










5 D
ays

12 D
ays

21
 D

ays
0

50

100

%
 o

f L
G

R
5+  

ce
lls

 +
 C

2 
O

rg
an

oi
ds

% of LGR5 + cells

Normal Peritoneum

Neoplastic peritoneum

Day 5

Day
 12

Day
 21

0

30

60

%
 o

f K
i6

7+  
ce

lls
 +

 C
2 

O
rg

an
oi

ds

Matrix Proliferation Index

Normal Peritoneum

Neoplastic Peritoneum

A 

N
or

m
al

  
N

eo
pl

as
tic

  

5 Days  12 Days  21 Days  

N
or

m
al

  
N

eo
pl

as
tic

   

5  Days  12 Days  21 Days  

D
A

P
I/

K
i-6

7
/C

ol
la

ge
n-

IV
  

C 

***  ***  

D
A

P
I/

LG
R

5
/C

ol
la

ge
n-

IV
  

N
or

m
al

  
N

eo
pl

as
tic

  

5  Days  12 Days  21 Days  E 

**  Normal peritoneum  

Neoplastic peritoneum 
Normal peritoneum  

Neoplastic peritoneum  

5 Days  12 Days  5 Days  12 Days  21 Days  21 Days  

K
i-6

7
+  

ce
lls

, %
  D F 

LG
R

5
+  

ce
lls

, %
  

5 Days 12 Days 21 Days
0

200

400

600

N
um

be
r 

of
 c

el
ls

/m
m

2

Normal Peritoneum

Neoplastic Peritoneum

B 
***  

N
um

be
r 

of
 c

el
ls

/m
m

2  
Figure 5 

preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for thisthis version posted January 26, 2022. ; https://doi.org/10.1101/2021.07.15.452437doi: bioRxiv preprint 



C
1

 O
rg

a
n

o
id

s 
T

is
su

e 

H&E Ki-67 CK AE1/AE3 CK19 CK20 CDX2 

ex
 v

iv
o

 P
M

 

B 

CK
 A

E3/
AE1+

CK
19

+

CK
20

+

CDX2+

K
i6

7+

CK
 A

E3/
AE1+

CK
19

+

CK
20

+

CDX2+

K
i6

7+

CK
 A

E3/
AE1+

CK
19

+

CK
20

+

CDX2+

K
i6

7+

0

50

100

150

%
 p

os
it

iv
e 

ce
lls

C1 Organoid

ex vivo PM

Tissue

CK
 A

E3/
AE1+

CK
19

+

CK
20

+

CDX2+

K
i6

7+

CK
 A

E3/
AE1+

CK
19

+

CK
20

+

CDX2+

K
i6

7+

CK
 A

E3/
AE1+

CK
19

+

CK
20

+

CDX2+

K
i6

7+

0

50

100

150

%
 p

os
it

iv
e 

ce
lls

C1 Organoid

ex vivo PM

Tissue

CK
 A

E3/
AE1+

CK
19

+

CK
20

+

CDX2+

K
i6

7+

CK
 A

E3/
AE1+

CK
19

+

CK
20

+

CDX2+

K
i6

7+

CK
 A

E3/
AE1+

CK
19

+

CK
20

+

CDX2+

K
i6

7+

0

50

100

150

%
 p

os
it

iv
e 

ce
lls

C1 Organoid

ex vivo PM

Tissue

CK
 A

E3/
AE1+

CK
19

+

CK
20

+

CDX2+

K
i6

7+

CK
 A

E3/
AE1+

CK
19

+

CK
20

+

CDX2+

K
i6

7+

CK
 A

E3/
AE1+

CK
19

+

CK
20

+

CDX2+

K
i6

7+

0

50

100

150

%
 p

os
it

iv
e 

ce
lls

C3 Organoid

ex vivo PM

Tissue

C 

Signet ring cells  Bizarre mitotic figures  Necrotic debris  Pleomorphism  Multinucleated cells  

C
1

 S
u

rg
ic

a
l 

sa
m

p
le

  
ex

 v
iv

o
 P

M
 

C1 Organoids  D 

* 

* 

* 

* 

* 

* 

* 
* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

C
K

 A
E3/

AE1+

CK
19

+

CK
20

+

C
D
X2+

K
i6

7+

C
K

 A
E3/

AE1+

CK
19

+

CK
20

+

C
D
X2+

K
i6

7+

C
K

 A
E3/

AE1+

CK
19

+

CK
20

+

C
D
X2+

K
i6

7+

0

50

100

150

%
 p

os
it

iv
e 

ce
lls

C1 Organoid

ex vivo PM

Tissue

C
K

 A
E3/

AE1+

CK
19

+

CK
20

+

C
D
X2+

K
i6

7+

C
K

 A
E3/

AE1+

CK
19

+

CK
20

+

C
D
X2+

K
i6

7+

C
K

 A
E3/

AE1+

CK
19

+

CK
20

+

C
D
X2+

K
i6

7+

0

50

100

150

%
 p

os
it

iv
e 

ce
lls

C1 Organoid

ex vivo PM

Tissue

C
K

 A
E3/

AE1+

CK
19

+

CK
20

+

C
D
X2+

K
i6

7+

C
K

 A
E3/

AE1+

CK
19

+

CK
20

+

C
D
X2+

K
i6

7+

C
K

 A
E3/

AE1+

CK
19

+

CK
20

+

C
D
X2+

K
i6

7+

0

50

100

150

%
 p

os
it

iv
e 

ce
lls

C1 Organoid

ex vivo PM

Tissue

ex vivo PM 

%
 P

o
si

ti
v
e
 c

e
ll

s 
 

T
is

su
e 

M
a
tr

ig
el

 
N

o
rm

a
l 

3
D

-d
E

C
M

 
N

eo
p

la
st

ic
 3

D
-d

E
C

M
 

YAP TAZ 

C3 Organoids  A 

Figure 6 

preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for thisthis version posted January 26, 2022. ; https://doi.org/10.1101/2021.07.15.452437doi: bioRxiv preprint 

https://doi.org/10.1101/2021.07.15.452437


Normal Peritoneum dECM vs Matrigel

Neoplastic Peritoneum dECM vs Matrigel

Neoplastic vs Normal Peritoneum dECM

% DEG

Up Matrisome
Up non−Matrisome
Down Matrisome
Down non−Matrisome

100% 50% 0 50% 100%

UPDOWN

0 5000 10000 15000 20000 25000

−4

−2

0

2

4

6

8

ranked genes

N
or

m
al

 P
er

ito
ne

um
 d

EC
M

 v
s 

M
at

rig
el

 F
C

●
●●●●●
●●

●

●●●●●●

●●●

●●●●

●
●●●
●

●

●
●●●●●●

●

●●●●
●

●

●●

●

●●●

●

●●●

●

●●●●●

●

●●●●

●●

●●●●

●●

●

●●

●

●

●●●●

●●

●●

●●

●●

●

●

●

●●●●●●

●

●●

●

●

●●●●
●
●

●

●●●●●●●

●

●

●

●●●●●●●

●

●
●

●●●●

●

●●

●●

●●●●

●

●●

●

●●●

●

●●

●●●

●●

●

●
●●●

�

�

�

�

�
�

�
� �

� � � � �

� � � �

� � �

�
�

� � �

� � �
� � � �

� �
� � � � �

� � � � �
� � �

� � � � � � � � � � � � � �
� � � � � � � � � � � � � � � �

� � � � � � � �
� � � � � � � � � � � � �

NABA CORE MATRISOME
NABA MATRISOME ASSOCIATED
NABA SECRETED FACTORS
NABA ECM REGULATORS
NABA COLLAGENS
cellular response to cytokine stimulus (GO:0071345)
regulation of angiogenesis (GO:0045765)
cellular zinc ion  homeostasis (GO:0006882)
cellular response to copper ion (GO:0071280)
integrin mediated signaling pathway (GO:0007229)
Wnt signaling pathway

0 5000 10000 15000 20000 25000

−5

0

5

10

ranked genes

N
eo

pl
as

tic
 v

s 
N

or
m

al
 P

er
ito

ne
um

 d
EC

M

●

●
●
●●

●
●●●●●●●●●
●●●●●●
●●●●●●●●●●●

●
●
●

●●●●●
●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●

●
●

●●
●●
●
●●●●●●●●●

●●●●
●●●

●

●●●
●
●●●●
●●●●●

●

●●

●

●

●

●●●●
●●
●●●●●
●●●●●●●●

●

●●●●

●
●●●●●
●●

●●●

●

●

●

●

●

●
●

●

●

●●●
●

�

�

�

�

�

�
�

�
� �

� � � � �

� � � �

� � �

�
�

� � �

� � �
� � � �

� �
� � � � �

� � � � �
� � �

� � � � � � � � � � � � � �
� � � � � � � � � � � � � � � �

� � � � � � � �
� � � � � � � � � � � � �

NABA CORE MATRISOME
NABA MATRISOME ASSOCIATED
NABA SECRETED FACTORS
NABA ECM REGULATORS
NABA COLLAGENS
cellular response to cytokine stimulus (GO:0071345)
regulation of angiogenesis (GO:0045765)
cellular zinc ion  homeostasis (GO:0006882)
cellular response to copper ion (GO:0071280)
integrin mediated signaling pathway (GO:0007229)
Wnt signaling pathway

0 5000 10000 15000 20000 25000

−5

0

5

10

ranked genes

N
eo

pl
as

tic
 P

er
ito

ne
um

 d
EC

M
 v

s 
M

at
rig

el
 F

C ●

●

●
●
●●
●
●
●●●●●●
●●●●●●●●●●●●●●●●●●

●

●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●

●●●●
●●●●
●●●●●●●●●●●

●
●●
●●●●
●●
●●●●●●

●

●
●

●●

●

●●
●●●●●●●●●●●●●●●●●●●●●
●●

●●

●●
●●●●●
●
●●

●

●

●●
●

●

●
●

●

●
●

●

●

●
●●
●●
●

�

�

�

�

�

�
�

�
� �

� � � � �

� � � �

� � �

�
�

� � �

� � �
� � � �

� �
� � � � �

� � � � �
� � �

� � � � � � � � � � � � � �
� � � � � � � � � � � � � � � �

� � � � � � � �
� � � � � � � � � � � � �

NABA CORE MATRISOME
NABA MATRISOME ASSOCIATED
NABA SECRETED FACTORS
NABA ECM REGULATORS
NABA COLLAGENS
cellular response to cytokine stimulus (GO:0071345)
regulation of angiogenesis (GO:0045765)
cellular zinc ion  homeostasis (GO:0006882)
cellular response to copper ion (GO:0071280)
integrin mediated signaling pathway (GO:0007229)
Wnt signaling pathway

�
�

� � � �
� � �

�
�

0

3

6

9

CO
L1

A2

IG
FB

P7

PO
ST

N

S1
00

A8

SR
GN

EF
EM

P1

S1
00

A1
2

SP
P1

SF
RP

2

IG
F1

AS
PN

SE
RP

IN
B1

3

SP
AR

CL
1

DC
N

MF
AP

5

CC
L2

1

CO
L3

A1

MF
AP

4

CO
L4

A3

SP
AR

C

MG
P

VE
GF

C

AD
AM

DE
C1

SE
RP

IN
F1

HT
RA

3

log
2 n

or
ma

liz
ed

 ex
pr

es
sio

n v
alu

e

�

� � � � � � � � � � � � � � �

�

�

�

� � � � � �� � � �

�

� � � � �

�

� �

�

� � � � � � � � � � ��

� �

� �

�

�

�

� � � �

�

�

�

� �

�

�

� �

� � � �� � � � � � � � � � �

�

� � � � � � � � � �

� � �

� � �

�

� �

�

�

� �

� � � � �

�

� � � � �

�

� � �

� � �

�

� �

�

�

� �

�

�

� � �

�

� � � � �

� � � �

NABA COLLAGENS
NABA PROTEOGLYCANS

NABA ECM GLYCOPROTEINS
NABA ECM REGULATORS

NABA SECRETED FACTORS
NABA CORE MATRISOME

�

�

� � �

�

�� �

�

�

�

�

�

�

0.0

2.5

5.0

7.5

10.0

CO
L1

A2

S1
00

A8

TH
Y1

M
M

P3

CC
L2

DC
N

SF
RP

2

FP
R1

PL
EK

AS
PN

LR
RC

4C

HL
A−

DP
A1

BG
N

CO
L3

A1

W
NT

7A

CC
L2

1

SE
RP

IN
F1

PO
DN

VE
G

FC

M
T1

M

SA
A1

S1
PR

1

ND
N

CA
M

K2
A

HC
K

lo
g2

 n
or

m
al

ize
d 

ex
pr

es
sio

n 
va

lu
e

�

� �

� � �

�

�

�

� � � �

� �

�

�

�

� �

� � �

�

�

� � � � �

� �

� � � � � � � � �

�

�

�

� � � � � ��

�

� � � � � � � � � � � � � � � � �

�

� � � � �� � � � � � � � � � � � � � � � � � �

�

� � � � �� �

�

� � � � �

�

� � � �

�

� � � � � � � � � �

�

� � � � � �

�

� � � � � � �

�

�

�

� � � � � �

�

�

Cellular response to cytokine stimulus (GO 0071345)
Regulation of angiogenesis (GO 0045765)

Cellular zinc ion homeostasis (GO 0006882)
Cellular response to copper ion (GO 0071280)

Integrin−mediated signaling pathway (GO 0007229)
Wnt signaling pathway

� �

�

�

�

�

�

�

�

�

0

3

6

9

S1
00

A8

M
GP

NN
M

T

CO
M

P

TN
R

LO
X

CO
L1

A2

DC
N

FB
N2

VC
AM

1

SE
RP

IN
E1

VW
F

EF
EM

P1

AS
PN

TH
BS

2

ED
IL

3

DP
T

IG
FB

P7

log
2 

no
rm

ali
ze

d 
ex

pr
es

sio
n 

va
lue

� � � � � �

� � � � �

� � � � � � � �

Drug resistance

Stiffness

Cell−Cell/Cell−Matrix interaction

B

A

N
or

m
al

 v
s 

M
at

rig
el

N
eo

pl
as

tic
 v

s 
N

or
m

al
N

eo
pl

as
tic

 v
s 

M
at

rig
el

C D

E

F

CXCL14
COL1A2
S100A8
COL3A1
SFRP4
COL6A3
FSTL1
FGF12
S100A12
IGF1
COL6A2
CCL2
BDNF
S100A9
FGF3
S100A11
S100A3
IL23A
S100A2
S100A10
S100A6
S100A13

5B 5C 7A 9B 9A 8B 8A 4B 4A 7B 6A 6B 2B 2A 1B 1A 3A 3B
Patient
Substrate

N
AB

A 
SE

C
R

ET
ED

 F
AC

TO
R

S
N

AB
A 

C
O

LL
AG

EN
S

NABA SECRETED FACTORS
NO
YES

NABA COLLAGENS
NO
YES

norm exp

−10
−50
5
10

Patient
C1
C2
C3

Substrate
Matrigel
Neoplastic Peritoneum dECM
Normal Peritoneum dECM

Substrate
Matrigel
Normal Peritoneum 
dECM
Neoplastic Peritoneum 
dECM

Substrate
Matrigel
Normal Peritoneum 
dECM
Neoplastic Peritoneum 
dECM

Substrate
Matrigel
Normal Peritoneum 
dECM
Neoplastic Peritoneum 
dECM

preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for thisthis version posted January 26, 2022. ; https://doi.org/10.1101/2021.07.15.452437doi: bioRxiv preprint 

https://doi.org/10.1101/2021.07.15.452437


M
a
tr

ig
el

  
M

a
tr

ig
el

  
ex

 v
iv

o
 P

M
  

ex
 v

iv
o

 P
M

  
 

C
1

 o
rg

a
n

o
id

s 
 

C
3

 o
rg

a
n

o
id

s 
 

CTRL-Vehicle  Mitomycin-c 41.9 µM  

Ki-67  C 

M
a
tr

ig
el

  
ex

 v
iv

o
 P

M
  

M
a
tr

ig
el

  
ex

 v
iv

o
 P

M
 

C
1

 o
rg

a
n

o
id

s 

(D
A

P
I/

W
G

A
/c

C
A

S
P

A
S

E
3

) 
 

C
3

 o
rg

a
n

o
id

s 

(D
A

P
I/

W
G

A
/-

cC
A

S
P

A
S

E
3

) 
 

CTRL-Vehicle  Mitomycin-c 41.9 µM  
F 

Matrigel ex vivo PM lesion

0

20

40

60

80

100

c
C

A
S

P
A

S
E

3
+

 c
e
ll

s,
 %

Matrigel ex vivo PM lesion

0

20

40

60

80

100

c
C

A
S

P
A

S
E

3
+

 c
e
ll

s,
 %

Matrigel ex vivo PM lesion

0

20

40

60

80

100

k
i-

6
7

+
 c

e
ll

s,
 %

D 
C1 organoids C3 organoids 

CTRL-Vehicle  

Mitomycin-c 

 17.5 mg/l  

CTRL-Vehicle  

Mitomycin-c 

 17.5 mg/l  

C1 organoids C3 organoids 
E 

** 

** ** 
** 

** 

** 

** 

** 

Matrigel ex vivo PM lesion

0

20

40

60

80

100

k
i-

6
7

+
 c

e
ll

s,
 %

K
i-

6
7

+
 c

e
ll

s,
 %

 

K
i-

6
7

+
 c

e
ll

s,
 %

 

c
C

A
S

P
A

S
E

3
+
 c

e
ll

s,
 %

 

c
C

A
S

P
A

S
E

3
+
 c

e
ll

s,
 %

 

ex vivo PM   ex vivo PM  

ex vivo PM   ex vivo PM   

0 

20 

40 

60 

80 

100 

120 

Unt Ctrl 5 µM 15 µM 25 µM 41.9 µM 100 µM 200 µM 

 %
 V

ia
b

il
it

y
 

[MMC] µM 

Serie1 

Serie3 

C1 organoids  

C3 organoids  

A 

UNT  

Vinculin  

c-PARP 

 (Asp214)  

p-p53  

(Ser15) 

p53 

CASPASE3  

p-H2AX  

(Ser139) 

H2AX 

cCASPASE3 

CTRL  
MMC  

3 µM  

C1 organoids  

UNT  CTRL  
MMC  

10 µM  

C3 organoids  B 

Figure 8 

preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for thisthis version posted January 26, 2022. ; https://doi.org/10.1101/2021.07.15.452437doi: bioRxiv preprint 


