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Abstract: The androgen receptor (AR) remains to be a key target for the treatment of prostate cancer, including 
the majority of castration-resistant prostate cancer (CRPC). AR is stabilized in CRPC and the ubiquitin-proteasome 
system (UPS) plays a major role in AR degradation. Targeting AR for degradation provides a potential approach 
to overcome the resistance of CRPC to current AR antagonists, including the next generation AR signaling inhibi-
tors. Different types of AR degraders have been developed, including the proteolysis-targeting chimeras (PROTACs), 
selective AR degraders (SARDs), and novel AR degraders, with several AR PROTACs currently in clinical trials. The 
present mini-review discusses the regulation of AR degradation by the UPS, the potential role of a novel nuclear 
degradation signal in AR, and different types of AR degraders.

Keywords: Prostate cancer, androgen receptor, degradation, proteasome, nuclear degradation signal

Introduction

The androgen receptor (AR) is a steroid hor-
mone receptor that is crucial for the develop-
ment and progression of prostate cancer [1]. As 
such, the AR has emerged as the major thera-
peutic target for treating prostate cancer [2]. 
Upon binding with high affinity to dihydrotestos-
terone (DHT), AR is translocated to the nucleus 
to function as a transcription factor [3]. Current 
therapies have been effective in targeting the 
AR-signaling axis by inhibiting the biosynthesis, 
the amount, and the binding of DHT to the AR 
[4-6]. Since AR directed therapies have been 
successful in treating prostate cancer, it is criti-
cally important to understand the molecular 
mechanisms that regulate AR level and activity. 
Degradation of AR is one such major mecha-
nism that regulates AR activity. Degradation of 
AR occurs predominantly in the nucleus [7] and 
is primarily regulated by the ubiquitin protea-
some pathway [8]. Importantly, targeting AR 
degradation has recently shown promise as a 
therapeutic strategy for prostate cancer, par-
ticularly in patients who have developed resis-

tance to existing therapies [9]. Understanding 
the mechanisms regulating AR degradation 
could lead to the development of better the- 
rapies. 

AR stabilization in CRPC

The standard of care for patients with prostate 
cancer is androgen deprivation therapy (ADT). 
Patients initially respond favorably to this treat-
ment, but inevitably develop resistance to this 
treatment and their tumors progress to castra-
tion-resistant prostate cancer (CRPC) [10, 11]. 
There has been a concentrated effort to better 
understand the mechanisms regulating this 
therapy resistance. An increase in the protein 
level of AR is one of the mechanisms that con-
fers resistance to ADT. This increase of AR level 
is caused by both an increase in the gene am- 
plification/expression of AR and through the 
increased stability of AR [12, 13]. AR in CRPC 
cell lines have a 2-4 fold increase in half-life 
compared to AR in hormone-sensitive prostate 
cancer cell lines [13]. A hallmark of CRPC is hy- 
persensitivity to low levels of androgen, allow-
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Figure 1. Ubiquitination and degradation of AR by the ubiquitin-proteasome system (UPS). Abbreviations: AR, andro-
gen receptor; E1, ubiquitin ligase E1; E2, ubiquitin ligase E2; E3, ubiquitin ligase E3; Ub, ubiquitin; UBA, ubiquitin-
associated domains; UBL, ubiquitin-like domains.

ing for transcriptionally active AR with castrate 
levels of androgen. The increased stability of 
AR may contribute to AR hypersensitivity.

Although it is known that AR is stabilized in 
CRPC, the mechanisms conferring this stabili-
zation are not fully understood. Recent studies 
have indicated that the degradation of AR hap-
pens predominantly in the nucleus and that 
nuclear AR is not exported back into the cyto-
plasm. Moreover, the localization of AR in CRPC 
cells is more nuclear than in hormone-sensitive 
cells [7]. This finding implies that the increased 
stability of AR in CRPC is due to the decreased 
rate of nuclear degradation. Since AR can only 
act as a transcription factor in the nucleus, this 
elevated AR in the nucleus of CRPC cells pro-
vides a potential explanation for resistance to 
therapies. More work is needed to better under-
stand the factors that regulate AR stability. 
These factors could be promising therapeutic 
targets for preventing the transition to CRPC. 

AR degradation via ubiquitin-proteasome 
system (UPS) 

The degradation of many proteins, including 
AR, is regulated by the ubiquitin-proteasome 
system (UPS). Ubiquitination involves a variety 
of ubiquitination enzymes [14]. UPS exists both 
in the cytoplasm and nucleus, and coordinates 
the degradation and recycling of numerous pro-
teins. During ubiquitination, the small (8.6 kDa) 
protein ubiquitin covalently links to the target 
protein through a peptide bond. The ubiquiti-
nated target protein is then shuttled to a pro- 
tease complex called the 26S proteasome for 

proteolysis. UPS includes ubiquitin, ubiquitin-
activating enzymes (E1s), ubiquitin-conjugating 
enzymes (E2s), ubiquitin ligases (E3s), and the 
26S proteasome. As shown in Figure 1, the 
attachment of ubiquitin or ubiquitin chains to 
substrates involves several enzymatic reac-
tions. Before AR is hydrolyzed by the protea-
some, the protein undergoes a cascade of ubiq-
uitination reactions. The first step is the ac- 
tivation reaction, in which ubiquitins are acti-
vated by the ubiquitin-activating enzyme E1. 
Activation occurs after the formation of a cova-
lent linkage between the carboxy terminus of 
ubiquitin and a cysteine residue present on E1 
in the form of a thioester bond (E1-Ub). The sec-
ond step is the conjugation reaction, where 
E1-activated ubiquitin is presented to E2 ubiq-
uitin-conjugating enzymes to form E2-Ub. The 
third step is the ligation reaction. The E3 ligase, 
which has the function of recognizing its sub-
strate, transfers ubiquitin from E2 to the sub-
strate, leading to a chain reaction, resulting in 
the polyubiquitination of the substrate. In the 
UPS system, E3 ligases play an important role 
in the regulation of substrate degradation. 
Since E3 ligases are responsible for recogniz-
ing and binding different protein substrates, 
nearly 600 E3 ligases are involved in the ubiq-
uitination of different proteins. Several of these 
E3 ligases can target AR.

One of the AR E3 ligases is MDM2, a RING fin-
ger protein which was found to regulate p53 
tumor suppressor via promoting p53 ubiquiti-
nation and degradation. MDM2 has been sh- 
own to ubiquitinate AR at K311 and K845/
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K847 [15, 16]. MDM2 is required for Akt-in- 
duced, phosphorylation-dependent AR ubiquiti-
nation and degradation, because MDM2 dele-
tion impairs Akt effects on AR ubiquitination 
and degradation [17]. Akt phosphorylates AR at 
S210/213 and S790 [18]. Phosphorylation is a 
critical step in Akt-dependent AR degradation 
since phosphorylation-resistant AR mutants 
prevented Akt-induced AR degradation. As ex- 
pected, Akt-induced AR ubiquitylation requires 
AR phosphorylation. Since MDM2 is required 
for Akt induction of AR ubiquitination, Lin and 
colleagues showed MDM2, Akt, and AR could 
form a complex and AR phosphorylation is 
essential for MDM2 binding to AR [17]. As 
expected, MDM2-mediated AR degradation 
suppressed AR transcriptional activity in tran-
sient transfection assays. Taken together, the- 
se findings led to a hypothesis that Akt phos-
phorylates AR, facilitating MDM2 binding to AR 
that leads to AR ubiquitylation, degradation, 
and reduced activity. MDM2 could also recog-
nize phosphorylated Serine 213 of AR-v7 to 
induce AR-v7 ubiquitination and degradation, 
similar to FL-AR [19]. In addition to Akt, Pim1S 
kinase was reported to bind to AR and phos-
phorylate AR at S210/213 that led to AR de- 
stabilization via MDM2 recruitment [20, 21]. 
These findings suggest that multiple signals 
could impact AR ubiquitination, degradation, 
and activity via modulating AR phosphorylation 
and subsequent MDM2 recruitment.

SPOP [22, 23] is another important E3 ligase 
for AR. SPOP mutations were identified in up to 
15% of human prostate cancers [24]. SPOP 
binds to AR in the hinge domain, via a perfectly 
matched SPOP-binding motif (645ASSTT649). The 
SPOP-CUL3-RBX1 complex induces AR ubiquiti-
nation and subsequent degradation. Deletion 
of the 645ASSTT649 motif in AR completely abol-
ished AR binding to SPOP and SPOP-mediated 
polyubiquitination of AR [22]. Wild-type SPOP 
can suppress AR activity and prostate cancer 
growth whereas prostate cancer-associated 
mutants of SPOP do not bind to AR and are 
unable to induce AR degradation. Consistently, 
prostate tumor xenografts with mutant SPOP 
grew faster and expressed higher AR protein 
levels than tumors expressing wild-type SPOP. 
Furthermore, deletion of SPOP enhanced AR 
protein levels in the mouse prostate [23]. There 
is also a strong correlation of SPOP signature 

score with AR activity score in prostate cancer 
patient cohorts in public human prostate can-
cer datasets. In primary prostate cancer, AR is 
highly active in prostate cancer tumors with 
SPOP mutations as compared to other molecu-
lar subtypes of tumors [25]. In a clinical study, 
SPOP mutations correlated with improved out-
comes to ADT plus androgen receptor axis-tar-
geted therapies (ARAT) in patients with de novo 
metastatic castration-sensitive prostate can-
cer (mCSPC), suggesting that SPOP mutations 
could be used as a predictive biomarker for 
treatment selection for mCSPC patients [26]. 
These findings also highlight the importance of 
AR stability in prostate cancer progression.

C-terminal Hsp-interacting protein (CHIP) inter-
acts with molecular chaperones Hsp70 and 
Hsp90 via a tetratricopeptide domain and in- 
hibits chaperone-dependent protein folding in 
vitro. CHIP was identified as an AR E3 ligase 
[27, 28] that can bind to AR in a sequence-spe-
cific, phosphorylation- and sequence-depen-
dent manner. This provides a potential mecha-
nism regulating the degradation of CHIP sub- 
strates [29]. CHIP can also act as an E3 ubiqui-
tin ligase through its U box domain. In tran- 
sient transfection assays, CHIP overexpression 
caused a marked decrease in AR steady state 
levels and enhanced AR ubiquitination. CHIP 
effects on AR were partially reversed by protea-
some inhibitors, suggesting that proteasome-
mediated degradation was partially responsi-
ble for CHIP-mediated AR degradation. CHIP 
could also cause AR-v7 protein degradation via 
inducing AR-v7 ubiquitination [30]. 

SKP2 is another important E3 ligase that can 
effectively induce AR degradation via ubiquiti-
nation. Skp2 was shown to co-localize and co-
immunoprecipitate with AR protein in prostate 
cancer cells, suggesting a direct interaction 
between Skp2 and AR [31]. Overexpression of 
Skp2 enhanced AR ubiquitination and reduced 
the level and activity of AR. In contrast, Skp2 
knockdown suppressed AR ubiquitination and 
enhanced AR protein level and activity. K847 
appears to be the recognition site for Skp2-
mediated ubiquitination because AR mutant 
K847R resisted Skp2-mediated ubiquitination 
of AR. These findings provided strong evidence 
for an essential role of Skp2 in regulating AR 
degradation.
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Figure 2. Structure of the androgen receptor (AR). The AR contains a N-terminal domain (NTD), DNA binding do-
main (DBD), hinge region (H), and ligand binding domain (LBD). The nuclear degradation signal (NDS) regulates AR 
nuclear proteasomal degradation in a hormone-dependent manner. K311, K845, and K847 are known ubiquitina-
tion sites on AR.

SIAH2 [32] directly binds to the ligand-binding 
domain (LBD) of AR and is an AR E3 ligase that 
targets a select pool of NCOR1-bound, tran-
scriptionally-inactive AR for ubiquitin-depen-
dent degradation. This leads to elevated ex- 
pression of a subset of AR target genes that  
are involved in lipid metabolism, cell motility, 
and proliferation. Siah2 is elevated in CRPC 
human specimens and appears to be essential 
for prostate cancer cell growth under andro-
gen-deprivation conditions in vitro and in vivo. 
Siah2 knockdown not only inhibited the growth 
of CRPC C4-2 xenograft tumors, but also sen- 
sitized the tumors to castration [32]. Taken 
together, Siah2 is likely to play an important 
role in CRPC progression by selective induc- 
tion of AR transcriptional activity via the re- 
moval of the transcriptionally-inactive AR from 
chromatin.

AR ubiquitination by RNF6, appears to mainly 
impact AR transcriptional activity. RNF6, a 
RING domain-containing E3 ligase, was identi-
fied as an AR-associated protein by proteomics. 
RNF6 induces AR ubiquitination at K845/K847 
in the LBD and promotes AR transcriptional 
activity [33]. Inactivation of RNF6 by knock-
down or mutation at RNF6 ubiquitination ac- 
ceptor sites on AR selectively altered the ex- 
pression of a subset of AR target genes and 
reduced recruitment of AR and its coactivators 
to AREs in these target genes. RNF6 is overex-
pressed in CRPC specimens and is required for 
prostate cancer proliferation under androgen-
depleted conditions. These findings suggest 
that the major effect of RNF6-induced AR ubiq-
uitination is to modulate AR transcriptional 
activity and specificity via influencing cofactor 
recruitment. 

Additional potential AR E3 ligases also include 
NEDD4 [34] and ARNIP [35]. AR ubiquitination 

could be regulated by multiple E3 ligases in 
coordination and some of the AR E3 ligases 
may be yet to be identified. Different E3 ligases 
may influence AR differently and how they are 
regulated or dysregulated may vary in prostate 
cancer cells. Further investigation of the roles 
of various AR E3 ligases in prostate cancer 
cells and their coordinated regulation of AR 
level and activity may lead to new approaches 
to suppress AR activity in prostate cancer cells.

The nuclear degradation signal in AR

A novel nuclear degradation signal (NDSAR) was 
discovered when our lab was investigating the 
mechanisms regulating AR nuclear localization. 
The AR contains an N-terminal domain (NTD), 
DNA binding domain and hinge (DBDH) region, 
and LBD (Figure 2). The nuclear localization of 
AR is partially driven by a bipartite nuclear 
localization signal (NLS) in the DBDH of the AR 
[36]. Upon ligand binding, the NLS is unshield-
ed and AR is actively transported into the nucle-
us [37]. Previously, the classical model of AR 
trafficking involved bidirectional trafficking of 
AR into and out of the nucleus. The export of AR 
was thought to be regulated through ligand 
withdrawal, which exposed a nuclear export 
signal (NESAR) in the LBD of AR [38]. Recent evi-
dence has shown that this signal does not 
induce the export of nuclear AR back into the 
cytoplasm. Instead, the NESAR actually stimu-
lates proteasome-mediated nuclear specific 
degradation of AR [7, 39]. As such, the name of 
the NESAR has been proposed to be changed to 
the nuclear degradation signal NDSAR (Figure 
2). Since the NDSAR is localized in the LBD, it is 
likely that androgen binding to the LBD enhanc-
es the stability of AR via inhibiting NDSAR activi-
ty [40]. The evidence of the NDSAR as a regula-
tor of nuclear degradation establishes that 
nuclear degradation is a key step regulating  
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AR level, particularly nuclear AR. Since AR is 
required to be in the nucleus to act as a tran-
scription factor, understanding the mecha-
nisms of NDSAR mediated nuclear degradation 
could be of critical importance. It is still unclear 
how the NDSAR relates to the dysfunctional deg-
radation of AR in CRPC. More research is need-
ed to understand the mechanisms for how the 
NDSAR regulates AR nuclear degradation.

The presence of constitutively active splice 
variants is a common mechanism in which 
CRPC evades conventional treatments [41]. 
These AR variants (ARvs) lack the LBD and thus 
do not have the NDSAR. Consistent with this 
observation, AR-v7 has been reported to have a 
longer half-life than full-length AR [42]. Despite 
not having the NDSAR, ARvs are degraded by the 
proteasome pathway [19]. This suggests that 
other regions of AR can also regulate AR degra-
dation. Interestingly, some molecules can se- 
lectively cause degradation of AR-v7, but not 
full-length AR [43-45]. This indicates that there 
may be some different regulators of degrada-
tion of ARvs and full-length AR. Interestingly, 
full-length AR and AR-v7 protein levels are neg-
atively correlated, raising questions whether 
the stability of AR and AR-v7 are related [46]. 
Despite this, targeting the degradation of full-
length AR alone may be sufficient to target 
ARvs since some research has suggested that 
ARvs require full-length AR [47, 48]. 

While the underlying mechanisms governing 
the increased nuclear stability of AR are not 
fully understood, the E3 ligase MDM2 is be 
lieved to play a role as MDM2 has been shown 
to catalyze AR polyubiquitination [49]. MDM2  
in hormone-sensitive prostate cancer cells 
appears to be higher than in CRPC cells and is 
only able to interact with AR in the nucleus, 
despite both proteins being present in both the 
cytoplasm and nucleus [7]. Taken together, 
these findings suggest that MDM2 may be a 
major player for regulating both the nuclear 
specific degradation of AR and the increased 
stability of AR in CRPC. It is unclear if MDM2 
induction of nuclear AR ubiquitination is medi-
ated through NDSAR, which will need to be clari-
fied in future studies.

Regulation of AR by NDSAR-associated pro-
teins, DHX15 and Prp8

To investigate the mechanisms of NDSAR action, 
we used yeast genetics to identify factors that 

can influence NDSAR function. NDSAR was shown 
to promote cytoplasmic localization in yeast 
Saccharomyces cerevisiae, suggesting that the 
yeast has the necessary cellular factors for 
NDSAR function [50]. This led to the develop-
ment of a yeast genetic screen and identifica-
tion of 7 yeast mutants that do not support 
NDSAR function [51, 52]. Two of these mutants 
had a single point mutation in PRP8 and PRP43 
genes, with a change of Gly to Ser at a.a. 1772 
in PRP8 and Glu to Asp in a.a. 304 of PRP43.

PRP8 is a splicing factor that is highly con-
served between humans and yeast, sharing 
61% sequence identity [53]. Using co-immuno-
precipitation coupled with deletion mutagene-
sis, PRP8 was shown to interact with AR via the 
NDSAR [51]. PRP8 knockdown induced nuclear 
accumulation of GFP-tagged AR in PC3 cells, 
suggesting PRP8 could suppress GFP-AR pro-
tein stability in the nucleus. However, it remains 
to be tested if PRP8 knockdown could influen- 
ce endogenous AR stability in prostate cancer 
cells. Prp8 knockdown enhanced AR transcrip-
tional activity as measured by western blot 
analysis of prostate-specific antigen (PSA) and 
PSA promoter-driven luciferase assay. PRP8 
knockdown increased polyubiquitination of 
endogenous AR in LNCaP and C4-2 prostate 
cancer cells, which may represent a possible 
mechanism for PRP8 to modulate AR activity. 
PRP8 mRNA expression is down-regulated in 
high Gleason human prostate cancer speci-
mens and in castration-resistant patient deri- 
ved LuCaP35 prostate tumor xenografts. These 
findings suggest that PRP8 down-regulation 
could enhance AR signaling in prostate can- 
cer progression. However, the mechanisms of 
PRP8 down-regulation and its regulation of AR 
ubiquitination, stability, and activity are still 
unclear.  

DHX15 is the mammalian ortholog of PRP43 
and is an ATP-dependent DEAH-box helicase 
that is also involved in RNA splicing. Knock- 
down of DHX15 suppressed some, but not all, 
AR-target genes under both androgen-depen-
dent and castration-resistant cell models. 
Specifically, a ChIP analysis showed DHX15 
knockdown reduced AR binding to the AREs of 
PSA and TMPRSS2 in C4-2 cells [52]. Further 
analysis using a PSA promoter-driven luciferase 
assay showed DHX15 knockdown suppressed, 
whereas DHX15 overexpression enhanced, AR 
transcriptional activity. Transfection of ATPase-
deficient DHX15 mutants, DHX15-K166A and 
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DHX15-D260A, also resulted in activation of 
luciferase reporter comparable to the effect of 
wild-type DHX15, suggesting that DHX15 stim-
ulation of AR is independent of its ATPase activ-
ity. As an NDSAR-associated factor capable of 
stimulating AR activity, DHX15 may modulate 
AR ubiquitination, since NDSAR is a potent ubiq-
uitination signal and AR transcriptional activity 
can be modulated by ubiquitination. DHX15 
knockdown reduced AR ubiquitination in both 
LNCaP and C4-2 cells. In contrast, DHX15 over-
expression enhanced ubiquitination of trans-
fected AR. K166A mutation did not block 
DHX15 induction of AR ubiquitination, indicat-
ing that DHX15 stimulation of AR ubiquitination 
is independent of its ATPase activity. DHX15 
regulation of AR activity appears to be mediat-
ed through Siah2, an AR E3 ligase. DHX15 
knockdown caused a dramatic reduction in the 
protein level of Siah2 in LNCaP and C4-2 cells. 
In contrast, co-transfection of DHX15 stabilized 
Siah2 and increased its E3 ligase activity. 
Knockdown analysis suggested that DHX15 
regulation of AR activity and ubiquitination 
requires Siah2. In co-immunoprecipitation as- 
says, both transfected AR and endogenous AR 
were shown to interact with DHX15. The GFP-
tagged AR deletion constructs containing 
NDSAR, but not those without NDSAR, co-precipi-
tated with DHX15, suggesting that the NDSAR 
region mediated the interaction between AR 
and DHX15. In clinical specimens, DHX15 im- 
munostaining exhibited a positive correlation 
with Gleason scores and PSA recurrence, which 
suggested an important role for DHX15 in pros-
tate cancer progression.

Identification and characterization of PRP8  
and DHX15 suggest that these two NDSAR-as- 
sociated factors are involved in NDSAR-mediated 
AR ubiquitination and activation in prostate 
cancer cells. The identification of additional 
NDSAR-associated factors in future studies will 
provide new insights into how NDSAR modulates 
AR ubiquitination and function. 

Targeting AR degradation - AR degraders 

Since AR plays a key role in prostate cancer, AR 
antagonists and the next generation AR signal-
ing targeting agents have been developed for 
the treatment of metastatic prostate cancer, 
including CRPC. However, the treated prostate 
cancer will develop resistance to AR antago-
nists and the next generation AR signaling tar-

geting agents, mainly due to reactivation of the 
AR signaling. Developing novel agents that can 
induce AR degradation provides a potentially 
effective approach to suppress the reactivated 
AR signaling. Multiple small molecules capable 
of causing AR degradation have been identified 
and characterized.

A major class of AR degraders are heterobifunc-
tional small molecules based on the proteo- 
lysis-targeting chimera (PROTAC) technology, 
which was initially developed in the laborato-
ries of Deshaies and Crews in 2001 [54]. A 
PROTAC molecule consists of both a ligand for 
the target protein and a ligand for an E3 ligase 
such as MDM2 and Von Hippel-Lindau (VHL), 
connected by a linker. Thus, a PROTAC mole-
cule can recruit the E3 ligase to cause ubiquiti-
nation and subsequent proteosome-dependent 
degradation of the target protein. Recent rapid 
progress has led to the development of a large 
number of PROTACs for many different proteins, 
including AR [55]. The first PROTAC for AR used 
the AR antagonist bicalutamide to directly bind 
to AR and a MDM2 inhibitor as the E3 ligase 
ligand and was capable of causing cellular AR 
protein degradation at micromolar concentra-
tions. The subsequent AR PROTACs are much 
more potent, capable of degrading AR in pros-
tate cancer cells in the nanomolar ranges. 
Some of the AR PROTACs such as ARV-110 
exhibited an excellent pharmacokinetic profile 
and oral bioavailability, which led to the effec-
tive reduction of AR protein and suppression of 
AR-regulated gene expression in tumor tissues 
with oral administration. AR PROTACs effective-
ly inhibited prostate tumor growth without 
observable toxicity in mice. Several AR target-
ing PROTACs including ARV-110 are now in clini-
cal trials. These AR antagonist-based PROTACs 
target the LBD of AR and will not affect AR 
splice variants that lack LBD.

In addition to LBD-targeting AR PROTACs, AR 
PROTACs can target other domains of the AR. 
An NTD-targeting AR PROTAC, MTX-23, was 
reported that can degrade AR-v7 and AR-full 
length (AR-FL) at 0.37 and 2 μM of the degrada-
tion concentration 50%, respectively [56]. MTX-
23 can bind to both the AR’s DNA binding 
domain (DBD) and the VHL E3 ubiquitin ligase 
simultaneously. MTX-23 inhibited cellular prolif-
eration and enhanced apoptosis only in AR- 
positive prostate cancer cells, including those 
resistant to four FDA-approved next generation 
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AR targeting agents-abiraterone, enzalutamide, 
apalutamide, and darolutamide. Furthermore, 
MTX-23 inhibited enzalutamide-resistant xeno-
graft tumor growth. A novel peptide-based 
PROTAC targeting DBD of AR, Au-AR DBD 
PROTAC, was also recently developed [57]. 
Au-AR DBD PROTAC is highly potent against 
both AR-FL and AR-v7 and effectively inhibits 
both enzalutamide-sensitive and -resistant 
prostate tumors in animal models. Thus, MTX-
23 and Au-AR DBD PROTAC could be effective 
for the treatment of CRPC that are resistant to 
the next generation AR targeting agents by 
degrading both AR-v7 and AR-FL.

Selective AR degraders (SARDs) are small mol-
ecules capable of inducing specific degrada- 
tion of AR as compared to the other nuclear 
receptors, which provides another approach to 
degrade AR [58]. These small molecules can 
also induce AR degradation via UPS. SARDs are 
expected to exhibit better pharmacokinetic 
properties as compared to AR PROTACs be- 
cause SARDs have concise structure composi-
tion. Galeterone and galeterone derivatives can 
act as SARDs because they can form a complex 
of AR, MDM2, and AKT that impacts the bal-
ance between AR ubiquitination and deubiquiti-
nation [59, 60]. UT series compounds, UT-69 
and UT-155, were initially developed from a 
library of rational drug designs based on the 
structure of the LBD of AR [61]. Both UT-69 and 
UT-155 exhibited affinity to the LBD and could 
suppress AR expression at the protein level, but 
not the mRNA level. Further studies showed 
that UT-155 also inhibited AR-v7 protein level, 
possibly through its direct binding to AF-1 of the 
NTD domain of AR. UT-155 was able to inhibit 
AR-v7-positive prostate cancer cells both in 
vitro and in tumor xenografts. Darolutamide 
derivatives represent another type of SARDs, 
which could down-regulate both AR-FL and 
AR-v7 [62]. Recently, novel nuclear AR degrad-
ers were identified through a high throughput 
high content screen. These nuclear AR degrad-
ers are capable of inhibiting CRPC, including 
those resistant to enzalutamide, both in vitro 
and in tumor xenografts [7, 63-66]. These find-
ings suggest that small molecules can also 
cause AR degradation efficiently, providing 
potential new approaches for the treatment of 
CRPC. 

There are many other agents that can degrade 
AR [58]. Some examples are ASC-J9, 17-AAG 

and Niclosamide. ASC-J9 binding to AR could 
disrupt HSP90 association with AR. Since HSP- 
90 is required for stabilization and function of 
AR [67], ASC-J9 leads to ubiquitination and deg-
radation of the unprotected AR [68]. ASC-J9 
also causes dissociation of AR from its coregu-
lators such as ARA55 or ARA70, inducing asso-
ciation between AR and MDM2 to degrade AR 
via the UPS [69]. 17-AAG is a Geldanamycin-
derived HSP90 inhibitor. 17-AAG therefore in- 
hibits HSP90 interaction with AR and results in 
AR degradation. Niclosamide, an FDA-approved 
antihelminthic drug, degrades AR-v7 through 
UPS [45]. The mechanisms of these novel AR 
degraders are in general not well defined. 
Defining the mechanisms of action by these 
novel AR degraders in future studies should 
facilitate the development of more effective 
analogs for these agents. 

Perspectives 

Targeting AR for degradation appears to be an 
attractive approach for the treatment of pa- 
tients with CRPC since AR plays an essential 
role in CRPC. AR degraders are being actively 
developed, which may lead to highly effective 
AR degraders eventually. The UPS plays a major 
role in regulating AR degradation and the mech-
anisms regulating UPS-dependent AR degrada-
tion appears to be complex, involving multiple 
E3 ligases and factors that can regulate these 
E3 ligases. Understanding the detailed mecha-
nisms regulating AR degradation and the po- 
tential dysregulation of these mechanisms in 
CRPC will be helpful for the development of 
various types of AR degraders. Defining how AR 
is stabilized and/or degraded in CRPC may lead 
to the identification of new targets to enhance 
AR degradation.
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