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Pancreatic cancer is one of the most deadly tumors, with 
extremely low 5-year survival rates (1). The majority 
of pancreatic cancer patients are diagnosed with locally 
advanced stage or distant metastases, rendering the disease 
incurable by surgical resection. While chemotherapy and 
radiotherapy serve as alternative options for the treatment 
of pancreatic cancer, the outcomes of these strategies 
remain largely disappointing. Recently, growing attention 
has been paid to the role of the tumor microenvironment 
in the development and progression of malignant diseases. 
Previous publications suggest that tumor microenvironment 
is linked to proliferation, invasion, metastasis, angiogenesis, 
immunosuppression and drug resistance of tumors (2). 
Therefore, deeper understanding of various components in 
tumor microenvironment is expected to provide benefits to 
treat cancer patients. In pancreatic cancer, stromal cells and 
stromal elements in tumor microenvironment can support 
and promote cancer cell growth, invasion and metastasis (3).  
Moreover, a former study by Mahajan et al. shows that the 
infiltration of immune cells and the composition of the 
pancreatic stroma are associated with the progression-free 
survival of pancreatic cancer patients after resection (4). It 
is now generally acknowledged that the abundant stroma 
of pancreatic cancer is produced by cancer-associated 
fibroblasts (CAFs), better known as activated pancreatic 
stellate cells (PSCs) in the context of cancer. Increasing 
number of studies demonstrate that the interactions 
between PSCs and cancer cells are bi-directional. Proximity 
to cancer cell activates PSCs and leads to increased cell 

proliferation, migration and production of extracellular 
matrix (ECM). In turn, activated PSCs facilitate local tumor 
proliferation, invasion, cancer stem cell maintenance as well 
as distant metastasis through several growth factors and 
immune modulatory signals (5).

In this issue of Annals of Translational Medicine, Wen  
et al. (6) report that FAPα+ PSCs in tumor microenvironment 
play a critical role in pancreatic cancer progression. In 
their study, pathological specimens obtained from 56 
pancreatic cancer patients who underwent pancreatic 
resection for adenocarcinomas were examined for FAPα 
expression in both cancer tissue and cancer-adjacent tissue 
by immunohistochemistry. Strong FAPα expression is 
present in 60.7% (34/56) of the cancer tissue, which is 
considerably higher than in adjacent normal tissue with 
merely 0.71% (4/56) of strong FAPα expression. Moreover, 
FAPα expression is significantly higher in the interstitial 
region adjacent to pancreatic cancer cells as compared with 
the interstitial region away from pancreatic cancer cells. Most 
importantly, the levels of FAPα expression are positively 
correlated with the possibility of lymph node metastases 
and overall survival of the patients with pancreatic cancer. 
This highlights that FAPα could be a potential biomarker 
for predicting pancreatic cancer prognosis after resection. In 
order to detect the source of FAPα, human primary PSCs in 
adjacent tumor tissues were isolated by using an outgrowth 
method. In those, FAPα expression was confirmed by flow 
cytometry and immunofluorescence. 

The authors then suggested that the expression of FAPα 
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in PSCs is induced by TGFβ1 which is in turn released 
by pancreatic cancer cells, since TGFβ1 expression in 
pancreatic cancer cells is significantly higher than that in 
human primary PSCs. FAPα+ PSCs function as a tumor 
promoter to effectively enhance pancreatic cancer cell 
migration, invasion and metastasis, which are illustrated by 
a number of transwell experiments and a mouse model of 
metastasis, where a suspension of cancer cells and FAPα+ 
PSCs were injected into the spleen. The FAPα-dependent 
tumor promoting effects can be disrupted effectively by 
utilizing talabostat (PT100), a FAP inhibitor. Asking how 
FAPα+ PSCs act on pancreatic cancer progression, the 
authors describe that FAPα+ PSCs secret significantly 
higher levels of CXCL1 compared with FAPα− PSCs 
and identify CXCR2, a receptor of CXCL1, expressed 
on multiple pancreatic cancer cell lines. In addition, co-
cultured with FAPα+ PSCs, pancreatic cancer cell lines, 
such as BxPC3 and PANC1, highly express phosphorylated 
tyrosine kinase receptors, like EphB1 and EphB3, which 
interact with CXCR2 to promote Akt phosphorylation, 
enhancing metastatic abilities of pancreatic cancer cells. 
Taken together, Wen et al. provide new insights into the 
interaction of pancreatic cancer cells and activated stroma 
cells.

Fibroblast Activation Protein, also referred to as FAPα, 
is a member of the prolyl-specific serine proteases family. 
FAPα is involved in a variety of biological interactions 
through exopeptidase and endopeptidase activities. 
Traditionally, FAPα  has been associated with non-
malignant events, such as wound healing and fibrosis. 
However, recent studies show that FAPα also participates 
in cancer cell invasion, migration and metastasis. Due to 
its strong expression in stromal fibroblasts, FAPα has been 
viewed as a marker of activated fibroblasts in multiple 
types of cancer and was implicated in a number of tumor-
promoting functions (7,8). A previous study shows that 
stromal FAPα derived from CAFs facilitate gastric cancer 
proliferation, migration and invasion by promoting 
epithelial mesenchymal transition (EMT) through Wnt/
β-catenin signal pathway (9). In a breast cancer mouse 
model, depletion of FAP-expressing CAFs by small-molecule 
immunotoxin, namely αFAP-PE38, effectively reduces 
tumor growth by influencing the levels of various growth 
factors, cytokines, chemokines and matrix metalloproteinases 
in the tumor microenvironment. Combining αFAP-
PE38 and paclitaxel therapy considerably prolongs the 
overall survival of cancer bearing mice (10). As a tumor 
promotor, FAPα expression in stromal cells also associates 

with worse prognosis in hepatocellular carcinoma (11),  
esophageal squamous cell carcinoma (12), and non-small 
cell lung cancer (13). Targeting FAPα by either genetic 
deletion or pharmacological approaches effectively inhibits 
tumor stroma development and progression in both a 
mouse model of lung cancer and a mouse model of colon 
cancer, suggesting that FAPα could be a therapeutic target 
to tackle multiple tumor types (14). Previous studies 
already described that FAPα expressed in stromal PSCs 
significantly associate with the clinical outcome of patients 
with pancreatic cancer. Strong FAPα expression in stromal 
cells is linked to significantly reduced overall survival rates, 
increased positive lymph nodes and poor differentiation of 
pancreatic cancer (15,16). In this present study, Wen et al. 
confirm that FAPα is highly expressed in pancreatic cancer 
stroma, predominantly in the interstitial region adjacent 
to pancreatic cancer cells and negatively correlated to  
survival (6). These findings highlight that FAPα could be 
a potential biomarker for pancreatic cancer progression 
and therapeutic options against this disease. Recently, 
preclinical studies demonstrate that targeting FAPα 
enzymatic activity through pharmacological inhibition 
sufficiently suppress tumor progression. A previous phase 
II clinical trial suggests that inhibition of FAPα enzymatic 
activity by talabostat (PT100), a small molecule inhibitor 
of FAPα, attenuates tumor growth of the patients with 
metastatic colorectal cancer (17). This translates back 
into a murine xenograft colon cancer model, in which 
the pharmacological inhibition of FAPα-expressing 
CAFs by PT100 improves the response of the tumor to 
chemotherapy by regulating tumor associated immune cells 
and tumor angiogenesis in tumor microenvironment (18).  
Wen et al.  now demonstrate in PDAC that FAPα+ 
expression in PSCs promotes the invasion and migration 
of pancreatic cancer cells by utilizing transwell assays (6). 
Moreover, co-injection of FAPα+ PSCs and pancreatic 
cancer cells PANC1 through spleen considerably increases 
the formation of liver metastases in nude mice. Those 
effects of FAPα+ PSCs on pancreatic cancer cell invasion, 
migration and metastasis can be sufficiently disrupted 
by using PT100, suggesting a similar role of FAPα in 
PDAC. TGFβ signaling pathway participates in malignant 
progression by promoting cancer proliferation, invasion, 
metastasis, immune evasion and EMT (19). In pancreatic 
cancer, PSCs activated by TGFβ signaling pathway exerts 
tumor-promoting functions by stimulating ECM synthesis 
in tumor microenvironment (20). The study by Wen et al. 
now for the first time shows that FAPα+ PSCs regulated 
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by TGFβ1 support pancreatic cancer progression through 
releasing CXCL1 which combined with its receptor 
CXCR2 expressed pancreatic cancer cells, leads to increased 
invasiveness (6). Previous studies show that the Eph and 
ephrin are pro-tumorigenic and involved in a variety of 
biological processes, including tumor progression (21). 
However, the role of the Eph/ephrin system signaling 
pathway in pancreatic cancer remains largely unknown. 
The study by Wen et al. dissects one pathway in the Eph/
ephrin system in pancreatic cancer progression. CXCR2 
interacts with EphB1 or EphB3 by CXCL1 stimulation, 
leading to phosphoinositide 3-kinase (PI3K)/AKT signaling 
pathway activation which facilitates pancreatic cancer cell 
migration and invasion. The authors used siRNA to inhibit 
EphB1 and EphB3 expression, leading to significantly 
suppressed migration and invasion of pancreatic cancer  
cells (6). Phosphoinositide 3-kinase (PI3K)/AKT, a key 
cellular signaling pathway, participated in tumor cells 
survival and metastasis (22,23). This pathway is regulated 
by a series of chemokines and their receptors, including 
CXCL1 and its receptor CXCR2, and promotes tumor 
progression, which is further illustrated in the present study 
by Wen et al. considering pancreatic cancer progression.

Taken together, the encouraging findings of the study 
by Wen et al. offer a novel insight into the mystery of 
pancreatic cancer progression, suggesting a potential way 
to deal with this lethal disease. However, before those 
findings in the study by Wen et al. are translated to a clinical 
application, other vital experiments and investigations 
should be performed. The first step is to establish a genetic 
deletion of FAPα in an endogenous mouse model of 
pancreatic cancer to better validate its role in malignant 
progression. Additionally, it would be worth to include large 
numbers of patients with pancreatic cancer from multiple-
centers or existing clinical trials and include more details of 
clinic-pathological features of individual patients to confirm 
the predictive and prognostic role of FAP expression in 
pancreatic cancer. Finally, since tumor metastasis is due 
to a wide range of biological events, the combination of 
therapeutic strategies is a promising way to slow down 
metastatic spread. For instance, combining inhibition 
of TGFβ signaling with targeting immune checkpoints 
is expected to be an intriguing study to be involved in 
treatment of pancreatic cancer (24). In summary, the study 
by Wen et al. clearly describe the critical role of FAPα in 
PSCs in pancreatic cancer progression and point out a 
promising approach for treating patients with pancreatic 
cancer.
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