Hormones and cancer: new insights, new challenges
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The Hormones and Cancer 2000 Conference was held in Port Douglas, Australia from 3–7 November 2000. 

The basic premises that underlie hormonal treatment of breast, prostate and endometrial cancers are as relevant today as they were 20 years ago, but are being continually refined by new information from experimental and clinical sources. Manipulation of hormones is used increasingly in prevention, neoadjuvant and adjuvant treatment and for the systemic management of metastatic disease. In advanced disease, hormonal therapies are not curative, and therefore progression to hormone refractory disease frequently occurs. If the onset of hormone resistance could be delayed or averted, which is not an unreasonable goal considering current technology, the resulting preservation of the hormone-dependent state of a tumour might suffice to turn a fatal disease into a chronic one. The Hormones and Cancer 2000 Conference was the setting for discussion on many of these topics.

Overview

The conference commenced with an overview of the epidemiology of breast and prostate cancers by Ron Ross (Norris Cancer Center, Los Angeles, CA, USA). Subsequent presentations highlighted the functional disparities between isoforms of estrogen receptor (ER) and progesterone receptor (PR), the pivotal role of the p160 family of proteins in crosstalk involving receptors, coactivators and corepressors, the basis of hormone refractory disease and new therapeutic directions.

ER isoforms

Suzanne Fuqua (Baylor College of Medicine, Houston, TX, USA) examined the relative expression of ER isoforms  and  in a pilot series of 240 breast tumour specimens. Coexpression of ER and ER was found in the majority of cancers, with 76% expressing ER. However, ER, rather than ER, was strongly associated with PR expression, and was positively correlated with biological parameters that are indicative of a good prognosis, such as low tumour grade, diploidy and low S-phase fraction. ER expression was correlated with aneuploidy and a less favorable prognosis, especially in the absence of the expression of ER. In keeping with this finding was work by Leigh Murphy (University of Manitoba, Winnipeg, Canada) who demonstrated that ER-positive tumours with a good prognosis tended to have a higher ER:ER ratio, resulting from a significant increase in ER mRNA expression.

Benita Katzenellenbogen (University of Illinois, Urbana, IL, USA) utilized ER subtype-specific ligands to demonstrate that coactivator recruitment by the resultant ER–ligand complexes accurately reflected the agonist or antagonist character of the complex. However, there were distinct differences in recruitment of various coactivators, implying a spectrum of receptor conformations with different agonist and antagonist ligands and differences in their biology.

Myles Brown (Dana-Farber Cancer Institute, Boston, MA, USA) presented a detailed examination of the dynamics of ER-transcription complex assembly on estrogen-responsive promoters. Interestingly, in response to estrogen, ER and several coactivators are engaged by promoter sequences in a cyclic and precise order. Brown also demonstrated that tamoxifen induced the recruitment of corepressors, rather than coactivators.

Ken Korach (NIEHS/NIH, Research Triangle Park, NC, USA) used gene-targeting techniques to produce lines of transgenic mice that were homozygous for a disrupted ER gene (ERKO) and a disrupted ER gene (ERKO). Developmental changes were more apparent in the female reproductive tract than in that of the male. In addition, ERKO mice had underdeveloped uteri and ERKO mice showed ovarian subfertility. By contrast, there were no differences in prostate morphology between wild-type mice, ERKO mice, ERKO mice or heterozygote ERKO/ERKO mice.

Shuk-mei Ho (University of Massachusetts, Worcester, MA, USA) examined the expression of ER and ER in biopsy specimens of normal and malignant human prostate, using semiquantitative RT–PCR analysis. In epithelial cells from normal tissue, only transcripts of ER were present, along with PR and pS2, the products of two estrogen-responsive genes, suggesting that under normal conditions, estrogens (and antiestrogens) signal exclusively via ER.

Gail Prins (University of Illinois, Chicago, IL, USA) focused on the effects of estrogen exposure during prostate development, and the resultant imprinting that persists throughout life. In older animals, imprinting is associated with extensive hyperplasia, dysplasia and massive lymphocytic infiltration, suggesting that neonatal estrogens might predispose the prostate gland to precancerous lesions. Such effects appear to be mediated through ER, rather than through ER and the loss of the  isoform could account for dysplastic change in adult tissues.

PR isoforms

Christine Clarke (Westmead Institute for Cancer Research, Sydney, NSW, Australia) examined expression of PR isoforms A and B using dual immunofluorescent staining of sections of normal, premalignant and malignant breast and endometrial tissue. A notable feature of PRA and PRB expression in these malignancies is the imbalance between the relative levels of the two isoforms. Invasive cancers predominantly express PRA, and this is probably associated with the biological indicators of a poor prognosis.

Kate Horwitz (University of Colorado, Denver, CO, USA) reported that progesterone up- or downregulates different subsets of genes through PRA, rather than through PRB. Little overlap among the genes regulated by each isoform was observed, suggesting that tumors which overexpress one PR isoform might be phenotypically different from tumors that overexpress the other isoform. In examining antiestrogen-mediated effects on coregulators, the partial-agonist or -antagonist activity of tamoxifen liganded to ER seems to be related to the level of corepressor, rather than the level of coactivator.

Malcolm Parker (Imperial Cancer Research Fund, London, UK) demonstrated the ability of p160 coactivator proteins to recruit other coactivators to the activation function-2 (AF-2) surface of the activated steroid receptor. He also suggested that the p160 family is the primary mediator of coregulator activity during the activation of ER tanscription. Along similar lines, Michael Stallcup (Norris Cancer Center, Los Angeles) looked at synergistic relationships between the p160 coactivator family and the activity of the androgen receptor (AR). The requirement for secondary coactivators, namely CARM1 (coactivator-associated Arg methyltransferase) and PRMT1 (protein Arg methyltransferase), appears to be less when receptor levels in the nucleus are high, and the converse when the AR levels are low.

Signaling pathways

Nancy Weigel (Baylor College of Medicine, Houston, TX, USA) presented results of extensive studies on ligand-independent activation of PR, finding that activation of several cell signaling pathways, including protein kinase A (PKA), PKC and mitogen-activated protein kinase (MAPK), enhances PR activity in T47D breast cancer cells. In searching for potential PKA substrates, Nancy Weigel found that phosphorylation of steroid receptor coactivator 1 (SRC-1) was augmented by PKA activation.

Joyce Slingerland (Sunnybrook and Women’s College Health Sciences Center, Toronto, ONT, Canada) found evidence for involvement of the MAPK pathway in the development of hormone refractory breast cancer, and demonstrated that constitutive activation of the MAPK pathway is a feature of hormone-resistant ER cell lines. Her group also demonstrated that inhibition of MAPK kinase restored sensitivity to the growth arrest caused by the antiestrogens, faslodex and tamoxifen. Antisense inhibition of p27 expression abolished the reclaimed sensitivity, confirming the importance of this cyclin-dependent kinase inhibitor in antiestrogen-mediated growth arrest.

Marco Marcelli (Baylor College of Medicine, Houston, TX, USA) presented a detailed analysis of the apoptotic pathway in prostate cells, including release of cytochrome C from mitochondria into the cytoplasm, followed by activation of the caspase family of proteases. He emphasized the therapeutic potential of a combination of mitochondrial incapacitation and cytochrome C release in the initiation of apoptosis.

The role of AR

Several papers focused on the contribution of the androgen-signaling pathway to the development of androgen-independent prostate cancer. Wayne Tilley (Flinders Cancer Centre, Adelaide, SA, Australia) emphasized that AR is maintained in virtually all advanced prostate cancers, and that amplification of, and mutations in, the gene encoding AR have been detected in up to 30% and 50% of clinical specimens, respectively. These mechanisms might result in tumors with either increased sensitivity to androgens, or inappropriate stimulation of cancer growth by nonclassical ligands. Mis-sense mutations in the signature sequence (helix 3) of the ligand-binding domain (LBD), and in a region flanking the AF-2 binding site appear to broaden the specificity of ligand binding to the AR to include estrogens and progestins. Naturally occurring mutations a tetrapeptide (668QPIF671) at the boundary of the hinge and ligand binding domain of the AR results in receptors with 2–4-fold greater activity in response to all studied ligands. The deregulation of androgen action by such mutations provides a mechanism for both the outgrowth of tumor cells and the failure of androgen ablation therapy.

The crucial role of AR in hormone refractory prostate cancer was also demonstrated by the work of Don Tindall (Mayo Foundation, Rochester, USA). An antibody raised against AR and injected into LNCaP-hormone-refractory cells markedly inhibited cancer cell growth showing that AR is crucial in driving proliferation of androgen-independent cells. Relevant to this observation, Marianne Sadar (BC Cancer Agency, Vancouver, BC, Canada) identified that the N-terminal domain of the AR is a target for ligand-independent activation and that this can take place in cells exposed to PKA activators (e.g. forskolin), interleukin 6 or factors derived from cultured bone cells. Overexpression of the N-terminal sequence blocked androgen-independent, but not androgen-dependent increases in the expression of prostate specific antigen. Such decoy molecules might prove to be of therapeutic value in delaying or averting the onset of hormone refractory disease, but allowing continued manipulation of the hormonal environment.

Protein kinase B (Akt) and NKX3.1

Charles Sawyers (UCLA Hematology/Oncology, Los Angeles, CA, USA) examined non-receptor mechanisms of therapy resistance in prostate cancer. A human prostate cancer xenograph model (locally advanced prostate cancer) was used to study the transition from androgen-dependence to androgen-independence in addition to the development of metastases following orthotopic injection. The experiments uncovered a role for the tumor suppressor gene, PTEN. The gene negatively regulates the phosphoinositide 3-kinase–Akt pathway, which is upregulated in tumours lacking PTEN. Because PTEN-deficient cells are characterized by a high level of Akt expression, Akt might be a therapeutic target to supplement the effects of androgen withdrawal.

Ed Gelmann (Georgetown University, Washington DC, USA) described a novel approach to the study of prostate tumour progression based on a homeobox gene (NKX3.1) with prostate-specific expression in the adult. Expression of protein was examined in various benign and malignant specimens of the prostate with the use of an antiserum against purified recombinant NKX3.1. Whereas all normal prostatic epithelial cells expressed NKX3.1, in ~30% of advanced and hormone-refractory prostate cancers expression of NKX3.1 was lost, and nearly 80% of metastatic lesions were negative for immunohistochemical staining. These data suggest that loss of NKX3.1 might play a role in unrestricted growth of recurrent and metastatic disease.

Receptor–cofactor interactions

In pursuit of new therapies based on nuclear receptor–cofactor interactions, Donald McDonnell (Durham, NC, USA) employed combinatorial phage display to identify small peptides that interact directly with either of the two known ER isoforms in the presence of 17 -estradiol, and to block their transcriptional activity in transfected cells. These peptides inhibited receptor action in a specific manner that was similar to the decoy molecules described by Marianne Sadar. The evolution of peptide mimetic pharmaceuticals was discussed as a promising new direction in the development of breast and prostate cancer chemotherapeutics.

Concluding thoughts

The understanding of the role of hormones in tumorigenesis remains incomplete and hormonal approaches to therapy currently have a low curative potential. However, there remains the promise of major benefits from therapeutic alterations that occur in molecular pathways of signal transduction during tumour progression. If long term control is possible through improved manipulation of hormone-regulated pathways and the subsequent compensatory pathways, breast and prostate cancers may become chronic conditions like diabetes and hypertension. The forward-looking Hormones and Cancer 2000 Conference generated a surge of optimism that this goal might be achievable within the next decade.
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