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Abstract:

Approximately two hundred thousand new cases of breast cancer occur annually in the U.S., making it the leading cause of malignancy-related death in American women. Despite removal of the primary breast tumor, relapse occurs at distant sites, with high frequency to bone (> 70% of cases), signaling entry of the disease into an incurable phase. Tissue-engineered bone constructs afford a controllable microenvironment and were assessed as functional targets for metastasis by human breast cancer cells injected at the orthotopic site (mammary pad). Specimens of silk-based tissue engineered bone and native human bone controls were prepared for subcutaneous implantation in immunodeficient (NOD/SCID) mice, with subsequent orthotopic injection of the green fluorescent protein/luciferin-expressing human epithelial cell line SUM1315, for assessment of cell migration. Engineered bone scaffolds were prepared from B. mori extracted silk fibroin following dissolution in lithium bromide, lyophilization of the fibroin solution, and directly dissolving the solid in hexafluoroisopropanol to generate spongy scaffolds. Scaffolds were formed as cylinders of 17 wt% fibroin, 550-600 micron porosity, and 5mm D/2mm H dimension, and coupled with bone morphogenetic protein-2 by carbodiimide cross-linking. Treated scaffolds were seeded directly with passage-2 human bone marrow stromal cells (BMSC) on the day of implantation into mice. Concurrently, discarded human femoral tissue obtained from total hip replacement surgery was cored for the generation of cylindrical bone implants. NOD/SCID mice received BMSC-seeded silk scaffold implants subcutaneously over the left shoulder, and human bone implants over the right. One month following implantation, labeled SUM1315 cells were injected orthotopically into mouse mammary fat pads and monitored over the course of twelve weeks. Xenogen imaging of bone implants at final harvest revealed the presence of metastases in both the tissue engineered scaffolds and human bone implants in two of the six mice, with metastatic spread exclusive to the implants and not to the mouse skeleton. SUM1315 migration and invasion of tissue engineered scaffolds refines the specific bone microenvironment capable of cell migration, providing a foundation to further determine the specific factors contributing to breast cancer metastasis.
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