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Degrading AR-Dependent Cancers:

Expanding the Role of PROTACs

Targeting of the androgen receptor (AR) in prostate cancer has led to a
significant decrease in mortality and has been an effective strategy in men
with prostate cancer [1]. This success has led to evaluation of AR targeting
in other cancers, including brain and breast cancers [2-4,10]. More
recently, AR has been of increasing interest as a therapeutic target in breast
cancer as AR is expressed in 70-90% of estrogen receptor-positive (ER+)
breast cancers and approximately 15-30% of triple negative breast cancers
(TNBC:s) [5]. A variety of inhibitors targeting androgen production and
AR signaling have been developed for the treatment of prostate cancer
and repurposed for use in breast cancer, including commonly used thera-
peutics like abiraterone acetate, a CYP17-lyase inhibitor, as well as bicalu-
tamide and enzalutamide, first- and second-generation anti-androgens,
respectively (Fig. 1A). More recently, additional drugs, including apalu-
tamide and darolutamide have been approved for use in treatment of
non-metastatic castration resistant prostate cancer. These drugs, along
with the development of novel compounds and the use of anti-sense
oligonucleotides, continue to expand the armamentarium of AR inhibitors
available for use.

Recently, PROteolysis TArgeting Chimera (PROTAC) inhibitors have
become a new method of targeting proteins involved in cancer progression
by promoting their degradation [6]. PROTAC inhibitors, like ARD-61,
use a crosslinker to connect a binding moiety for a protein of interest
(POI) to an E3 ligase targeting moiety. Following binding to the POI,
the E3 ligase and ubiquitination machinery are recruited, putting the
POI in close proximity to the ubiquitination machinery. This results in
ubiquitination of the POI and degradation by the proteasome (Fig. 1B).
PROTAC inhibitors are highly specific, and unlike traditional inhibitors,
PROTAG:s have the ability to inhibit all protein functions due to the
removal of the POI from the cell. The development of PROTAC inhibi-
tors has also been shown to be effective for the degradation of AR in pros-
tate cancer iz vitro and in vivo [7-9]. While patients almost always develop
resistance to anti-androgens through various mechanisms that include AR
amplification, aberrant post translational modification, bypass of receptor
signaling, synthesis of intratumoral androgens, or mutations to AR,
degradation of protein by PROTAC: has been shown to be effective even
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in enzalutamide-resistant models of prostate cancer [8]. Therefore,
expanded use of PROTAC inhibitors may be effective as a second-line
of therapy in AR+ cancers that are resistant to first line AR-targeting
therapies.

In this issue, Zhao et al. expands the use of ARD-61 outside of prostate
cancer and demonstrates its preclinical utility in a panel of breast cancer
cell lines. ARD-61 effectively degrades AR protein at nanomolar concen-
trations in AR+ breast cancer cell lines, including MDA-MB-453, MCEF-7,
BT-549, HCC-1428, and MDA-MB-415 cells. The authors demonstrate
that ARD-61 is able to degrade both the androgen and progesterone recep-
tors (PR) in T47D and BT-474 cells but does not change levels of the
estrogen or glucocorticoid receptors. Further, ARD-61 is more effective
than enzalutamide at inhibiting tumor cell growth both in vitro and
in vivo in an MDA-MB-453 xenograft model. Treatment with ARD-61
results in an increase in G2/M cell cycle arrest and increased apoptosis
while also blocking downstream AR signaling. These findings support
the continued development of PROTACs targeting AR for clinical use
of AR+ breast cancers.

The development of ARD-61 represents an exciting opportunity to
expand the use of an AR PROTAC in breast cancer and adds to a growing
list of targeted therapies that may be effective in cancers that rely on andro-
gen receptor signaling. Unlike other strategies, however, the ability of
ARD-61 to inhibit both AR and PR is an interesting characteristic of
the drug and warrants further investigation into the role of PR in AR+
breast cancers. Further, the role of AR and the effectiveness of AR inhibi-
tion in ER+ breast cancers continue to be areas of active investigation.
ARD-61 will be a useful tool both for understanding the role of AR in
breast cancer and for its potential clinical utility for the subsequent treat-
ment of AR+ breast cancers. This study adds to a growing list of therapeu-
tic options for patients whose cancers are driven by AR and may allow for
a broadened indication in men and women with AR+ breast cancer.
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Fig. 1. (A) Production of androgens and androgen receptor signaling can be inhibited at various steps using pharmacologic inhibitors, anti-sense
oligonucleotides, and PROTAC:s. (B) PROTAC:S take advantage of the cell's ubiquitination machinery to direct target proteins like the androgen receptor
(AR) for proteasomal degradation.
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