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			Abstract

			How tumor cell clustering is regulated and contributes to cancer dissemination remains unclear. The detection of clusters of circulating tumor cells (CTCs) over expressing cell-cell adhesion proteins have been correlated with high metastatic potential and poor prognosis. This observation strengthens the need for further understanding on the tumor cell aggregation process and how it could contribute to cancer progression. Our laboratory developed an original live microscopy-based methodology and identified regulators of the early step of cancer cells aggregation including E-cadherin and desmosomal proteins. Here we briefly review our current knowledge on the involvement of cell-cell adhesion proteins in anchorage-independent cell clustering. We discuss how these findings enlighten the research on the mechanism of metastatic dissemination.
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			Introduction

			Metastasis formation implies evasion of cancer cells from the primary site, local invasion, intravasation into blood and lymphatic vessels, extravasation at distant sites and formation of metastatic deposits that will develop as metastatic lesions [1]. Cancer cells dissemination and invasion capabilities have been prominently associated with the activation in carcinoma cells of the epithelial-to-mesenchymal transition (EMT) program. The EMT program induces morphological and motility changes of cells and repression of the expression of cell-cell adhesion molecules [1]. However, an alternative model for cancer cells dispersion has also recently been proposed. It involves escape from the primary tumor of cells that have retained epithelial differentiation markers and that collectively disseminate or subsequently aggregate to form clusters, as suggested by the detection of clusters of circulating tumor cells in blood samples from metastatic patients [2-4]. Aggregation and formation of clusters are among the strategies developed by tumor cells that have evaded from a primary tumor to prevent anoikis in absence of anchorage [5] and the formation of multicellular clusters has been shown to prolong survival of cancer cells [6]. Clusters of CTCs have 23- to 50-fold increased metastatic potential 

than isolated CTCs and are associated with adverse outcomes. Circulating tumor micro emboli (CTM) associating cancer cells with platelets, stromal cells, and hematopoietic cells, might also protect tumor cells from apoptosis [7]. Thus, CTCs clusters greatly contribute to the metastatic spread of cancer. However, so far, only a few regulators of tumor cell aggregation have been identified and how this process contributes to tumor growth and metastatic dissemination still remains unclear. 

			It has been demonstrated several years ago that increased expression of E-cadherin, a major component of the cell adherens junctions, enhances cell aggregates formation [8], a result consistent with E-cadherin considered as an invasion suppressor [9] and with its loss of function associated with metastasis [1,9]. However, increased adhesion properties of cancer cells have also been associated with a higher experimental metastatic potential in vivo [10,11] and unexpected roles for E-cadherin in favoring tumor dissemination has been proposed [1,9]. Several links have been made between E-cadherin expression, tumor cell aggregation and cell proliferation. Loss of adhesion normally leads to cell cycle arrest in G1 [12], unless the cells have became anchorage-independent and it was shown that the cyclin-dependent kinase inhibitor p21WAF1 promotes anchorage-independent growth of HCT116 colon carcinoma cells via E-cadherin expression to form large clusters [13]. Similarly in prostate cancer cells, E-cadherin-dependent aggregation has been reported to be associated with Rb-mediated G1 arrest and survival [14].

			Circulating clusters of tumor cells have been detected in patients’ blood samples and the work by Aceto et al. [2] enlighten a key relation between high metastatic potential and elevated expression of the plakoglobin desmosomal adhesion protein in circulating tumor cells (CTCs). In patients with breast cancer, the cell junction component plakoglobin was identified as highly differentially expressed, and in mouse models, knockdown of plakoglobin abrogates CTCs cluster formation and suppresses lung metastases [2]. Hence, a model of metastatic dissemination that emphasizes the role of tumor cell clusters that have retained or gained epithelial properties with high expression of cytoskeletal and adhesion protein such as E- and P-cadherins was recently proposed [4]. 

			Tumor cells aggregation regulation involves cell-cell adhesion proteins, including members of the cadherin super family [8] as well as other cell surface associated proteins such as MUC1 or Galectin-3 for instance [6]. With the aim of characterizing quantitatively the aggregation capability of a tumor cell population and to identify additional regulators, our laboratory developed a highly reproducible time-lapse microscopy-based quantification assay to monitor the kinetics of aggregation of tumor cells in the absence of cell - substrate adhesion [15]. As cells aggregate and form a cluster, the area decreases in a highly reproducible manner. Automatic detection and tracking of the forming aggregate was performed using custom dedicated software (Figure 1). We used this area variation parameter to quantify the anchorage-independent cell aggregation kinetic in response to pharmacological agents or after siRNA transfection to identify mechanisms involved in cell aggregation. Using this approach, we showed that in HCT-116 colon cancer cells not only are E-cadherins involved in aggregation, but also desmoglein (DSG2) and desmocolin (DSC2), two desmosomal proteins, work in parallel. We also showed that decreased cytoskeleton tension correlated with faster aggregation, suggesting that myosin IIa applies a counter force that slows down aggregation [15]. Accordingly, a few studies have also suggested that cell aggregation correlates inversely with tension in the cytoskeleton [6,16]. 

			Our cancer cells aggregation assay was also validated with breast tumor cell lines including the MCF-7 cell line and is currently being used to investigate the involvement of several other actors and regulatory pathways in this process using dedicated micro devices and time-lapse video microscopy approaches. We present in Figure 1 the effect of the inhibition or invalidation of E-Cadherin using antibodies and siRNA interference strategies. These data emphasize the central role played by E-Cadherin in the aggregation process in MCF7 breast cancer cells. Very recently a chemotaxis-driven model for aggregation of tumor cells has also been proposed [17], suggesting that paracrine cell-cell communications could also been involved in these process (Figure 1). 
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			As already published [15], when seeded in condition preventing cell adhesion to the substrate, i.e. in anchorage-free condition, breast adenocarcinoma MCF7 cells progressively clusterize to form a solid shaped aggregate within 10 hours (panel A). This assay allows precise monitoring and quantification of the involvement of E-Cadherin in the aggregation process (Panel B) using monoclonal antibody (Ab E-Cadh), siRNA (siRNA E-Cadh) and the combination of both (siRNA + Ab). Control untreated and scrambled control siRNA (siRNA ctl) are also shown. Normalized cluster area is expressed in arbitrary unites (AU).

			Conclusion 

			How tumor cell clustering contributes to cancer development and how it is regulated remain unclear. Loss of E-cadherin, a master cell-cell adhesion protein, is a hallmark of epithelio-mesenchymal transition associated with metastasis. However, the detection of clusters of circulating tumor cells (CTCs) over expressing cell-cell adhesion proteins in patients has been correlated to high metastatic potential and poor prognosis. These results illustrate how unexpectedly [18] cell-cell interaction key players are involved in collective migration and CTC formation (Figure 2). Clusters of circulating tumor cells (CTC) can derive from direct migration in the blood stream of a group of associated cells that have escaped the primary tumor, or can originate from gathering of single CTCs. Cell adherens junctions and desmosomal proteins act as inducers while cytoskeleton tension inhibits aggregation in the absence of anchorage. Adapted from [15].
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			These observations of pro- or anti-tumor role for cell aggregation strengthen the need for further investigation on the regulatory mechanisms and how the balance between increasing and decreasing cell aggregation capabilities could contribute to cancer progression. Ongoing studies dedicated to identifying original cell mechanisms that control cancer cells clustering will undoubtedly foster research on the mechanism of metastatic dissemination and might open new therapeutic opportunities.
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Figure 1 : Aggregation assay to monitor the involvement of cell-
cell adhesion proteins.
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Figure 2 : A model for the formation of clusters of circulating
tumor cells.
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