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Editorial on the Research Topic 


The Androgen Receptor in Breast Cancer


Androgen receptor (AR) is often overexpressed in breast cancer (BC) (1–3) and is the prevalent sex steroid receptor in “in situ,” invasive and metastatic BC (4–8). Moreover, up to 30% of triple negative breast cancers (TNBCs), the most aggressive forms of BC, express AR, which is also the only sex steroid receptor detectable in BC metastases and in metastatic lesions resected at autopsy (9–11). Although several findings support a role for androgen/AR axis in BC, its involvement in the pathogenesis and progression of this cancer remains debated, and the predictive and prognostic role of AR in TNBCs is even less clear.

By gene expression analysis of several BC data sets, Lehmann and colleagues identified six different TNBC subtypes (12). The luminal AR (LAR) subtype differs from the others in gene expression profile and ontology. Analysis of gene expression in the LAR subtype was consistent with a subset of estrogen receptor (ER)−/AR+ BCs (also known as molecular apocrine tumors), which express genes commonly detected in luminal tumors, such as XPB-1, SCUBE2, SPDEF, and FOXA1 (13, 14). These findings, together with the observed sensitivity of LAR-derived cells to the anti-androgen bicalutamide, strengthened the concept that AR is a key component of the LAR-TNBC subtype and that AR-targeted therapies may be effective against BCs expressing this hormone receptor (12). The benefits of anti-androgen treatment for AR-expressing BCs have since become the subject of an ongoing discussion among oncologists.

The historical success of AR targeting in prostate cancer (PC) has provided a proof-of-principle for its application in BC therapy. Specifically, the development of new, more effective, and safer AR-targeted agents has once again opened up the debate on whether or not to use these compounds in BCs and especially in TNBCs, for which no specific treatment guidelines are available and systemic chemotherapy remains almost the only option in both early and advanced stages of the disease. Anti-androgen therapies showed promising results in preclinical models of BCs (15–18) and several clinical trials have evaluated the efficacy of this approach in patients with AR+ TNBC; very encouraging data from three trials investigating the use of bicalutamide, abiraterone acetate, and enzalutamide report clinical benefit in about one in five patients (19–21). Of note, as in PC, the onset of a hormone-refractory state following prolonged use of selective androgen receptor modifiers is expected, and the findings from clinical trials make a case for identifying predictive response factors and therapeutic combinations in order to translate advancements in the field of BC into clinical practice.

The complexity of AR action is further underscored by studies on non-genomic actions mediated by the hormone receptor in BCs. The ligand-bound receptor interacts with various signaling effectors in the extranuclear compartment of target cells. Depending on cell type and hormone concentration, androgen-triggered association of AR with the tyrosine kinase Src activates Src-dependent signaling pathway, leading to cell proliferation, while hormone-stimulated interaction between AR and filamin A controls machinery driving cell motility and invasiveness (22). Of note, the role of Src and PI3K-dependent signaling pathways in promoting invasiveness triggered by androgen/AR axis has been recently dissected in various TNBC cell subtypes (23). These and other similar findings might pave the way toward the identification of biomarkers predictive of TNBC malignancy and the exploration of novel compounds for clinical application.

In this Research Topic, we have invited leading groups to contribute review and original research articles on the role of AR in BC. Three reviews within this Research Topic address some of the questions still pending and identify challenges in the field, with the aim of re-examining the intricate molecular landscape of AR and offering new clues as to its prognostic and therapeutic value in BCs. Bleach and Mcllroy discuss the complexity of AR-driven mechanisms within the context of our current knowledge of steroid intracrinology in BC. The paper describes the action of key mediators of transcriptional or non-transcriptional AR-induced events in BC, with particular emphasis on the role of intracrine ligands and their fluctuations. Interestingly, the review outlines the role of AR/ERα crosstalk occurring at transcriptional level in BCs, together with factors that modulate their interaction. The simultaneous targeting of AR and ERα is an intriguing proposition and might provide a valid approach to overcome therapeutic resistance in BC.

Over the last decade, conflicting evidence has been reported on the role of AR in BCs. Giovannelli et al. review major findings on the biology of AR in BC, with a focus on its prognostic and predictive role in TNBCs. The authors discuss the development of future therapeutic strategies in this BC subtype in light of the group’s most recent discoveries obtained using new site-specific compounds that specifically perturb the non-genomic mechanism mediated by AR in preclinical models of TNBCs (23). Inhibition of this functional action of AR may enhance the effect of traditional AR transcriptional inhibitors and warrant further investigation in clinical models of TNBCs.

Lastly, Chen et al. explore the role of AR and AR-related mechanisms in various BC subtypes, with a focus on experimental limitations and issues encountered in translating research from bench to bedside. The review spotlights the need to develop more appropriate AR detection methods and to identify new markers of AR responsiveness for better stratification of patients who might benefit from AR-targeted treatments.

BC therapy has evolved over the years from surgery, chemotherapy, radiation therapy, and hormone therapy to combinatorial treatments (24, 25). However, many patients, particularly TNBC patients, still experience a very high rate of recurrence, regardless of subtype. Because of the paucity of available therapies for as well as the intrinsic insensitivity of TNBCs to radiation therapy (26), the development of new radiosensitizing strategies is needed to improve clinical outcomes. The research article by Michmerhuizen et al. reports promising data on the effects of seviteronel, a non-steroidal selective CYP17-lyase inhibitor that blocks AR activation. Although the compound exhibits a limited effect in monotherapy, it shows great promise in radiosensitizing AR+ TNBCs in preclinical models. These findings may help expand the toolkit of radiotherapists and oncologists.

Differences in BC outcome among specific patient groups based on age, ethnicity, disability, and other factors are widely recognized. By comparing the biological characteristics of Tanzanian and Italian BC patients matched for date of and age at diagnosis, the research article by Bravaccini et al. examines the role of AR as a prognostic marker in a Sub-Saharan African setting, where access to healthcare and cancer prevention services is extremely poor. The paper reports that TNBCs analyzed among the Tanzanian population expressed very high AR levels, opening up new therapeutic perspectives in this low-income country.

In recent years, precision medicine strategies have yielded very encouraging results that lay the groundwork for more personalized diagnosis and treatment of AR-expressing BCs. However, much work is still needed to further explore the molecular and clinical aspects of this disease. The efforts of multidisciplinary teams combining molecular endocrinologists, oncologists, clinicians, and radiotherapists are expected to deliver high-quality research and therapeutic advances in the global battle against BC.
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