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Abstract: 
Copenhagen (COP) is a rat strain that does not develop tumors when exposed to chemical carcinogens such as N-nitrosomethylurea (NMU) during the window of vulnerability of 50-60 days of age commonly used in cancer research. However, comparative studies showed that COP rats develop a similar number of preneoplastic lesions as the tumor-susceptible Wistar-Furth (WF) rats. While in the COP rats, these lesions regress those in the WF rats progress and develop into carcinomas. The resistance phenotype was attributed to the presence of mammary carcinoma susceptibility genes in COP mammary epithelium and their absence in WF rats, although contradictory results have been published. Previously, we showed that, on one hand, NMU-exposed WF mammary stroma is able to induce normal mammary epithelial cells (MEC) to form carcinomas. On the other hand, normal WF mammary stroma has also the ability to reverse the tumor phenotype of malignant epithelial cells and induce them to form normal mammary ducts. In light of these results, we postulated that the stroma is also responsible for the tumor-resistant phenotype observed in the COP rats.

The experimental design was 2-fold: 

1) Tissue Recombination: We recombined stromal and epithelial cells from WF and COP rats; mammary fibroblasts (MF) were collected from cleared-fat pads of animals exposed to NMU or vehicle (VEH). MECs were collected from virgin 55 day-old rats. The experimental groups were: 
Group 1: MF from NMU-exposed COP rats were recombined with COP MEC (positive control for tumor resistance)

Group 2: MF from VEH-exposed COP rats with COP MEC 
Group 3: MF from NMU-exposed COP rats with WF MEC 
Group 4: MF from VEH-exposed COP rats with WF MEC 
Group 5: MF from NMU-exposed WF rats with WF MEC (positive control for tumor susceptibility)
Group 6: MF from VEH-exposed WF rats with WF MEC
Group 7: MF from NMU-exposed WF rats with COP MEC 
Group 8: MF from VEH-exposed WF rats with COP MEC 
Both cell types were mixed with collagen I and grafted under the kidney capsule of host SCID mice. All tissue recombinants developed normal ducts; however, no recombinants developed macroscopic tumors. Preneoplastic and neoplastic lesions were only observed in Groups 5 and 7 (NMU-exposed WF fibroblasts). Groups 1 and 3 (NMU-exposed COP fibroblasts) did not show any neoplastic or preneoplastic lesions. Instead, most structures were normal ducts. These findings suggest that the tumor resistant phenotype observed in COP rats resides in the mammary stroma. 
2)  Global Gene Expression Analysis: COP and WF mammary stroma were collected from NMU- or VEH-exposed animals after 15 (COP and WF have equal number of preneoplastic lesions) or 60 (lesions regressed in COP and progressed in WF) days after treatment (DAT). Our data indicate that the amount of HOXA1 and STAT3 mRNAs is lower in the COP-NMU rats compared to the WF-NMU. STAT3 mRNA is lower at 5 and 15DAT while HOXA1 is lower at 15 and 60DAT. COP-NMU animals have an increase in TGF beta2 and procollagen type X mRNAs at 15DAT compared to WF-NMU. These and other genes expressed at 15DAT, when the animals showed the highest number of preneoplastic lesions, seem to be setting the stage for their disappearance by remodeling the stroma to reduce (or shut off) epithelial cell proliferation and to induce normalization of the lesions.
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