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Abstract
Pancreatic cancer is the deadliest solid cancer and cur-
rently the fourth most frequent cause of cancer-related 
deaths. Emerging evidence suggests that cancer stem 
cells (CSCs) play a crucial role in the development and 
progression of this disease. The identification of CSC 
markers could lead to the development of new thera-
peutic targets. In this study, the authors explore the 
functional role of c-Met in pancreatic CSCs, by analyz-
ing self-renewal with sphere assays and tumorigenicity 
capacity in NOD SCID mice. They concluded that c-Met 
is a novel marker for identifying pancreatic CSCs and 
c-Methigh in a higher tumorigenic cancer cell population. 
Inhibition of c-Met with XL184 blocks self-renewal ca-
pacity in pancreatic CSCs. In pancreatic tumors estab-
lished in NOD SCID mice, c-Met inhibition slowed tumor 
growth and reduced the population of CSCs, along with 
preventing the development of metastases.
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INVITED COMMENTARY ON HOT 
ARTICLES
Pancreatic adenocarcinoma is one of  the most aggressive 
neoplasias and the fourth leading cause of  cancer death 
in the United States, with 5 year survival being less than 
5%[1]. Part of  the reason for the fatal prognoses of  pa-
tients with pancreatic adenocarcinoma is the lack of  re-
sponse to the available therapies. In addition to achieving 
early diagnosis, the identification of  markers for progno-
sis and response to therapy is necessary for the develop-
ment of  specific targeting agents for the management of  
patients with pancreatic cancer[2].

Conventional chemotherapy is directed at tumor cells 
that have limited tumorigenic potential, instead of  target-
ing the cancer stem cell population.

Cancer stem cells (CSCs) conform to a subpopulation 
of  tumoral cells that contribute mainly to drug resistance; 
since they can self-renew indefinitely and are charac-
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terized by their relative quiescence. These properties, 
together with the contribution of  the epithelial to mes-
enchymal transition, allow them to avoid conventional 
chemotherapy induced-cell death, and thus patients often 
suffer from tumor relapse[3,4].

A better understanding and characterization of  these 
cells will be a helpful tool in the future for designing new 
therapies, since the CSC hypothesis predicts that only 
therapies that efficiently eliminate the CSC fraction of  a 
tumor are able to induce long-term response and halt tu-
mor progression. Novel therapeutic strategies that could 
target pancreatic CSCs will allow us to induce drug sen-
sitivity, the inhibition of  invasion, and the metastasis of  
pancreatic cancer, which will ultimately yield better treat-
ment outcomes[5].

Although there have many studies attempting to es-
tablish markers for these CSCs, there is no complete or 
defined panel for the identification of  these cells. Isolated 
CSCs have been reported to show increased tumorigenic-
ity, chemoresistance, stationary phase, and asymmetric 
division to differentiate into non-stem progeny[6,7]. Based 
on these characteristics, pancreatic CSCs are identified by 
flow cytometry using cell surface markers such as CD44, 
CD24, ESA, CD133, ALDH1 and low proteosome activ-
ity[8-13].

In this study, new data is presented about CSC char-
acterization and possible related therapies that should be 
considered for pancreatic cancer clinical trials. 

c-Met is a receptor of  the tyrosine kinase family that 
acts as a proto-oncogene and is stimulated by hepatocyte 
growth factor to mediate motility, invasion, and metas-
tasis[14]. The levels of  c-Met are increased in pancreatic 
carcinoma where c-Met signaling induces growth and in-
vasion. Some authors have reported c-Met as a stem cell 
marker in pancreatic tissue[15], as well as in other tissues 
and organs such as the brain and gastrointestinal tract 
where the molecule regulates stem cell proliferation and 
cell renewal[16,17]. 

In this study, the authors conclude that c-Met is a 
novel marker for pancreatic CSCs and they show the 
functional role of  this molecule in pancreatic tumors.

Using xenografts (immunodeficient mice NOD-
SCID) and injecting pancreatic cancer cells from patients, 
they show that there is a subpopulation of  cells that ex-
press high levels of  c-Met (c-Methigh), while another sub-
population expresses low levels or does not express this 
maker at all (c-Metlow). Part of  the c-Methigh population 
also expresses other previously described CSCs makers 
such as CD44, CD24, CD133, and ALDH1, but com-
pared with these other markers, c-Methigh is better at iden-
tifying higher tumorigenic cancer cell populations (when 
injecting the same number of  cells, c-Methigh cells produce 
tumors in 35% of  the mice, while CD133+ produces tu-
mors in 16% and CD44+ in 25%).

The population of  positive cells for both the mark-
ers c-Met and CD44 (c-MethighCD44+) enhances the in 
vivo tumorigenicity compared with the population with 
CD44+ alone. These data together show that c-Met is an 

important and novel marker of  pancreatic CSCs. 
Using sphere formation assay, it can be shown that 

c-Methigh cells have a self-renewal capacity, as they can 
form tumorspheres while c-Metlow are unable to do so. 

On the other hand, treatment with the chemical 
inhibitor XL184 (a small molecule kinase inhibitor for 
c-Met) or the inhibition of  c-Met with a specific shRNA 
impairs sphere formation, leading to apoptosis and cell 
cycle arrest; showing that c-Met activity is required to 
maintain a CSC population. 

XL184 inhibits tumor growth and reduces the num-
ber of  CSCs in xenograft mice with subcutaneous tumors 
and in orthotopic models.

When compared with Gemcitabine, the effect pro-
duced by XL184 is different. Although both XL184 alone 
and Gemcitabine alone treatments can inhibit tumor 
growth during the period that the animal is receiving treat-
ment, some days after the end of  treatment, the tumor 
growth continues at the same rate as the control tumors. 
By contrast, when the treatments are combined (XL184 
in combination with Gemcitabine), tumor growth is pre-
vented for up 32 d following cessation of  treatment. 
This effect is due to the cells that each treatment targets. 
While Gemcitabine treatment results in an increase of  
the c-MethighCD44+ population (likely because these 
cells are resistant to cell death with this chemotherapy) 
c-Met inhibition with XL184 leads to a decrease in 
c-MethighCD44+ cells. Combination treatment prevents 
the increase in the CSC population observed with Ge-
mcitabine alone and also contributes to a decrease in 
c-MethighCD44+ population, suggesting that XL184 tar-
gets the CSC population specifically. Additionally, using 
an intracardiac injection model with pancreatic cancer 
cells, the authors demonstrated that XL184 treatment 
prevents metastasis development.

A study by Li et al[5] contributes significantly to the 
investigation into the stemness of  pancreatic cancer cells. 
The study in question shows that c-Met is a new human 
pancreatic CSC marker. The results demonstrate that, in 
addition to identifying the population of  cells with a self-
renewal capacity in a pancreatic tumor, c-Met is a mol-
ecule necessary for maintaining tumoral cell growth and 
has capacity for metastasize. 

Previous experiments had characterized CSCs as Ep-
CAM+, CD44+, CD24+, CD133, low proteosome activi-
ty, ALDH+ for pancreatic CSCs, and CD133+ CXCR4+ 
for CSCs with higher metastatic potential. The addition 
of  the new marker c-Met, already identified in other ty-
pes of  tumor, directs research towards the development 
of  therapies targeting this tyrosine kinase receptor. In 
addition to its role as a biomarker of  pancreatic CSCs, 
the authors purpose a potential therapy, showing reduced 
tumor growth in xenograft mice. They also demonstrated 
that c-Met has an important role in metastasis develop-
ment, and that this process could be blocked by targeting 
c-Met specifically with XL184 treatment. XL184 (Cabo-
zantinib) is a small-molecule kinase inhibitor with potent 
activity toward c-Met and vascular endothelial growth 
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factor receptor 2, as well as a number of  other receptor 
tyrosine kinases including rearranged during transfection, 
kinase receptor, axl receptor tyrosine kinase, and fms like 
tyrosine kinase 3[18].

The authors demonstrated that XL184 targeting c-Met 
could be a promising therapy in combination with Gem-
citabine treatment for pancreatic cancer. This is a very 
important achievement, since pancreatic cancer has a fatal 
prognosis due to its resistance to the currently available 
chemotherapy and radiotherapy. Although Gemcitabine 
is the most common chemotherapy used in pancreatic 
cancer patients, it has been demonstrated that it may not 
be particularly useful due to the properties that CSCs 
confer to the tumor. Some studies have demonstrated 
that, after Gemcitabine treatment, the subpopulation of  
CSC CD133+ is enriched[11] and that pancreatic cancer 
cell lines can undergo epithelial to mesenchymal transi-
tion after this treatment, resulting in an increased popula-
tion of  CD44+CD24+ESA+ cells[19]. 

Li et al[5] showed that the combination treatment of  
XL184 and Gemcitabine is an effective therapy for pan-
creatic cancer treatment. As different studies have shown, 
using a combination of  therapies that target CSCs and 
the non-tumorigenic population of  pancreatic cancer 
cells, this neoplasia can be effectively treated. 

Collectively, these data and other recently published 
studies concerning different tumors, suggest that c-Met 
is a promising CSC marker for pancreatic cancer and 
XL184 is effective at inhibiting tumor growth, angiogen-
esis, and metastasis, and both should be seriously consid-
ered for clinical trials in combination with other available 
chemotherapy. 
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