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Background

Progesterone is important for normal development and growth of the mammary gland, but has also been implicated in increasing breast cancer risk.  Progesterone acts through binding in cells to its receptor, the progesterone receptor, which influences regulation of genes and cell functions in the mammary cells. There are two forms of the progesterone receptor, progesterone receptor A and progesterone receptor B, and these two forms have different effects on the regulation of genes and on cell functions.  While it has been shown that control of the two progesterone receptor forms is changed in breast cancer, little is known about the function and control of the forms in the normal mammary gland.  This study uses the well-characterized mouse mammary gland model to examine the control of progesterone receptor A and B by the female hormones estrogen and progesterone and to examine how these progesterone receptor forms relate to growth in the normal mammary gland.  Previous studies have found that progesterone receptor A is the primary form in the adult mouse mammary gland, whereas during pregnancy progesterone receptor B is the primary progesterone receptor.   

Methods

The ovaries, the primary source of estrogen and progesterone production, were removed from adult mice and these mice were then treated with pregnancy-levels of estrogen, progesterone, or both estrogen and progesterone.  The control of progesterone receptor forms A and B was analyzed in the mammary glands of these mice and the control of each progesterone receptor form was related to growth of the mammary gland in response to progesterone treatment. 
Results

Progesterone receptor A was increased by estrogen but decreased by progesterone or estrogen plus progesterone.  In contrast, progesterone increased progesterone receptor B and progesterone plus estrogen further increased progesterone receptor B; estrogen by itself had no effect on progesterone receptor B. The growth of ducts caused by progesterone of was associated with progesterone receptor A, whereas growth caused by progesterone in more developed mammary lobular structures was primarily associated with progesterone receptor B.
Conclusion

Estrogen and progesterone affect the control of progesterone receptor A and B differently. Progesterone can cause growth in the normal mouse mammary gland through either of its two forms. However estrogen-regulated form A promotes ductal growth and progesterone-regulated form B promotes lobule growth and differentiation.
Discussion

These studies are the first in normal, genetically unmodified mice, to investigate the regulation and roles of the two progesterone receptor forms. Our findings implicate a specific role for progesterone receptor A in mammary duct growth. Interestingly, increased levels of progesterone receptor A have been associated with less differentiated, more aggressive ductal tumors in the human breast.  Thus, the mouse may be a useful model for continued study of progesterone receptor A and its role in the etiology of breast cancer.  Higher progesterone receptor B levels were associated with more developed lobular structures. High levels of progesterone receptor B are rare in breast cancers and may indicate that mammary growth through progesterone receptor B is mainly associated with normal mammary growth and development. These studies show that understanding how progesterone controls growth in the normal mammary gland can inform us about a role for progesterone in breast cancer development. Furthermore, they highlight the need for further understanding of how progesterone controls growth in the human breast.      
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