


Patient: 1 2 3 22Rv1
pos. ctrl

1
neg. ctrl

merge

VIM

CD90

pan CK

Hoechst

Supp. Fig. S2



C1 C2 C3
5

10

15

S1
00

A
4

(lo
g2

 s
ig

na
l i

nt
en

si
ty

) P = 0.0133

P = 0.0005

P = 0.0330

C1 C2 C3
5

10

15

IT
G

A
11

(lo
g2

 s
ig

na
l i

nt
en

si
ty

)

P = 0.0007

P < 0.0001

P = 0.0317

C1 C2 C3
13

14

15

VI
M

(lo
g2

 s
ig

na
l i

nt
en

si
ty

)

C1 C2 C3
9

10

11

12

13

14

LO
X

(lo
g2

 s
ig

na
l i

nt
en

si
ty

)

P = 0.0003

P = 0.0067

C1 C2 C3
9

10

11

FA
P

(lo
g2

 s
ig

na
l i

nt
en

si
ty

)

C1 C2 C3
0

5

10

15

B
A

M
B

I
(lo

g2
 s

ig
na

l i
nt

en
si

ty
)

P = 0.0006

P = 0.0006

C1 C2 C3
5

10

15

SE
PP

1
(lo

g2
 s

ig
na

l i
nt

en
si

ty
)

P = 0.0066

P = 0.0013

C1 C2 C3
0

5

10

15

LM
C

D
1

(lo
g2

 s
ig

na
l i

nt
en

si
ty

)

P = 0.0022

P = 0.0014

C1 C2 C3
0

20

40

60

80

100

FA
P/

TB
P 

(2
-Δ

Δ
C

T )

P = 0.0010

P = 0.0016

C1 C2 C3
0

1

2

3

4

B
A

M
B

I/T
B

P 
(2

-Δ
Δ

C
T )

P < 0.0001

P < 0.0001

C1 C2 C3
0

10

20

30

SE
PP

1/
TB

P 
(2

-Δ
Δ

C
T ) P = 0.0486

P = 0.0052

P = 0.0006

C1 C2 C3
0

1

2

3

4

5

LM
C

D
1/

TB
P 

(2
-Δ

Δ
C

T )

P < 0.0001

P = 0.0003

cluster
cluster

C3
C2
C1

−2

−1

0

1

2

cluster
cluster

C3
C2
C1

0

1

2

C2 (n = 191 genes)

cluster
cluster

−2

−1

0

1

2

cluster
cluster

C3
C2
C1

0

1

2

C1 (n = 396 genes)

A

C

D

cluster
cluster

C3
C2
C1

−2

−1

0

1

2

cluster
cluster

C3
C2
C1

0

1

2

C3 (n = 679 genes)

B

negative regulation of macrophage derived foam cell
differentiation

hemostasis
negative regulation of protein modification process

ear development
embryonic organ morphogenesis

cardiac septum morphogenesis
negative regulation of lipid storage

branching morphogenesis of an epithelial tube
mesenchymal cell proliferation

extrinsic apoptotic signaling pathway
mesonephros development

kidney epithelium development
negative regulation of response to external stimulus

mitochondrial depolarization
regulation of ossification

regulation of extrinsic apoptotic signaling pathway
morphogenesis of embryonic epithelium

venous blood vessel development
alcohol metabolic process

negative regulation of extrinsic apoptotic signaling
pathway

lung morphogenesis
morphogenesis of a branching structure

ventricular septum development
wound healing

coronary vasculature development
external encapsulating structure organization

mesenchymal cell differentiation
regulation of cell morphogenesis

response to oxygen levels
muscle tissue development
mesenchyme development

cardiac septum development
respiratory system development

cardiac chamber development
multi multicellular organism process

adp metabolic process
regulation of cell shape

neural crest cell differentiation
cardiac chamber morphogenesis

urogenital system development
cardiac ventricle development

cell substrate adhesion
response to transforming growth factor beta

tissue migration
cardiac ventricle morphogenesis

ameboidal type cell migration
gland development

integrin mediated signaling pathway
mesenchymal cell development

heart morphogenesis
sister chromatid segregation

rna localization
mitotic nuclear division

cell adhesion mediated by integrin
morphogenesis of an epithelium

microtubule cytoskeleton organization involved in mitosis
mitotic sister chromatid segregation

meiotic cell cycle process
ncrna processing

rrna metabolic process
meiotic cell cycle

ribosome biogenesis
ncrna metabolic process

spindle organization
mitotic spindle organization

dna conformation change
organelle fission

nuclear chromosome segregation
ribonucleoprotein complex biogenesis

dna replication
actin filament organization

dna repair
chromosome segregation

C3 (679)
C2 (191)

C1 (396)

cycling (460)

Percent
in Gene set

10

20

30

5e−01
5e−02
1e−02
1e−03
1e−04

p.adjust

GO: Biological Process

hedgehog signaling

interferon alpha response

coagulation

kras signaling up

apoptosis

g2m checkpoint

angiogenesis

mtorc1 signaling

estrogen response early

bile acid metabolism

reactive oxygen species pathway

androgen response

xenobiotic metabolism

cholesterol homeostasis

mitotic spindle

myogenesis

tnfa signaling via nfkb

glycolysis

uv response dn

hypoxia

epithelial mesenchymal transition

C3 (679)
C2 (191)

C1 (396)

5e−01
5e−02
1e−02
1e−03
1e−04

p.adjust

Percent
in Gene set

5

10

15

Hallmark Pathways

negative regulation of met activity
branched chain amino acid catabolism

iron uptake and transport
nitric oxide stimulates guanylate cyclase

fatty acyl coa biosynthesis
regulation of lipid metabolism by pparalpha

nr1h3 nr1h2 regulate gene expression linked to cholesterol
transport and efflux

heme degradation
cgmp effects

pentose phosphate pathway
interleukin 7 signaling

regulation of cholesterol biosynthesis by srebp srebf
metabolic disorders of biological oxidation enzymes

uptake and actions of bacterial toxins
keratan sulfate biosynthesis

signaling by nuclear receptors
miscellaneous transport and binding events

initial triggering of complement
elastic fibre formation

signaling by retinoic acid
activation of gene expression by srebf srebp

insertion of tail anchored proteins into the endoplasmic
reticulum membrane

molecules associated with elastic fibres
metabolism of steroids

met promotes cell motility

regulation of insulin like growth factor igf transport and
uptake by insulin like growth factor binding proteins

igfbps

creation of c4 and c2 activators
complement cascade

met activates ptk2 signaling
laminin interactions

chondroitin sulfate dermatan sulfate metabolism
semaphorin interactions

ncam signaling for neurite out growth
integrin signaling

collagen degradation
cell surface interactions at the vascular wall

assembly of collagen fibrils and other multimeric
structures

ra biosynthesis pathway
p130cas linkage to mapk signaling for integrins

metabolism of carbohydrates
platelet activation signaling and aggregation

syndecan interactions
collagen formation

degradation of the extracellular matrix
smooth muscle contraction
collagen chain trimerization

collagen biosynthesis and modifying enzymes
nr1h2 and nr1h3 mediated signaling

ecm proteoglycans
non integrin membrane ecm interactions

signaling by pdgf
extracellular matrix organization
integrin cell surface interactions

C3 (679)
C2 (191)

C1 (396)

Percent
in Gene set

10

20

30

5e−01
5e−02
1e−02
1e−03
1e−04

p.adjust

REACTOME Pathways

Supp. Fig. S3



Supp. Fig. S3 cont.

G

Wong_c20_Fibro_CA UP

Wong_c20_fibroblast

Wong_c20_F3_fibro

Wong_c20_F2_fibro

Wong_c20_F1_fibro

Wong_c20_F0_fibro

Wong_c13_SMC_CA UP

Wong_c13_SMC

Wong_c13_7_SMC

Wong_c13_6_SMC

Wong_c13_5_SMC

Wong_c13_4_SMC

Wong_c13_3_SMC

Wong_c13_2_SMC

Wong_c13_1_SMC

Wong_c13_0_SMC

Qian_C11_SERPINE1_CAF

Qian_C10_COMP_CAF

Qian_C9_CFD_adipogenic

Qian_C8_RGS5_pericytes

Qian_C7_MYH11_myofibroblast

Puram_CAF2

Puram_CAF1

Muhl_mural

Muhl_fibroblast

Liu_CAF_negprognosis

Liu_CAF_posprognosis

Liu_CAF_prognosis

Liu_myCAF

Liu_iCAF

Liu_apCAF

Lambrechts_C7

Lambrechts_C6

Lambrechts_C5

Lambrechts_C4

Lambrechts_C2

Lambrechts_C1

Kim_Metastasis_signature

Kim_SMCs

Kim_pericytes

Kim_myofibroblasts

Kim_mesothelial

Kim_lipofibroblasts

Kim_COL14A1_matrix_fibroblasts

Kim_COL13A1_matrix_fibroblasts

Kieffer_wound_myCAF

Kieffer_TGFb_myCAF

Kieffer_normal

Kieffer_IL_iCAF

Kieffer_IFNg_iCAF

Kieffer_ECM_myCAF

Kieffer_detox_iCAF

Kieffer_CAF1

Joseph_vSMC

Joseph_pSMC

Joseph_periepithelial

Joseph_pericytes

Joseph_interstitial

Henry_smooth muscle

Henry_fibroblast

Hanley_myofibroblast

Hanley_alveolar

Hanley_adventitial

Elyada_myCAF

Elyada_iCAF

Chen22_SM3

Chen22_SM2

Chen22_SM1

Chen22_Fib3_earlyCAF

Chen22_Fib2_apFibrocytes

Chen22_Fib1_ECMFibroblasts

Chen21_CAF_4

Chen21_CAF_3

Chen21_CAF_2

Chen21_CAF_1

Chen21_CAF_0

Buechler_LRRC15

Buechler_PI16_adventitial

Buechler_NPNT_alveolar

C1 C2 C3

−1.0

−0.5

0.0

0.5

1.0
zscore

SD
5

4

3

2

1

E F

NS.

NS.

−6

−3

0

3

6

T2a T2b T2c T3a T3b T4
pathologic_T

C1 C2

NS.

−6

−3

0

3

6

NO YES

C1 C2

NS.

−6

−3

0

3

6

NO YES

C2 C3

NS.

−6

−3

0

3

6

N0 N1
pathologic_N

C1 C2

NS.

−6

−3

0

3

6

N0 N1
pathologic_N

C2 C3

**

−6

−3

0

3

6

N0 N1
pathologic_N

C3

**

−6

−3

0

3

6

NO YES

C3

NS.

NS.

NS.

−6

−3

0

3

6

6 7 8 9 10
Gleason Score

C1 C2

NS.

*

−6

−3

0

3

6

T2a T2b T2c T3a T3b T4
pathologic_T

C2 C3

NS.

NS.

NS.

−6

−3

0

3

6

6 7 8 9 10
Gleason Score

C2 C3

***

***

−6

−3

0

3

6

T2a T2b T2c T3a T3b T4
pathologic_T

C3

**

**

***

−6

−3

0

3

6

6 7 8 9 10
Gleason Score

C3

Gleason

C1

C3

C2

T stage N stage biochemical recurrence



pseudotime
cluster

4
3+5

2
1

cell state

3
2
1

pericytes - RGS5 SMC, pericytes, myCAF - ACTA2

myCAF - LRRC15

apCAF - SLP1

C3 - ITGA11C1 - ALDH1A3

C1 - RGS2

C2 - CES1

C3 - ENGC1 - HMOX1 C2 - ALDH1A1

iCAF - IL1B

iCAF - CCL2 myCAF - CTHRC1

SMC, pericytes - MCAM

apCAF - HLA-DRA

ca
no

ni
ca

l s
tro

m
al

 c
el

l t
yp

e-
sp

ec
ifi

c 
m

ar
ke

rs
C

A
F 

at
la

s 
tra

je
ct

or
y

fib
ro

bl
as

t s
ub

st
at

e-
de

lin
ea

tin
g 

m
ar

ke
rs

C2 - A2M C3 - COL8A1

Supp. Fig. S4

A

B

C



21172015182223 32312629 3 6 28 8 9 11122510
36214 26 4 136115 34

16301419 1 5 7 2 4 241327

BAMBI
PDPN
FAP
LMCD1
FGF1
NOX4
ITGA11
COMP
MCAM
TAGLN
APOD
ALDH1A1
IGFBP3
CFD
CES1
WNT2
A2M

30 24

subpopulation annotation

BE14 BE15CA4 BE4

C1C2C3C2/C3 n.d

qRT-PCR cohort:
Transcriptomic cohort:

C2
C3

contractile/general activation
marker

−1.5

−1

−0.5

0

0.5

1

1.5

C1

merge merge

C2

merge

C3

ITGA11      PDPN      PDGFRA

C

B C1 C2 C3

C
1 

m
ar

ke
rs

C
2 

m
ar

ke
rs

C
3 

m
ar

ke
rs

Supp. Fig. S5

4 8 10
0.01

0.1

1

10

100

passage number

Ex
pr

es
si

on
 le

ve
l(2

- Δ
Δ

C
T )

TGFBR3
HMOX1
CXCL12

4 8 10
0.01

0.1

1

10

100

passage number

Ex
pr

es
si

on
 le

ve
l(2

- Δ
Δ

CT
)

TGFBR3
HMOX1
CXCL12

4 8 10
0.01

0.1

1

10

100

passage number

Ex
pr

es
si

on
 le

ve
l(2

- Δ
Δ

CT
)

TGFBR3
HMOX1
CXCL12

4 8 10
0.01

0.1

1

10

100

passage number

Ex
pr

es
si

on
 le

ve
l(2

- Δ
Δ

C
T )

CES1
WNT2
ALDH1A1

4 8 10
0.01

0.1

1

10

100

passage number

Ex
pr

es
si

on
 le

ve
l(2

- Δ
Δ

CT
)

CES1
WNT2
ALDH1A1

4 8 10
0.01

0.1

1

10

100

passage number

Ex
pr

es
si

on
 le

ve
l(2

- Δ
Δ

CT
)

CES1
WNT2
ALDH1A1

4 8 10
0.01

0.1

1

10

100

passage number

Ex
pr

es
si

on
 le

ve
l(2

- Δ
Δ

C
T )

FAP
NOX4
SMA

4 8 10
0.01

0.1

1

10

100

passage number

Ex
pr

es
si

on
 le

ve
l(2

- Δ
Δ

CT
)

FAP
NOX4
SMA

4 8 10
0.01

0.1

1

10

100

passage number

Ex
pr

es
si

on
 le

ve
l(2

- Δ
Δ

CT
)

FAP
NOX4
SMA



0

20

40

60

80

100

Sa
m

pl
e 

co
m

po
si

�o
n 

(%
)

1
Cluster

2
3
4
6
10
11
13

19 7 3 24 8 36 26 20 33 2 15 11 14 28 17 34 1 30 5 4 12 6 31 32 22 23 27 16 29 13 9 21 10 35 26 18

2
3

10
6
4

11
13

1

ungated

gated clusters

Cluster

0 50 100 150 200
tSNE 1

0

50

100

150

200

tS
N

E 
2

original clusters original clusters

13
12
11
10

9
8
7
6
5
4
3
2
1

Cluster
Sample

single viable
cells

PDPN-/FAP+

CD90+

/CD140b+

CD140a+

/MCAM~
CD140a-

/MCAM+
CD140a-

/MCAM-

CD90-

/CD140b~
CD90+

/CD140b-

PDPN+/FAP+

CD90+

/CD140b+

CD140a+/-

/MCAM+
CD140a-

/MCAM-

CD90-

/CD140b+

cluster 11 cluster 1 cluster 13

cluster 4 cluster 2

cluster 10 cluster 6

cluster 3

A

D

B C

E

F
G

C1* C1/C2 C2* C2/C3 C3* n.d.

I

H

S
up

p.
 F

ig
. S

6

1 2 3 4 5

1
Cluster

2

3

4

6

10

11

13
−2

−1

0

1

2

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

10

11 −2

−1

0

1

2

4 20
2

2

5 33 15
11

2
5

5

30 11 14 28 17
30 27

27

BE15 BE14 CA13 BE4Transcriptomic cohort:

30
BE15

34 1 21
25

BE14
25

10 35 25 13 9 22 29 31 32 27
23

23

23 12 16 6 18 26
21

2121

36 8 24 19
10 4

410
BE4

7 3FC sample:
qRT-PCR cohort:

FC sample:
qRT-PCR cohort:

Transcriptomic cohort:

C3
C2
C1

ungated

120

140

160

180

200

220

ALDH1A1

2-∆
∆C

T

1

2

3

4

5

CES1

2- ∆
∆C

T

0

5

10

15

20

25

30

PDPN

2-∆
∆C

T

4

5

6

7

8

HMOX1

2- ∆
∆C

T

60

160

260

360

460

560

660

ACTG2

2-∆
∆C

T Cluster 6

Cluster 10

Cluster 1

0

1

2

3

4

5

MCAM

2- ∆
∆C

T

36

37

38

39

40

41

ACTG2

2-∆
∆C

T

0.00

0.01

0.02

ITGA11

2- ∆
∆C

T

4.0
4.2
4.4
4.6
4.8
5.0
5.2
5.4
5.6

CD105/ENG

2-∆
∆C

T Cluster 6+10

Cluster 1

0.00

0.05

0.10

0.15

0.20

0.25

CES1

2- ∆
∆C

T

0

1

2

3

4

5

PDPN

2-∆
∆C

T

13.0

13.2

13.4

13.6

13.8

14.0

14.2

14.4

ALDH1A1

2- ∆
∆C

T

0 50 100 150 200
tSNE 1

0

50

100

150

200

tS
N

E 
2

1
2
3
4
5
6
7
8
9
10
11
12

13
14
15
16
17
18
19
20
21
22
23

FA
P

PD
PN

C
D

90

C
D

14
0b

C
D

14
0a

M
C

AM

C
D

10
5 C1 C2 C3

1
Cluster

2
3
4
5
6
7
8
9
10
11
12
13

0

20

40

60

80

100

CA13
11



AR ALDH1A3 HMOX1 TGFBR3

C
1-

as
so

ci
at

ed
 m

ar
ke

rs

CES1 PAGE4 ALDH1A1 PDPN

C
2-

as
so

ci
at

ed
 m

ar
ke

rs

ITGA11 ENG FAP NOX4

C
3-

as
so

ci
at

ed
 m

ar
ke

rs

YAP1 ITGB5 - YAP target gene LOX - TGFβ target gene SERPINE1 -  TGFβ target gene

YA
P

1/
TG

Fβ
-a

ss
oc

ia
te

d 
m

ar
ke

rs

primary PCa mCRPCNEPC

normal
fibroblasts

SMC

myoCAF pericytes

mCAF

iCAF

all disease stagesA

B

Supp. Fig. 7 



0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

STAGE

Sc
or

e

p-val: 0.000 
FC: 0.563

p-val: 0.308 
FC: 1.014

0

0.5

1

1.5

STAGE

Sc
or

e

p-val: 0.000 
FC: 0.293

p-val: 0.002 
FC: 1.050

0

1

2

3

4

5

STAGE

Sc
or

e

p-val: 0.000 
FC: 4.999

p-val: 0.000 
FC: 1.230

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

STAGE

Sc
or

e

p-val: 0.000 
FC: 1.245

p-val: 0.000 
FC: 0.627

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

STAGE

Sc
or

e

p-val: 0.000 
FC: 1.486

p-val: 0.000 
FC: 0.538

0

1

2

3

4

5

6

7

STAGE

Sc
or

e

p-val: 0.000 
FC: 0.521

p-val: 0.000 
FC: 0.157

0

0.5

1

1.5

2

STAGE

Sc
or

e

p-val: 0.780 
FC: 0.923

p-val: 0.000 
FC: 0.408

0

0.5

1

1.5

2

2.5

3

3.5

4

STAGE

Sc
or

e

p-val: 0.000 
FC: 0.427

p-val: 0.000 
FC: 0.324

0

1

2

3

4

5

6

STAGE

Sc
or

e

p-val: 0.000 
FC: 0.580

p-val: 0.000 
FC: 1.181

NORMAL
PRIMARY
mCRPC

C
1 

m
ar

ke
rs

C
2 

m
ar

ke
rs

C
3 

m
ar

ke
rs

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

STAGE

Sc
or

e

p-val: 0.000 
FC: 0.636

p-val: 0.000 
FC: 0.614

0

1

2

3

4

5

6

STAGE

Sc
or

e

p-val: 0.000 
FC: 0.643

p-val: 0.000 
FC: 1.307

TG
Fβ

 s
ig

na
lin

g
YA

P 
si

gn
al

in
g

m
is

ce
lla

ne
ou

s

0

0.5

1

1.5

2

STAGE

Sc
or

e

p-val: 0.000 
FC: 0.324

p-val: 0.116 
FC: 0.763

0

0.5

1

1.5

2

2.5

STAGE

Sc
or

e

p-val: 0.000 
FC: 0.449

p-val: 0.000 
FC: 1.594

0

0.5

1

1.5

2

2.5

STAGE

Sc
or

e

p-val: 0.000 
FC: 0.514

p-val: 0.000 
FC: 0.392

0

0.5

1

1.5

STAGE

Sc
or

e

p-val: 0.001 
FC: 1.065

p-val: 0.035 
FC: 1.044

TGFB1

HGF

ALDH1A1

ENG
TGFβ co-receptor

CYR61

ITGB5
YAP1 target gene

HMOX1

PAGE4

COL8A1

PDLIM2

TGFBR3

CES1

ITGA11
TGFβ target gene

YAP1

AR

0

0.5

1

1.5

2

2.5

STAGE

Sc
or

e

p-val: 0.001 
FC: 0.806

p-val: 0.000 
FC: 0.891

PMEPA1

Supp. Fig. S8 

A

B

0

1

2

3

4

5

6

7

8

STAGE

Sc
or

e

p-val: 0.160 
FC: 0.747

p-val: 0.000 
FC: 1.659

VCAN



mutant wildtype

5 10 15 5 10 15

4

8

12

umap_1

um
ap

_2

c0
c1
c2
c3
c4
c5
c6
c7

cluster

mutant wildtype

5 10 15 5 10 15

4

8

12

umap_1

um
ap

_2

B6.129
WT for PRN
WT for PN
B6
FVBN
Hi−MYC
PRN
NP
T−ERG

w
ild

 ty
pe

G
E

M
M

B

model

c0

c1

c2

c3

c4

c5

c6

c7

C1 C2 C3

Average Expression

Percent Expressed

SMC/pc

NF/iCAF

myCAF

intermediate

C3

Average Expression

0.10
0.15
0.20
0.25
0.30

Percent Expressed
0
25
50
75
100

c4

c1

c3

c2

c6

c0

c7

c54

8

12

16

5 10 15
umap_1

um
ap

_2

mutant

c1

c3

c0

c4

c2
c6

c5

c7

4

8

12

16

5 10 15
umap_1

um
ap

_2

B
runner_C

1_U
C
ell

wildtype

c4

c1

c3

c2

c6

c0

c7

c54

8

12

16

5 10 15
umap_1

um
ap

_2

c1

c3

c0

c4

c2
c6

c5

c7

4

8

12

16

5 10 15
umap_1

um
ap

_2

B
runner_C

2_U
C
ell

c4

c1

c3

c2

c6

c0

c7

c54

8

12

16

5 10 15
umap_1

um
ap

_2

c1

c3

c0

c4

c2
c6

c5

c7

4

8

12

16

5 10 15
umap_1

um
ap

_2

B
runner_C

3_U
C
ell

D

C3 

C2

C1
G

Average Expression

−1

0

1

Percent Expressed
0
25
50
75
100

c0

c1

c2

c3

c4

c5

c6

c7

TG
Fb

1_
H

al
lm

ar
k

Ya
p_

co
rd

en
os

i

Average Expression

Percent Expressed

SMC/pc

NF/iCAF

myCAF

intermediate

H

B6.129

WT for PRN

WT for PN

B6

FVBN

Hi−MYC

PRN

NP

T−ERG

TG
Fb

1_
H

al
lm

ar
k

Ya
p_

co
rd

en
os

i

Average Expression

Percent Expressed

Average Expression

−2
−1
0
1

Percent Expressed
0
25
50
75
100

F

B6.129

WT for PRN

WT for PN

B6

FVBN

Hi−MYC

PRN

NP

T−ERG

C1 C2 C3

Percent Expressed

Average Expression

mutant

wildtype

mutant

wildtype

Percent Expressed
0
25
50
75
100

Average Expression

0.10
0.15
0.20
0.25
0.30

4 6 8 10 12 14 16

2 
4 

6 
8 

10
14

umap_1

um
ap

_2

c1

c2

c3 c4

c5

c6

c7

I

J

0 5 10
−1

0

1

2

3

4

slingPseudotime_5

Ex
pr

es
si

on
 (c

ou
nt

s) cluster
c1
c2
c3
c4
c5
c6
c7

Hmox1

E
xp

re
ss

io
n 

(c
ou

nt
s)

Aldh1a1

0 5 10

0

3

6

9

slingPseudotime_5

Ex
pr

es
si

on
 (c

ou
nt

s)

Ex
pr

es
si

on
 (c

ou
nt

s)

Aldh1a1

E
xp

re
ss

io
n 

(c
ou

nt
s)

A2mA2m

0 5 10

0.0

2.5

5.0

7.5

10.0

slingPseudotime_5

Ex
pr

es
si

on
 (c

ou
nt

s) cluster

E
xp

re
ss

io
n 

(c
ou

nt
s)

Apod

0 5 10

0.0

2.5

5.0

7.5

10.0

slingPseudotime_5

Ex
pr

es
si

on
 (c

ou
nt

s)

Ex
pr

es
si

on
 (c

ou
nt

s)

E
xp

re
ss

io
n 

(c
ou

nt
s)

Col8a1

0 5 10

0.0

2.5

5.0

7.5

10.0

slingPseudotime_5

Ex
pr

es
si

on
 (c

ou
nt

s)

Ex
pr

es
si

on
 (c

ou
nt

s)

E
xp

re
ss

io
n 

(c
ou

nt
s)

A
model mutation phenotype

T-ERG Tmprss2-ERG knock-in mild epithelial phenotype, model of PCa initiation

Hi-MYC Tg(ARR2/Pbsn-MYC)7Key
PIN with subsequent invasion

NP Nkx3.1creERT2;Ptenf/f

PRN Pb-Cre4+/-;Ptenf/f;LSL-MYCN+/+ invasive adenocarcinoma and neuroendocrine PCa

Supp. Fig. S9

C

E



S
M

A
E

N
G

C
E

S
1

A C

D

B

myCAF-rich high grade PCa p63 / AMACR

be
ni

gn
 a

dj
ac

en
t

lo
w

 g
ra

de

lo
w

 g
ra

de

in
te

rm
ed

ia
te

 g
ra

de

CES1 ENGbenign adjacent

low-grade PCa

ne
g.

 c
trl

Supp. Fig. S10

CES1



***

−15

−10

−5

0

5

10

Normal Tumor

C
he

n2
2_

pr
os

ta
te

_S
M

1
***

−10

−5

0

5

10

Normal Tumor

Jo
se

ph
_P

ro
st

at
e_

pS
M

C

*

**

**

−10

0

10

6 7 8 9 10
Gleason Score

C
he

n2
2_

pr
os

ta
te

_S
M

1

*

***

**

−10

−5

0

5

10

6 7 8 9 10
Gleason Score

Jo
se

ph
_P

ro
st

at
e_

pS
M

C

*

**

−10

−5

0

5

10

15

T2a T2b T2c T3a T3b T4
pathologic_T

C
he

n2
2_

pr
os

ta
te

_S
M

1

*

***

−10

−5

0

5

10

T2a T2b T2c T3a T3b T4
pathologic_T

Jo
se

ph
_P

ro
st

at
e_

pS
M

C

SMChigh

SMClow

SMChigh

SMClow

Joseph_Prostate_pSMC

Chen22_prostate_SM1

H

I

Supp. Fig. S10 cont.

E

F

G



ITGA11

AR

GAPDH

pSTAT3

14
-6

84
4B

E 
A3

14
-6

84
4C

A 
A2

17
-9

54
BE

 A
1

17
-9

10
CA

 A
1

21
-4

37
BE

 A
1

21
-4

37
CA

 A
4

14
-6

08
8C

A 
A1

14
-6

08
8B

E 
A3

16
-1

06
26

BE
 A

3

16
-1

06
26

CA
 A

1

14
-7

60
3 

CA
 A

1

18
-8

47
BE

 A
4

18
-8

47
CA

 A
4

3 4  5 6 7 8 9 10patient

substate  C1  C2  C3  C3  C3  C2  C1  C2  C2  C1  C2  C1  C2

A

C

D

B
be

ni
gn

-a
dj

ac
en

t
tu

m
or

pan CK AR CCDC102B

F

1 1

2

2

E

Supp. Fig. S11

SMA ENG    PAGE4    AR

2

1

2

1

FG
F1

 in
te

ns
ity

0 2 4 6

0
0.0

0.5

1.0

1.5

2.0

AR intensity (x105)

pS
TA

T3
 in

te
ns

ity
 (x

10
6 )

r = 0.615
P = 0.0284

2 4 6

-500

0

500

1000

AR intensity (x105)

IT
G

A
11

 in
te

ns
ity

r = -0.0989
P = 0.751

non-stromogenic stromogenic

PA
G

E4

EN
G

SM
A

0

5

10

15

20

A
re

a 
(%

)

P = 0.0007

P = 0.0016

PA
G

E4
 +

 A
R

EN
G

 +
 A

R

SM
A

 +
 A

R

0

20

40

60

80

100

A
re

a 
(%

)

P = 0.0086

P = 0.0017

P = 0.0085

P = 0.0002

P < 0.0001

non-stromogenic stromogenic



0 12 24 36 48 60 72 84 96 108
0

1

2

3

Time (h)

Fo
ld

 c
ha

ng
e 

co
nfl

ue
nc

e
(r

el
at

iv
e 

to
 ti

m
e 

0h
)

C1
ctrl

1 pM R1881

1 pM R1881 + Enza

10 nM R1881

10 nM R1881 + Enza

P = 0.0192

P = 0.0467

P = 0.0034

P = 0.0159

P = 0.0018

P = 0.0145

P = 0.0010

P = 0.0121I

0 30 60 90 120
0

1

2

3

Time (h)

Fo
ld

 c
ha

ng
e 

co
nfl

ue
nc

e
(r

el
at

iv
e 

to
 ti

m
e 

0h
)

C1

0 30 60 90 120
0

1

2

3

Time (h)

Fo
ld

 c
ha

ng
e 

co
nfl

ue
nc

e
(r

el
at

iv
e 

to
 ti

m
e 

0h
)

C2

0 30 60 90 120
0

1

2

3

Time (h)

Fo
ld

 c
ha

ng
e 

co
nfl

ue
nc

e
(r

el
at

iv
e 

to
 ti

m
e 

0h
)

C3

ctrl

10 nM Enza

10 nM R1881 + Enza

1 pM R1881

1 pM R1881 + Enza

H

G

0 12 24 36 48 60 72 84 96 0 12 24 36 48 60 72 84 96 0 12 24 36 48 60 72 84 96 0 12 24 36 48 60 72 84 96 0 12 24 36 48 60 72 84 96 0 12 24 36 48 60 72 84 96

0

2

4

6

Time (h)

Fo
ld

 c
ha

ng
e 

co
nfl

ue
nc

e
(r

el
at

iv
e 

to
 ti

m
e 

0h
)

P = 0.0327

P = 0.0039

P = 0.0406

Ctrl Enza
C1

C2

C3

Supp. Fig. S11 cont.



BM18 LAPC9

ca
st

ra
te

d

pa
n 

C
K

Itg
a1

1
H

oe
ch

st
pa

n 
C

K
Itg

a1
1

H
oe

ch
st

BM18 LAPC9

in
ta

ct

pa
n 

C
K

Itg
a1

1
H

oe
ch

st
pa

n 
C

K
Itg

a1
1

H
oe

ch
st

LAPC9

ca
st

ra
te

d
in

ta
ct

Itg
a1

1 
pa

nC
K

BM18

Itga11 IgG

LA
PC

9 
in

ta
ct

c0

c1

c2

c3

c4

c5

c6

c7

zscore

−1.0

−0.5

0.0

0.5

1.0

SD
3

2

1

intact castrated intact castrated

LAPC9BM18

SMC/pc

NF/iCAF

myCAF

intermediate

Pakula - PCa GEMM clusters

NF/iCAF

CRPC CAF

intermediate

C1

C2

C3

C4

C5
zscore

−1.0

−0.5

0.0

0.5

1.0

SD
2.0

1.5

1.0

0.5

intact castrated intact castrated

LAPC9BM18

Wang - PtenPC-/- clusters

condition condition

−1.5

−1

−0.5

0

0.5

1

1.5

SK7

SK8

SK9

SK3

SK4

SK6

SK10

Fap
Acta2
Actg2
Lox
Bambi
Lmcd1
Tagln
Idh1
Hmox1
Cmbl
Ssx2ip
Scara3
Mdk
Tgfbr3
Hgf
Ar
Igfbp3
Pdpn
Apod
Wnt2
Pdgfra
Podn
Fgf2
Fgf7
Aldh1a1
Ces1d
Serpinf1
Cfd
Dcn
Nox4
Comp
Itga11
Eng
Cdh11
Cnn1
Heyl
S100a4
Fgf1
Cspg4
Pdgfrb
Mcam
Foxs1
Jag1
Notch3
Efhd1 SK13

SK15

SK20

SK11

SK14

SK17

SK19

Fap
Acta2
Actg2
Lox
Bambi
Lmcd1
Tagln
Idh1
Hmox1
Cmbl
Ssx2ip
Scara3
Mdk
Tgfbr3
Hgf
Ar
Igfbp3
Pdpn
Apod
Wnt2
Pdgfra
Podn
Fgf2
Fgf7
Aldh1a1
Ces1d
Serpinf1
Cfd
Dcn
Nox4
Comp
Itga11
Eng
Cdh11
Cnn1
Heyl
S100a4
Fgf1
Cspg4
Pdgfrb
Mcam
Foxs1
Jag1
Notch3
Efhd1

condition

LAPC9
castratedintactcastratedintact

BM18



SK7
SK8
SK9
SK3
SK4
SK6
SK10
SK13
SK15
SK20
SK11
SK14
SK17
SK19

Loxl4

Mapk14

Loxl2

Tgfb1

Smad2

Loxl1

Tgfbr2

Bmp1

Lox

Bmpr1a

Bmpr2

Mapk8

Smad3

Mapk9

Smad4

Tgfbr1

condition condition
BM18_castr
BM18_intact
LAPC9_castr
LAPC9_intact

−1.5

−1

−0.5

0

0.5

1

1.5

SK7
SK8
SK9
SK3
SK4
SK6
SK10
SK13
SK15
SK20
SK11
SK14
SK17
SK19

Acvr1
Ppp1ca
Skil
Fkbp1a
Slc20a1
Smurf2
Ifngr2
Rhoa
Furin
Serpine1
Thbs1
Id2
Xiap
Id3
Id1
Tgfb1
Eng
Smad7
Ppp1r15a
Smad3
Tgfbr1
Tjp1
Sptbn1
Bmpr2
Wwtr1
Apc
Hdac1
Pmepa1
Cdk9
Map3k7
Klf10
Trim33
Cdkn1c
Fnta
Junb
Bmp2
Lefty1
Rab31
Smad6
Bcar3
Ppm1a
Tgif1
Ltbp2
Ncor2
Bmpr1a
Ctnnb1
Ski
Smurf1
Arid4b
Hipk2
Smad1

condition condition

−1.5

−1

−0.5

0

0.5

1

1.5

SK7
SK8
SK9
SK3
SK4
SK6
SK10
SK13
SK15
SK20
SK11
SK14
SK17
SK19

Ankrd1
Pdlim2
Tk1
Cdc20
Flna
Ect2
Hmmr
Top2a
Birc5
Cenpf
Dlc1
Cdkn2c
Shcbp1
Crim1
Etv5
Dab2
Gls
Gas6
Ndrg1
Ddah1
Fstl1
Serpine1
Thbs1
Axl
Mdfic
Dut
Amotl2
Tgfb2
Tgm2
Fgf2
Schip1
Phgdh
Tns1
Agfg2
Tspan3
Ggh
Itgb2
Gadd45b
Hexb
Slit2
Stmn1
Fscn1
Marcks
Emp2
Asap1
Pmp22
Bicc1
Dusp1
Itgb5
Sgk1

condition condition

−1.5

−1

−0.5

0

0.5

1

1.5

0

0.5

1

1.5

2

2.5

STAGE

Sc
or

e

p-val: 0.000 
FC: 0.449

p-val: 0.000 
FC: 1.594

P
D

X
 m

od
el

s

I J
Average Expression

−1

0

1

Percent Expressed
0
25
50
75
100

c0

c1

c2

c3

c4

c5

c6

c7

TG
Fb

1_
Ha

llm
ar

k

Ya
p_

co
rd

en
on

si

Id
en

tit
y

Average Expression

Percent Expressed

SMC/pc

NF/iCAF

myCAF

intermediate

K

B6.129

WT for PRN

WT for PN

B6

FVBN

Hi−MYC

PRN

NP

T−ERG

TG
Fb

1_
Ha

llm
ar

k

Ya
p_

co
rd

en
on

si

Id
en

tit
y

Average Expression

Percent Expressed

Average Expression

−2
−1
0
1

Percent Expressed
0
25
50
75
100

w
ild
ty
pe

m
ut
an
t

A B C

D E F

G H

mutantwildtype

E
xp

la
nt

 c
ul

tu
re

s
P

ro
st

at
e 

C
an

ce
r A

tla
s

P
ro

st
at

e 
C

an
ce

r C
el

l A
tla

s

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

STAGE

Sc
or

e

p-val: 0.860 
FC: 0.948

p-val: 0.166 
FC: 0.946

HALLMARK TGFbeta signaling YAP target gene PDLIM2 YAP target gene PDLIM2mCRPC

 P
C

a 
G

E
M

M
HALLMARK: TGFβ signaling Yeung: TGFβ signaling in CAF MSigDB: YAP_cordenonsi

HALLMARK
TGFbeta signaling

MSigDB
YAP_cordenonsi

CP: WIKIPATHWAY
mouse TGFβ_M39686

NORMAL
PRIMARY
mCRPC

Supp.Fig. S13

SMAD3
HDAC1
SMAD6
FNTA
ID1
ID3
RAB31
CDKN1C
ID2
TGFB1
TGFBR1
TJP1
APC
SPTBN1
ARID4B
BMPR1A
PPM1A
SMAD1
FURIN
FKBP1A
NOG
HIPK2
SLC20A1
SMURF2
XIAP
NCOR2
BMP2
BMPR2
SMURF1
IFNGR2
RHOA
PMEPA1
SMAD7
SKI
ENG
LTBP2
SERPINE1
THBS1
CTNNB1
PPP1CA
BCAR3
WWTR1
CDK9
TRIM33
MAP3K7
PPP1R15A
CDH1
SKIL
TGIF1
JUNB
KLF10
UBE2D3
ACVR1
LEFTY2

cluster
EMP2
ITGB5
TGFB2
FSCN1
GGH
FLNA
FGF2
GAS6
GLS
TNS1
CRIM1
DDAH1
SCHIP1
SERPINE1
GADD45B
DLC1
ANKRD1
THBS1
DAB2
FSTL1
NDRG1
TNNT2
AGFG2
ASAP1
TSPAN3
ETV5
DUSP1
SGK1
COL4A3
SHCBP1
PMP22
SH2D4A
HEXB
TGM2
BICC1
MDFIC
SLIT2
AMOTL2
CDKN2C
PDLIM2
PHGDH
CENPF
CDC20
TOP2A
TK1
BIRC5
HMMR
ECT2
STMN1
AXL
DUT
ITGB2
MARCKS

cluster cluster
C3
C2
C1

−2

−1

0

1

2
LRRC15
OLFML3
SDC1
CHN1
FAM20C
PDZRN3
PCDH7
PDLIM3
POSTN
ACTA2
LOC401097
COL8A2
ID3
DCBLD1
PDGFC
AQP1
ASPN
PMEPA1
GALNT10
COL1A1
COL5A2
CTGF
VDR
EGR2
FAM101B
TNFSF4
SH3PXD2A
LMCD1
CALD1
LTBP2
GADD45B
NUAK1
SEPT11
DLC1
ITGA11
THBS1
GLS
LBH
FNIP2
MFAP5
C6orf145
VCAN
PLXND1
GPR116
GEM
BGN
EDIL3
MYL9
TPM1
COL4A1
COL4A2
SULF1
CCDC80
C11orf75
DACT1
COL5A1
COMP
SEPT6
COL1A2
COL15A1
COL16A1
COL3A1
ALDH1L2
COL12A1
ALPK2
ADAM12
LUM
UNC5B
NNMT

cluster

c0

c1

c2

c3

c4

c5

c6

c7

B6
.1

29

W
T 

fo
r P

RN

W
T 

fo
r P

N B6

FV
BN

Hi
−M

YC PR
N NP

T−
ER

G

Average Expression

−2
−1
0
1
2

Percent Expressed
80
85
90
95
100



FA
P

N
O

X4
IT

G
A

11
C

YR
61

TA
G

LN
C

TG
F

A
C

TG
2

IL
6

IL
1B IL

8
C

FD
A

PO
D

W
N

T2
C

ES
1

H
M

O
X1

C
XC

L1
2

A
R

FA
P

N
O

X4
IT

G
A

11
C

YR
61

TA
G

LN
C

TG
F

A
C

TG
2

IL
6

IL
1B IL

8
C

FD
A

PO
D

W
N

T2
C

ES
1

H
M

O
X1

C
XC

L1
2

A
R

-60

-40

-20

0

20

40

60

1000

2000

3000

3D
 v

s.
 2

D

C2
C3

C1
pro-inflammatory

**** **

***C1/C2 C3

Supp.Fig. S14

BAY ctrl 
3D

BAY ctrl 
3D

1

10

100

1000

10000

Fo
ld

 c
ha

ng
e 

in
 e

xp
re

ss
io

n
(re

la
tiv

e 
to

 2
D

 c
trl

)

IL6

✱✱

-500

0

500

1000

1500

IL8

Fo
ld

 c
ha

ng
e 

in
 e

xp
re

ss
io

n
(re

la
tiv

e 
to

 2
D

 c
trl

)

✱✱

A

B

D F

E

C

C3 - patient 2C3 - patient 1

2 
kP

a
TC

P

TG
FB

R
3

H
M

O
X1

C
XC

L1
2

A
R

H
G

F
C

FD
A

LD
H

1A
1

PD
G

FR
A

W
N

T2 IL
6

IL
1B

TA
G

LN
A

C
TG

2
C

TG
F

N
O

X4
IT

G
A

11

TG
FB

R
3

H
M

O
X1

C
XC

L1
2

A
R

H
G

F
C

FD
A

LD
H

1A
1

PD
G

FR
A

W
N

T2 IL
6

IL
1B

TA
G

LN
A

C
TG

2
C

TG
F

N
O

X4
IT

G
A

11

-3

-2

-1

0

1

2
SB

43
15

42
-in

du
ce

d
ch

an
ge

 in
 g

en
e 

ex
pr

es
si

on
( r

el
at

iv
e 

to
 c

trl
)

P = 0.0011

C1
C2
C3

substate marker genes

C1 C3

C3

C2

C1

3D2D

FA
P

N
O

X4
C

YR
61

TA
G

LN
C

TG
F

A
C

TG
2

A
LD

H
1A

1
A

PO
D

C
FD

C
ES

1
IL

1B IL
8

0.01

0.1

1

10

100

2 
kP

a 
vs

. T
C

P ✱✱✱
✱

✱✱

✱✱

✱✱



ct
rl

SB
43

15
42

+ 
VT

10
7

+ 
BA

Y 
11

-7
02

8
R1881 R1881 + ENZActrl

SB
43

15
42

VT
10

7
SB

43
15

42
 

+ 
VT

10
7

BA
Y 

11
-7

03
8

SB
43

15
42

+ 
BA

Y 
11

-7
02

8
VT

10
7

+ 
BA

Y 
11

-7
02

8

Supp Fig. S15

A



scrambled siRNA TGFBR1 siRNA

YAP1 siRNA YAP1 + TGFBR1 siRNA

B

Supp. Fig. S15 cont.





TGFBR1 YAP1
-40

-30

-20

-10

0

Fo
ld

 c
ha

ng
e 

ge
ne

 e
xp

re
ss

io
n

(re
la

tiv
e 

to
 s

cr
 c

trl
)

✱✱ ✱✱

A
R

H
G

F

C
XC

L1
2

H
M

O
X1

TG
FB

R
3

A
PO

D

C
FD

C
ES

1

A
LD

H
1A

1

W
N

T2

A
C

TG
2

IT
G

A
11

FA
P

TA
G

LN

N
O

X4

SE
R

PI
N

E1

C
O

M
P

LO
X

C
YR

61

C
TG

F

A
N

K
R

D
1

-20

-15

-10

-5

0

5

Fo
ld

 c
ha

ng
e 

ex
pr

es
si

on
(re

la
tiv

e 
to

 s
cr

 c
trl

)

✱✱✱

✱✱

✱✱✱
✱

✱✱✱

✱✱

✱ ✱✱ ✱✱

✱✱✱

✱✱ ✱✱ ✱✱

✱✱✱

✱✱ ✱✱✱✱ ✱

IL1B IL6 IL8
-4

-2

0

2

4

6

Fo
ld

 c
ha

ng
e 

ge
ne

 e
xp

re
ss

io
n

(re
la

tiv
e 

to
 s

cr
 c

trl
) ✱✱

✱

YAP target genes

TGFβ target genes

C3/myCAF marker

C2 markers

C1 markers

A B C

Supp.Fig. S16


