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Abstract: 
The 4T1 mouse mammary tumor model is one of only a handful of models that metastasize effectively when introduced orthotopically in immuno-competent mice. Because of its propensity to metastasize to bone and other sites in immuno-competent animals, the model is being used extensively for identifying drug targets and testing therapeutics aimed at inhibiting processes related to tumor metastasis. For this study, the 4T1 cell line was modified for stable expression of firefly luciferase in the absence of selective pressure and for targeted integration of siRNAs and cDNAs with FLP recombinase. Luciferase expression allows quantitative analysis of primary tumor growth and facilitates the detection and quantitation of metastases to lungs, liver and bone, as well as to previously unreported organs including brain, kidney and adrenals. A longitudinal experiment following mammary tumor growth and metastasis weekly after introduction of tumor cells into syngeneic BALB/c mice, revealed biphasic growth at the primary site with rapid growth during the first two weeks, regression in weeks 3 and 4, and renewed growth in weeks 5 and 6. A progressive increase in extramedullary hematopoiesis in spleen and liver occurred during the 6-week period. Regression in weeks 3 and 4 was associated with extensive inflammation and necrosis at the primary site. Increasing levels of neutrophils, monocytes and lymphocytes were observed in the circulation during the experiment and many of these cell types were recruited to the primary site. Growth at the primary site was substantially affected by the immune system function, in that regression of growth observed in normal mice was not seen in immuno-compromised BALB/c nude or SCID mice.  
Metastases appeared during the second growth phase suggesting the involvement of innate and acquired immune responses in metastasis for this model. Microarray analysis comparing the gene expression in the 4T1 cell line to 67NR and 168FARN, two non-metastatic sibling cell lines, was carried out to investigate the molecular basis for the 4T1 metastatic phenotype. Pathway analysis of genes with significant expression differences indicated activation of the p38 MAPK signaling resulting in production of hematopoietic factors Csf2 and Csf3, acute 
phase proteins Ssa3 and C3, metalloproteinases Mmp3, Mmp9 and Mmp13 and cytokines Ccl5, Cxcl16, Cxcl1 and Tslp. Factors involved in angiogenesis, including Vegfc and Agpt2, were also significantly over-expressed in 4T1 cells. Further analysis of the interactions of these genes, and the pathways and processes in which they function, suggest that factors produced by this breast cancer model orchestrate the production and recruitment of cells of the innate and acquired immune responses, which in turn regulate tumor growth and modify the intratumoral environment to allow dissemination of tumor cells to distant sites. The results highlight the importance of innate and acquired immune system function in tumor growth and metastasis, and emphasize the need for using immuno-competent animals and species matched models for the study of tumor metastasis.
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