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Summary. Prostate cancer (PCa) is the most common
malignancy diagnosed among men in Western countries and
the second leading cause of cancer-related deaths, with over three
million men in the United States living with the disease. Positive
predictor of prostate cancer risk and tumor stage involves the
prostate-specific antigen (PSA)-related serine protease kallikrein-
related peptidase 4 (KLK4), which is overexpressed in prostate
cancer relative to benign tissue. In vitro, KLK4 has been found
to promote prostate cancer cell migration, proliferation, and
epithelial-to-mesenchymal transition. Despite improvements in
external radiotherapy, brachytherapy, and radical prostatec-
tomy treatment, up to 35% of patients with localized or locally
advanced PCa may experience disease relapse.

Androgen deprivation therapies (ADTs) such as enzaluta-
mide (an androgen receptor inhibitor) and abiraterone acetate
(an inhibitor of androgen biogenesis) are considered to be
frontline treatments and have shown benefit to patients with
advanced PCa. However, castration-resistant prostate cancer
(CRPC) invariably develops, leading to the lethal form known as
metastatic castration-resistant PCa (mCRPC), which gives rise
to high mortality rate, and no cure is currently available.
Treatment targeting androgen receptor (AR) signaling becomes
ineffective in advanced prostate cancer with AR gene mutation,
amplification, and alternate splicing. Nonetheless, most patients
who progress on enzalutamide and abiraterone have rising

-4 ACS Publications  ©2019 American Chemical Society

701

prostate-specific antigen (PSA) levels, which strongly suggests
that these tumors are still dependent on the AR signaling,

Understanding the molecular mechanisms that drive the
prostate cancer progression is essential to develop therapies that
will attenuate the metastatic growth. As such, several mecha-
nisms have been proposed to account for continued AR signaling
such as point mutations in the AR ligand-binding domain (LBD)
and expression of AR splice variants (ARVs) that have been
shown to mediate resistance to abiraterone and enzalutamide.
The ARVs are active even in the absence of ligands and are truncated
AR isoforms that lack LBD but retain the DNA-binding domain
(DBD) and N terminal domain (NTD). Several signaling pathways
activate AR signaling in the absence of ligands in prostate cancer
models like IL-6 and HER2. Interestingly, the majority of these
pathways are thought to activate AR through its NTD, either by
post-translational modifications or by direct interactions.
Regardless of the mechanism at play, the continued expression
of AR target genes is a major driver in the resistance found in PCa
treatment, and new therapies are necessary to treat these cancers.

In the absence of androgens, AR is bound by Heat Shock
Protein 90 (Hsp90) in the cytosol, which leads to conforma-
tional changes and the release of AR from Hsp90 that exposes
the nuclear localization signal (NLS). Hsp90 is the most abundant
intracellular protein in mammalian cells and is essential for a wide
range of protein assembly, folding, trafficking, and degradation
processes. Furthermore, Hsp90 is composed of an N-terminal
adenosine triphosphate/adenosine diphosphate (ATP/ADP)
binding domain, a middle domain involved in client protein
binding, and a C-terminal dimerization domain. The N- and
C-termini contain distinct binding sites for ATP and are associated
with a specific functional activity. The binding of ATP at the
N-terminus provides energy to modulate protein trafficking and
folding, whereas nucleotide binding at the C-terminus is linked
to allosteric regulation of ATP binding to the N-terminal site.
Hsp90 inhibitors exhibit anticancer properties as proteins asso-
ciated with malignant growth, including growth factors, kinases,
and hormone receptors, which are dependent upon the Hsp90
protein folding machinery for their activation and maturation.
Consequently, inhibitors of Hsp90 can disrupt multiple signaling
cascades simultaneously, which may result in a combinatorial
attack on numerous signaling pathways.

Thus, alternate therapeutic strategy, such as proteolysis
targeting chimera (PROTAC) has gained momentum with its
promise in the discovery and development of completely new
types of small-molecule that induces targeted protein degradation.
A PROTAC molecule is a heterobifunctional small molecule con-
taining one ligand, which binds to the target protein of interest,

Received: March 18, 2019
Published: April 1, 2019

DOI: 10.1021/acsmedchemlett.9b00115
ACS Med. Chem. Lett. 2019, 10, 701-702


pubs.acs.org/acsmedchemlett
http://pubs.acs.org/action/showCitFormats?doi=10.1021/acsmedchemlett.9b00115
http://dx.doi.org/10.1021/acsmedchemlett.9b00115

ACS Medicinal Chemistry Letters

Patent Highlight

and a second ligand for an E3 ligase system that is tethered
together by a chemical linker. From the above discussion, AR
protein plays a crucial role in CRPC, and AR degraders designed
based upon the PROTAC concept could be potentially very
effective for the treatment of CRPC. Compounds of this Patent
Highlight comprise bifunctional small molecules that recruit endo-
genous proteins to an E3 ubiquitin ligase such as Von Hippel-
Lindau (VHL) E3 ubiquitin ligase, for ubiquitination and
subsequent degradation. Thus, these compounds (where ABM
is an AR binding moiety, ULM is an E3 ligase binding moiety like
VHL E3 ligase binding moiety (VLM), and L is a linker moiety) are
modulators of targeted ubiquitination, degraders of androgen
receptor (AR), and provide effective treatment or amelioration of a
disease condition such as prostate cancer and Kennedy’s Disease.
The first targeted protein degrader (Arv-110, an orally bioavailable
small molecule AR PROTAC) has been cleared by the FDA for
phase I clinical trial for the treatment of advanced prostate cancer
(https://prostatecancernewstoday.com/2019/01/30/fda-clears-
phase-1-trial-arv-110-advanced-prostate-cancer/).

Definitions. W' = aryl or heteroaryl substituted by halo,
nitro, CN, OH, CF;, C,_g alky], etc.

= C1-6 alkyl, alicyclic, heterocyclic, aryl, heteroaryl,

bicyclic, biaryl, etc.

W? = W* = substituted aryl or heteroaryl.

Y'=Y*=0, S, etc.

p=0,1,2,3, 0r4.

R! = R2 H, OH, C,_g alkyl, etc.

X!, X* are independently O, C=0, C=S, SO,, etc.
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Biological Assay. Androgen receptor ELISA assay evaluated
in LNCaP and/or VCaP cells for PSA suppression in LNCaP
F876L. Also evaluated were apoptosis and proliferation in VCaP
cells. In vivo data were evaluated for tumor growth inhibition in
VCaP xenograft model and prostate involution in C57B6 model.

Biological Data. AR PROTACs degrade (within 2—4 h) AR
with nM to pM potency and were active in vitro and in vivo,
which showed superior efficacy compared to enzalutamide. The
compounds had a >85% reduction in AR concentration (D,,,,)
and compound concentration that caused 50% AR degradation
(DCsy). For D,y ++++ = 71% < D, +++ = 51% < D, <
70%, ++ = 26% < D, < 50%. For DCg, A = D,,,,. < 50nM, C =
D, < 501 nM. The Table below shows the PROTAC
subcutaneous pharmacokinetics with 10 mg/kg SC dose and
AUC,_,, range of 15 600—40 200 (ng-h/mL).

Ex# LNCaP LNCaP VCaP VCaP Cinax

Duax (%) | DCso Dunax DCso | (ng/

(nM) (%) (nM) | mlL)

1 ++++ A +++ A 1.15
80 +++ C ++ - 0.18
150 ++++ A - - 2.75
174 ++++ A - - 1.9
182 ++++ A - - 1.53

184 ++++ A - - -
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