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Epithelial ovarian cancer (EOC) is the most common cause 
of gynecological cancer-related death (1). When compared 
to most solid tumors, EOC has a distinct mechanism 
of dissemination. Cells detach from the primary tumor 
and aggregate in peritoneal fluid to form free-floating 
multicellular spheroids, which then travel through the 
peritoneal fluid at distant sites onto the mesothelial lining 
where metastatic outgrowth occurs (2). Because this process 
is clinically silent, most women (~70%) present with 
metastasis throughout the peritoneal cavity. The current 
standard of care for EOC is debulking surgery combined 
with platinum-based chemotherapy (3). Drug resistance is 
one of the major obstacles in the treatment of EOC. EOC 
resistance can arise within tumor cells as a consequence 
of genetic changes leading to either intrinsic or acquired 
resistance (4). In addition, soluble factors and stromal 
cells within the tumor environment, which can promote 
the inhibition of drug-induced apoptosis, may constitute 
another mechanism of drug resistance (4). Despite optimal 
tumor-debulking surgery and initial high responses rates 
to first-line chemotherapy, most patients with advanced 
EOC relapse within 18–22 months with a disease that is 
still sensitive to the first-line therapy suggesting that their 
state of chemoresistance was transient and not associated 
with genetic changes in tumor cells in contrast to acquired 
or intrinsic resistance. This transient drug resistance 
state is thought to be driven by the surrounding tumor 
environment in EOC. 

A feature that distinguishes EOC from other solid 
tumors is the unique tumor environment constituted by 

ascites. Ascites accumulates during EOC progression. 
Ascites comprises detached tumor and activated mesothelial 
cells, multicellular spheroids, adaptive immune cells, and 
a number of other host cells. In addition, cell-free ascites 
constitutes a proinflammatory reservoir of cytokines, 
chemokines, growth factors, and extracellular matrix 
(ECM) fragments (5,6). All together, these soluble factors 
contribute to create a pro-survival environment that lead to 
resistance and relapse by preventing drug-induced apoptosis 
(7,8). Indeed, a number of ligands found in ascites, including 
hepatocyte growth factor (HGF) (9-11), lysophosphatidic 
acid (LPA) (12) and CCL18 (13) have been shown to 
promote EOC cell growth and survival. Although dissecting 
the role of different individual factors from ascites remains 
an important goal in the field, the overall pro-survival effect 
of ascites is likely to result from the combined actions of 
soluble factors and tumor-host cell interactions. If we are 
to improve the overall survival of EOC patients, it will be 
important to gain a better understanding of the mechanisms 
underlying the transient state of resistance induce by the 
surrounding environment.

Among the different stromal cells present in ascites, 
cancer associated-mesenchymal stem cells (MSCs) are 
pluripotent cells that have the capacity to differentiate 
into various cell types such as osteoclasts, myofibroblasts, 
chondrocytes, adipocytes, and cancer-associated fibroblast 
(CAFs). MSCs are important components of the tumor 
environment. These cells are characterized by the 
expression of CD90, CD105, CD29, CD73 and the lack of 
CD45, CD34, CD11b, CD19 and HLA-DR (14). Cancer 
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associated-MSCs are central in establishing a pre-metastatic 
niche and promoting metastasis. MSCs exert their growth 
enhancing effects by paracrine secretion of growth and 
anti-apoptotic factors (15-17). There are numerous reports 
in which co-culturing MSCs with tumor cells inhibited 
drug-induced apoptosis in haematological malignancies 
or solid cancers (18-20). There is also evidence to suggest 
that the properties of these cells are strongly influenced 
by both surrounding soluble factors and the tumor 
microenvironment.

Paracrine signaling through MSCs can confer resistance 
to chemotherapy in EOC cells (21). In a recent article, 
Pasquier and colleagues highlight the role of MSCs in 
promoting EOC cells resistance to chemotherapy (22). 
First, the authors isolated from stage III serous EOC ascites 
cells that stained positive for CD73, CD105, CD29 and 
CD90 but negative for CD45 and Lin. In addition, these 
cells displayed an adherent fibroblastic morphology in 
culture, defining them as MSCs. Using a transwell setting 
of MSCs and EOC cell co-culture, they showed that factor 
secreted by MSCs inhibited carboplatin and taxol-induced 
apoptosis. Tumor cell survival was further increased by pre-
exposing EOC cells to MSCs supernatants for 48 h prior 
to adding drugs. Interestingly, IL-6 or IL-6-R blocking 
antibodies completely abrogated MSC supernatant-
mediated inhibition of drug-induced apoptosis suggesting 
that IL-6 signaling is crucial in this process. Using an intra-
peritoneal (i.p.) xenograft mouse model, Pasquier and 
colleagues showed that the presence of MSCs within the 
tumor nodules enhanced the resistance to chemotherapy. 
Conversely, i.p. injection of tocilizumab, a humanized anti-
IL-6-R blocking antibody, completely abrogated MSCs-
mediated pro-survival effect in vivo, further supporting 
the role of IL-6 in chemoresistance induced by cancer-
associated MSCs. 

The crucial role of IL-6 in tumor-host cell signaling 
is consistent with previous studies showing high levels of 
IL-6 and soluble IL-6-R in EOC ascites (23) as well as with 
the fact that IL-6 levels increased over the course of EOC 
progression in ascites (24). In previous studies, mesothelial 
and tumor cells have been identified as important sources of 
IL-6 in ascites (25). In their study, Pasquier and colleagues 
determine that IL-6 was produced by the tumor cells in 
response to exposure to MSC supernatant. Indeed, shRNA-
mediated downregulation of IL-6 in EOC cells abrogated 
the protecting effect of MSCs against chemotherapy. To 
identify which factor(s) secreted by MSCs could induce 
the secretion of IL-6 by tumor cells, the authors used a 

cytokine array to analyze the MSC supernatant content. 
They showed that CCL2 and CCL5 were the most potent 
chemokines in MSC supernatant to induce IL-6 secretion. 
Phosphorylation kinase profiling revealed that the proline-
rich tyrosine kinase 2 (PYK2) was particularly increased 
in tumor cells in response to MSC supernatant and its 
phosphorylation was inhibited by tocilizumab and IL-6 
shRNA suggesting that PYK2 phosphorylation was IL-6-
dependent.

Taken together, these results suggest MSCs could play 
a significant role in the transient drug resistance state 
associated with the surrounding tumor environment. Being 
intrinsically resistant to chemotherapy (as shown in this 
study), MSCs will survive cytotoxic treatments and will 
drive EOC recurrence by enabling tumor cells to survive 
treatments. This study highlights not only the importance 
but also the complexity of tumor-host cell interactions that 
can lead to drug resistance. As suggested by the authors, 
this work emphasizes the potential of targeting the tumor 
environment as a novel mean to improve the overall survival 
of patients with EOC. 

Although the study by Pasquier and colleagues is an 
important contribution to the field, there are a number of 
question that remain to be addressed. For example, floating 
multicellular spheroids in peritoneal fluid are mostly 
likely pivotal in mediating the state of transient resistance. 
Whether these spheroids contain MSCs that could signal 
adjacent tumor cells to promote drug resistance remains to 
be determined. It would also be interesting to determine 
whether the levels of IL-6 in ascites correlates with the 
emergence of resistance in EOC patients. Furthermore, 
since IL-6 concentrations used to demonstrate enhanced 
drug resistance in vitro were about a 100-fold relative to 
the concentration of IL-6 secreted by EOC cell lines upon 
stimulation with CCL2 or CCL5, it would have been 
interesting if Pasquier and colleagues would have performed 
an IL-6 dose-response curves. Given its potential role in 
tumor cell resistance to drug-induced apoptosis, it will be 
interesting to assess IL-6 as a predictive marker of drug 
resistance. 

Despite these limitations, the role of cancer-associated 
MSCs in drug resistance remains an interesting finding 
which support previous results by this group. However, the 
mechanisms underlying the transient drug-resistant state 
mediated by ascites is probably far more complex than just 
the contribution of MSCs cells and is likely the result from 
the integration of the various cytokines, chemokines and 
growth factors cell signaling in addition to the multiple cell-
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cell crosstalks that occurs within this particular peritoneal 
fluid. 
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