) Aq |ood uoqJeds auQ

wsijoqejow uabo.
WSI|0gejow SpIWBUNOOIU PUE SJRUNOOIN
sisayjuAsolq UBo|D-N

sisayjuhsolq ueak|b-0 adAy uonpy

0Sbd BWOIYOOIAD Aq SIOIGOUSX JO WSIOqEIBN
sisayjuAsolq ueak|b-Q adA} asouuepy
uonepesbep auisk

wsijogejau pioe ofvjour

wsijoqejaw ajeydsoy
wsijogejew aulpnsiH

1sou|

pue ajejAxok|9

sisayjuAsolq Joyoue—(1do) |oysouliApieydsoydiAsoak|o
S91I8S 0j0B|0AU pUE O)oB| ~ sIsayjuhsolq pidijoBuiydsook|D
salies 0qojbos! pue 0qo|b - sisayjuAsolq pidijoBuiydsook|s
seuas olbueb - sisayuhsolq pidioBuiydsooh|
uonepeibap ueok|Bouiwesodk|

9ey|ns uejesay - sisayjuAsolq ueok|Boulesodk|

uLieday / ejgyns ueleday - sisayjuAsolq ueok|Boulesook|o
9JeINS UBJEULISP / B1BJINS UNIOIPUOYD — SISaYIUASOIq UBDA|BouILES00A|D
sisauaboauoon|o) / sisk|0dk|D

WISI|0gejaW 8UIL0aIY) PUB BULISS ‘BUIOA|D

wsijoqejew pidijoydsoydoiaokio

wsijogejow pidij01a0K1

wsijogejou suolyeIN|O

wsijogejow asope|es

wisIjogejow 8souUBW pue 8sojon.

sisayjuhsolq ajejo4

uonebuoye pioe Aneq

uonepelBbap pioe Aneq

sisayjuksoiq pioe Ape4

wsijogejow pidi| Jay)3

sawAzua Jayjo - wsijoqejaw bniq

0SPd 8woiyo0iko — wsijoqejew Bnig

WISI|0ge)aW duILoIyleW pue aug)sky

(appho w0 1) 8ko erend

wsijogejow ajeoueing

spioe Alje) pajeinjesun Jo sisayjuksolg

wsijogejow aulue|y-ejaq

wsijogejow sjeseple pue 8)equoosy

sisayjuhsolq auluibiy

wsijogejow autjoid pue auiuibiy

wsI|0gejaw pIoe IUopIYoe.Y

wsijogejow Jebns apijoajonu pue Jebns oujwy
wsijogejow pioe ojusjour]-eydie

pue ajejedse ‘auluely

()]

Lam-HM{@ <

[
[d
°
°
°
°
=
%
£
s
3

Lam-NT

icroenvironment. Related to

Supplementary Fig. 10. The transcriptional landscape of myeloid cells in PDAC m

(a) Distribution of myeloid cells in different samples on the UMAP. (b) Heatmap showing the scaled expression of

DEGs in Figure 5e using RNA-seq dataset from Yang et al., 2021. (c¢) Boxplots showing the expression patterns of lipid-associated

Figure 5.

The number of samples

igure 5e using the RNA-seq dataset from Yang et al., 20212.

in each group is indicated in the legend. The boxes showing the median (horizontal line), second to third quartiles (box), and

macrophage (LAM)-associated genes in F
Tukey-style whiskers (beyond the box

specific genes. Cells with the

(d) Feature plots showing the expression of selected LAM-

).

20191, (e) Heatmap showing the scaled expression

level of lipid-associated macrophage (LAM)-associated genes in Figure 5e among cells with different groups

highest expression level are colored red, scRNA-seq dataset using the Peng et al.,
using the Peng et al., 20191.

seq dataset

scRNA-

(f) UMAPs displaying the enriched GO terms of biological processes for highly expressed genes in

)

each cell subtype. (g) The metabolic activity analysis of LAMs revealing that PT and HM groups show overall high metabolic

scores. The circle size and color darkness both represent the scaled metabolic score.
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Supplementary Fig. 11. Metabolic characteristics of LAM3 and neutrophils. Related to Figure 5. (a) Heatmap
showing the scaled expression of metabolic genes (left) and the metabolic pathway score (right) in lipid-associated macrophages 3
(LAM3). (b) Violin plot showing the expression of selected metabolic genes. The number of cells in each group is indicated below
the violin plot (NT: n = 20; PT: n = 232; HM: n = 752). The boxes showing the median (horizontal line), second to third quartiles
(box), and Tukey-style whiskers (beyond the box). (¢) Bar plot showing the percentage of neutrophils in each sample group. (d)
Boxplots showing the expression patterns of highly expressed genes in neutrophils using the RNA-seq dataset from Yang et al.,
20212. The number of samples in each group is indicated in the legend. The boxes showing the median (horizontal line), second to
third quartiles (box), and Tukey-style whiskers (beyond the box). (e) Immunofluorescent staining showing co-locations of S100A8
(green), MPO (red) and DAPI (blue) in PT and HM samples. Scale bars, 50pum (left) and 20pum (right). The bar plots show
the quantification results, n = 10 patients with paired PT and HM samples. The error bar indicates standard error of the mean
(s.e.m.). The p-value is calculated with one-sided Wilcoxon rank sum test. Source data are provided as a Source Data file.
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Supplementary Fig. 12. Representative checkpoint genes in LAM3. Related to Figure 5. (a) Dot plots showing
representative checkpoint genes across sample groups in LAM3. (b) UMAPs showing the expression pattern of checkpoint genes
from (a) in all cells. (¢) Kaplan-Meier curves for TCGA PDAC patients (n = 178) showing the survival rate in checkpoint genes
from (a). The p-value was calculated with the two-sided log-rank test.
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Supplementary Fig. 13. Cell-cell interaction landscape in major cell types. Related to Figure 7. (a) Chord diagrams

of cell-cell interaction networks among all cell types in different groups. (b) Heatmap showing the interaction intensity of cellular
interactome from (a).
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Supplementary Fig. 14. Validate the interaction of two ligand-receptor pairs by using IF staining experiments.
Related to Figure 7. (a) Immunofluorescent staining showing co-localization of DAPI (blue), NOTCH2(green), DLL1(yellow)
and a-SMA (red) in PT and HM tissues (n = 3). Scale bars of each group, 50pum (left) and 20um (right). (b) Immunofluorescent
staining showing co-localization of DAPI(blue), ROR1(green), WNT5a(yellow) and CFD(red) in PT and HM tissues (n = 3). Scale
bars of each group, 50pum (left) and 20pm (right).
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Supplementary Tables

Supplementary Table 1. Clinical histopathological parameters of patients Clinical
and pathology details for patients analysed by scRNA-Seq in this study.

Patient ID Diagnosis Stage Liver Metastasis Operation
PO1 PDAC 1Y 1 DP
P02 PDAC \Y 1 TP
PO3 PDAC v 1 DP
P04 PDAC Y 1 EUS-FNA
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