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BACKGROUND: Androgen receptor (AR) ligand-binding domain (LBD) mutations occur in ~20% of all castration-resistant prostate
cancer (CRPC) patients. These mutations confer ligand promiscuity, but the afﬁnity for many steroid hormone pathway
intermediates is unknown. In this study, we investigated the stimulation of clinically relevant AR-LBD mutants by endogenous and
exogenous steroid hormones present in CRPC patients to unravel their potential contribution to AR pathway reactivation.
METHODS: A meta-analysis of studies reporting untargeted analysis of AR mutants was performed to identify clinically relevant ARLBD mutations. Using luciferase reporter and quantitative ﬂuorescent microscopy, these AR mutants were screened for sensitivity
for various endogenous steroids and synthetic glucocorticoids used in the treatment of CRPC.
RESULTS: The meta-analysis revealed that ARL702H (3.4%), ARH875Y (4.9%), and ART878A (4.4%) were the most prevalent AR-LBD
mutations across 1614 CRPC patients from 21 unique studies. Testosterone (EC50: 0.22 nmol/L) and 11-ketotestosterone (11KT,
EC50: 0.74 nmol/L) displayed subnanomolar afﬁnity for ARWT. The p.H875Y mutation selectively increased sensitivity of the AR for
11KT (EC50: 0.15 nmol/L, p < 0.05 vs ARWT), whereas p.L702H decreased sensitivity for 11KT by almost 50-fold. While cortisol and
prednisolone both stimulate ARL702H, dexamethasone importantly does not.
CONCLUSION: Both testosterone and 11KT effectively contribute to ARWT activation, while selective sensitization positions 11KT as
a more prominent activator of ARH875Y. Dexamethasone may be a suitable alternative to prednisolone and should be explored in
patients bearing the ARL702H.
Prostate Cancer and Prostatic Diseases; https://doi.org/10.1038/s41391-022-00491-z

INTRODUCTION
Androgen receptor (AR) signaling is a key driver of prostate cancer
(PC) growth. Androgen deprivation therapy (ADT) is used to
suppress PC in patients with high-risk or metastatic disease
through inhibition of testicular androgen production. Effective
suppression of tumor growth is transient, however, castrationresistant prostate cancer (CRPC) invariably emerges as the tumor
adapts. Several mechanisms conferring resistance to castration
have been discovered, including AR upregulation and intratumoral androgen production [1–3]. Mutations in the AR ligandbinding domain (LBD) are detected in ~20% of CRPC tumors, but
are rare in hormone-naive PC [4].
Mutations in the LBD can drastically alter the ligand speciﬁcity
of the AR, facilitating activation by non-canonical ligands [5]. The
ﬁrst promiscuous mutant, discovered in LNCaP, was p.T878A,
which is sensitive to progesterone and estradiol, in addition to
testosterone (T) and dihydrotestosterone (DHT). Other mutants,
such as p.L702H are sensitive to the abundant glucocorticoid
cortisol [6–8], and sensitivity may be further increased in double

mutants, such as p.L702H/T878A [7]. Alternatively, antiandrogens
may stimulate certain AR mutants, including p.H875Y, p.T878A
and p.W742C/L, allowing AR pathway reactivation to occur
independent of T and DHT [9, 10].
While the interactions between AR-LBD mutants and the
principal endogenous steroid hormones have been previously
characterized, this is not the case for many non-canonical
precursor steroids and metabolites [9]. We have recently shown
that 11-ketotestosterone (11KT), the major bioactive androgen
[11, 12] of the novel 11-oxygenated androgen pathway [13]
(Supplementary Fig. 1), persists after ADT and is in fact the most
abundant circulating active androgen in CRPC patients [14].
However, the interaction between these novel steroids and the AR
has been investigated almost exclusively in the context of wildtype AR, but not AR-LBD mutants.
The presence of AR-LBD mutations has been linked to
resistance to AR pathway inhibition [5, 9] and poor prognosis in
CRPC patients [15]. Consequently, insight into the ability of noncanonical ligands to transcriptionally activate AR mutants may
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help optimize treatment for these patients. The aim of this study
was to screen clinically relevant AR-LBD mutants, identiﬁed in
CRPC biopsies, for their interaction with endogenous steroids as
well as with synthetic glucocorticoids used in the treatment of
CRPC patients.
METHODS
Meta-analysis
A comprehensive meta-analysis was performed to determine the
frequency of AR-LBD mutants in CRPC patients. Studies available on
Pubmed before May 15th 2021 were considered eligible for inclusion if 1.
the patient population consisted of CRPC patients, or the CRPC
subpopulation could be assessed separately, 2. absolute frequency of
AR-LBD mutations was reported and 3. an unbiased approach was used to
assess AR-LBD mutations (e.g. whole-genome or RNA sequencing). The
following search term was used to identify studies of interest: (((castration
resistant prostate cancer) OR (CRPC))) AND ((androgen receptor) OR (AR))
AND ((sequencing) OR (whole-genome sequencing) OR (whole genome
sequencing) OR (WGS) OR (RNA sequencing) OR (RNA-seq)).
Titles and abstracts were screened to identify studies of interest.
Subsequently, the full-text and supplementary materials were assessed to
verify suitability. Patient inclusion and registration data were assessed to
prevent inclusion of duplicate patient cohorts.

microplates (PerkinElmer) in steroid- and phenol-red free medium, followed
by stimulation with 0, 0.1, 1, 10 or 100 nmol/L T, DHT, 11KT or 11ketodihydrotestosterone (11KDHT). One hour before measurement, nuclei
were ﬂuorescently stained with Hoechst (1:10.000) for reference. Imaging of
the EGFP and Hoechst signal in minimally 120 EGFP positive cells, was
performed using the Opera Phenix HCS system as previously described [21]
and data was processed using Harmony (v4.9). Subsequently the nuclear
(EGFPnucleus) and perinuclear (EGFPperinuclear) EGFP intensities were measured to
EGFPnucleus
calculate AR Nuclear fraction = EGFPnucleus
þEGFPperinuclear . The nuclear localization was
normalised to unstimulated nuclear localization. Unpaired t-tests were
performed to compare normalized response between ARWT and AR-LBD
mutants.

Proliferation assay
The effects of T, DHT, 11KT, and 11KDHT on prostate cancer cell growth
were conﬁrmed in PC346C and LNCaP, which carry wild-type AR and p.
T878A, respectively. Proliferation assays were performed as previously
described [21, 22].

Statistics

Cell lines

Graphpad (version 9.00 Graphpad Software, LaJolla, California, USA) and R
Studio were used to perform statistical analysis. L/R values were
logarithmically transformed and non-linear regression was performed to
calculate EC50 values (n = 3 for each steroid). One-way ANOVA with post
hoc Tukey’s multiple comparisons was used to compare the EC50 values
between ARWT and the AR-LBD mutants.

The human embryonic kidney cell line HEK293 (ATCC) was grown in
DMEM/F12 (Thermo Fisher, Bleiswijk, The Netherlands) containing 10%
fetal calf serum (FCS, Sigma-Aldrich, Zwijndrecht, The Netherlands) and 1%
penicillin/streptomycin (P/S, Thermo Fisher). The human prostate cancer
cell lines LNCaP (ATCC) and PC346C were grown in RPMI1640 (Thermo
Fisher, 10% FCS, 1% P/S) and Prostate Growth Medium [16], respectively.
Additionally, PC346C were cultured in Primaria™ cell culture ﬂasks and
plates (Corning, Amsterdam, The Netherlands). All experiments were
performed in steroid-free and phenol-red free medium in which FCS was
replaced with dextran-coated charcoal-stripped (DCC) FCS. Cells were
routinely checked for the presence of mycoplasma.
Steroids Dexamethasone, prednisone and prednisolone were obtained
from Sigma-Aldrich and R1881 was obtained from NEN Life Sciences
(Boston MA, USA). All other steroids were obtained from Steraloids
(Newport, RI, USA). Stock solutions (1 mM) were prepared in methanol
(CHROMASOLV, Sigma-Aldrich) and further diluted in culture medium for
use in the experiments.

RESULTS
Frequency of AR mutations in CRPC patients
Of the 573 total studies retrieved, screening identiﬁed 30 studies to be
relevant to our search, of which 21 studies met the inclusion criteria.
Across these studies, a total of 1614 patients were included. Eleven
unique mutations were detected across at least two studies
(Supplementary Table 1). The p.H875Y (4.9%), p.T878A (4.4%) and p.
L702H (3.4%) were by far the most frequent AR-LBD mutants and
were detected across >75% of the included studies. W742C and
W742L appeared less frequently, and F877L was especially rare. Based
on their prevalence the p.H875Y, p.T878A, p.L702H and p.W742C
mutants, as well as a previously identiﬁed p.L702H/T878A double
mutant were selected for further experiments.

Plasmids
The pEGFP-ARWT, pEGFP-ARW742C and pEGFP-ART878A were previously
generated [17, 18]. The other mutants were generated by QuikChange sitedirected mutagenesis (Agilent, Amstelveen, The Netherlands) according to
manufacturer protocols using previously described primers (pEGFP-ARL702H
and pEGFP-ARL702H/T878A) [8] or primer 5ʹ-GGTCAAAAGTGAACTGATACAGC
TCTCTCGCAATAGG-3 and its complementary sequence (pEGFP-ARH875Y).
All mutations were veriﬁed by sequence analysis. The (ARE)2TATA
luciferase reporter has previously been reported [19]. The pRL CMVRenilla reporter was obtained from Promega (Leiden, The Netherlands).

Luciferase assay

HEK293 cells were seeded in T25 ﬂasks and incubated overnight. Cells
were then transfected using Fugene HD transfection reagent (Promega)
with 2 µg ARWT or ARMUT, 1 µg (ARE)2TATA luciferase reporter plasmid and
CMV-Renilla (100 ng). Cells were reseeded into white 96-well plates with
translucent bottom in steroid- and phenol-red free medium, followed by
stimulation. After 20 h, the Duel-Glo luciferase assay (Promega) was used
and luciferase activity was measured using a VICTOR 3 plate reader.
First, a broad screen was performed for each steroid at 5 and 100 nmol/L.
For those steroids that induced activation (>2-fold over control) additional
dose-response experiments (range: 0.001–1000 nmol/L) were performed in
triplicate.

AR nuclear translocation assay
AR nuclear translocation was investigated as described before [20]. In short,
HEK293 cells were transiently transfected with the EGFP-tagged AR constructs
in T25 ﬂasks and seeded the next day in 96-well CellCarrier TM-96 Ultra

Ligand promiscuity in AR-LBD mutants
A luciferase-based reporter transcription assay was performed to
evaluate the activation of wild-type and mutant AR by steroids
which persist in patients after ADT (Table 1 and Supplementary
Table 2). Promiscuous interactions not present in ARWT were
discovered for ARL702H, which was activated by 17-hydroxyprogesterone, 11-deoxycortisol, cortisol and cortisone at physiologically
relevant levels. Likewise, the p.H875Y mutation increased sensitivity
for several androgen precursors and metabolites, as well as estradiol.
Similarly, the ART878A mutant displayed promiscuity and increased
sensitivity for various C-21 precursor steroids, as well as estradiol.
The double mutant ARL702H/T878A was sensitive to a wide variety of
non-canonical androgenic steroids, notably, to cortisol (EC50 = 2.5
nmol/L) and 5α17HP (EC50 = 0.2 nmol/L). No promiscuous interactions were observed for the p.W742C mutant.
Ligand-binding domain mutations modulate androgen
receptor sensitivity for 11-oxygenated androgens
11KT was recently identiﬁed as the predominant bioactive
androgen in the circulation of CRPC patients [14]. Using the
luciferase reporter assay, we show that activation of ARWT was
achieved at concentrations below 1 nmol/L for 11KT and 11KDHT,
which was comparable to T and DHT (Fig. 1A). Sensitivity for these
androgens was decreased in ARL702H and ARW742C (Fig. 1B, C),
whereas the opposite was observed for ARH875Y (EC50 = 0.15 vs
0.74 nmol/L, p < 0.05, Fig. 1D). For ART878A, a mild decrease in
sensitivity for T (EC50 = 1.3 vs 0.2 nmol/L, p < 0.05) and DHT
Prostate Cancer and Prostatic Diseases
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Fig. 1 In vitro activation of wild-type and ligand-binding domain mutant androgen receptors by canonical and 11-oxygenated
androgens. HEK293 cells were co-transfected with the ARE2TATA luciferase construct and one of the androgen receptor (AR) constructs.
A ARWT, (B) ARL702H, (C) ARW742C, (D) ARH875Y, (E) ART877A or (F) ARL702H/T878A. Cells were treated with testosterone (T), 5α-dihydrotestosterone
(DHT), 11-ketotestosterone (11KT) or 11-ketodihydrotestosterone (11KDHT) overnight. R1881 was used as positive control. Data shown
represents the average fold induction (± SEM) over vehicle control of three independent experiments. Curves were ﬁtted using non-linear
regression. Vertical dotted lines are shown for reference to indicate the median circulating concentrations of T (light gray) and 11KT (black) in
CRPC patients (Snaterse G et al.). G For each steroid, one-way ANOVA with Tukey’s multiple comparison test was performed to compare the
afﬁnity of ARWT and AR-LBD mutants using LogEC50 values calculated for each individual luciferase-reporter experiment using non-linear
regression. Multiplicity-adjusted P values (alpha = 0.05) are shown as a gradient for each combination when compared to the respective
LogEC50 in ARWT, with statistically non-signiﬁcant values shown in white.
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Fig. 2 AR nuclear fraction in response to androgens and 11-oxygenated androgens. Normalized AR nuclear localization is shown after 24 h
stimulation with 0.1 to 100 nmol/L testosterone (T), 5α-dihydrotestosterone (DHT), 11-ketotestosterone (11KT) or 11-ketodihydrotestosterone
(11KDHT) in HEK293 cells transfected with (A) ARWT, (B) ARL702H, (C) ARH875Y and (D) ART878A. Data shown is the mean (SEM) of three
independent experiments normalized to the unstimulated condition, where 100% represents the max signal achieved for the individual
construct. For the AR-LBD mutants, normalized response was compared to ARWT at each concentration. P values <0.05 (*) were considered
statistically signiﬁcant. The prostate cancer cell lines (E) PC346C and (F) LNCaP were stimulated for six days with T, DHT, 11KT, and 11KDHT.
Data represent mean ± SEM of three independent experiments.

(EC50 = 1.1 vs 0.3 nmol/L, NS) compared to ARWT was observed,
while 11KDHT remained relatively potent (0.5 nmol/L, Fig. 1E). For
ARL702H/T878A, sensitivity for all four steroids was signiﬁcantly
higher than for the L702H single mutant, although still diminished
compared to ARWT (Fig. 1F, G).
AR nuclear translocation and proliferation is affected by ARLBD mutations
The differential effects of the 11-ketoandrogens on AR translocation and AR-induced proliferation were investigated for the most
relevant AR-LBD mutant. Stimulation of cells expressing ARWT and
ARH875Y resulted in increased AR nuclear localization at 0.1 nmol/L
and maximum nuclearization at 1 nmol/L for T, DHT, 11KT and
11KDHT. In line with results of the luciferase reporter assay,
normalized response of ARL702H was signiﬁcantly lower for 11KT
and 11KDHT at 0.1 and 1 nmol/L compared to ARWT, and at 0.1
nmol/L for T and DHT (Fig. 2A–D).
Previous studies have shown that 11KT and 11KDHT stimulate
proliferation of the prostate cancer cell lines LNCaP and VCaP at
Prostate Cancer and Prostatic Diseases

0.1 and 1 nmol/L [11]. We expanded on these ﬁndings by
performing dose-response experiments to assess androgen
sensitivity in the prostate cancer cell-line PC346C, which bears
wild-type AR (Fig. 2E). Both 11KT (EC50 = 0.81 nmol/L) and
11KDHT (EC50 = 0.26 nmol/L) potently induced proliferation in
PC346C, comparable to T (EC50 = 0.30 nmol/L) and DHT (EC50 =
0.19 nmol/L), conﬁrming the potency of the 11-oxygenated
androgens. Even lower EC50 values were found in LNCaP cells,
which bear the ART878A mutation, for both 11KT (EC50 = 0.15
nmol/L) and 11KDHT (EC50 = 0.04 nmol/L, p < 0.01 vs PC346C).
Induction of proliferation by T and DHT (both EC50 = 0.08 nmol/L)
was increased, although this did not reach statistical signiﬁcance
(Fig. 2F).
Activation of AR-LBD mutations by exogenous glucocorticoids
Furthermore, we investigated if any of the AR-LBD mutations
rendered the AR sensitive to exogenous glucocorticoids used in
the treatment of CRPC patients. ARWT displayed no sensitivity for
prednisone, prednisolone or dexamethasone (Fig. 3A). However,

G. Snaterse et al.
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Fig. 3 Activation of wild-type and mutant androgen receptor by exogenous glucocorticoids commonly used in prostate cancer patients.
Activation of wild-type and mutant androgen receptors (AR) after incubation with synthetic glucocorticoids was investigated in the luciferase
assay. HEK293 cells were co-transfected with the ARE2TATA luciferase construct and one of the AR constructs: (A) ARWT, (B) ARL702H,
(C) ARW742C, (D) ARH875Y, (E) ART878A or (F) ARL702H/T878A. Prednisone/prednisolone (5–10 mg/day) and dexamethasone (0.5 mg/day) are
typically used in the treatment of PC patients, leading to median circulating levels of 152 nmol/L for prednisolone [39] and 7 nmol/L for
dexamethasone [46] respectively. We have indicated these concentrations in each graph with dotted lines to provide context. Data shown is
the average fold-induction (±SEM) over control (0 nmol/L) luciferase values of three independent experiments.

ARL702H was fully activated upon treatment with pharmacological
concentrations of prednisone (EC50 = 50.5 nmol/L) or prednisolone (EC50 = 48 nmol/L), but not dexamethasone (Fig. 3B).
Exogenous glucocorticoids did not stimulate p.W742C, p.H875Y
or p.T878A at pharmacological concentrations (Fig. 3C–E). Interestingly, the ARL702H/T878A double mutant displayed increased
sensitivity to both prednisone (EC50 = 4.1 nmol/L) and prednisolone (EC50 = 4.0 nmol/L), but importantly also was sensitized to
dexamethasone (EC50 = 26 nmol/L, Fig. 3F).
DISCUSSION
The importance of AR signaling in the CRPC setting is highlighted
by the efﬁcacy of AR pathway inhibitors such as abiraterone and

enzalutamide [23–26]. AR-LBD mutations occur in a signiﬁcant
subpopulation of CRPC patients and enable activation by noncanonical ligands, thereby conferring resistance to hormonal
treatment. In this study, we performed a meta-analysis to identify
clinically relevant AR-LBD mutations. Using cell-based assays, we
investigated the interactions between these clinically signiﬁcant
mutations and a large panel of endogenous steroids, including the
11-oxygenated androgens, and synthetic glucocorticoids used in
the treatment of CRPC. Across the AR-LBD mutants, we observed
signiﬁcant sensitization to various endogenous and exogenous
steroids.
AR-LBD mutations occur in a signiﬁcant subpopulation of CRPC
patients, typically in response to treatment [4]. Across 1614
patients, the p.H875Y, p.T878A, and p.L702H were by far the most
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Fig. 4 Relation between AR-LBD mutant ligand sensitivity and
circulating steroid concentrations in CRPC patients. Steroids
capable of activating wild-type AR or AR-LBD mutants at physiologically relevant concentrations are shown. Transcriptional activation
EC50 values are indicated for each mutant. Circulating steroid
concentrations for each steroid are shown in gray. Concentrations
for T, DHT, 11KT, 11β-hydroxytestosterone, cortisol, and cortisone
were reported by Snaterse et al. 2021 [14] and concentrations for
progesterone, 17OHP and 11-deoxycortisol (11dF) were obtained
from Snaterse et al. 2017 [47]. The circulating concentrations of 11ketodihydrotestosterone are currently unknown. For testosterone
and DHT, non-castrate healthy reference ranges are also shown.

frequently observed AR-LBD mutants. Decreasing use of ﬁrstgeneration AR inhibitors may explain the lower frequency of W742
mutations. The minimal frequency of the enzalutamide-resistant p.
F877L mutation suggests that this mutation drives resistance in
only a small number of patients.
Promiscuous activation by non-canonical ligands is a key
feature of the AR-LBD mutants. With the exception of p.W742C,
the mutations studied introduced sensitivity to various endogenous steroids. In p.L702H, sensitivity for cortisol and cortisone,
steroids which persist in CRPC patients after castration [14], was
observed. In the ARH875Y mutant, a variety of novel and sensitized
interactions were observed, which offers selective advantage in
the castrate setting. The increased sensitivity of p.T878A for
progesterone and estradiol is in line with the original report of this
mutant
[27],
and
additionally,
sensitivity
for
11βhydroxytestosterone (11OHT) was greatly increased. Direct sensitivity for the principal androgen and 11-oxygenated androgen
precursors remained relatively unchanged in all of the AR mutants.
Our recent study suggests that 11KT and its precursors may be
an important contributor to AR-pathway activation in the CRPC
setting [14]. Using a luciferase reporter assay and the ARWT
bearing PC346C PC cell line, we found EC50 values for 11KT of 0.74
nmol/L and 0.81 nmol/L, respectively, conﬁrming the potency of
11KT. In the AR-mutant PC cell line LNCaP, proliferation was
already increased at 0.1 nmol/L, in line with ﬁndings of Pretorius
et al. [11].
The sensitivity for the potent androgens was altered for most
AR-LBD mutants. The p.L702H mutation decreased sensitivity for
the potent androgens by one order of magnitude, in line with
earlier reports for DHT [9]. This ﬁnding was corroborated by
nuclear translocation, indicating that differences between ARWT
and ARL702H are present at both the nuclear translocation and
transcriptional regulation stages. While we observed sensitization
for 11KT in ARH875Y compared to ARWT when assaying transcriptional regulation using the luciferase reporter assay, we did not
detect a similar sensitization using the nuclear translocation assay,
suggesting that mechanisms downstream of nuclear translocation
are affected, but not nuclear translocation itself. This may be
because the mechanism of ligand promiscuity in ARH875Y may be
distinct from other AR-LBD mutations. Crystallographic analysis
and modeling of ligand-bound AR showed that the L702 and T878
residues face the interior of the ligand-binding pocket [8, 28] and
mutations alter its structure. In contrast, H875 faces away from the
Prostate Cancer and Prostatic Diseases

interior of the binding pocket, and therefore does not interact
with the ligand directly [29, 30]. Instead, it forms hydrogen bonds
with residue Y740, an interaction which is modulated by the H-toY substitution, thereby facilitating interaction with co-activators
and enhancing AR pathway signaling [29–31]. Additionally, the
altered interaction with Y740 may affect the structure of
surrounding residues, thereby affecting ligand promiscuity. It is
still unclear to what extent other LBD mutations affect co-factor
recruitment in a similar fashion. There is at least some evidence
that DNA-binding and co-factor recruitment may be altered in the
p.T878 mutant, and that they may even be ligand-speciﬁc [32].
Our ﬁndings identify physiological relevant steroids and provide
insight into their action in AR pathway activation in the context of
clinically relevant AR-LBD mutations in the CRPC setting (Fig. 4). In
the context of ARWT and ARH875Y, both T and 11KT circulating
concentrations appear to be physiologically relevant[14], although
selective sensitization for 11KT in ARH875Y may be important.
Sensitivity for progesterone may explain why p.H875Y [33, 34] and
p.T878A [33, 35] occur more frequently after abiraterone treatment, which increases circulating progesterone levels [36, 37]. Due
to sensitivity to both androgens and progesterone, but not
glucocorticoids, prednisone/dexamethasone or a selective 17,20lyase inhibitor should be explored in patients carrying these
mutations.
While sensitive to cortisol, prednisone and prednisone, ARL702H
is less sensitive to T and 11KT. Indeed, this mutant emerges more
frequently in patients treated with prednisone [35, 38], and
pharmacological concentrations [39] exceed the EC50 in our
study. Cortisol and cortisone similarly activate ARL702H at relevant
concentrations. Enzalutamide, which usually is not combined with
prednisone, may still exert selective pressure causing L702H to
emerge, as Li et al. [40] showed that enzalutamide suppressed
intratumoral HSD11B2 activity, thereby increasing intratumoral
cortisol levels. The increase in intratumoral cortisol may fuel
ARL702H activation. Previously overlooked [7, 41], dexamethasone
may be a suitable alternative, as it crucially does not activate wildtype AR nor ARL702H. Even in patients carrying the p.L702H/T878A
double mutation, dexamethasone may be preferred, as its potency
is four-fold lower and is given at a much lower daily dose than
prednisone. Switching prednisone to dexamethasone can provide
clinical beneﬁts in CPRC patients [42], which could in part be
related to the emergence of prednisone-responsive AR mutants.
AR-LBD mutations have been associated with resistance to AR
pathway inhibition [15] and early progression [5, 9], and their
presence can be reliably assessed in both tumor material and
liquid biopsies [9, 43]. In addition, circulating androgen concentrations may be of prognostic importance, as recent systematic
reviews [44, 45] indicate that higher T abundance during the CRPC
stage is associated with an improved response to AR pathway
inhibition. Our recent study indicates that 11KT should be
included when assessing androgen abundance in CRPC patients
[14]. Based on the current data, the importance of T and 11KT may
be subject to the presence of AR-LBD mutations, and the
combined use of mutational analysis with mass-spectrometrybased steroid proﬁling should be explored in future studies to
guide optimal treatment strategies. Although our study conﬁrms
previously published effects of AR-LBD mutations and expands on
them, a limitation concerns the use of a single model system.
Future studies should also aim to expand on these ﬁndings by
testing the activation and inhibition of AR-LBD mutants in model
systems that more closely resemble the patient. For example,
modiﬁed PC cell lines, organoids and (patient-derived) xenografts
may prove useful in evaluating the treatment of AR-LBD mutants.
The impact of mutation located outside of the LBD is currently
poorly understood, and future studies should aim to clarify their
potential effects. The feasibility of such an analysis thus far has
been limited, as some studies only reported mutations located in
the LBD.
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In conclusion, the current study ﬁnds that highly prevalent ARLBD mutations p.L702H, p.H875Y and p.T878A signiﬁcantly affect
AR sensitivity to the primary androgens in CRPC. The p.H875Y
mutation selectively sensitized AR to the 11-oxygenated androgen
pathway, while the p.L702H mutation decreased sensitivity for
11KT by one order of magnitude. Treatment strategies targeting
androgens without increasing progesterone levels may help limit
non-canonical activation of ARH875Y and ART878A. While substantial
sensitivity to cortisol and prednisolone signiﬁcantly complicates
the treatment of patients carrying the ARL702H single mutation,
this study identiﬁes dexamethasone as a suitable alternative.
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