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Regenerative Biology and Tumor Microenvironment
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Evolving Biology of Carcinoma Associated Fibroblasts (CAFS)
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Fibroblasts are a heterogeneous population
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Fibroblasts are a heterogeneous population
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Cancer Cell

Depletion of Carcinoma-Associated Fibroblasts
and Fibrosis Induces Immunosuppression and
Accelerates Pancreas Cancer with Reduced Survival
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oaSMA* CAFs impact Tregs and FAP* CAFs impact CD11b*
cells in PDAC
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oaSMA* CAF depletion results in a decrease In
Teff/Treg ratio

Teff / Treg ratio in tumor
10 (late ablation)

ratio

Teff/Treg

Control aSMA* CAFs
depleted

In collaboration with Jim Allison (MDACC)



Depletion of aSMA* CAFs leads to increased expression of
CTLA-4
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Anti-CTLA4 immunotherapy in the context of aSMA* CAFs
depletion improves overall survival
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Inhibition of Hedgehoqg Signaling (shh inhibitor) depletes
oaSMA* CAFs and |leads to poor survival

Inhibition of Hedgehog Signaling
Enhances Delivery of Chemotherapy in
a Mouse Model of Pancreatic Cancer
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Inhibition of Hedgehog Signaling (shh inhibitor) depletes
aSMA* CAFs
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Inhibition of Hedgehog Signaling (shh inhibitor) in
combination with checkpoint blockade immunotherapy leads
to suppression of PDAC
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Inhibition of Hedgehog Signaling (shh inhibitor) in
combination with checkpoint blockade immunotherapy in
PDAC

m> U.S. National Library of Medicine
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Type | Collagen (Coll)

- Collagens (27) are present outside the cell and form large network structures
and examples include collagen I, collagen Il, collagen Il and collagen IV

- Collagen | is the MOST abundant protein of our body

- Collagen | is present in bones, cartilage, skin, etc

- Form complex fibers in the body via post-translational modification and
assembly

- Produced predominantly by fibroblasts

- Thousands of papers have implicated a role for type | collagen in cancer
progression and metastasis

- Molecular and functional studies to determine the role of type | collagen in
became the focus of a project in the laboratory



Structure of Type | Collagen
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Dual recombinase reporter system for genetic deletion/s in
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stromal cells
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Deletion of Coll in myofibroblasts leads to decrease in overall tumor
type | collagen accelerates PDAC with decreased overall survival
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Coll deletion from aSMA* CAFs impacts immune cells
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T cells correlate with the level of Coll in human PDAC
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Type | collagen deletion in «SMA™ myofibroblasts
augments immune suppression and accelerates
progression of pancreatic cancer
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Type | collagen production by aSMA* myofibroblasts, but not
S100A4/FSP1*, restrains PDAC initiation and progression

Epithelial/Cancer cells

PSC/MF

What about the function of type | collagen produced by cancer
cells in PDAC?

.Naba A et al Mol Cell Proteomics 2012:11: M111.014647
.Naba A et al Elife 2014:3:e01308 : Tian et al PNAS 2019



Deletion of type | collagen deletion in cancer cells of KPPC
mice leads to increase in overall survival
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Deletion of type | collagen in cancer cells of KPC mice leads
to increase In overall survival
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Deletion of Coll in cancer cells does not impact the total
content of tumor Coll due to dominant stromal contribution

Endpoint

KPPC

KPPC;Col 1rdxko

T

H&E

g=
= @
s am
%)
3 =
=8
=1 »
ol =
O} RS}
o
(0]
>
-y y I KERE S 18 LS 2T 18 ~=, [l KPPC
=30 % ®25 T ' Il KPPC;Col1PdXkO Ay - . S Bl KPPC;Col1pdxkO
G o o o) ®» 16 o o
< 3 a & 0 316 o 2
- 587 . s gz
= & 20 2 e o 14
7] (o cilloo i £ o £ 14 n Qo
o) > oo S5
T2 2840 -8 £ 512
=& 10 B 8§12 S
57 3 ou 5 © 10
o Sw ° 2 &2
2= e, ° 10 .~ B
2 < ®



Coll deletion in cancer cells reveal decreased type | collagen
around ADM/PanIN lesions
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Why iIs there a difference in the function of type I collagen
iIn PDAC depending on the source?

propeptide :'4— mature type | collagen —————»  Propeptide
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Cancer cells produce al polypeptide of type | collagen
while fibroblasts generate both al and a2 polypeptides
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Pancreatic cancer cells do not express a2 chain of type |
collagen

Relative mRNA Levels of Col1a1
and Col1a2 (normalized to Gapdh; 2AACt)
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Pancreatic cancer cells do not express a2 chain of type |
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Moro et al (1977) Arch Biochem Biophys Jul;182(1):33-41
Pupard et al (1988) Am J. Pathol Nov;133(2):316-26.
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in fibroblasts
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Cancer cells produce al polypeptide chain of type | collagen
while fibroblasts generate both al and a2 polypeptide chains

; ,—' Fibroblasts/CAFs % Cancer Cells

ocl/ocZ/al HETEROTRIMER al/ol/al Homotrimer
0 0 K 0 0 0 0

~97% of the Stromal Collagen | in PDAC ~3% of the Stromal Collagen | in PDAC

Humans and mice do not have Coll homotrimers in any tissue

All of the type | collagen in our body are heterotrimeric



Cancer cells produced type | collagen homotrimers have an
altered structure
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Han, S., McBride, D.J., Losert, W., and Leikin, S. (2008) J Mol Biol 383, 122-132



Type | collagen homotrimers generated by cancer cells are

150 kDa -

100 kDa -

75 kDa -

50 kDa -

resistant to proteolysis by MMPs
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- e
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Han, S et al (Leikin, S) (2010) JBC 285, 22276-22281
Makareeva, E et al (2010). Cancer research 70, 4366-4374



Colla2 gene analysis

-
Cell line ID Copy number alteration Copy number (log2) 8 D=

PANC1 not available 1.130 =

BXPC3 no alteration 1.163 2

HPAC not available 1.095 > y

T3M4 no alteration 0.814 8 S 1+ é.
CAPAN1 no alteration 1.356 e ¢
CAPAN2 no alteration 1.108 1:

CFPAC1 no alteration 1.123 —

PANCO0203 no alteration 0.901 8 0

SU8686 no alteration 1.030 Human PDAC
SW1990 no alteration 1.181 cancer cell lines




Global Methylation Analysis
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Hypermethylation of COL1A2 in human and mouse cancer
cells
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BJ fibroblasts

Misawa, K. et al (2011) Cancer Biomark 10, 135-144.
Sengupta, PK. et al (2003) Cancer research 63, 1789-1797.

5mC
DNA

Input
DNA

DNA

Input
DNA

KPPF
KPF
KPPC
KPPC
KPC
PKT

wped
0
8
Q
o
B
Q
L

Murine PDAC cells



Colla2 gene hypermethylation in PDAC cells can be
reversed by 5-AZA, resulting in increased Colla2 mRNA
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Coll homotrimer deletion leads to suppressed proliferation
of KPPC cancer cells

-~ KPPC
- KPPC;Col1PdxKO
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Coll homotrimer deletion in cancer cells leads to suppressed
growth of tumors
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Deletion of type | collagen in cancer cells of KPPC
mice increases CD4* and CD8* T cells
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PDAC cancer cells express Coll binding integrins alfl, a2p1,
a3p1 and DDR1

CAFs-derived ﬂ

Coll heterotriW \%

N Integrin a3l
Cancer cells-derived \ .

Coll homotrimer Integrin a2l

Integrin alpl J! \"

Col homotrimers promote persistent activation of DDR1/FAK/Akt/ERK
signaling pathway via a3p1 integrin



The expression of a3 integrin in tumors correlates with
decreased survival of the PDAC patients

Score 0 (benign)

N Integrin a3 level # of Patients Percentage
Very high (score = 2) 55 39%
T High (score = 1) 82 58%

' Low (score < 1) 4 3%

Integrin o3 immunohistochemical
staining intensity scores

0 -
MDACC PDAC cohort (n = 141)

~ |TGA3-high (n = 68)
—— ITGA3-low (n = 62)

Overall survival Progression-free survival

-
[=]
(=]

2 2
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Inhibition of a.3(31) integrin leads to suppression of PDAC cell
proliferation
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Predominant expression of integrin a3 in PDAC
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Inhibition of a.3(p1) integrin employing iExosomess'®3int |eads to

suppression of KPPC PDAC
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Inhibition of a3(B1) integrin results in increased CD4
and CD8 cells in KPPC PDAC
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Cxcl16 mediates the recruitment of CD8*GranzB* T cells upon
deletion of Coll homotrimers

Splenic lymphocytes after activation (aCD3/aCD28,1 ug/mL)

= No activation of splenic T cells

1 Activation of splenic T cells
1 Activation and KPPC co-culture
Bl Activation and KPPC;Col1PdXXO co-culture
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Coll homotrimers recruit a unigue tumor
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% CD11b* Gr1*

% CD3* CD4"*

Coll homotrimers recruit a unique tumor microbiome
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Anti-PD-1 treatment further increases the overall survival
of the KPPC mice with Coll deletion in cancer cells
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Coll homotrimers induce pro-survival signals in and
Impacts tumor microbiome and immunity in PDAC

Coll homotrimer deletion
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Summary

Fibroblasts are a heterogeneous population in PDAC with tumor
restraining and tumor promoting properties with an impact on
tumor Immunity

An oncogenic variant of type | collagen (al-homotrimers) is
produced by the cancer cells due to hypermethylation of
promoter of a2(l) chain and helps initiate and promote PDAC

Type | collagen homotrimers contribute to altered tumor
microbiome and immune suppression in PDAC
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