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Abstract: 
In order to understand carcinogenesis and predict the outcome of pharmacological treatments, in vitro models that recapitulate the three-dimensional (3D) structural and functional context of normal and malignant tissues will be very informative. Surrogate models have provided significant insight on the morphology of normal and tumorigenic breast cells in 3D matrices. However, the cell-mediated re-organization of the Extracellular Matrix (ECM) has not been thoroughly investigated at the tissue level because the exclusive use of the epithelia cell type and estrogenic contamination in the tissue culture plastic labware prevent addressing important questions regarding the significance of interactions between epithelial and stromal cells in breast cancer and tumor response to hormone therapy, respectively.

We developed an estrogen-free 3D culture of normal and breast cancer cell lines and primary breast fibroblasts in collagen type I gels. A normal human breast epithelial cell line (MCF10A) contracts the collagen gels and increases their stiffness while acini- and ductal-like structures that resemble the morphology of normal mammary gland are formed. This happens independently of the presence of breast fibroblasts. Analysis of collagen fiber configuration by picrosirius red staining demonstrates a differential rearrangement of collagen around the cellular structures, similar to the fibers surrounding the normal gland epithelium in vivo. Impeding of gel contraction prevents the formation of organized structures by the MCF10A cells and results in random distribution of cellular aggregates. In contrast, the estrogen-sensitive breast cancer MCF-7 cells do not cause contraction of the collagen gel and form loose disorganized colonies. Interestingly, the combination of fluorescent protein-labeled MCF-7 and MCF10A induces contraction of collagen and formation of compact spherical MCF-7 structures that are different from the colonies in MCF-7 cells alone in culture. Given that circa 70% of breast tumors express the Estrogen Receptor, we tested the sensitivity of our model to estrogens. The MCF-7 cells retain the responsiveness to proliferative and anti-proliferative stimuli of estradiol and antiestrogens (OHT and fulvestrant) respectively, in 3D conditions. Thus, collagen type I gels are useful 3D     in vitro models for studying the role that cell-cell and cell-ECM interactions and biophysical forces play on the morphology of normal and epithelial breast cancer cells. This model provides the opportunity for experimental hormonal manipulations aiming at elucidating the development of drug resistance mechanisms at the tissue organizational level in estrogen-dependent breast cancer.       
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