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SOX2 activity marks a subpopulation of cancer stem cells in sarcoma
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INTRODUCTION

  

Sarcomas comprise a complex family of cancers that arise from transformed cells of mesenchymal origin.
Therefore sarcomas can develop in any area of the body and constitute a very heterogeneous group of diseases,
which complicates patients care. Despite major improvements in surgical resection and treatment, the median
overall survival for advanced and metastatic patients has remained unchanged during the last 20 years. It has been
proposed that the presence of drug-resistant Cancer Stem Cells (CSCs) is the main responsible for relapses and
metastasis. Thus the identification and eradication of CSCs is essential and timely for improving patient’s
outcome. 

  

We succesfully developed a model of sarcomagenesis based on transformed Bone Marrow Mesenchymal
Stromal/Stem Cells (BM-MSCs). This model has proven very useful to explore the evolution of CSCs
subpopulations and to search for CSC-specific markers and therapies. Previous work from our group demonstrated
that SOX2 expression increased in CSCs populations during tumor progression, hence highlighting its potential
applicability as CSC marker in sarcomas.

  

OBJECTIVE

  

This work aimed to analyze the role of SOX2 as CSC-specific marker by isolating subpopulations presenting high
SOX2-mediated transcriptional activity. In addition, we studied whether SOX2 activity could be useful to evaluate
the effect of drugs used in the treatment of sarcomas on CSCs subpopulations.

  

METHODS

  

To accomplish this objective, we used a xenograft-derived cell line (T-5H-O) generated by a cell-of-origin model of
undifferentiated pleomorphic sarcoma developed from transformed BM-MSC. These cells were transfected with
small interfering (si)-RNA or transduced with short hairpin (sh)-RNA or cDNA to knockdown or overexpress SOX2,
respectively. In addition, we made use of a lentiviral-based reporter system in which a composite SOX2/OCT4
response element (SORE6) coupled to a minimal cytomegalovirus (CMV) promoter controls the expression of GFP
or mCherry fluorescent reporter genes. T-5H-O cells expressing this system allowed us to detect and isolate viable



cells expressing transcriptionally active SOX2 and/or OCT4 by flow cytometry. In cells expressing all these
constructions SOX2 protein levels were confirmed by Western blotting. Then, changes in the CSC properties of
cells with modulated expression of SOX2 or subpopulations with different SOX2 activity were evaluated both in
vitro (tumorsphere formation ability and invasive capacity) and in vivo (tumor growth potential). Finally, the effect of
anti-tumoral drugs, like trabectedin, on the subpopulations presenting different levels of SORE6 activity was
evaluated by time-lapse microscopy or flow cytometry. 

  

RESULTS

  

The depletion of SOX2 protein reduced the ability of T-5H-O cells to grow colonies in soft agar as well as
decreased the tumorsphere forming potential of these cells. On the other hand, T-5H-O cells expressing high levels
of SOX2 did not display altered ability to form colonies in soft agar or to grow as tumorspheres, but dramatically
increased their invasive properties in a three-dimensional spheroid invasion assay. Furthermore, cells
overexpressing SOX2 were able to grow tumors in immunodeficient mice significantly faster than controls cells.

  

Using the SORE6 construction, we found that SORE6 activity in our sarcoma model was mainly due to SOX2,
rather than OCT4. In accordance with the results obtained after the modulation of SOX2 expression, SORE6+
positive cells showed enhanced growth in tumorsphere cultures and also increased invasion ability than the
SORE6- population. Importantly, we found that SORE6+ cells were significantly more tumorigenic than the SORE6-
population, thus indicating that SOX2 expression/activity marks a subpopulations with increased tumor-promoting
ability in sarcomas. 

  

Finally, we found that trabectedin, alone or especially in combination with camptothecin (CPT), is able to eliminate
the SORE6+ CSC subpopulation in sarcomas with an efficiency comparable to that observed in SORE6- cells. 

  

CONCLUSIONS

  

Our results indicate that SOX2 expression/activity, measured using the SORE6 reporter, is a bona fide CSC marker
in sarcoma. This reporter system also constitutes an excellent approach for testing the effectiveness of CSC-
specific treatments, like trabectedin, which in combination with CPT, efficiently eliminates SORE6+ CSCs.
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