
Academic Editor: Ke Chen

Received: 26 October 2025

Revised: 7 December 2025

Accepted: 9 December 2025

Published: 15 December 2025

Citation: Plage, H.; Biernath, N.;

Furlano, K.; Weinberger, S.; Jeutner, J.;

Fendler, A.; Roßner, F.; Schallenberg, S.;

Elezkurtaj, S.; Kluth, M.; et al.

Differential Androgen Receptor

Expression Across Bladder Cancer

Stages and Its Link to Poor Outcomes.

Cancers 2025, 17, 3990. https://

doi.org/10.3390/cancers17243990

Copyright: © 2025 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license

(https://creativecommons.org/

licenses/by/4.0/).

Article

Differential Androgen Receptor Expression Across Bladder
Cancer Stages and Its Link to Poor Outcomes
Henning Plage 1,* , Nadine Biernath 1, Kira Furlano 1, Sarah Weinberger 1, Jonathan Jeutner 1 , Annika Fendler 1 ,
Florian Roßner 2 , Simon Schallenberg 2 , Sefer Elezkurtaj 2 , Martina Kluth 3, Maximilian Lennartz 3 ,
Andreas Holger Marx 4, Henrik Samtleben 4, Margit Fisch 5, Michael Rink 6, Marcin Slojewski 7,
Krystian Kaczmarek 7, Stefan Koch 8, Nico Adamini 9, Sarah Minner 3, Ronald Simon 3 , Guido Sauter 3 ,
Henrik Zecha 1,9, Thorsten Ecke 10 , Thorsten Schlomm 1, David Horst 2 and Bernhard Ralla 1,*

1 Department of Urology, Charité—Universitätsmedizin Berlin, Humboldt-Universität zu Berlin and Berlin
Institute of Health, Charitéplatz 1, 10117 Berlin, Germany; jonathan.jeutner@charite.de (J.J.);
annika.fendler@charite.de (A.F.); thorsten.schlomm@charite.de (T.S.)

2 Institute of Pathology, Charité—Universitätsmedizin Berlin, Humboldt-Universität zu Berlin and Berlin
Institute of Health, Charitéplatz 1, 10117 Berlin, Germany; florian.rossner@charite.de (F.R.);
simon.schallenberg@charite.de (S.S.); sefer.elezkurtaj@charite.de (S.E.); david.horst@charite.de (D.H.)

3 Institute of Pathology, University Medical Center Hamburg-Eppendorf, 20246 Hamburg, Germany;
m.kluth@uke.de (M.K.); m.lennartz@uke.de (M.L.); s.minner@uke.de (S.M.); r.simon@uke.de (R.S.);
g.sauter@uke.de (G.S.)

4 Department of Pathology, Academic Hospital Fuerth, 90766 Fuerth, Germany;
andreas.marx@klinikum-fuerth.de (A.H.M.); henrik.samtleben@klinikum-fuerth.de (H.S.)

5 Department of Urology, University Medical Center Hamburg-Eppendorf, 20246 Hamburg, Germany;
m.fisch@uke.de

6 Department of Urology, Marienhospital Hamburg, 22087 Hamburg, Germany;
m.rink@marienkrankenhaus.org

7 Department of Urology and Urological Oncology, Pomeranian Medical University, 70-111 Szczecin, Poland;
marcin.slojewski@pum.edu.pl (M.S.); krystian.kaczmarek@pum.edu.pl (K.K.)

8 Department of Pathology, Helios Hospital Bad Saarow, 15526 Bad Saarow, Germany
9 Department of Urology, Albertinen Hospital, 22457 Hamburg, Germany;

nico.adamini@immanuelalbertinen.de
10 Department of Urology, Helios Hospital Bad Saarow, 15526 Bad Saarow, Germany;

thorsten.ecke@helios-gesundheit.de
* Correspondence: henning.plage@charite.de (H.P.); bernhard.ralla@charite.de (B.R.);

Tel.: +49-30-615-325 (H.P.); +49-30-515-515 (B.R.); Fax: +49-30-515-972 (H.P. & B.R.)

Simple Summary

Bladder cancer is more common in men than in women, and sex hormones such as testos-
terone may influence how the disease develops and progresses. The androgen receptor is a
protein that allows cells to respond to these hormones and is well known in prostate cancer,
but its role in bladder cancer has been unclear. In this study, we analyzed 2710 bladder
cancer samples to find out whether the amount of androgen receptor in tumor cells is
linked to patient outcomes. We discovered that men whose tumors had high levels of this
receptor lived shorter after surgery than those with little or no receptor expression. These
results suggest that the androgen receptor could help identify patients at higher risk and
might become a new target for personalized treatment in bladder cancer.

Abstract

Background: The androgen receptor (AR) is a hormone-regulated transcription factor
known to drive tumor progression in prostate cancer. While AR is also expressed in urothe-
lial carcinoma of the bladder, its prognostic relevance remains unclear due to inconsistent
findings and limited cohort sizes. Methods: We evaluated AR expression by immunohisto-
chemistry in n = 2710 bladder tumors using tissue microarrays, with clinical follow-up data
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available for n = 622 patients. Results: AR expression was detected in 22.9% of bladder
tumors. In pTa carcinomas, AR positivity decreased significantly from 49.8% in low-grade
pTaG2 to 29.1% in high-grade pTaG2 tumors (p < 0.0001), with similar levels observed
in pTaG3 (31.6%). The lowest AR positivity occurred in muscle-invasive cancers (15.5%,
p < 0.0001). Within pT2–pT4 tumors, AR positivity was associated with advanced tumor
stage (p = 0.0014), nodal metastasis (p = 0.0060), and AR positivity was significantly linked
to reduced overall survival (p = 0.0210) with a HR = 1.48 (95%CI 1.06–2.05). In male patients,
in particular, the impact was significant (p = 0.0042). However, this association was not
significant in a multivariate analysis (p = 0.188). Conclusions: AR expression varied be-
tween different stages of urothelial bladder cancers, showing a complex expression pattern.
Although AR positivity correlated with adverse outcomes, AR expression alone did not
independently predict prognosis.

Keywords: bladder cancer; androgen receptor; muscle-invasive urothelial carcinoma;
prognostic biomarker; immunohistochemistry; sex differences

1. Introduction
Urinary bladder cancer is the tenth most common malignancy worldwide and rep-

resents a major global health burden [1]. Most patients present with non-invasive (pTa)
or minimally invasive (pT1) stage cancers, which are characterized by a better prognosis
and less harmful treatment strategies, like endoscopic removals or intravesical therapies.
Once detrusor muscle invasion occurs, radical cystectomy (RC) remains a standard curative
option, yet a substantial proportion of patients still experience early local or distant recur-
rence despite curative treatment [2]. These patterns highlight the biological heterogeneity
of urothelial carcinoma and the need for better markers that reflect tumor aggressiveness
and support risk-adapted clinical management.

Bladder cancer also demonstrates one of the strongest sex disparities among solid
tumors. Men have a three- to fourfold higher incidence than women, while women tend to
present with more advanced disease and experience worse outcomes [3–5]. Historically, this
discrepancy was attributed mainly to differences in smoking behavior; however, sex ratios
have remained stable even as lifestyle habits have converged [6,7]. Thus, sex hormones and
their receptors could be potential contributors to the development of bladder cancer [8].

The androgen receptor (AR), a nuclear transcription factor activated by testosterone
and dihydrotestosterone, regulates a multitude of androgen-responsive genes [9]. In nor-
mal tissues, the highest levels of AR expression occur in the testis and the prostate, but AR
expression also occurs in many other tissues [10,11]. AR exerts a broad range of physiologi-
cal functions in the development and maintenance of the reproductive, musculoskeletal,
cardiovascular, immune, neural, and haemopoietic systems [12,13]. In cancer, high-level
AR expression commonly occurs in prostate cancer, but many other tumor entities can
also express significant levels of AR [14,15]. For bladder cancer, at least 19 studies ana-
lyzing between 9 and 472 urothelial carcinomas have described detectable AR expression
in 13–77% of cases (Supplementary Table S1). Studies evaluating the clinical role of AR
expression in urothelial carcinoma have provided controversial results, however. Two
studies in urothelial carcinomas have suggested a link between high AR expression and
unfavorable prognosis [16,17], while others could not confirm these findings [18–23] or
even described associations between AR positivity and favorable disease course [24–27].

Considering the potential significance of AR expression in urothelial carcinoma, we
evaluated the potential prognostic role of AR expression in a previously collected cohort
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of approximately 2700 urothelial carcinomas in a tissue microarray (TMA) format using a
highly validated immunohistochemistry (IHC) assay.

2. Materials and Methods
Tissue Microarrays (TMA): The TMAs used in this study were first employed in a

recent study on the prognostic role of GATA3 expression in urothelial bladder cancer [28].
Our set of TMAs contained one sample each from 2710 urothelial tumors of the bladder
archived at the Institute of Pathology, University Hospital Hamburg; Institute of Pathology,
Charité Berlin; Department of Pathology, Academic Hospital Fuerth; or Department of
Pathology, Helios Hospital Bad Saarow, and/or treated at Department of Urology, Univer-
sity Hospital Hamburg; Department of Urology, Charité Berlin; Department of Urology,
Helios Hospital Bad Saarow; Department of Urology, Albertinen Hospital Hamburg (all
in Germany); and Department of Urology and Urological Oncology, Pomeranian Med-
ical University, Szczecin, Poland, between 2005 and 2021. Patients at each center were
treated according to the guidelines at the time. In brief, patients with pTa/pT1 disease
underwent a transurethral resection of the bladder tumor with or without postoperative
instillation therapy, while 1826 patients with pT2–pT4 disease were treated by RC. Available
histopathological data, including grade, tumor stage (pT), lymph node status (pN), and
status of venous (V) and lymphatic (L) invasion, are shown in Table 1.

Table 1. Patient cohort.

Study Cohort on TMA (n = 2710)

follow up
patients (n) 622

mean (months) 26.7
median (months) 15.0

pathological tumor stage

pTa 887 (38.4%)
pT1 49 (2.1%)
pT2 462 (20.0%)
pT3 615 (26.6%)
pT4 298 (12.9%)

tumor grade G2 820 (30.6%)
G3 1858 (69.4%)

lymph node status pN0 734 (62.0%)
pN+ 449 (38.0%)

resection margin status R0 595 (80.6%)
R1 143 (19.4%)

lymphatic vessel infiltration L0 275 (49.5%)
L1 281 (50.5%)

blood vessel infiltration
V0 450 (74.4%)
V1 155 (25.6%)

Percent in the column “study cohort on TMA” refers to the fraction of samples across each category. Numbers do
not always add up to 2710 in the different categories because of cases with missing data.

AR immunohistochemistry was evaluable in 2398 of 2710 tumors (88.5%). Non-
interpretable cases were due to complete loss of tissue or absence of unequivocal tumor
cells on the TMA spot. Among 1826 patients with pT2–pT4 disease who underwent
radical cystectomy, overall survival data (time from cystectomy to death or last follow-
up) were available for 622 patients (Figure 1). The clinicopathological characteristics of
these 622 patients with available overall survival data are summarized in Supplementary
Table S4 and were broadly comparable to those of the entire cystectomy cohort (Table 1),
indicating that the survival cohort is representative of the underlying pT2–pT4 population.
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The STROBE-style flow diagram in Figure 1 summarizes case selection, availability of
clinicopathological information and survival data, and the numbers of deaths and survivors
at last follow-up.

Figure 1. Flow diagram of case selection for survival analysis.

The tissues were fixed in 4% buffered formalin and then embedded in paraffin. The
TMA manufacturing process has previously been described in detail [29,30]. Immuno-
histochemical data on GATA3, p63, CK20, and PD-L1 were available from previous stud-
ies [27,29–32]. Details about the antibody are described in the Supplementary Table S2. All
markers were evaluated using the same four-tier IHC scoring system described below. For
PD-L1 status, only tumor cells—excluding immune cells—were considered. In brief, one
tissue spot (diameter: 0.6 mm) was transmitted from a cancer-containing donor block into
an empty recipient paraffin block. The use of archived remnants of diagnostic tissues for
TMA manufacturing, their analysis for research purposes, and patient data were according
to local laws (HmbKHG, §12); analysis had been approved by the local ethics committee
(Ethics commission Hamburg, WF-049/09). All work was carried out in compliance with
the Helsinki Declaration.

Immunohistochemistry (IHC).
Freshly prepared TMA sections were immunostained on one day in one experiment.

Slides were deparaffinized with xylol, rehydrated through a graded alcohol series, and
exposed to heat-induced antigen retrieval for 5 min in an autoclave at 121 ◦C in pH 7.8
DakoTarget Retrieval Solution™ (Agilent, CA, USA; #S2367). Endogenous peroxidase
activity was blocked with Dako Peroxidase Blocking Solution™ (Agilent, CA, USA; #52023)
for 10 min. Primary antibody specific against AR protein (rabbit recombinant, MSVA-
367R, MS Validated Antibodies, Hamburg, Germany; #2145-367R) was applied at 37 ◦C
for 60 min at a dilution of 1:450. Bound antibody was visualized using the EnVision Kit
(Agilent, CA, USA; #K5007) according to the manufacturer’s directions. The sections were
counterstained with hemalaun. For each tumor tissue, the percentage of AR-positive tumor
cells was estimated, and the staining intensity was semi-quantitatively recorded (0, 1+,
2+, 3+). For statistical analyses, the staining results were categorized into four groups as
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follows: Negative: no staining at all, weak staining: staining intensity of 1+ in ≤70% or
staining intensity of 2+ in ≤30% of tumor cells, moderate staining: staining intensity of 1+
in >70%, staining intensity of 2+ in >30% but in ≤70% or staining intensity of 3+ in ≤30%
of tumor cells, strong staining: staining intensity of 2+ in >70% or staining intensity of 3+
in >30% of tumor cells.

Statistics:
Statistical calculations were performed with JMP® 16 software (SAS Institute Inc., Cary,

NC, USA). Contingency tables and the chi2-test were performed to search for associations
between AR immunostaining, other molecular parameters, and tumor phenotype. Survival
curves were calculated according to Kaplan–Meier. The log-rank test was applied to detect
significant differences between groups. Analysis of variance (ANOVA) was performed
to compare the interaction of the parameter sex and androgen receptor expression in the
survival outcome of overall survival (OS). Cox proportional hazards regression analysis
was used to evaluate the statistical independence and prognostic impact of pathological
and molecular variables for both overall survival (OS) and cancer-specific survival (CSS).
Pathological tumor stage (pT), pathological nodal stage (pN), venous invasion (V), and
IHC androgen receptor status (AR, negative vs. positive) were selected for multivariate
analysis (see also Supplementary Table S3). For multivariable CSS models, only covariates
that showed a significant association with CSS in univariate testing were entered; therefore,
AR status was not included as it did not reach statistical significance in the univariate
CSS analysis. In sensitivity analyses, we additionally evaluated alternative dichotomisa-
tion schemes (weak vs. negative; low expression [negative + weak] vs. high expression
[moderate + strong]) and calculated an immunoreactive score (IRS; range 0–12) based
on staining intensity and percentage of positive cells. These analyses are summarized in
Supplementary Figure S1.

3. Results
Technical issues: Of our 2710 urothelial carcinomas, 2398 (88.5%) were interpretable

for AR protein expression analysis. Non-interpretable tumors were caused by a lack of
unequivocal tumor cells on the TMA spots or the absence of entire tissue spots on the TMA
(Figure 2).

Figure 2. Representative androgen receptor (AR) immunostaining. The panels show moderate
nuclear AR immunostaining in normal urothelium (A), strong AR staining in a low-grade pTaG2
tumor (B), strong AR positivity in a muscle-invasive urothelial carcinoma (C), weak positivity in a
muscle-invasive tumor (D), and complete absence of AR staining (E).

AR in urothelial carcinomas: AR staining was always nuclear. It was usually faint or
weak in a subset of normal urothelial cells. Nuclear AR positivity was observed in 22.9% of
2398 urothelial carcinomas, including 399 (16.6%) with weak, 108 (4.5%) with moderate,
and 41 (1.7%) with strong staining. AR expression was more common in male (25.9%) than
in female (16.2%, p < 0.0001) bladder cancer patients. Representative images of AR-positive
and AR-negative cancers are shown in Figure 2.
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The relationship between AR staining and tumor phenotype is shown in Table 2.
Within pTa tumors, the rate of AR positivity decreased markedly from low-grade pTaG2
(49.8% positive) to high-grade pTaG2 (29.1% positive; p < 0.0001), while there was no
significant further decrease to pTa G3 (31.6%). The AR positivity rate was lowest in muscle-
invasive cancers (15.5%; p < 0.0001 for all pT2–4 vs. pTa). Among 1726 pT2–pT4 urothelial
carcinomas, the distribution of AR immunostaining intensity differed significantly across
pT stages (p = 0.0014) and according to nodal status (p = 0.0060) as well as venous invasion
(p = 0.0095). There was no statistical relationship with grade or lymphatic invasion.

Table 2. Androgen receptor (AR) immunostaining and cancer phenotype.

Androgen Receptor Immunostaining

n Negative (%) Weak (%) Moderate (%) Strong (%) p-Value

All cancers 2398 77.1 16.6 4.5 1.7

pTaG2 low 404 50.2 39.4 9.9 0.5 <0.0001
pTaG2 high 172 70.9 20.9 7.6 0.6

pTa G3 95 68.4 21.1 5.3 5.3

pT2 437 82.4 13.3 3.4 0.9 0.0014
pT3 597 90.3 6.4 1.5 1.8
pT4 289 84.4 10.4 3.1 2.1

G2 103 88.3 9.7 1.0 1.0 0.6394 *
G3 1194 86.4 9.3 2.6 1.7

pN0 662 89.9 6.8 2.6 0.8 0.0060 *
pN+ 439 84.3 10.3 2.5 3.0

R0 556 88.7 6.8 2.5 2.0 0.3167 *
R1 140 83.6 10.7 2.1 3.6

L0 264 90.2 6.1 2.7 1.1 0.2635 *
L1 275 83.6 10.2 2.5 3.6

V0 429 86.7 7.5 3.5 2.3 0.0095 *
V1 152 87.5 11.2 0.0 1.3

Abbreviations: pT: pathological tumor stage, G: Grade, pN: pathological lymph node status, R: resection margin
status, L: lymphatic invasion, V: venous invasion; * only in pT2–pT4 urothelial carcinoma.

Survival analysis in pT2–pT4 cystectomy patients
In the cohort with pT2–pT4 carcinomas that were treated by radical cystectomy, AR

positivity was significantly associated with an unfavorable overall survival (OS) in univari-
ate analysis (p = 0.0210; HR = 1.48, 95% CI 1.06–2.05; Figure 3A). This effect was mainly
driven by male patients, in whom AR-positive tumors had a significantly shorter OS
(p = 0.0042; Figure 3D), whereas no association was observed in female patients (p = 0.4915;
Figure 3G). For cancer-specific survival (CSS) and recurrence-free survival (RFS), only AR
positivity demonstrated a significant prognostic impact, as shown in the Kaplan–Meier
curves (Figure 3B,C,E,F,H,I). A formal interaction test (sex × AR) did not show a significant
interaction (p = 0.5916).

In the multivariable Cox model for OS, pT-stage, pN-stage, and venous invasion
remained independently associated with OS, whereas the association between AR positivity
and survival was attenuated and no longer statistically significant (Table 3).
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Figure 3. Androgen receptor (AR) immunostaining and patient prognosis with overall, cancer-specific
and recurrende-free survival in all patients (A–C), male (D–F) and female patients (G–I).

Table 3. Multivariate analysis of overall survival (OS) and cancer-specific survival (CSS).

Multivariate Analysis

OS CSS

Covariate HR CI (95%) p Value HR CI (95%) p Value

pT-stage 1.58 [1.33–1.89] <0.0001 1.00 [0.68–1.45] 0.984
both sex pN-stage 1.57 [1.22–2.01] <0.0001 1.71 [1.01–2.88] 0.045

V-status 1.59 [1.02–2.47] 0.039 1.60 [0.79–3.25] 0.191
AR positivity 1.26 [0.89–1.77] 0.188 n.s. *

pT-stage 1.60 [1.32–1.93] <0.0001 1.14 [0.73–1.78] 0.566
male pN-stage 1.46 [1.09–1.95] 0. 010 1.53 [0.81–2.91] 0.189

V-status 1.39 [0.81–2.4] 0.232 6.89 [2.59–18.33] <0.0001
AR positivity 1.37 [0.95–1.98] 0.096 n.s. *

female pT-stage 1.77 [1.16–2.7] 0.008 2.95 [1.14–7.65] 0.026
pN-stage 1.96 [1.2–3.2] 0.007 2.82 [1.09–7.28] 0.032
V-status 1.86 [0.87–3.98] 0.107 n.s. *

AR positivity n.s. * n.s. *
Abbreviations: AR: androgen receptor, pT: pathological tumor stage, pN: pathological lymph node status,
V: venous invasion, HR: hazard ratio, CI: confidence interval, OS: overall survival, CSS: cancer-specific survival,
n.s. * not significant in univariate analysis.

For cancer-specific survival (CSS), Cox models were constructed using the same
pathological variables. In line with our predefined strategy, only covariates that showed a
significant association with CSS in univariate testing were retained in the multivariable
CSS analysis; therefore, AR status was not included as a covariate because it did not
reach statistical significance in the univariate CSS analysis. The multivariable CSS models
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confirm the prognostic relevance of established pathological factors, while not supporting
an independent effect of AR on CSS (Table 3).

In additional sensitivity analyses, we explored alternative categorisation schemes for
AR expression (Supplementary Figure S1). When survival curves were stratified accord-
ing to the original four-tier scoring system (negative, weak, moderate, strong), patterns
were heterogeneous because only very few tumors showed moderate or strong staining
(Supplementary Figure S1A). We therefore evaluated two dichotomisation strategies: weak
versus negative expression (Supplementary Figure S1B), and low expression (negative +
weak) versus high expression (moderate + strong; Supplementary Figure S1C). These
analyses did not materially change the overall association between AR status and outcome.
Finally, an immunoreactive score (IRS; 0–12) was derived and dichotomised (IRS 0–1 vs.
2–12), revealing a non-significant trend towards poorer overall survival in IRS-positive
tumors (Supplementary Figure S1D).

AR expression and molecular features in bladder cancer: The relationship between AR
expression and other molecular features is shown in Table 4. Within pT2–pT4 carcinomas,
high AR immunostaining was associated with GATA3 (p < 0.0001) and CK20 (p < 0.0001)
positivity, p63 expression loss (p = 0.0013), and low PD-L1 expression in cancer cells
(p < 0.0001).

Table 4. Androgen receptor (AR) immunostaining and other molecular parameters.

Androgen Receptor Immunostaining

n Negative (%) Weak (%) Moderate (%) Strong (%) p-Value

CK20 negative 736 92.3 5.4 1.6 0.7 <0.0001
CK20 weak 84 85.7 13.1 0.0 1.2

CK20 moderate 65 70.8 18.5 6.2 4.6
CK20 strong 375 77.1 16.3 3.7 2.9

GATA3 negative 481 95.2 3.7 0.2 0.8 <0.0001
GATA3 weak 302 87.1 8.9 3.3 0.7

GATA3 moderate 237 78.9 16.5 2.5 2.1
GATA3 strong 171 66.7 21.6 7.0 4.7

PD-L1 negative 1070 81.1 13.6 3.5 1.9 <0.0001
PD-L1 weak 380 87.9 7.6 2.1 2.4

PD-L1 moderate 101 94.1 4.0 2.0 0.0
PD-L1 strong 115 93.9 2.6 1.7 1.7

p63 negative 200 85.5 8.0 3.0 3.5 0.0013
p63 weak 91 75.8 13.2 8.8 2.2

p63 moderate 162 90.7 8.0 0.0 1.2
p63 strong 757 86.5 10.3 2.2 0.9

4. Discussion
The results of this study demonstrate that AR expression occurs in a significant fraction

of urothelial neoplasms. AR expression was associated with worse survival in univariate
testing, although this effect was not independent of other clinicopathological variables.
Nevertheless, the observed trend supports a potential link between AR status and adverse
outcomes.

Our findings demonstrate that AR is weakly expressed in normal urothelium and that
AR expression is retained and perhaps even enhanced in a fraction of urothelial neoplasms,
while most urothelial cancers may either downregulate or completely lose their AR expres-
sion. Several earlier studies had also described a progressive loss of AR expression during
grade and stage progression of urothelial carcinomas of the urinary bladder [22,23,32,33].
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Earlier studies had reported AR positivity rates of 15–70% for low-grade pTa, 22–70% for
high-grade pTaG2/3, and 15–52% for pT2–pT4 carcinomas [17,18,21,23–25,32,34]. Our AR
positivity rate of 49.8% in low-grade pTaG2, 31.6% high-grade pTa, and 15.5% in pT2–pT4
carcinomas is in the lower range of these studies. In contrast to these findings, Elzamy et al.
found AR expression to be more frequent in pT2–pT4 (41%) than in non-muscle-invasive
urothelial neoplasms (19%) [21]. The largest previous TMA analysis of Mir et al., which
included 472 bladder cancer patients, did not demonstrate statistical differences between
high and low-grade cancers or non-invasive and muscle-invasive cancers [35]. A significant
variability of data is common in IHC analyses if different antibodies, staining protocols,
and thresholds for defining positivity are used. Our AR antibody has previously been
validated according to the guidelines of the international working group for antibody
validation (IWGAV) [36] in 76 different normal tissue categories by comparison with a
second independent antibody and with RNA expression data obtained from three different
publicly accessible databases (MS submitted).

Another notable finding of our study was the significant association between AR
positivity and poor prognosis in muscle-invasive urothelial carcinomas, although this
relationship did not remain significant in the multivariate analysis. This observation aligns
with several previous reports that did not confirm an independent prognostic role for
AR expression [18–23]. Nonetheless, a similar trend toward adverse outcomes has been
described in other studies. Mashhadi et al. reported a significant association between
high AR expression and unfavorable prognosis in a case–control cohort of 120 urothelial
carcinomas, although multivariate adjustment was not performed [16]. Toren et al. likewise
identified a significant association between elevated AR levels and risk of recurrence in a
cohort of 203 muscle-invasive tumors, whereas no relationship with overall survival was
observed [17]. Moreover, Sikic et al. found an independent link between high AR mRNA
expression and poor prognosis in female patients within a TCGA cohort of 252 muscle-
invasive carcinomas, although this analysis was based on transcriptional rather than
protein-level data [33]. It should also be noted that these studies differ substantially in
methodology, including variations in IHC protocols and scoring systems.

The biological mechanisms underlying the association of AR and aggressive tumor
features remain to be elucidated. Epithelial–mesenchymal transition (EMT) may constitute
a mechanism by which AR exerts a direct impact on cancer progression. Functional
studies have shown reduced tumor growth and EMT measured by the expression of E-
cadherin, ß-catenin, and N-Cadherin in AR-suppressed bladder cancer cells in in vitro and
in vivo models [37,38]. In addition, one study suggests a role of androgen/AR signaling in
phosphorylation of eIF4E, which can promote EMT in bladder cancer cell lines [39].

The prognostic impact of AR expression was more prominent in male than in female
patients. This may indirectly argue for a functional role of stimulated AR in urothelial
cancer cells with stronger in vivo effects on AR-positive cancers in male individuals with
higher serum androgen levels than in females [40,41]. Consistent with our data, Miyamoto
et al. had found that carcinogen exposure resulted in higher rates of urothelial cancer
development in male than in female mice, while AR knockout mice did not develop bladder
cancer, and castration of mice with urothelial carcinoma significantly decreased tumor
cell growth [42]. Additionally, AR knockdown in bladder cancer cell lines demonstrated
decreased proliferation and migration [43]. Considering the obvious impact of the AR
pathway on urothelial cancer cells, it is also tempting to speculate that higher androgen
levels in males may contribute to the well-known gender disparity in this cancer type. By
contrast, several other studies could not find gender related differences for AR expression in
bladder cancer [19,21–23,32,35]. In line with the non-significant sex × AR interaction in our
formal interaction test, these sex-stratified observations should be regarded as exploratory
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and hypothesis-generating. Validation in independent cohorts will be required before
firm conclusions on sex-specific prognostic effects can be drawn. A clear limitation of
our survival analyses is the incomplete follow-up information, as overall survival data
were available for only 622 of 1826 patients who underwent radical cystectomy. However,
the distribution of stage, grade, nodal status and vascular/lymphatic invasion in the
survival cohort was very similar to that of the overall cystectomy cohort (Table 1 and
Supplementary Table S4), suggesting that major selection bias is unlikely, although residual
bias due to differential loss to follow-up cannot be completely excluded.

The availability of molecular data from earlier studies using the same set of TMAs
enabled us to search for possible further effects or interactions of AR expression. The
significant association of AR expression with CK20 and GATA3 (markers for luminal
bladder cancer) and the inverse correlation with p63, a marker for basal subtype, in muscle-
invasive carcinomas is consistent with earlier RNA data linking high AR expression levels to
the luminal papillary molecular subtype of urothelial neoplasms, which is overrepresented
in men [44]. The mechanism resulting in a striking association between AR expression and a
negative PD-L1 status in male patients with muscle-invasive urothelial carcinoma is unclear.
However, similar observations have earlier been reported in urothelial carcinoma [45] and
in other tumors. In hepatocellular carcinoma (HCC), Jiang et al. [46] demonstrated PD-L1
positivity in >80% of 49 tumors with low AR expression but only in <50% of 25 tumors
with high AR expression. In the same study, a direct transcriptional repression of PD-L1
by AR was shown in several HCC cell lines [46]. AR-mediated PD-L1 downregulation
was also reported for thyroid cancer [47]. Because the primary aim of our multivariable
Cox model was to assess the incremental prognostic value of AR beyond established
pathological parameters (pT, pN, venous invasion), PD-L1 was not included as an additional
covariate. Consequently, the observed association between AR and PD-L1 should be
interpreted descriptively rather than as evidence of an independent prognostic effect,
which we acknowledge as a limitation of our analysis.

Based on its common expression in urothelial bladder cancer and its presumed role in
cancer progression, therapies targeting AR have been suggested for bladder cancer patients.
Interestingly, androgen deprivation therapy (ADT) for prostate cancer or 5-alpha reductase
inhibitors for benign prostatic hyperplasia could be linked to a reduced risk of urothelial
carcinomas [48]. Further data from several preclinical and clinical studies have also sup-
ported the antitumor efficacy of androgen deprivation therapy on AR-expressing urothelial
carcinomas [49–56]. In particular, the high expression of AR in non-muscle-invasive cancers
might be of therapeutic relevance, as several preclinical studies showed a beneficial effect
of the Bacillus Calmette–Guérin (BCG) therapy in the presence of antiandrogens [51,52,54].
A Phase II Trial of bicalutamide in patients receiving intravesical BCG for non-muscle-
invasive cancers is currently recruiting (NCT05327647). Despite new agents in bladder
cancer, cisplatin-based chemotherapy continues to represent a key systemic treatment
option for patients with metastatic or unresectable muscle-invasive urothelial carcinoma.
Patients undergoing cisplatin-based chemotherapy may also benefit from antiandrogen
therapy, as AR expression has also been linked to cisplatin resistance in urothelial cancers.
For example, Kashiwagi et al. found significantly more resistance to cisplatin therapy in
urothelial cancer cell lines with higher AR expression than in AR-negative cell lines [53]. In
a preclinical study, Tyagi et al. found that enzalutamide contributed as a chemosensitizer,
potentiated cisplatin-induced DNA damage in AR-positive bladder cancer cell lines, and
still induced apoptosis, and suppressed the migratory and invasive capabilities of bladder
cancer cells if the cisplatin dose was reduced [55]. Considering these observations, the
combination with enzalutamide could offer a significant advantage to many patients who
are ineligible for standard-dose cisplatin due to comorbidities or impaired renal function.
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In a phase 1b trial (NCT02300610) that evaluated the safety and efficacy of enzalutamide
together with cisplatin and gemcitabine in 10 patients with treatment-naïve advanced
urothelial carcinoma, 1 patient with a strongly AR-positive tumor showed a complete
response, while 4 other patients showed a partial response, and 2 patients had a stable
disease [56]. These data support the concept that AR blockade could enhance chemosen-
sitivity to platinum-based regimens in AR-positive bladder cancer. Further research is
needed to validate this synergistic interaction and to define the patient subgroups most
likely to benefit. Overall, these data underscore the therapeutic relevance of the androgen
receptor as a potential target in urothelial carcinoma, particularly in the era of personalized
treatment strategies.

5. Conclusions
In summary, our data demonstrate significant AR expression in about 20% of urothelial

carcinomas and a link between AR positivity and poorer overall survival in male patients
with pT2–pT4 disease in univariate analyses, although this association does not remain sig-
nificant after adjustment for established prognostic factors. Considering also the potential
role of AR as a therapeutic target and its potential predictive role for cisplatin resistance,
AR is a marker of high interest in bladder cancer that should be further investigated in
clinical studies.
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//www.mdpi.com/article/10.3390/cancers17243990/s1, Supplementary Table S1: Summary of pre-
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after radical cystectomy. Supplementary Figure S1: Kaplan–Meier analyses of overall survival (OS) in
pT2–pT4 tumors using different AR classification schemes (four-tier score: negative, weak, moderate,
strong; dichotomous comparisons: negative vs. weak and low [negative + weak] vs. high [moderate
+ strong] expression; and immunoreactive score [IRS] 0–1 vs. 2–12).

Author Contributions: Conceptualization, H.P., T.E., M.K., R.S., T.S., G.S. and B.R.; Methodology,
H.P., T.E., M.K., R.S., T.S., G.S. and B.R.; Validation, F.R., S.S., S.E., M.L., A.H.M., H.S., S.K., S.M. and
D.H.; Formal analysis, H.P., M.K., R.S., F.R., S.S., J.J., A.F., S.E., M.L., A.H.M., H.S., S.K., S.M. and D.H.;
Investigation, H.P., N.B., K.F., S.W., F.R., S.S., S.E., M.L., A.H.M., H.S., M.F., M.R., M.S., K.K., S.K., N.A.,
S.M., H.Z. and D.H.; Resources, H.P., N.B., K.F., S.W., F.R., S.S., S.E., M.L., A.H.M., H.S., M.F., M.R.,
M.S., K.K., S.K., N.A., S.M., H.Z. and D.H.; Data curation, H.P., J.J. M.K. and R.S.; Writing—original
draft preparation, H.P.; Writing—review and editing, T.E., M.K., R.S., T.S., G.S. and B.R.; Supervision,
H.P., T.E., T.S., R.S., G.S. and B.R.; Project administration, H.P., T.S. and B.R.; Funding acquisition, H.P.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding; HP received individual support by a Ferdinand
Eisenberger grant of the Deutsche Gesellschaft für Urologie (German Society of Urology), grant ID
PlH1/FE-23.

Institutional Review Board Statement: The use of archived remnants of diagnostic tissues for
manufacturing of TMAs and their analysis for research purposes, as well as patient data analysis, has
been approved by local laws (HmbKHG, §12) and by the local ethics committee (Ethics commission
Hamburg, WF-049/09). The date of approval was 24 January 2010. All work was carried out in
compliance with the Helsinki Declaration.

Informed Consent Statement: Patient consent was waived due to the use of archived, anonymized
diagnostic tissue in accordance with local law (HmbKHG §12) and ethics approval (WF-049/09).

https://www.mdpi.com/article/10.3390/cancers17243990/s1
https://www.mdpi.com/article/10.3390/cancers17243990/s1


Cancers 2025, 17, 3990 12 of 14

Data Availability Statement: All data supporting the findings of this study are available within the
article; additional data are available from the corresponding author upon reasonable request.

Acknowledgments: We are grateful to Melanie Steurer, Laura Behm, Inge Brandt, and Sünje Seekamp
for excellent technical assistance.

Conflicts of Interest: The authors declare no conflicts of interest. The AR antibody clone MSVA-367R
was obtained from MS Validated Antibodies GmbH, a company owned by a family member of G.S.;
the company had no role in study design, data analysis, or manuscript preparation.

Abbreviations
The following abbreviations are used in this manuscript:

ADT androgen deprivation therapy
AR androgen receptor
BCG Bacillus Calmette–Guérin
EMT Epithelial and mesenchymal transition
HCC Hepatocellular carcinoma
IHC Immunohistochemistry
IWGAV International working group for antibody validation
RC Radical cystectomy
TMA Tissue microarray

References
1. Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN

Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J. Clin. 2021, 71, 209–249. [CrossRef]
2. Malkowicz, S.B.; van Poppel, H.; Mickisch, G.; Pansadoro, V.; Thüroff, J.; Soloway, M.S.; Chang, S.; Benson, M.; Fukui, I.

Muscle-invasive urothelial carcinoma of the bladder. Urology 2007, 69, 3–16. [CrossRef]
3. Siegel, R.L.; Miller, K.D.; Jemal, A. Cancer statistics, 2019. CA Cancer J. Clin. 2019, 69, 7–34. [CrossRef]
4. Fajkovic, H.; Halpern, J.A.; Cha, E.K.; Bahadori, A.; Chromecki, T.F.; Karakiewicz, P.I.; Breinl, E.; Merseburger, A.S.; Shariat, S.F.

Impact of gender on bladder cancer incidence, staging, and prognosis. World J. Urol. 2011, 29, 457–463. [CrossRef]
5. Mungan, N.A.; Kiemeney, L.A.L.M.; van Dijck, J.A.A.M.; van der Poel, H.G.; Witjes, J.A. Gender differences in stage distribution

of bladder cancer. Urology 2000, 55, 368–371. [CrossRef]
6. Dobruch, J.; Daneshmand, S.; Fisch, M.; Lotan, Y.; Noon, A.P.; Resnick, M.J.; Shariat, S.F.; Zlotta, A.R.; Boorjian, S.A. Gender and

Bladder Cancer: A Collaborative Review of Etiology, Biology, and Outcomes. Eur. Urol. 2016, 69, 300–310. [CrossRef]
7. Hemelt, M.; Yamamoto, H.; Cheng, K.K.; Zeegers, M.P. The effect of smoking on the male excess of bladder cancer: A meta-analysis

and geographical analyses. Int. J. Cancer 2009, 124, 412–419. [CrossRef] [PubMed]
8. Lombard, A.P.; Mudryj, M. The emerging role of the androgen receptor in bladder cancer. Endocr. Relat. Cancer 2015, 22,

R265–R277. [CrossRef] [PubMed]
9. Eder, I.E.; Culig, Z.; Putz, T.; Nessler-Menardi, C.; Bartsch, G.; Klocker, H. Molecular biology of the androgen receptor: From

molecular understanding to the clinic. Eur. Urol. 2001, 40, 241–251. [CrossRef] [PubMed]
10. Ruizeveld de Winter, J.A.; Trapman, J.; Vermey, M.; Mulder, E.; Zegers, N.D.; van der Kwast, T.H. Androgen receptor expression

in human tissues: An immunohistochemical study. J. Histochem. Cytochem. 1991, 39, 927–936. [CrossRef]
11. Uhlén, M.; Fagerberg, L.; Hallström, B.M.; Lindskog, C.; Oksvold, P.; Mardinoglu, A.; Sivertsson, Å.; Kampf, C.; Sjöstedt, E.;

Asplund, A.; et al. Tissue-based map of the human proteome. Science 2015, 347, 1260419. [CrossRef]
12. Rana, K.; Davey, R.A.; Zajac, J.D. Human androgen deficiency: Insights gained from androgen receptor knockout mouse models.

Asian J. Androl. 2014, 16, 169–177. [CrossRef] [PubMed]
13. De Gendt, K.; Verhoeven, G. Tissue- and cell-specific functions of the androgen receptor revealed through conditional knockout

models in mice. Mol. Cell Endocrinol. 2012, 352, 13–25. [CrossRef]
14. Schweizer, M.T.; Yu, E.Y. AR-Signaling in Human Malignancies: Prostate Cancer and Beyond. Cancers 2017, 9, 7. [CrossRef]
15. Hu, C.; Fang, D.; Xu, H.; Wang, Q.; Xia, H. The androgen receptor expression and association with patient’s survival in different

cancers. Genomics 2020, 112, 1926–1940. [CrossRef]
16. Mashhadi, R.; Pourmand, G.; Kosari, F.; Mehrsai, A.; Salem, S.; Pourmand, M.R.; Alatab, S.; Khonsari, M.; Heydari, F.; Beladi, L.;

et al. Role of steroid hormone receptors in formation and progression of bladder carcinoma: A case-control study. Urol. J. 2014, 11,
1968–1973. [PubMed]

https://doi.org/10.3322/caac.21660
https://doi.org/10.1016/j.urology.2006.10.040
https://doi.org/10.3322/caac.21551
https://doi.org/10.1007/s00345-011-0709-9
https://doi.org/10.1016/S0090-4295(99)00481-1
https://doi.org/10.1016/j.eururo.2015.08.037
https://doi.org/10.1002/ijc.23856
https://www.ncbi.nlm.nih.gov/pubmed/18792102
https://doi.org/10.1530/ERC-15-0209
https://www.ncbi.nlm.nih.gov/pubmed/26229034
https://doi.org/10.1159/000049782
https://www.ncbi.nlm.nih.gov/pubmed/11684838
https://doi.org/10.1177/39.7.1865110
https://doi.org/10.1126/science.1260419
https://doi.org/10.4103/1008-682x.122590
https://www.ncbi.nlm.nih.gov/pubmed/24480924
https://doi.org/10.1016/j.mce.2011.08.008
https://doi.org/10.3390/cancers9010007
https://doi.org/10.1016/j.ygeno.2019.11.005
https://www.ncbi.nlm.nih.gov/pubmed/25433476


Cancers 2025, 17, 3990 13 of 14

17. Toren, P.; Brisson, H.; Simonyan, D.; Hovington, H.; Lacombe, L.; Bergeron, A.; Fradet, Y. Androgen receptor and immune cell
PD-L1 expression in bladder tumors predicts disease recurrence and survival. World J. Urol. 2021, 39, 1549–1558. [CrossRef]

18. Shrivastava, N.; Jena, R.; Choudhary, G.R.; Bhargava, P.; Vishwajeet, V.; Elhence, P.; Singh, M.; Bhirud, D.P.; Sandhu, A.S.
Correlation between androgen and estrogen receptor expression and clinicopathologic features in carcinoma urinary bladder. J.
Cancer Res. Clin. Oncol. 2023, 149, 15795–15804. [CrossRef]

19. Miyamoto, H.; Yao, J.L.; Chaux, A.; Zheng, Y.; Hsu, I.; Izumi, K.; Chang, C.; Messing, E.M.; Netto, G.J.; Yeh, S. Expression of
androgen and oestrogen receptors and its prognostic significance in urothelial neoplasm of the urinary bladder. BJU Int. 2012,
109, 1716–1726. [CrossRef]

20. Kim, K.; Cho, Y.M.; Park, B.H.; Lee, J.L.; Ro, J.Y.; Go, H.; Shim, J.W. Histological and immunohistochemical markers for progression
prediction in transurethrally resected high-grade non-muscle invasive bladder cancer. Int. J. Clin. Exp. Pathol. 2015, 8, 743–750.
[PubMed]

21. Elzamy, S.; Ms, A.A.; Kandeel, W. The prognostic significance of androgen receptor and beta-catenin immunohistochemical
expression in urothelial carcinoma with and without detrusor muscle invasion from an Egyptian institution. Pol. J. Pathol. 2018,
69, 234–242. [CrossRef]

22. Kauffman, E.C.; Robinson, B.D.; Downes, M.J.; Powell, L.G.; Lee, M.M.; Scherr, D.S.; Gudas, L.J.; Mongan, N.P. Role of androgen
receptor and associated lysine-demethylase coregulators, LSD1 and JMJD2A, in localized and advanced human bladder cancer.
Mol. Carcinog. 2011, 50, 931–944. [CrossRef]

23. Tuygun, C.; Kankaya, D.; Imamoglu, A.; Sertcelik, A.; Zengin, K.; Oktay, M.; Sertcelik, N. Sex-specific hormone receptors
in urothelial carcinomas of the human urinary bladder: A comparative analysis of clinicopathological features and survival
outcomes according to receptor expression. Urol. Oncol. 2011, 29, 43–51. [CrossRef] [PubMed]

24. Nam, J.K.; Park, S.W.; Lee, S.D.; Chung, M.K. Prognostic value of sex-hormone receptor expression in non-muscle-invasive
bladder cancer. Yonsei Med. J. 2014, 55, 1214–1221. [CrossRef] [PubMed]

25. Yonekura, S.; Terauchi, F.; Hoshi, K.; Yamaguchi, T.; Kawai, S. Androgen Receptor Predicts First and Multiple Recurrences in
Non-Muscle Invasive Urothelial Carcinoma of the Bladder. Pathol. Oncol. Res. 2019, 25, 987–994. [CrossRef] [PubMed]

26. Izumi, K.; Ito, Y.; Miyamoto, H.; Miyoshi, Y.; Ota, J.; Moriyama, M.; Murai, T.; Hayashi, H.; Inayama, Y.; Ohashi, K.; et al.
Expression of androgen receptor in non-muscle-invasive bladder cancer predicts the preventive effect of androgen deprivation
therapy on tumor recurrence. Oncotarget 2016, 7, 14153–14160. [CrossRef]

27. Mumtaz, S.; Hussain, Z.; Janjua, T.K.; Hashmi, A.A.; Qureshi, S.S.; Tariq, M.U.; Faridi, N. Androgen Receptor: Evaluation and
Correlation with Recurrence and Clinicopathological Parameters in Papillary Urothelial Carcinomas of the Urinary Bladder.
Cureus 2020, 12, e6715. [CrossRef] [PubMed]

28. Plage, H.; Samtleben, H.; Hofbauer, S.; Kornienko, K.; Weinberger, S.; Bruch, P.G.; Elezkurtaj, S.; Rossner, F.; Schallenberg, S.;
Kluth, M.; et al. GATA3 expression loss is linked to stage progression but is unrelated to prognosis in muscle-invasive urothelial
carcinoma of the bladder. Hum. Pathol. 2022, 130, 10–17. [CrossRef]

29. Kononen, J.; Bubendorf, L.; Kallioniemi, A.; Barlund, M.; Schraml, P.; Leighton, S.; Torhorst, J.; Mihatsch, M.J.; Sauter, G.;
Kallioniemi, O.P. Tissue microarrays for high-throughput molecular profiling of tumor specimens. Nat. Med. 1998, 4, 844–847.
[CrossRef]

30. Bubendorf, L.; Nocito, A.; Moch, H.; Sauter, G. Tissue microarray (TMA) technology: Miniaturized pathology archives for
high-throughput in situ studies. J. Pathol. 2001, 195, 72–79. [CrossRef]

31. Bruch, P.G.; Plage, H.; Hofbauer, S.; Kornienko, K.; Weinberger, S.; Rossner, F.; Schallenberg, S.; Kluth, M.; Lennartz, M.; Blessin,
N.C.; et al. Cytokeratin 20 expression is linked to stage progression and to poor prognosis in advanced (pT4) urothelial carcinoma
of the bladder. Exp. Mol. Pathol. 2023, 131, 104860. [CrossRef]

32. Boorjian, S.; Ugras, S.; Mongan, N.P.; Gudas, L.J.; You, X.; Tickoo, S.K.; Scherr, D.S. Androgen receptor expression is inversely
correlated with pathologic tumor stage in bladder cancer. Urology 2004, 64, 383–388. [CrossRef]

33. Sikic, D.; Wirtz, R.M.; Wach, S.; Dyrskjøt, L.; Erben, P.; Bolenz, C.; Breyer, J.; Otto, W.; Hoadley, K.A.; Lerner, S.P.; et al. Androgen
Receptor mRNA Expression in Urothelial Carcinoma of the Bladder: A Retrospective Analysis of Two Independent Cohorts.
Transl. Oncol. 2019, 12, 661–668. [CrossRef]

34. Birtle, A.J.; Freeman, A.; Munson, P. The androgen receptor revisited in urothelial carcinoma. Histopathology 2004, 45, 98–99.
[CrossRef]

35. Mir, C.; Shariat, S.F.; van der Kwast, T.H.; Ashfaq, R.; Lotan, Y.; Evans, A.; Skeldon, S.; Hanna, S.; Vajpeyi, R.; Kuk, C.; et al. Loss
of androgen receptor expression is not associated with pathological stage, grade, gender or outcome in bladder cancer: A large
multi-institutional study. BJU Int. 2011, 108, 24–30. [CrossRef]

36. Uhlen, M.; Bandrowski, A.; Carr, S.; Edwards, A.; Ellenberg, J.; Lundberg, E.; Rimm, D.L.; Rodriguez, H.; Hiltke, T.; Snyder, M.;
et al. A proposal for validation of antibodies. Nat. Methods 2016, 13, 823–827. [CrossRef] [PubMed]

37. Jitao, W.; Jinchen, H.; Qingzuo, L.; Li, C.; Lei, S.; Jianming, W.; Zhenli, G. Androgen receptor inducing bladder cancer progression
by promoting an epithelial-mesenchymal transition. Andrologia 2014, 46, 1128–1133. [CrossRef] [PubMed]

https://doi.org/10.1007/s00345-020-03358-x
https://doi.org/10.1007/s00432-023-05348-z
https://doi.org/10.1111/j.1464-410X.2011.10706.x
https://www.ncbi.nlm.nih.gov/pubmed/25755769
https://doi.org/10.5114/pjp.2018.79543
https://doi.org/10.1002/mc.20758
https://doi.org/10.1016/j.urolonc.2009.01.033
https://www.ncbi.nlm.nih.gov/pubmed/19372057
https://doi.org/10.3349/ymj.2014.55.5.1214
https://www.ncbi.nlm.nih.gov/pubmed/25048477
https://doi.org/10.1007/s12253-018-0431-7
https://www.ncbi.nlm.nih.gov/pubmed/29862474
https://doi.org/10.18632/oncotarget.7358
https://doi.org/10.7759/cureus.6715
https://www.ncbi.nlm.nih.gov/pubmed/32104638
https://doi.org/10.1016/j.humpath.2022.09.004
https://doi.org/10.1038/nm0798-844
https://doi.org/10.1002/path.893
https://doi.org/10.1016/j.yexmp.2023.104860
https://doi.org/10.1016/j.urology.2004.03.025
https://doi.org/10.1016/j.tranon.2019.01.005
https://doi.org/10.1111/j.1365-2559.2004.01841.x
https://doi.org/10.1111/j.1464-410X.2010.09834.x
https://doi.org/10.1038/nmeth.3995
https://www.ncbi.nlm.nih.gov/pubmed/27595404
https://doi.org/10.1111/and.12203
https://www.ncbi.nlm.nih.gov/pubmed/24329492


Cancers 2025, 17, 3990 14 of 14

38. Jing, Y.; Cui, D.; Guo, W.; Jiang, J.; Jiang, B.; Lu, Y.; Zhao, W.; Wang, X.; Jiang, Q.; Han, B.; et al. Activated androgen receptor
promotes bladder cancer metastasis via Slug mediated epithelial-mesenchymal transition. Cancer Lett. 2014, 348, 135–145.
[CrossRef] [PubMed]
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