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Pancreatic ductal adenocarcinoma (PDAC) is an aggressive 
malignancy with rising incidences and poor prognosis. 
High susceptibility to metastasis, end stage diagnosis and 
low response to present therapeutic procedures make 
it a devastating disease with a 5-year survival below 9% 
and projected to be the second leading cause of cancer 
death by 2030 (1). Gemcitabine, alone or in combination, 
has been used as a first-line treatment for over a decade. 
Unfortunately, despite several clinical trials focusing on 
distinct molecular mechanisms, there has been only a 
marginal improvement in clinical settings (2). Owing to a 
unique and complex tumour microenvironment (TME), 
PDAC develops drug resistance via numerous pathways. 
The substitution of the normal pancreatic parenchyma 
with desmoplastic TME is an important pathophysiological 
characteristic of pancreatic cancer. The highly dense TME 
is composed of immune cells, extracellular matrix (ECM), 
cancer associated fibroblasts (CAFs), several signalling 
molecules and tumour cells, and plays a pivotal role in 
PDAC progression (3). Indeed, stromal cells in the TME 
have been recognised as an important target to counteract 
PDAC progression. More specifically, in the past few years, 
the idea of tumour stroma ablation has been replaced by the 
concept of tumour stroma remodelling or reprogramming. 
In other words, treatment approaches should aim at 
modulating TME in order to increase the sensitivity to 
therapy (4). To be able to remodel or reprogram TME, 
however, it is crucial to understand fully the roles played by 
different TME components in PDAC pathogenesis. 

A key role in this process is  played by chronic 
inflammation due to cross talk between the tumour and 
its microenvironment resulting in alterations of ECM, 
immune cell recruitment, fibroblast activation and in 
aberrant signalling, including aberrant cytokine secretion. 
These, along with other molecular and cellular mechanisms, 
interdependently affect PDAC aggressivity. The chronic 
inflammation and cytokine signalling is mediated by Janus 
Kinases (JAK) which further activate signal transducer and 
activator of transcription 3 (STAT3) (5,6). Aberrant STAT3 
expression has been associated with over 70% of cancers (7). 
High STAT3 expression inversely correlates with the overall 
survival in both human and mouse tumours. It has also been 
linked to the promotion of cancer cell-mediated CAFs. 

In particular, studies have demonstrated that STAT3 
activation is imperative for initiation and development of 
PDAC (8-10) and that STAT3 plays a critical role in the 
development of PDAC precursors (11) as well as in the 
establishment of CAFs in a PDAC TME (12). Furthermore, 
overexpression of STAT3 in tumours plays an important role 
in acquiring resistance to treatment (13). Taken together, 
these data suggest that JAK/STAT signalling pathway serves 
as a potential therapeutic target in PDAC (14), in particular 
aiming at TME remodelling/reprogramming. 

This evidence prompted investigations on the effect of 
different drugs on activation of JAK/STAT pathway (15) or 
on STAT3 expression levels and how this could affect TME. 

For instance, Nagathihalli et al. demonstrated that a 
combined therapy of a STAT3 inhibitor and Gemcitabine 
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was able to improve tumour micro vessel density as well as 
drug delivery without stromal depletion (16), supporting the 
conclusion that targeting JAK/STAT pathway can represent 
a successful strategy to remodel the TME. Recently, Jiang  
et al. investigated how a decrease in stromal density 
modulates tumour susceptibility to focal adhesion kinase 
(FAK) inhibition via activation of STAT3 (17). 

This study builds on a previous report which indicated that 
VS-4718, a potent and reversible inhibitor of FAK (FAKi), 
increases tumour sensitivity to targeted therapies. FAK has 
been reported to be overactive in PDAC and correlates with 
TME modulated immune suppression (18). They further 
reported the existence of mechanisms of resistance to FAK 
inhibition which allowed tumour re-growth.

By using genetically modified PDAC mouse models 
such as KPC (p48-Cre, LSL-KrasG12D/wt and p53flox/wt), KPPC 
(p48-Cre, LSL-KrasG12D/wt and p53 flox/flox) and syngeneic 
transplantable mice models in the latter study (17), Jiang 
et al. established that STAT3 signalling is involved in 
mechanism of resistance to FAK inhibition. Hyperactivated 
STAT3 was reported in tumours displaying poor response 
to FAK inhibition and was inversely correlated with overall 
survival, indicating that STAT3 signalling acts as a survival 
pathway during prolonged FAKi treatment. Also, high 
phosphorylated STAT3 (pSTAT3) level was confirmed in 
both the tumour and stroma of KPC and transplantable 
mouse models. 

Furthermore, the authors showed that downregulation 
of STAT3 using RNA interference both in vivo and in vitro, 
increases susceptibility to VS-4718 treatment. Importantly, 
when KPC cells were cocultured with either control (siNC) 
or STAT3-depleted (siSTAT3) fibroblasts in the presence 
of FAKi, it was found that loss of pSTAT3 in fibroblasts 
did not affect the inhibitory effects of FAKi on KPC cells. 
Taken together, these data suggest that STAT3 in tumour 
cells, but not in fibroblasts, modulates the response strength 
to FAKi treatment. Interestingly, the authors observed that 
inhibiting FAK does not regulate STAT3 signalling directly.

Data revealed that treatment with VS-4718 downregulated 
both transforming growth factor beta (TGF-β1) and 
phosphorylated SMAD3 expression in the tumour 
microenvironment. This was further associated with a 
decrease in collagen density as well as α-SMA+ CAFs. 

In addition, the authors observed that treatment of 
KPPC mouse models with anti TGF-β antibody resulted in 
an increase of pSTAT3 levels in PDAC tissues. 

Using RNA in situ hybridisation, it was found that 
α-SMA+ CAFs have an increased expression of TGF-β1 

which was consistent with the in vitro mRNA evaluation. 
Furthermore, the authors reported that pSMAD3 was 

inversely correlated with pSTAT3 and positively correlated 
with FAK, further suggesting that the TGF-β1/SMAD3 
signalling pathway might be involved in STAT3 activation 
in PDAC (Figure 1). 

However,  FAKi resistance mechanism does not 
involve non-canonical aspects of the TGF-β1 pathway. 
Furthermore, SMAD3-dependent JAK1 downregulation 
post TGF-β1 exposure clearly implies signalling inhibition. 

Jiang and colleagues further assessed whether resistance 
to FAKi could be prevented by simultaneous suppression of 
both STAT3 signalling and FAK. 

Intriguingly, the combination of STAT3 inhibitor 
Stattic or JAK1 inhibitor Ruxolitinib with VS-4718 in vitro 
synergistically decreased cancer cell growth specifically in 
both KPPC and syngeneic mouse models. Also, the efficacy 
of this combination was unaffected by T cell depletion 
(CD4+/CD8+). 

This clearly validates the conclusion that blocking 
JAK/STAT3 pathway reduces tumour growth which 
renders PDAC sensitive to FAKi. Consistently, another 
study reported STAT3 knockdown resulted in improved 
sensitivity to Gemcitabine and significant decrease in 
tumour burden in vivo (19). 

Taken together, these findings provide a novel therapeutic 
approach to target TME in PDAC. Pharmacological agents 
targeting FAK have already been tested in clinical trials. 
For instance, VS-4718 was previously under phase 1 trial 
and administered in combination with both Gemcitabine 
and Nab-Paclitaxel (NCT02651727) in pancreatic cancer. 
Currently, another FAKi, Defactinib, is being trialled in 
PDAC patients (VS-6063, Verastem) in combination with 
Gemcitabine and Pembrolizumab (NCT02546531) or in 
combination with Pembrolizumab following chemotherapy 
as a neoadjuvant and adjuvant treatment for resectable 
PDAC (NCT03727880). 

Overall, Jiang et al. have provided the rationale that can 
lead to the potentiation of the effect of FAKi involving the 
modulation of TME, ultimately leading to the development 
of novel treatment strategies in PDAC. 

It would be interesting to test this strategy by combining 
novel compounds targeting both FAK and STAT3. 
For instance, we have recently reported that the ABC 
transporter ABCC3 influences PDAC cell growth by 
modulating STAT3 activity and regulating apoptosis. 
Furthermore, pharmacological inhibition with MCI-
175, a small compound able to inhibit ABCC3, reduced 
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phosphorylated STAT3 levels in KPC primary cells (20). 
Interestingly, recent studies show that combined treatment 
of STAT3 and EGFR might overcome drug resistance in 
pancreatic cancer cells (21,22).

However, potential complications should be taken into 
account when designing these strategies. A recent study 
found that loss of FAK in a subpopulation of CAFs is 
sufficient to induce increased tumour growth and enhance 
malignant cell glycolysis (23). These observations have 
been validated in both human pancreatic and breast cancers 
with low stromal FAK expression. In the latter study (23), 
the authors found that loss of FAK in a subpopulation of 
CAFs causes the enrichment of cytokine signalling pathways 
that induces an increase of glycolysis in malignant cells. 
Therefore, the authors unveil a mechanism of tumour cell 
metabolism that requires the expression of FAK in CAFs (23). 
It should be noted, however, that FAK has both kinase and 
scaffold functions and therefore FAK kinase inhibition do 
not necessarily replicate the phenotype of FAK depletion. 

In summary, these findings provide a novel crucial 

information concerning the tumour-TME interplay and 
insight in the mechanisms of therapy resistance that will be 
pivotal in the design of new therapeutic strategies aiming at 
modulating the TME in order to increase PDAC treatment.
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Figure 1 FAK interaction with other signalling pathways. Persistent dosing of FAK inhibitor hyperactivates STAT3 and causes stromal 
depletion. TGF-β/SMAD3 plays an important role in regulating pSTAT3 expression. SMAD3 levels inversely correlate with pSTAT3. 
PDAC, pancreatic ductal adenocarcinoma.
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