Transcription of the human prolactin gene in mammary cells.
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Introduction

Human prolactin (hPRL) is a polypeptide hormone mostly produced by the anterior pituitary gland, where its expression is modulated by numerous extracellular signals such as TRH, EGF, thyroid hormones, glucocorticoids, estrogens and by second messengers Ca2+ and cAMP (1). In mammals, PRL mainly promotes growth and development of the mammary gland, as well as milk production and secretion through binding to its specific transmembrane receptor (PRLR). It is also involved in mammary tumor development (2) and acts as a mitogen on several human breast cancer lines (3,4). However, anticancer therapies designed to block expression and secretion of pituitary lactogenic hormones (PRL and GH) had little effect on the course of the disease (5), suggesting that extra-pituitary PRL expression might be involved (6). Synthesis of PRL mRNA has been observed in T lymphocytes, decidualized endometrium (7) and, interestingly, also in both normal and neoplastic human breast tissue (8) and in human mammary carcinoma lines (4,6,8). The observation that hPRL antagonists blocked mammary tumor cell growth (3,4) further supported the existence of an autocrine/paracrine loop, where hPRL produced in mammary cells directly stimulates mammary cell proliferation.

Nothing is known about the transcriptional regulation of the hPRL gene in mammary cells. Two distinct transcription start sites are described for the hPRL gene (see Fig.1A), one used in the pituitary starting with exon 1b, the other initiating a slightly larger hPRL mRNA with an additional non-coding exon (exon 1a) in lymphocytes and endometrial cells (7). In pituitary, transcription is mainly controlled by the pituitary-specific transcription factor Pit-1 and modulated by the estrogen receptor. Recently, activation of the MAPK pathway was shown to induce binding of AP-1 to the proximal pituitary promoter (1,9). Lymphoid and endometrial hPRL expression, independent of Pit-1, was shown to be controlled by cAMP or cAMP and progesterone, respectively (1,7,10). Here we present the first extensive analysis of the transcriptional regulation of the human prolactin gene in human mammary tumor cells.

Results

Few studies are available concerning the promoter used in mammary cells and they give conflicting results (8,11). We performed RT-PCR experiments to determine which type of mRNA codes for  the endogenous hPRL in several mammary cell lines (Fig.1B). We detected a lymphocyte-type messenger in three of the cell lines, other data from the literature are also included (* in Fig.1B). In addition, we studied the functionality of the two hPRL promoters in several mammary cell lines by performing transient expression experiments using the luciferase reporter gene controlled by each of the two hPRL gene promoters (see Fig.1A). In most cell lines tested, the distal promoter displayed a higher activity in these transient assays (Fig.1B). Taken together, these results argue for a preferential use of the lymphoid/decidual promoter in different mammary cell lines. However, the precise determination of the transcriptional start site used in each of these cell lines will depend on the more precise RNA analysis experiments that are presently being performed.

As tumor cell lines often present substantial DNA rearrangements, we verified the integrity of the hPRL gene locus by using a PCR approach on genomic DNA extracted from the different cell lines. No major rearrangement was detected in the cell lines tested.

A more extensive analysis of the hPRL transcriptional regulation was performed in the luminal epithelial mammary tumor cell line SK-BR-3. RT–PCR experiments suggest that a pituitary-type mRNA is produced in these cells (Fig.1). In transient expression experiments, the transfected pituitary and the decidual/lymphoid promoter displayed similar transcriptional activities (Fig.2A). No endogenous Pit-1 mRNA was detected in these cells, however expression of exogenous Pit-1 dramatically stimulated the transfected pituitary promoter (Fig.2B). Treatment with epidermal growth factor (EGF) activated only the transfected pituitary (Fig. 2C), but not the transfected decidual/lymphoid promoter. Both Pit-1 expression and EGF treatment also stimulated the endogenous hPRL gene transcription. Taken together, our results strongly suggest that the hPRL pituitary promoter is used in the SK-BR-3 mammary tumor cells.

Discussion

Expression of hPRL in mammary gland is particularly interesting, as this tissue also is the major target site for PRL in mammals. This study represents the first attempt to investigate the molecular mechanisms involved in expression and regulation of the hPRL gene in mammary cells. Analysis of several mammary tumor cell lines suggests that the lymphoid/decidual promoter is more often used in these tissues and that the genomic hPRL locus is intact in these cells.

A more precise analysis of the regulatory regions involved in transcription of the hPRL gene was performed in SK-BR-3 mammary tumor cells. Surprisingly, in transient expression experiments the basal activity of the lymphoid/decidual promoter is similar to that of the pituitary promoter, while only the endogenous pituitary promoter is clearly active. This discrepancy probably means that the chromosomal lymphoid/decidual promoter is kept silent by a repressive chromatin structure, unlike the transfected naked version. In striking contrast, the chromosomal pituitary promoter region in SK-BR-3 cells appears to be in an open configuration, as expression of hPit-1 and EGF treatment clearly enhances hPRL expression of the endogenous gene. Taken together, these results strongly indicate that the hPRL pituitary promoter is used in SK-BR-3 cells.

It is interesting to note that EGF stimulates the endogenous hPRL pituitary promoter. EGF is an important regulator of mammary gland development as well as breast tumor growth (12), activation of its tyrosine kinase receptor EGFR (ErbB1) leads to receptor heterodimerization with ErbB2, phosphorylation of both receptors and activation of downstream pathways. Overexpression of EGFR and ErbB2 is observed in 25-50% of human breast cancers, also in SK-BR-3 cells, and often correlates with the lack of steroid hormone receptors and poor prognosis. Recently, Yamauchi et al. (13) demonstrated that PRL secreted by SK-BR-3 cells is able to activate ErbB2 and the MAPK pathway via autocrine binding to PRLR followed by Jak2 activation. Our results show that hPRL synthesis is induced by EGFR/ErbB2, suggesting the existence of a positive PRL/EGFR feedback loop leading to a strong stimulation of proliferation in mammary tumor cells such as SK-BR-3. Further studies will be necessary to characterise hPRL gene expression in mammary cells. The understanding of the regulatory network underlying hPRL expression, EGF regulation and AP-1 activity in breast cancer cells could provide a framework for developing future cancer therapies.
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FIGURE LEGENDS

Figure 1. A) schematic representation of the hPRL gene. The two promoters are mentioned and the regions which were fused to the luciferase reporter gene for the transient expression experiments are indicated by the black boxes. The two different types of hPRL mRNA are also depicted. B) endogenous hPRL mRNA detected by RT-PCR and preferential promoter activity observed by transient expression in the indicated mammary cell lines. 

Figure 2. Transient expression experiments in SK-BR-3 cells. Reporter constructs containing the luciferase gene driven by the hPRL lymphoid/decidual (lym/decPRL-Luc), the pituitary (pitPRL-Luc) or a minimal promoter (40P-Luc) were transfected into SK-BR-3 cells. A) Both promoters display a similar basal activity in transient expression. B) Expression of the pituitary-specific factor Pit-1 strongly induces the transcriptional activity of the transfected pituitary promoter. C) Epidermal growth factor (EGF) stimulates the transfected pituitary promoter, but not the lymphoid/decidual promoter.
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