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PDAC Progression – multiple cells of origin?
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displayed a decrease in the expression of mouse Hh tar-

get genes, but not in the expression of transplant-derived, 

human genes. Using mouse embryonic fibroblasts (MEFs) 

as a proxy for CAFs in reconstitution experiments, Yauch 

and colleagues62 demonstrated that SMO-deficient MEFs 

were significantly less efficient at promoting tumour 

growth than SMO-expressing cells. Furthermore, Bailey 

and colleagues70 showed that co-transplantation of 

human pancreatic fibroblasts with transformed, SHH-

overexpressing human duct cells led to increased growth 

of xenografts. Although paracrine Hh signalling clearly 

contributes to PDAC maintenance, the exact nature of 

the paracrine functioning, CAF-derived factors remains 

unclear. However, profiling experiments suggest that they 

may include some known pro-tumorigenic factors such 

as the insulin-like growth factors62. Hh ligand signalling 

may not only drive CAFs to produce pro-tumorigenic fac-

tors, but may also support an activated CAF phenotype, 

characterized by the expression of smooth muscle actin 

— a marker of the myofibroblast state — and the produc-

tion of extracellular matrix proteins such as fibronectin 

and collagen I71, the latter of which has been shown to 

enhance PDAC cell proliferation and invasiveness72–75. 

Treating human pancreatic fibroblasts with SHH increases 

smooth muscle actin expression, and overexpression of 

SHH ligand in xenotransplanted cells enhances collagen  I 

and fibronectin expression in recruited host fibroblasts71. 

Furthermore, Hh ligand promotes CAF proliferation and 

stimulates CAF migration71. Therefore, epithelial-derived 

Hh ligands may initiate a feed-forward loop that supports 

CAFs and stimulates the production of factors that act on 

tumour cells (FIG. 2). As Hh ligand expression increases as 

the severity of PanINs progresses57, this may be a mecha-

nism by which CAFs are expanded and maintained during 

PDAC progression.

Recent reports indicate that the role of paracrine Hh 

signalling may not be limited to the tumour cell–CAF 

axis, and that paracrine Hh ligand signalling may also 

affect the tumour-associated vasculature. Bailey and 

colleagues70 showed that expression of SHH increased 

angiogenesis in xenografts of transformed human pan-

creatic ductal cells. This effect depended in part on  

ligand signalling, as functional inhibition of Hh ligands 

with a blocking antibody blocked lymphangiogen-

esis in xenotransplanted tumour cells expressing Hh  

ligand70. Indeed, this effect may be direct owing to the 

ability of Hh ligands to activate migration and expan-

sion of lymphatic endothelial cells70. It may also occur 

Figure 1 |	KRAS	is	a	master	regulator	of	pancreatic	ductal	adenocarcinoma	initiation	and	progression.	

Constitutively active KRAS (caused by KrasG12D or KrasG12V mutations) is sufficient to initiate the development of pancreatic 

intraepithelial neoplasia (PanIN) and pancreatic ductal adenocarcinoma (PDAC). PanINs are classified into three stages of 

increasing cellular atypia and, in humans, have been found to possess increasing numbers of mutations (common 

mutations are indicated in boxes). Changes in the epithelium are matched by desmoplastic changes in the stroma. In 

mouse models, the human PanIN spectrum followed by progression to PDAC has been recapitulated by activating mutant 

KRAS in embryonic pancreatic progenitors. Eliminating tumour suppressors commonly inactivated in the human disease 

dramatically decreases PDAC latency (a limited set of examples is indicated). Mouse models in which KRAS is activated 

specifically in some adult cell types have shown that both acini and insulin-positive cells can give rise to PanINs and, in 

some cases, PDAC depending on tissue damage and tumour suppressor inactivation. For these cell types, reprogramming 

into a ‘ductal’ cell type is required to assume the PanIN–PDAC lineage. Question marks are shown for centroacinar and 

duct cells as they have not been specifically assessed for their ability to be reprogrammed into a lineage capable of 

becoming PDAC under the control of KRAS. However, until specific targeting has been achieved, they cannot be ruled out 

as sources of the precursor–PDAC lineage. Figure is modified, with permission, from REF. 128  © (2000) American 

Association of Cancer Research.
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Acinar-Ductal Metaplasia

In KC/KPC models, there are multiple lesions leading to inflammation. 

Presence of activated Kras in most of the tissue means damage can never 
resolve.

ADM atrophy



ADM-like acinar atrophy occurs even in absence of PDAC

Acinar atrophy in response to endocrine tumour



PDAC progression – PanIN v IPMN?

• IPMN has been proposed as the progression route from duct

IMPN = intraductal papillary mucinous neoplasm



What if we use ductal Cres instead?

• Ductal Cres?

- CK19-CreER

- Sox9-CreER

- + KrasG12D etc.

• Pten deletion is our best driver on the regular KC 
model, and tumours looked of ductal origin

• So we developed ductal-cre driven models of Pten 
deletion first…. IPMN common in KC Pten model



Good news:

CK19-CreER; KrasG12D/+; Ptenfl/fl

Bad news:

Lung tumours also major issue in Pten WT or Het
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…not surprising



Aside…Mouse CCA strongly resemble human CCA

Thanks to Guido Carpino

Intrahepatic Perihilar



Similar phenotype in Sox9-CreER model
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(although iCCA resemble human small duct type, rather than large duct type in the CK19 model)



Arid1a

• Commonly mutated in cancer, including pancreatic cancer

• On a p48-Cre, KrasG12D background, Arid1a deletion drives IPMN and PDAC
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Arid1a deletion from in CK19-CreER model

• Very undifferentiated carcinomas

• Centro-acinar origin??????

But no phenotype so far on Sox9-CreER model



TGFβR1 / Smad4 deletion

• Pancreatic tumourigenesis is dramatically 
accelerated in KC and KPC mice

- Some very glandular looking

• But stomach tumors too (and frequent SCCs)

- Deletion expands pool of cells of origin?

KC TGFβR1+/+ 

KC TGFβR1fl/+ 
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KPC TGFβR1+/+ 
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But no PDAC so far on ductal models after 1yr

KC TGFβR1fl/fl stomach tumours



Krt19

What next?

• Duct-specific inducible Cre specifically in the pancreas (tuneable with 4OHT?)

• Cross with LSL-KrasG12D/+

• and Trp53R172H/+ and Smad4fl/+ and Cdkn2afl/+ ??

• Can we allow loss of 2nd copies of TSGs spontaneously and get somewhere close to
physiologically relevant evolution/progression?

Krt19-FSF-CreERT2

STOP CreERT

FRT FRT

X Pdx1-Flp
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