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Regenerative Biology and Tumor Microenvironment

Microbiome

Exosomes



Fibroblasts
Type I collagen

Fibroblasts and Collagen are major components of the 

‘stroma’



Evolving Biology of Carcinoma Associated Fibroblasts (CAFs)

Chen, McAndrews et al Nature Reviews Clinical Oncology 2021



Fibroblasts are a heterogeneous population 



Chen, McAndrews et al Nature Reviews Clinical Oncology 2021

aSMA+ CAFs

FAP+ CAFs

Fibroblasts are a heterogeneous population 



Kate McAndrews



aSMA+ CAFs impact Tregs and FAP+ CAFs impact CD11b+

cells in PDAC

CK8, CD11b, CD3, CD8, CD4, Foxp3, Ki-67, DAPI
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In collaboration with Jim Allison (MDACC)



Depletion of aSMA+ CAFs leads to increased expression of 

CTLA-4

In collaboration with Jim Allison



Anti-CTLA4 immunotherapy in the context of aSMA+ CAFs 

depletion improves overall survival

CAF

Depleted

ControlCAF 

Depleted

anti-CTLA-4



Inhibition of Hedgehog Signaling (shh inhibitor) depletes 
aSMA+ CAFs and leads to poor survival



Steele, N.G., et al. Clinical Cancer Research 2021. 27(7):2023-2037.

Rhim, A.D., et al. Cancer Cell 2014. 25(6):735-747 

Inhibition of Hedgehog Signaling (shh inhibitor) depletes 
aSMA+ CAFs



Shh inhibitor + IgG Shh inhibitor + CBT
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combination with checkpoint blockade immunotherapy leads 

to suppression of PDAC



Inhibition of Hedgehog Signaling (shh inhibitor) in 
combination with checkpoint blockade immunotherapy in 

PDAC

Manuel Hidalgo, M.D., Ph.D-Cornell



Fibroblasts
Type I collagen

Fibroblasts and Collagen are major components of the 

‘stroma’



Type I Collagen (Col1)

- Collagens (27) are present outside the cell and form large network structures  

and examples include collagen I, collagen II, collagen III and collagen IV

- Collagen I is the MOST abundant protein of our body

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

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

assembly

- Thousands of papers have implicated a role for type I collagen in cancer

progression and metastasis

- Molecular and functional studies to determine the role of type I collagen in

became the focus of a project in the laboratory

- Produced predominantly by fibroblasts



Structure of Type I Collagen



Dual recombinase reporter system for genetic deletion/s in 

stromal cells

Yang Chen

T cells

B cells

Myeloid cells

Fibroblasts
Endothelial

Cancer cells

LECs
Plasma cells

pDCs

Acinar cells

DCs

Granulocytes



Deletion of Col1 in myofibroblasts leads to decrease in overall tumor 

type I collagen accelerates PDAC with decreased overall survival
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Col1 deletion from aSMA+ CAFs impacts immune cells

Chen et al 2021 Madsen et al Cancer Cell 2021



T cells correlate with the level of Col1 in human PDAC





Type I collagen production by aSMA+ myofibroblasts, but not 
S100A4/FSP1+, restrains PDAC initiation and progression

PSC/MF

Epithelial/Cancer cells

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

19.Naba A et al Mol Cell Proteomics 2012;11: M111.014647 

20.Naba A et al Elife 2014;3:e01308 ; Tian et al PNAS 2019



n=31

n=28

*** P < 0.001

*

Deletion of type I collagen deletion in cancer cells of KPPC 

mice leads to increase in overall survival



Deletion of type I collagen in cancer cells of KPC mice leads 

to increase in overall survival



KPPC KPPC;Col1pdxKO

Age-matching PanIN stage (at the same age of 28 days) Deletion of type I collagen in cancer cells of KPPC 

mice improves tissue histology



Age-matching PanIN stage (at the same age of 28 days) 
Deletion of Col1 in cancer cells does not impact the total 

content of tumor Col1 due to dominant stromal contribution



Col1 deletion in cancer cells reveal decreased type I collagen 

around ADM/PanIN lesions



Why is there a difference in the function of type I collagen 

in PDAC depending on the source?

Atlas of Genetics and Cytogenetics in Oncology and Haematology
http://atlasgeneticsoncology.org/Genes/GC_COL1A2.html
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Col1a1 
Col1a2 

Cancer cells produce a1 polypeptide of type I collagen 

while fibroblasts generate both a1 and a2 polypeptides

DeClerck, Y.A et al (1987) Cancer research 47, 6505-6510.

150 kDa -

100 kDa -

250 kDa -

75 kDa -

50 kDa -

37 kDa -

Col1α1
Col1α2



Pancreatic cancer cells do not express a2 chain of type I 

collagen



Pancreatic cancer cells do not express a2 chain of type I 

collagen

Moro et al (1977) Arch Biochem Biophys Jul;182(1):33-41

Pupard et al (1988) Am J. Pathol Nov;133(2):316-26. Broad Institute Database



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

a1/a2/a1 HETEROTRIMER a1/a1/a1 Homotrimer

Fibroblasts/CAFs Cancer Cells

Cancer cells produce a1 polypeptide chain of type I collagen 

while fibroblasts generate both a1 and a2 polypeptide chains

Humans and mice do not have Col1 homotrimers in any tissue

All of the type I collagen in our body are heterotrimeric



Cancer cells produced type I collagen homotrimers have an 

altered structure

Han, S., McBride, D.J., Losert, W., and Leikin, S. (2008) J Mol Biol 383, 122-132

Circular Dichorism (CD) shows that col1 homotrimers 

denature about 75 –fold slower than col1 heterotrimers

a1/a1/a1 Homotrimer



Type I collagen homotrimers generated by cancer cells are 

resistant to proteolysis by MMPs

Han, S et al (Leikin, S) (2010) JBC 285, 22276-22281
Makareeva, E et al (2010). Cancer research 70, 4366-4374

Col1α2

Cleaved Col1α1
Cleaved Col1α2

Col1α1
150 kDa -

100 kDa -

75 kDa -

50 kDa -

MMP-1 MMP-2

Type I Homotrimers resist local 

unwinding by MMP-1 because of higher 

triple helix stability near the cleavage 

site



Col1a2 gene analysis  



Col1a2 promoter region Col1a2 Exon 1

Panc1

BXPC3

PSN1

MiaPaca2 

HPNE 

Global Methylation Analysis  

Jena 
Tavormina



Hypermethylation of COL1A2 in human and mouse cancer 

cells 
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MeDIP

COL1A2

MeDIP

5mC
DNA

Input
DNA

5mC
DNA

Input
DNA

B
J

fi
b

ro
b

la
s

ts

H
M

L
E

P
a

n
c

1

M
ia

P
a
c

a
2

S
W

6
2
0

M
C

F
-7

A
3

7
5

S
W

4
8
0

Human cancer cells
B

X
P

C
3

H
P

A
C

P
S

N
1

Misawa, K. et al (2011) Cancer Biomark 10, 135-144.

Sengupta, P.K. et al (2003) Cancer research 63, 1789-1797.



Col1a2 gene hypermethylation in PDAC cells can be 

reversed by 5-AZA, resulting in increased Col1a2 mRNA



Col1 homotrimer deletion leads to suppressed proliferation 

of KPPC cancer cells



Col1 homotrimer deletion in cancer cells leads to suppressed 

growth of tumors



KPPC

Age-matching PanIN stage (at the same age of 28 days) 
Deletion of type I collagen in cancer cells of KPPC 

mice increases CD4+ and CD8+ T cells
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Integrin α3β1

DDR1
Integrin α2β1

Integrin α1β1

CAFs-derived
Col1 heterotrimer 

PDAC cancer cells express Col1 binding integrins a1b1, a2b1, 

a3b1 and DDR1

Col homotrimers promote persistent activation of DDR1/FAK/Akt/ERK 

signaling pathway via a3b1 integrin 

Cancer cells-derived
Col1 homotrimer 



The expression of a3 integrin in tumors correlates with 

decreased survival of the PDAC patients 

Huamin Wang



Inhibition of a3(b1) integrin leads to suppression of PDAC cell 
proliferation 



Predominant expression of integrin a3 in PDAC



Inhibition of a3(b1) integrin employing iExosomessia3int leads to 
suppression of KPPC PDAC



Age-matching PanIN stage (at the same age of 28 days) 
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Cxcl16 mediates the recruitment of CD8+GranzB+ T cells upon 

deletion of Col1 homotrimers



Col1 homotrimers recruit a unique tumor microbiome
Tumor microbiome
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Col1 homotrimers recruit a unique tumor microbiome
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Age-matching PanIN stage (at the same age of 28 days) Col1 deletion in cancer cells is associated with an increase 

in CD8+/PD-1+ cells



Age-matching PanIN stage (at the same age of 28 days) 

Anti-PD-1 treatment further increases the overall survival 

of the KPPC mice with Col1 deletion in cancer cells



Cancer-derived
Col1 homotrimer 

Myofibroblast-derived
Col1 heterotrimer Myofibroblast

Cancer cell

MAPK/ERK

Cell proliferation/survival

PI3K/AKT

FAK

Integrin α3β1
DDR1

Col1 homotrimers induce pro-survival signals in and 

impacts tumor microbiome and immunity in PDAC

Microbiome

Col1 homotrimer deletion

Cxcl16
Altered 

microbiome

Tumor Immunity and

Improved efficacy of 

immunotherapy 



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 I collagen (a1-homotrimers) is 

produced by the cancer cells due to hypermethylation of 

promoter of a2(I) chain and helps initiate and promote PDAC

Type I collagen homotrimers contribute to altered tumor 

microbiome and immune suppression in PDAC
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