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Abstract Triple negative breast cancer (TNBC) is an aggres-
sive breast cancer subtype that lacks estrogen receptor, pro-
gesterone receptor, and human epidermal growth factor recep-
tor 2 (HER2) amplification. Due to the absence of these re-
ceptors, TNBC does not respond to traditional endocrine or
HER2-targeted therapies that improve patient prognosis in
other breast cancer subtypes. TNBC has a poor prognosis,
and currently, there are no effective targeted therapies. Some
TNBC tumors express androgen receptor (AR) and may ben-
efit from AR-targeted therapies. Here, we review the literature
on AR in TNBC and propose that TNBC be further sub-
classified as either AR+ TNBC or quadruple negative breast
cancer since targeting AR may represent a viable therapeutic
option for a subset of TNBC.

Introduction

Triple negative breast cancer (TNBC), a term first published in
2005 [1], is defined by negative clinical testing for estrogen
receptor (ERα), progesterone receptor (PR), and human epider-
mal growth factor receptor 2 (HER2) amplification. Because it
lacks these receptors, TNBC is unresponsive to traditional es-
trogen pathway-directed endocrine therapies or HER2-targeting
therapies. Currently, there are no targeted therapies for TNBC,
and chemotherapy remains the best therapeutic option. Howev-
er, upon recurrence of chemoresistant disease, effective

therapeutic options are limited. Indeed, TNBC constitutes 15–
20 % of newly diagnosed invasive breast carcinomas and has
the lowest 5-year survival rate compared to other breast cancer
(BC) subtypes. A study of over 1600women found that women
with TNBC have a peak risk of recurrence between 1 and 3
years, an increased likelihood of distal recurrence, and a major-
ity of deaths occurring in the first 5 years compared to other BC
subtypes [2]. Overall BC outcomes have greatly improved as a
result of early diagnosis, however TNBC often presents be-
tween mammograms [2].

Although TNBC lacks hormone receptors traditionally as-
sociated with BC, both molecular and immunohistochemical
analyses demonstrate that a subset of TNBC expresses the
androgen receptor (AR). Emerging data suggest that AR sig-
nificantly influences breast cancer gene expression profiles
and affects tumorigenic properties of TNBC. Development
of new generation anti-androgens for the treatment of prostate
cancer has led to renewed interest in hormonal therapy
targeting AR in the subset of AR+ TNBC and constitutes a
novel therapeutic option that could improve prognosis with
few side effects. Herein, we discuss the role of AR in the
biology of TNBC in preclinical models and review the clinical
data on the efficacy of targeting AR in TNBC. Based on these
data, we propose that testing for AR should become the stan-
dard clinical practice and that TNBC be further defined as
either AR+ TNBC or Bquadruple negative^ disease to empha-
size the utility of AR as a viable therapeutic target in AR+
breast cancer.

AR Expression in TNBC

Multiple studies report nuclear AR expression in TNBC pa-
tient specimens [3–11]. Importantly, nuclear AR staining is
indicative of active receptors, since AR translocates to the
nucleus upon binding ligand. The percentage of TNBC with
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nuclear AR expression (as detected by IHC) ranges from 12–
55 % depending on the study. The large range of AR expres-
sion may reflect differences in AR antibodies used, antigen
retrieval methods, and the criteria for positive AR expression
(either 1 or 10 % positivity). In two prospectively conducted
clinical trials, rates of AR+ disease ranged from 12 % (AR
≥10 %, DAKO) [10] to 55 % (AR ≥10 %, DAKO and
Ventana) [11]. Studies comparing AR expression in primary
versus metastatic disease found that AR is frequently retained
in metastatic samples from patients with AR+ primary tumors
[12, 13]. Reports of AR expression in TNBC patient samples
are summarized in Table 1. To date, there is no standardized,
optimized assay to assess AR expression in TNBC. As we
move toward classification of AR+ and quadruple negative
disease, standardization of AR IHC is of high priority. Inter-
estingly, the percent of AR+ cells alone may not be sufficient
to identify patients whowill benefit fromAR-targeted therapy.
For example, the genomic biomarker reported by Traina et al.
predicted patients who would benefit from enzalutamide (Enza)
despite having low AR expression by IHC [14]. AR expression
alone was not significantly associated with patient outcome.
Thus, a combination of AR expression by IHC ≥1 % and geno-
mic biomarker expression may best identify the cohort of AR+
TNBC patients who will benefit from AR-targeted therapy.

Across all subtypes of BC, AR expression is associated
with a better overall survival and disease-free survival irre-
spective of co-expression of ERα in breast cancer [15].Within
TNBC, the prognostic significance of AR is controversial
(reviewed in [16]) as AR expression has been associated with
both a good and bad prognosis in multiple studies. As AR is
expressed in normal mammary epithelial cells (see primary
data in [17]), it is likely associated with a more well-differen-
tiated, less aggressive tumor. Indeed, AR+ TNBC has a lower
Ki-67 index than AR− TNBC [3] and may therefore be less
responsive to chemotherapy. This is supported by the lower
pathologic complete response (pCR) rate following chemo-
therapy of TNBC tumors with gene expression profiles
enriched in AR signaling pathways [18] compared to other

TNBC subtypes. Just as ERα confers a good prognosis, but
is an effective therapeutic target in ER+ breast cancer [19–22],
AR may similarly confer an overall better prognosis since it is
expressed in slower growing tumors, yet serve as an effective
therapeutic target in a subset of TNBC that are dependent on
or driven by this receptor.

In TNBC tumor cohorts, studies identified correlations be-
tween AR protein positivity and other proteins of biological
importance. AR protein expression is positively correlated
with aldehyde dehydrogenase 1 (ALDH1) [23], an enzyme
associated with stem-like cells in breast cancer, as well as
17β-hydroxysteroid dehydrogenase 5 (17βHSD5) and 5
alpha-reductase type 1 (5αR1), enzymes involved in androgen
synthesis [24]. Conversely, AR protein expression is negative-
ly correlated with the L1 cell adhesion molecule (L1CAM)
[25] and tight junction protein Claudin 4 (CLDN4) [26]. The-
se studies raise the interesting possibility that AR may pro-
mote a stem-like or mesenchymal phenotype in TNBC, an
observation consistent with the lower Ki67 staining associated
with AR+ TNBC.

TNBC Lacks AR Mutations but Expresses AR Splice
Variants

The Cancer Genome Atlas (TCGA) sequencing data revealed
2 patients with single missense mutations among 93 TNBCs
analyzed (2.2 % mutation rate). One mutation, D865E, local-
ized to the ligand-binding domain of AR and the other,
L638M, localized to a domain for which a specific function
have not been ascribed. Neither mutation contributes to a re-
ported or predicted functional alteration of AR. By FISH anal-
ysis of 99 BC and normal breast tissues, AR gene amplifica-
tion was not found [27]. As tissue from clinical trials targeting
AR in TNBC becomes available, amplification or mutations
in AR may be identified as a result of AR-targeted therapy.

AR splice variant mRNA is expressed in BC tissues and
cell lines [28, 29]. An AR variant without exon 3 (Δ3AR) that
lacks the second zinc finger of the DNA binding domain was

Table 1 AR protein expression in TNBC tumor specimens

% AR+ N % Nuclear AR Antibody Reference

12 % 43 >10 % AR441, Dako [10]

22 % 130 ≥1 % AR441, Dako [3]

30 % 135 >10 % AR27, Novocastra [4]

32 % 239a >10 % AR441, Dako [5]

33 % 83 ≥1 % M3562, Dako [6]

36 % 50 ≥1 % AR441, Dako [7]

38 % 699 ≥1 % AR27, NCL-AR-318 [8]

53 % 158 ≥10 % AR441, Dako [9]

55 % 203 ≥10 % AR441, Dako and Ventana SP107 [11]

a Defined as basal-like
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identified in BC, but not normal, tissues [28]. Hu et al. also
reported low levels of AR variant expression in normal breast
tissue with some expression of AR variant AR45, which is
truncated at the N-terminus [29]. AR45 lacks exon 1 and is
associated with decreased AR activity in prostate cancer [30].
TNBC cell lines MDA-MB-453 and MDA-MB-231 express
AR45 and AR variant 3, respectively [29]. AR variant 3,
which lacks a ligand binding domain, is ligand independent
and constitutively active in prostate cancer [31]. Additional
studies are needed to verify AR variant expression in TNBC
tumor specimens at the protein level, particularly after treat-
ment with AR-targeted therapies.

AR and Hormone-Regulated Genes Define a Subtype
of TNBC

Molecular profiling experiments have redefined BC subtypes
to take into account the strong effects of AR, which is
expressed across BC subtypes [32–34]. In a study examining
mRNA expression patterns in over 500 breast tumors
representing all BC subtypes, Guedj et al. identified an AR-
regulated gene cluster as one of three key gene clusters that
define global BC expression patterns [32]. The AR-associated
gene cluster included a molecular apocrine AR+/PR−/ER−
subgroup (mApo, comprised of tumors with and without
HER2 amplification) as well as a basal-like AR−/ER−/PR−
subgroup (BasL) [32]. Whereas the mApo subgroup was
enriched in immune signaling pathways, the BasL subgroup
was enriched in DNA replication and repair signaling. The
expression profile of the mApo, AR+/ER−/PR− subgroup is
similar to the previously described Bmolecular apocrine^
group of tumors enriched with expression of ER-regulated
genes, despite being ER− [33, 34]. It is proposed that in these
tumors, AR promotes transcription of many of these classical-
ly ER-regulated genes.

More recently, expression analysis of over 500 TNBC pa-
tient samples identified significant heterogeneity that includes
a subtype with a Bluminal AR^ gene signature as well as
Bbasal-like 1,^ Bbasal-like 2,^ Bimmunomodulatory,^
Bmesenchymal-like,^ and Bmesenchymal stem-like^ subtypes
[35]. The luminal AR (LAR) subtype was so termed because it
has a molecular expression profile similar to ER+ breast can-
cers. Gene ontologies defining the LAR subtype were
enriched in hormonally regulated pathways including steroid
synthesis and androgen/estrogen metabolism. Importantly, the
LAR subtype was associated with a poor patient prognosis
suggesting that this subtype may be less responsive to chemo-
therapy. Masuda and colleagues also compared pCR rates fol-
lowing neoadjuvant chemotherapy of the TNBC subtypes and
found that the pCR rates differed by subtype [18]. The basal-
like 1 subtype had the highest pCR rate whereas the LAR and
basal-like 2 subtypes had the lowest pCR rates. A low Ki-67

index associated with reduced proliferation may account for
the low pCR rate among LAR tumors.

Subsequent TNBC profiling studies corroborated the exis-
tence of a LAR TNBC subtype. Recently, Burstein and col-
leagues examined 198 TNBC tumors and identified four dis-
tinct subtypes including LAR with the subtype specific mark-
er mucin 1 (MUC1) [36]. Similarly, in a study of 107 TNBC,
Jezequel et al. identified three subtypes including LAR [37].
Identification of an AR signaling-based subgroup of TNBC
tumors by multiple independent studies further supports the
need to distinguish quadruple negative breast cancer and AR+
disease in the clinic to optimize therapy and improve patient
outcomes.

Molecular Biology of AR in the Luminal AR TNBC
Subtype

LAR tumors exhibit a tenfold higher AR protein expression
than non-LAR subtypes [35]. Xenograft experiments with
LAR TNBC cell lines demonstrated greater sensitivity to the
AR antagonist bicalutamide compared to non-LAR xeno-
grafts. However, bicalutamide is known to have partial agonist
effects [38], and prostate cancer patients who acquire resis-
tance to bicalutamide are often responsive to the next genera-
tion antagonist Enza, which has higher affinity for AR and
attenuates DNA binding [39], while bicalutamide allows nu-
clear translocation and DNA binding. Indeed, non-LAR, AR+
SUM159PTand HCC1806 xenografts that were insensitive to
bicalutamide [35] were sensitive to Enza [3], suggesting that
response to pure AR antagonists may not be limited to the
LAR TNBC subtype.

LAR cell lines have a high frequency of phos-
phatidylinositol-4,5-biphosphate 3-kinase catalytic subunit al-
pha (PIK3CA) mutations [40]. The combination of PI3K/
mTOR and AR inhibitors showed additive growth inhibitory
effects in vitro. Additive effects of bicalutamide with PI3K
inhibitor GDC-0941 or PI3K/mTOR inhibitor GDC-0980
were also observed in MDA-MB-453 and CAL-148 LAR
xenografts [40]. In a comparison of global DNA-binding
events, Robinson et al. found that AR binding in the LAR
TNBC cell line MDA-MB-453 was more similar to ER bind-
ing in the ER+ breast cancer cell line (MCF7) than AR bind-
ing in a prostate cancer cell line (LNCaP) [41]. Thus, in the
absence of ER, AR may function similarly to ER, accounting
for the luminal transcriptome of this subtype. AR binding
further required the forkhead box protein A1 (FOXA1) pio-
neer factor.

Most research on the LAR subtype has utilized the MDA-
MB-453 cell line. This cell line is classified as LAR by gene
expression profiling [35], is strongly positive for AR by west-
ern blot and IHC, and is very responsive to new anti-
androgens [42, 43]. However there is discrepancy with regard
to HER2 amplification and overexpression status, rendering
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the status of this cell line as true TNBC debatable. Reported
HER2 gene amplification rates as measured by FISH range
from 1.08–2.39 [44–47]. Our own internal testing of MDA-
MB-453 from two separate sources revealed FISH scores
varying between 1.43 and 2.83. Clinically, positive HER2
amplification is defined as a FISH ratio (HER2-to-CEP17)
higher than 2.2 or HER2 gene copy greater than 6 [48]. Stud-
ies have also shown that some MDA-MB-453 cell lines are
innately non-responsive to trastuzumab [49, 50]. In summary,
amplification of HER2 is present in some MDA-MB-453 cell
lines and reliance on the HER2 receptor is likely dependent on
the HER2 amplification levels of MDA-MB-453 cell lines
that have drifted in various laboratories. Thus, in order to
classify MDA-MB-453 as a TNBC line, research groups
should test their MDA-MB-453 cell lines for HER2 amplifi-
cation status and perhaps this line may represent a TNBC that
is HER2-enriched [51]. MDA-MB-453 also has an AR muta-
tion in the ligand binging domain that decreases receptor ac-
tivity [52] and may render it a unique model of AR+TNBC,
although it has high AR protein levels and is very responsive
to anti-androgens in vitro and in vivo [42]. Further studies
using additional LAR cell lines and patient-derived xenografts
may facilitate a better characterization of the biology of this
TNBC subtype.

Molecular Biology of AR in Non-Luminal AR TNBC
Subtypes

Although AR is most highly expressed in LAR tumors, AR is
expressed in non-LAR subtypes [3, 53]. Cell lines
representing non-LAR and AR+ TNBC subtypes, including
mesenchymal stem-like, mesenchymal-like and basal-like, ex-
hibit decreased anchorage-independent growth when treated
with the AR antagonist Enza [3]. AR knockdown and treat-
ment with Enza decreased proliferation and increased apopto-
sis as measured by cleaved caspase-3. Migration and invasion
were also inhibited by AR knockdown and treatment with
Enza was associated with changes in cellular morphology
from stellate to round. Additionally, basal-like HCC1806
and mesenchymal stem-like SUM159PT xenografts, with rel-
atively low AR expression, treated with Enza exhibited de-
creased viability and increased necrosis. Response to Enza in
non-LAR xenografts with relatively low AR expression pro-
vides promising preclinical data that TNBC patients with rel-
atively low AR expression may also benefit from anti-
androgen therapy. Indeed, results of the TBCRC011 trial dem-
onstrate that some non-LAR TNBC benefit from treatment
with bicalutamide [54]. This emerging clinical data in support
of anti-androgen therapy for the treatment of AR+ TNBC,
regardless of molecular subtype, further underscores the pos-
sible utility of classifying TNBC as AR+ or quadruple nega-
tive breast cancer.

Amphiregulin (AREG), an epidermal growth factor recep-
tor (EGFR) ligand, was identified as an AR-regulated gene
and exogenous AREG partially rescues decreased prolifera-
tion, migration, and invasion resulting from AR inhibition
in vitro [3], suggesting that activation of EGFR is one mech-
anism by which AR affects TNBC biology. An association
between AR and EGFR activity in TNBC was also identified
by Cuenca-Lopez et al. [55]. In TNBC tumor lysates, AR
protein expression significantly correlated with phosphoryla-
tion of EGFR and platelet-derived growth factor receptor beta
(PDGFRβ). Combined treatment of the AR antagonist
bicalutamide with inhibitors of EGFR, PDGFRβ, and
Erk1/2 exhibited an additive anti-proliferative effect and de-
creased AR protein expression in non-LAR TNBC cell lines
[53].

Graham and collaborators found that cross talk between
AR and zinc finger E-box binding homeobox 1 (ZEB1), a
transcription factor associated with epithelial-to-
mesenchymal transition, influences migration of MDA-MB-
231 and MDA-MB-435 cells [56]. ZEB1 can bind the AR
promoter and ZEB1 knockdown decreases AR transcript, pro-
tein, and downstreamAR targets. Likewise, treatment with the
AR antagonist bicalutamide decreased ZEB1 protein expres-
sion. In the presence of ZEB1 knockdown, bicalutamide de-
creased migration. By tissue microarray, ZEB1 and AR ex-
pression were positively correlated in ER−/PR− BC tissues
[56].

Clinical Efficacy of AR Inhibitors in AR+ TNBC

Recent clinical trials evaluating the efficacy of AR antagonists
in AR+ TNBC are promising. A phase II trial of bicalutamide
in AR+/ER−/PR− metastatic breast cancer found a 6-month
clinical benefit rate (CBR) of 19 % [10]. The median progres-
sion free survival (PFS) was 12 weeks and bicalutamide was
well-tolerated. While bicalutamide permits AR nuclear local-
ization and disrupts the major coactivator binding surface on
AR [57], Enza induces a conformational change within AR
that in addition to blocking coactivator interactions attenuates
the DNA binding of the receptor [58]. A phase II trial of Enza
in AR+ TNBC is currently underway and initial results are
favorable [14]. Traina et al. report a 16-week CBR of 35 %.
The median PFSwas 14.7 weeks and Enza was well-tolerated.
An androgen-related gene signature was associated with a
favorable clinical outcome. While a treatment devoid of che-
motherapy side effects is intensely intriguing for patients and
their providers, it is important to recognize that clinical inves-
tigators select patients with a more indolent clinical course to
participate in these clinical trials, thus potentially enriching the
patient population for those with more AR-driven tumors.
Indeed, 55 % of the patients in this trial had >10 % AR
expression.
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Although not exclusively enrolling TNBC patients, other
AR-directed therapy trials are underway including the CYP17
inhibitor abiraterone (NCT00755885), the androgens DHEA
and CR1447 (4-OH-testosterone, NCT0200375, and
NCT02067741, respectively), and antisense oligonucleotides
targeting AR (NCT02144051). Multiple new generation AR
inhibitors are also being tested in clinical trials for prostate
cancer including ARN509 (NCT01946204) [59] and ODM-
201 (NCT01429064) [60] that inhibit nuclear translocation.
Until relatively recently, the discovery of AR antagonists
was accomplished using empirical screens to identify mole-
cules that exhibited high affinity receptor binding, the agonist/
antagonist efficacy of which was subsequently determined
using appropriate cellular/animal models. However, more
contemporary, mechanism-based approaches have been de-
veloped that leverage the observation that the pharmacology
of an AR ligand is determined by its impact on receptor struc-
ture and coregulator recruitment [58]. Using this approach,
Joseph et al. identified a series of non-competitive AR antag-
onists which freeze AR in an Bapo-conformation^ and which
attenuate AR action in models of castrate-resistant prostate
cancer [61]. This general approach has also yielded AR an-
tagonists which, by virtue of the conformational change they
induce in AR, inhibit the activity of all of the clinically rele-
vant AR mutations including F876L. For example, selective
androgen receptor degraders (SARDs), compounds that in-
duce proteasome dependent AR degradation and thus remove
the receptor as a target for androgens and of pathways that
converge on the receptor to enable ligand independent activa-
tion, have also been identified (D PMcDonnell, JD Norris and
J. Katzenellenbogen pers commun). An equally exciting new
class of AR degraders was recently reported by Gustafson
et al. where hydrophobic moieties (degrons) are attached to
a high affinity AR ligand. The degron functionality targets the
occupied receptor to the proteasome where it is quantitatively
degraded [62]. The evaluation of several of these func-
tionally distinct antagonists in breast cancer is currently
underway.

Discussion

TNBC is an aggressive BC subtype for which no effective
targeted therapies are available. While the exact percentages
vary across studies, it is clear that a significant percentage of
TNBCs express AR. Nuclear localization of the receptor sug-
gests active AR signaling, and preclinical data indicates that
AR+TNBC may critically depend on AR signaling for
growth. The existence of the LARTNBC subtype, with strong
AR expression driving a luminal-like expression pattern in the
absence of ER, is evidence that AR signaling can play a strong
role in the biology of TNBC tumors. AR expression is asso-
ciated with decreased proliferation in TNBC, but LAR tumors

have a particularly poor prognosis, possibly because of their
poor response to chemotherapy. Anti-androgens have shown
particular efficacy in preclinical studies of LAR models and
may be useful in improving the treatment of LAR tumors.
Importantly, response to AR antagonists may not be limited
to the LAR subtype, as the results of preclinical studies per-
formed in vitro and in vivo have demonstrated that some cell
lines with relatively low AR expression are sensitive to the
newer generation anti-androgen Enza.

Recently reported and ongoing clinical trials using
bicalutamide or Enza in TNBC have shown an increase in
PFS, suggesting that AR-targeted therapies may improve pa-
tient prognosis and supporting a reclassification of TNBC into
AR+ and Bquadruple negative^ disease. To date, there have
beenmany classifications of TNBC subtypes which will likely
lead to novel targeted therapeutics. However, we propose pri-
oritizing the classification of AR+ and AR− disease because,
unlike the other TNBC subtypes, the therapeutic target is
clear, FDA-approved AR-targeted therapies are available,
and early clinical trials demonstrate patient benefit from treat-
ment with AR antagonists. Endocrine-targeted therapies such
as tamoxifen and aromatase inhibitors have greatly improved
the outcomes of ER+ breast cancer, and AR-targeted therapies
have improved the prognosis of prostate cancer. Thus, treat-
ment of hormone-dependent cancers has significantly benefit-
ed from endocrine-targeted therapy. Although profiling has
identified multiple TNBC subtypes, it is reasonable to priori-
tize classification of AR+ and AR− disease as it is most likely
to improve patient outcomes in the near future.

Additional research is needed to identify AR+ TNBC pa-
tients who will respond to AR-targeted therapies. Indeed, a
signature of genes may more reliably predict responsiveness
to anti-androgens than levels of AR alone and such a signature
will likely be forthcoming from current trials of Enza in AR+
TNBC. Furthermore, preclinical studies are needed to deter-
mine if AR-targeted therapies will be most effective if admin-
istered concurrently with chemotherapy, following chemo-
therapy, or perhaps as a targeted alternative to chemotherapy
in AR+ TNBC patients with tumors expressing an BAR-re-
sponsive signature.^ Further preclinical modeling will also
determine whether anti-androgen therapy might synergize
with other targeted therapies of current interest such asmTOR,
CDK4/6, or EGFR inhibitors. It is also possible that a subset
of AR+/HER2 overexpressing TNBC might be sensitive to
the combination of an anti-androgen with HER2-directed ther-
apy. Finally, research to determine possible mechanisms of
resistance to anti-androgen therapy in TNBC cell lines by
methods such as synthetic lethal screening and gene expres-
sion profiling of tumor specimens from the Enza trial and
others will help to inform future clinical trial design and im-
prove therapy for AR+ TNBC patients. The discovery that a
hormone receptor with multiple FDA-approved antagonists
may be critical for growth of a subset of TNBCs is an exciting
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development. Further preclinical research with AR-targeting
drugs as single agents, combined with chemotherapy, or ratio-
nally determined targeted therapies, and then ultimately fur-
ther clinical trials will establish whether an AR-directed agent
will represent the first effective targeted therapy for AR+
TNBC.
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