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Abstract: Studies have demonstrated a close link between autophagy and bladder cancer. The androgen receptor
(AR) has also been found to be closely involved in bladder cancer progression. Although androgen ablation and AR
antagonism have been proposed as potential methods for bladder cancer therapy, the mechanisms underlying their
effects remain poorly understood. This study was designed to assess the effects of the AR antagonist bicalutamide
on autophagy and apoptosis in bladder cancer cells. The results indicated that the AR has an inhibitory effect on
autophagy in bladder cancer cells. Using different tests, we observed that bicalutamide promotes apoptosis in these
cells and positively modulates autophagy in UM-UC-3 cells by upregulating ULK2. In addition, ULK2 knockdown
inhibited autophagy and apoptosis in bladder cancer cells. Autophagy promotion by rapamycin enhanced apoptosis
in bladder cancer cells, especially in AR-positive UM-UC-3 cells when AR signaling was inhibited by bicalutamide.
These findings suggest that the AR antagonist bicalutamide induces autophagy and apoptosis in bladder cancer
cells and may have potential in bladder cancer therapy because it upregulates autophagic flux by targeting the AR

and its downstream gene ULK2.
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Introduction

Bladder cancer is characterized by significant
morbidity and mortality and represents the sec-
ond most frequent malignancy of the genitouri-
nary system worldwide [1]. Estimates for the US
indicate that bladder cancer will cause the
deaths of 12,240 men and 4,630 women in
2017, and these values account for 20.2% and
25.0% of the newly diagnosed cases in men
and women, respectively [2].

One notable characteristic of bladder cancer is
the remarkable difference in morbidity between
men and women, with the incidence of bladder
cancer in men almost four times higher than
that in women [1, 2]. Epidemiologists have
demonstrated that unhealthy lifestyle choices,
such as smoking, and long-term occupational
exposure may be responsible for this differ-
ence. However, even when controlling for these
variables, men still tend to be more prone to

developing bladder cancer than women [3]. The
androgen receptor (AR) and androgen signaling
are considered to be connected with the etiol-
ogy and progression of bladder cancer, although
bladder cancer is not regarded as a traditional
endocrine-related cancer [4-7]. Studies have
demonstrated a high level of expression of AR
in high-grade bladder cancer [8, 9]. We previ-
ously reported that AR silencing increases
apoptosis in bladder cancer cells and repre-
sents a potential therapeutic target for bladder
cancer [5]. However, the precise mechanism of
AR antagonism in bladder cancer treatment
has not been well characterized.

Macroautophagy, hereafter referred to as
autophagy, is a constitutively evolutionarily con-
served process during which the cytoplasm and
organelles are sequestered in subcellular mem-
branes and then delivered to the lysosome or
vacuole, where they are degraded and recycled
[10-12]. Autophagy is involved in the pathogen-
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esis of numerous diseases, including infec-
tions, cancer, and aging [13]. The role of auto-
phagy in the progression of bladder cancer is
still the subject of debate. A previous study indi-
cated that the human bladder cancer cell line
T24 was more susceptible to apoptosis when
exposed to autophagy inhibitors, such as 3-MA
or chloroquine [14]. A more recent work also
indicated that autophagy inhibition with bafilo-
mycin Al resulted in apoptosis-induced cell
death in bladder cancer cell lines [15]. More-
over, autophagy has an anticancer effect. For
instance, PISBK and the mTOR inhibitor NVP-
BEZ235 could inhibit bladder cancer cell gr-
owth by activating autophagic flux [16]. Another
relevant study showed that YM155, a novel
small molecule that inhibits survivin, has sig-
nificant cytotoxic effects on gemcitabine-resis-
tant bladder cancer cell lines mediated by
autophagy activation [17].

AR plays an important role in modulating
autophagy in AR-dependent diseases, such as
prostate cancer and benign prostate hyperpla-
sia. A recent study indicated that AR promotes
prostate cancer cell growth through autophagy
downregulation [18]. By contrast, another team
implicated that androgen ablation and AR inhi-
bition by bicalutamide could induce autophagy
in castration-resistant prostate cancer cells
and reduce apoptosis [19]. However, the mech-
anism of the AR antagonist bicalutamide in the
autophagic process of bladder cancer remains
poorly understood. In the present study, we
determined the regulatory effect of bicalu-
tamide on the autophagy and apoptosis of
bladder cancer cells and elucidated its poten-
tial mechanism of action.

Materials and methods
Cell culture and reagents

The human bladder cancer cell lines UM-UC-3
and 5637, which were obtained from the
Institute of Cell Research (Chinese Academy of
Sciences, Shanghai, China), were maintained in
RPMI-1640 medium (HyClone, UT, USA) con-
taining 10% fetal bovine serum (FBS) and 1%
penicillin-streptomycin (Gibco, Foster City, CA,
USA). All cells were cultured in a humid incuba-
tor with a 5% CO, atmosphere at 37°C. Unless
otherwise stated, all cell samples were cultured
and maintained in phenol red-free RPMI
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(HyClone) with 10% charcoal-stripped FBS
(CFBS; HyClone) for 24 hours before being sub-
jected to one of the treatment conditions. The
treatments were performed by culturing cells
for 48 hours in phenol red-free RPMI supple-
mented with CFBS and either 10 nM dihy-
drotestosterone (DHT, A8380; Sigma-Aldrich,
Saint Louis) and/or 50 yM nonsteroidal bicalu-
tamide (Bic, B9061; Sigma-Aldrich), or 100 uM
chloroquine (CQ, S4157; Selleck, Shanghai,
China), and/or 100 nM rapamycin (RAPA,
S1039; Selleck).

Transmission electron microscopy (TEM)

After the 48-hour treatment, the cell samples
were fixed with 2.5% glutaraldehyde in 0.1 M
sodium cacodylate for a minimum of 2 hours
and then post-fixed in osmium tetroxide for 3
hours. After gradient dehydration with ethanol,
the cell samples were embedded in epon and
polymerized for 48 hours at 70°C. Ultrathin
sections (70 nm) were stained with uranyl ace-
tate and lead citrate. Finally, all sections were
examined using a JEM-1230 transmission elec-
tron microscope (JEOL, Tokyo, Japan) operated
at 80 kV to quantify the number of autophago-
somes and autophagolysosomes.

mRFP-GFP-LC3 adenovirus infection

UM-UC-3 cells were transfected with mRFP-
GFP-LC3 adenovirus (Genomeditech, Shanghai,
China) for 24 hours before the various treat-
ments. All relevant operations were performed
following the manufacturer’s guidelines. Next,
UM-UC-3 cells were exposed to the different
reagents treatments for 48 hours. Finally, the
nuclei were stained with DAPI. The cells were
imaged using a confocal fluoresence micro-
scope (Leica, TCS-SP8, Germany) at 400x
magnification. The GFP and mRFP spots, as
well as the DAPI-stained nuclei, were counted
manually. The number of spots per cell was
obtained by dividing the total number of spots
by the number of nuclei in each microscopic
field.

Stable cell line with AR and siRNA transfection
The stably overexpressing pcDNA3.1-AR cell
line (5637-AR) and pcDNA3.1 vector cell line

(5637-vec) were established using a previously
described method [7]. The siRNAs targeting AR
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Table 1. Primers and siRNAs used in the study

Application Gene Direction 5’-3’
gRT-PCR primers NPC1 Forward AAGATGGAACAAGCGTCCAG
Reverse TGCCCCTTGGAAGAAGTGTA
ATG16L2  Forward CAGTGAAGGAGTGGGACCTC
Reverse CCGGATCTTCTGGTCATTGT
CTSD Forward GTGCTTCACAGTCGTCTTCG
Reverse GTGCTGGACTTGTCGCTGT
HSPA8 Forward CGGGCTTGTGATTGGGTCTT
Reverse GCCACCCTGCCTCTTATACC
HSP9OAA1 Forward GCTCCAAGGGTTGACATGGT
Reverse TGTAACTCATGGACGCAGGG
TGM2 Forward CCAACTACAACTCGGCCCAT
Reverse CTGGTCATCCACGACTCCAC
TP53 Forward TGCTCAAGACTGGCGCTAAA
Reverse CAATCCAGGGAAGCGTGTCA
ULK2 Forward TTCCTGCTCTAAGGGTTTGCTT
Reverse CCAGCGAGGGAGAACAACTG
BCL2 Forward TTTGTGGAACTGTACGGCCC
Reverse GTTGACTTCACTTGTGGCCC
RGS19 Forward CGTCTGACTTGAGTCCCTGC
Reverse TGGTACCAGCTCTCAGACCC
siRNAs siULK2-1 Sense  GCAGCACAGACAGUUUAAATT
Antisense UUUAAACUGUCUGUGCUGCTT
siULK2-2 Sense  CUGACAAACAGAGGUUUAUTT
Antisense AUAAACCUCUGUUUGUCAGTT
siULK2-3 Sense  CCAAUAGUCCUCAAGACUUTT
Antisense AAGUCUUGAGGACUAUUGGTT
siCon Sense  UUCUCCGAACGUGUCACGUTT
Antisense ACGUGACACGUUCGGAGAATT

Hoechst staining

Cell apoptosis was detected
using Hoechst staining (Beyo-
time Biotechnology, Shanghai,
China). The UM-UC-3 cells were
seeded in 6-well plates and
then subjected to different
treatments. Next, the UM-UC-3
cells were stained with Hoech-
st for 30 min and washed wi-
th phosphate-buffered saline
(PBS) for 5 min 3 times. Finally,
the cell samples were observed
and imaged using a fluores-
cence microscope (Leica, DMi8,
Germany).

RNA extraction and quantita-
tive real-time polymerase chain
reaction (QRT-PCR)

The total RNA of the cells was
prepared using TRIzol reagent
(Life Technologies, Foster City,
CA, USA) according to the man-
ufacturer’s protocols. Reverse
transcription of the mRNA was
performed using the Prime-
Script RT Master Mix (Takara,
Otsu, Shiga, Japan). Quantita-
tive real-time PCR was conduct-
ed using the SYBR Premix Ex
Taq (Takara). GAPDH was used
as an internal control. Detailed

and its control siRNA used in this study were
previously described [5]. Three siRNA sequ-
ences targeting Uncoordinated 51-like kinase
2 (ULK2) and their negative control siRNA we-
re transfected into cells using Lipofectamine
2000 (Invitrogen, Carlsbad, CA) according to
the manufacturer’s guidelines. The siRNA
sequences are shown in Table 1.

Flow cytometry

Apoptosis analysis was performed using the
FITC Annexin V Apoptosis Detection Kit (BD
Biosciences, USA) according to the manufac-
turer’s instructions. After different treatments,
the cells were stained with Annexin V-FITC and
propidium iodide (Pl). The apoptotic level of the
cells was assessed by a BD Accuri C6 flow
cytometer (BD Biosciences).

7605

information about the primer pairs is shown in
Table 1. The relative mRNA expression was cal-
culated based on the 222t method.

Protein extraction and western blotting

After a series of treatments, the total protein
content was extracted from the UM-UC-3 or
5637 cells. Western blotting was performed as
previously described [7] with slight modifica-
tions. The proteins (20-40 pg) were separated
on 10% or 12% SDS-PAGE gels and then trans-
ferred onto PVDF membranes (Roche). The pri-
mary antibodies for B-actin (4970, rabbit), AR
(5153, rabbit), Bcl-2 (2872, rabbit), cleaved
caspase-3 (9664, rabbit), and LC3-I/1l (4108,
rabbit) were obtained from Cell Signaling Te-
chnology, Inc. The primary antibody for ULK2
(@b211632, rabbit) was purchased from Ab-
cam, Inc.

Int J Clin Exp Pathol 2017;10(7):7603-7615
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Figure 1. Effects of DHT and Bic treatment on the autophagic flux in UM-UC-3 cells. A. Transmission electron mi-
croscopy was used to detect autophagosomes and autolysosomes in UM-UC-3 cells that were cultured in 10 nM
DHT and (or) 50 uM Bic for 48 h. B. Fluorescence microscopy analysis of UM-UC-3 cells transiently infected with
MRFP-GFP-LC3 adenovirus and then cultured with 10 nM DHT and/or 50 uM Bic for 48 h. Scale bar = 20 ym. C.
Quantification of RFP-LC3 spots and merged spots demonstrating autophagy flux was inhibited by 10 nM DHT. D
and E. Immunoblot analysis and densitometry assessing the LC3 conversion ratio (LC3-II/I) in UM-UC-3 cells treated
with 10 nM DHT and/or 50 uM Bic for 48 h and before and after the inhibition of LC3-Il degradation by 100 uM
chloroquine. B-actin immunodetection was used as an internal control (*P<0.05, **P<0.01).
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Figure 2. Assessment of the effect of DHT and Bic on the autophagic flux of AR-deficient 5637 cells. A and B. Immu-
noblot analysis and densitometry assessment of the LC3 conversion ratio (LC3-1l/1) in 5637 cells treated with 10 nM
DHT and/or 50 uM Bic for 48 h. C and D. Immunoblot analysis and densitometry assessment of the LC3 conversion
ratio (LC3-1l/1) in 5637 cells treated with 200 nM rapamycin. E and F. Immunoblot analysis and densitometry assess-
ment of the LC3 conversion ratio (LC3-I/1) in 5637 cells stably overexpressing AR (5637-AR) or vector (5637-vec)
under a treatment of 10 nM DHT (NS = not significant, **P<0.01).

Statistical analysis

All experiments were conducted at least three
times. Statistical analyses were performed
using the Statistical Package for the Social
Sciences software version 19.0 (SPSS, Inc.,
Chicago, IL, USA). Statistical significance was
set at P<0.05. The data were analyzed by per-
forming a one-way ANOVA or a two-sided
Student’s t-test.

Results

Androgen blockade induces autophagy in AR-
positive bladder cancer cells

To assess the effect of AR antagonism on blad-
der cancer cell autophagy, we first cultured and
maintained AR-positive UM-UC-3 cells and
AR-negative 5637 cells for our experiments [7,
20]. To monitor cellular autophagy, three classi-
cal approaches were used, including TEM, con-
focal laser scanning microscopy, and western
blot assays [21]. We treated UM-UC-3 cells for
48 hours with DHT and Bic alone or in combina-
tion. The double or multiple membranes of
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autophagic vesicles (autophagosomes and
autolysosomes), which are considered hall-
marks of autophagy, were detected by TEM. We
found more autophagic vesicles in vehicle-
treated UM-UC-3 cells and those treated with
Bic than in DHT-treated cells (Figure 1A).
Furthermore, the number of autophagosomes
(yellow spots) and autolysosomes (red spots,
merged red spots and green spots) increased
after exposure to Bic (Figure 1B, 1C). Western
blots showed that the Bic treatment group had
a greater LC3 conversion ratio than the DHT
groups, as indicated by the LC3-1I/LC3-I ratio
before and after the inhibition of LC3-Il degra-
dation by chloroquine (Figure 1D, 1E).

To rule out the possibility that the increased
level of autophagy from Bic treatment could be
an off-target effect, the same treatments were
applied to AR-negative 5637 cells. As expect-
ed, the treatments with DHT or Bic did not
affect the LC3 conversion in 5637 cells, which
suggested that the autophagy induced by Bic in
UM-UC-3 cells was mediated by the AR (Figure
2A, 2B). The functionality of the autophagic

Int J Clin Exp Pathol 2017;10(7):7603-7615
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Figure 3. Apoptosis analysis of UM-UC-3 or 5637 cells after DHT and Bic treatment. A and B. Flow cytometry de-
tected apoptosis inhibition by 10 nM DHT compared with the control or 50 uM Bic treatment. C. Hoechst staining
revealed apoptosis inhibition by 10 nM DHT compared with the control or 50 uM Bic treatment. Scale bar = 100 ym.
D. Quantitative analysis of Hoechst staining results to assess the percentage of apoptotic cells. E and F. Immunoblot
analysis of Bcl-2 and cleaved caspase-3 in UM-UC-3 or 5637 cells treated with 10 nM DHT and/or 50 uM Bic for 48
h (**P<0.01).
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Figure 4. ULK2 expression in UM-UC-3 cells. A. qRT-PCR results showing changes in the mRNA expression of ten
ATGs in UM-UC-3 cells after AR knockdown. B. Immunoblot analysis detected increased ULK2 expression in UM-
UC-3 cells after AR knockdown. C. Immunoblot analysis assessing the ULK2 expression in UM-UC-3 cells after treat-

ment with 20 nM DHT and/or 50 uM Bic for 48 h.

pathways in 5637 cells was supported by the
increased LC3 conversion with treatment with
the positive control, RAPA (Figure 2C, 2D).
Furthermore, 5637-AR cells showed less LC3
conversion than 5637-vec cells after treatment
with DHT (Figure 2E, 2F). These findings indi-
cated that the inactivation of AR signaling by
Bic promotes autophagy in AR-positive bladder
cancer cells.

Androgen blockade induces apoptosis in UM-
UC-3 cells

To test the effect of inactivated androgen sig-
naling on bladder cancer cell apoptosis, we first
analyzed the percentage of apoptotic cells
using flow cytometry. After treatment with Bic
for 48 hours, the apoptotic cells increased
notably compared with those in the DHT group
(Figure 3A, 3B). The apoptotic levels were also
confirmed by Hoechst staining. As shown, the
Bic and control groups appeared to have higher
levels of apoptosis than did the DHT group
(Figure 3C, 3D). We also detected the increased
cleavage of caspase-3 and decreased Bcl-2
expression after androgen blockade using
western blotting (Figure 3E). In addition, the
treatments with DHT or Bic did not affect the
expression of Bcl-2 and the cleavage of cas-
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pase-3 in 5637 cells (Figure 3F). Collectively,
the results above demonstrated that the AR
competitor Bic induces apoptosis in UM-UC-3
cells.

Expression of ULK2 increases after AR knock-
down in UM-UC-3 cells

Previous studies have shown that AR signaling
participates in different steps of autophagy in
prostate cancer cells [18, 19], although few
have focused on the crosstalk between AR sig-
naling and autophagy-related genes (ATGS).
Here, we performed RNA transcriptome se-
quencing from control cells or cells treated with
siRNAs against AR. Ten ATGs with obvious
changes were then quantified using qRT-PCR
(Figure 4A). We focused on ULK2, which
increased significantly by AR knockdown. The
gPCR results were further verified by western
blotting (Figure 4B). Furthermore, the results
after treatment with the AR agonist DHT or
antagonist Bic were consistent with the results
indicated above (Figure 4C).

ULK2 promotes autophagy in UM-UC-3 cells

Several studies have shown that ULK2 plays an
important role in autophagosome formation

Int J Clin Exp Pathol 2017;10(7):7603-7615
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Figure 5. Effect of ULK2 on the autophagic flux and apoptosis of UM-UC-3 cells. A and B. gRT-PCR and immunob-
lot analysis results showing changes in the ULK2 expression with three different siRNA sequences. The results
revealed that siULK2-3 had the highest knockdown efficiency. C. Fluorescence microscopy analysis of UM-UC-3
cells transiently infected with mRFP-GFP-LC3 adenovirus and then transfected with an siRNA targeting ULK2 or a
negative control siRNA. Scale bar = 20 um. D. Quantification of the RFP-LC3 spots and merged spots demonstrating
decreased autophagic flux in UM-UC-3 cells after ULK2 knockdown. E. Transmission electron microscopy results for
the detection of autophagosomes and autolysosomes in UM-UC-3 cells that were transfected with an siRNA target-
ing ULK2 or a negative control siRNA. F and G. Immunoblot analysis and densitometry assessing the LC3 conversion
ratio (LC3-ll/1) of UM-UC-3 cells that were transfected with siRNA targeting ULK2 or negative control siRNA. H and
I. Flow cytometry was used to detect decreased apoptosis in UM-UC-3 cells after ULK2 knockdown. J. Immunoblot

analysis of Bcl-2 and cleaved caspase-3 in UM-UC-3 cells transfected with siRNA targeting ULK2 or negative control
siRNA (*P<0.05, **P<0.01).
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Figure 6. Effect of the excessive autophagy induced by RAPA with or without Bic on the apoptosis of UM-UC-3 and
5637 cells. A. Fluorescence microscopy analysis of UM-UC-3 cells transiently infected with mRFP-GFP-LC3 adenovi-
rus and then treated with 200 nM rapamycin and/or 50 uM bicalutamide for 48 h. Scale bar = 20 uym. B. Quantifica-
tion of the RFP-LC3 spots and merged spots demonstrating the substantial autophagic flux in UM-UC-3 cells treated
with 100 nM rapamycin accompanied by 50 uM bicalutamide. C. Immunoblot analysis of apoptosis-related proteins
and the LC3 conversion of UM-UC-3 cells in different conditions. D. Densitometry assessing the LC3 conversion ratio
(LC3-II/1) of UM-UC-3 cells under different conditions. E. Immunoblot analysis of the apoptosis-related proteins in
5637 cells after treatment with 200 nM rapamycin. F and G. Flow cytometry analysis detected increased apoptosis
in 5637 cells after treatment with 200 nM rapamycin (*P<0.05, **P<0.01).

[22-24]. To assess the effect of ULK2 on the
autophagy of UM-UC-3 cells, we transiently
silenced ULK2 via the transfection of specific
siRNAs into UM-UC-3 cells. Among three dis-
tinct designed siRNAs, siULK2-3 possessed
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the highest knockdown efficiency (Figure 5A,
5B). SiULK2-3 was used for subsequent ex-
periments. The results suggested that ULK2
silencing suppressed UM-UC-3 cell autophagy,
as demonstrated by significantly decreased

Int J Clin Exp Pathol 2017;10(7):7603-7615
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amounts of fluorescent spots (Figure 5C, 5D).
In addition, TEM detected fewer autophago-
somes and autolysosomes in ULK2 knocked-
down UM-UC-3 cells than in control cells (Figure
5E). The decreased ratio of LC3 1I/LC3 | also
verified these results (Figure 5F, 5G). Thus, the
three independent assays (the formation of
MRFP-GFP-LC3 spots, LC3 turnover, and TEM
assays) all suggested that the decreased
expression of ULK2 resulting from the activat-
ed AR may explain the inhibition of autophagy
in UM-UC-3 cells.

ULK2 promotes apoptosis in UM-UC-3 cells

To explore the effect of ULK2 on apoptosis in
UM-UC-3 cells, we employed flow cytometry
and western blotting to detect the apoptotic
levels of cells with or without ULK2 silencing.
The flow cytometry analysis showed a decre-
ased number of apoptotic cells in the popula-
tion of the ULK2-knocked-down UM-UC-3 cells
(Figure 5H, 51). Moreover, the apoptotic protein
analysis showed that the knockdown of ULK2
significantly inhibited apoptosis in UM-UC-3
cells (Figure 5J).

Promotion of autophagy enhances bladder
cancer cell apoptosis

Early studies demonstrated that autophagy
plays an important role in bladder cancer pro-
gression [15-17]. Thus, we tested whether
increased autophagy could enhance bladder
cancer cell apoptosis. UM-UC-3 and 5637 cells
were cultured in RPMI-1640 medium contain-
ing 10% FBS and 1% penicillin-streptomycin.
The results showed that AR competition by Bic
accompanied by RAPA exhibited stronger
autophagy activity in UM-UM-3 cells than any
other treatment, as shown by the significantly
increased fluorescent spots and the LC3 con-
version ratio (LC3-1I/LC3-l) (Figure 6A-D). In
addition, the western blot results revealed
intensive autophagy augmented apoptosis in
UM-UC-3 cells (Figure 6C). The promotion of
autophagy by RAPA also significantly increased
5637 cell apoptosis (Figures 2C, 2D, 6E-G).
Thus, these results suggested that autophagy
promotion enhanced apoptosis in bladder cells.

Discussion

In the present study, we confirmed that the AR
antagonist bicalutamide promotes autophagy
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and apoptosis in bladder cancer cells by upreg-
ulating the expression of ULK2. A combination
of the AR competitor Bic and the mTOR inhibitor
RAPA significantly enhanced apoptosis in blad-
der cancer cells via autophagy induction.

Increasing evidence indicates that the different
levels of androgens and AR between men and
women may account for the gender disparity
in bladder cancer. An earlier study indicated
that AR knockout mice could not develop
BBN-induced bladder cancer, whereas 25% AR
knockout mice developed BBN-induced tumors
with the exogenous supplementation of DHT
[20]. Another study found that bladder tumor
progression was significantly inhibited by selec-
tively ablating AR in urothelial tissue [25].
Furthermore, AR expression was notably higher
in bladder tumors than in normal bladder tis-
sue, and patients with AR-negative tumors had
a better prognosis than those with AR-positive
tumors [26]. In this study, our results showed
that AR inactivation by Bic increased apoptosis
in bladder cancer cells, which is consistent with
the results of our previous study [5]. Thus, the
underlying mechanisms must be determined
because of the vital role of AR in the develop-
ment of bladder cancer.

In general, autophagy acts as a “double-edged
sword” in the fate of many cancers, including
bladder cancer. The basal level of autophagy
maintains the homeostasis of eukaryotes by
selectively degrading redundant, aged, and
damaged organelles and proteins, whereas
inappropriate levels of autophagy promote
apoptosis or necrosis in cancer cells, which
leads to autophagic cell death [12]. An earlier
study suggested that several mTOR signaling-
related tumor suppressor genes, such as PTEN,
TSC2, and p53, also stimulate autophagy [27].
Furthermore, another study found that the
depletion of the autophagy-specific gene Beclin
1 resulted in increased tumorigenesis in mice
[28]. In addition, ATG5 and Beclin 1 were found
to upregulate and promote autophagic cell
death following the overexpression of oncogen-
ic RAS [29, 30]. Several studies have demon-
strated the anticancer effect of autophagy [16,
17]. Moreover, the overexpression of miRNA-
222 significantly inhibited autophagy and cispl-
atin-mediated cytotoxicity in the 5637 and T24
bladder cancer cell lines [31]. Our study detect-
ed a lower autophagy signal in the DHT group
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than in any other group of AR-positive UM-UC-3
cells, whereas significant differences in autoph-
agy activities were not detected in AR-negative
5637 cells with DHT or Bic treatment. These
results indicate the positive role of AR antago-
nism in the regulation of autophagy in bladder
cancer cells, and they are further supported by
the results observed after overexpressing AR in
5637 cells and monitoring the autophagy flux
after treatment with DHT. As expected, the
overexpression of AR inhibited autophagy in
5637 cells.

Considerable evidence indicates that the pro-
cess of autophagy is regulated by various ATGs.
We found that impairing AR influences autoph-
agy in bladder cells by regulating ATG expres-
sion. In this study, we found that the mRNA and
protein levels of ULK2 were upregulated after
AR knockdown in UM-UC-3 cells. Furthermore,
the expression of ULK2 decreased with DHT
treatment when compared with the control.
ULK2 is a mammalian homolog of Saccharo-
myces cerevisiae Atgl and is considered an
upstream initiator of autophagy [24]. Deph-
osphorylated ULK2 first interacts with Atgl3
and FIP200 and then activates autophagy by
recruiting other ATG proteins, such as LC3 and
Atgl6, to the autophagosome formation site
[32, 33]. ULK2 is involved in apoptosis through
the p53 pathway [34]. Sudhanshu Shukla et al.
reported that methylation-mediated silencing
of ULK2 is important for glioblastoma progres-
sion, which indicates the essential role of ULK2
in autophagy and apoptosis [35]. However, the
pathophysiologic role of ULK2 in bladder can-
cer remains unclear. In our experiments, we
found that ULK2 promoted autophagy and
apoptosis in UM-UC-3 cells. By silencing ULK2
with a specific siRNA, we detected a decrease
in the autophagic flux and in the apoptosis of
UM-UC-3 cells, which indicated that the posi-
tive effect of inactivated AR signaling by Bic on
the autophagy and apoptosis of bladder cancer
cells was partially caused by the upregulation
of ULK2. In addition, our results demonstrated
that Bic and/or RAPA enhanced bladder cancer
cell apoptosis by inducing autophagy.

In conclusion, our study provides a potential
mechanism that explains how inactivated AR
signaling inhibits bladder cancer progression
via autophagy and apoptosis induction. The
combined targeting of the AR with bicalutamide
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and the application of RAPA may be a poten-
tial approach for inhibiting bladder cancer
progression.
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