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Transcribed ultraconserved region Uc.63+ promotes resistance
to cisplatin through regulation of androgen receptor
signaling in bladder cancer
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Abstract. Cisplatin (CDDP)-based combination chemotherapy
is the standard for muscle-invasive bladder cancer (MIBC).
However, nearly all patients undergoing CDDP chemotherapy
become refractory due to the development of CDDP resistance.
Therefore, clarification of the mechanisms of CDDP resistance
is urgently needed. The transcribed ultraconserved regions
(T-UCRs) are a novel class of non-coding RNAs that are highly
conserved across species and are associated with carcinogen-
esis and cancer progression. In addition, emerging evidence has
shown the involvement of androgen receptor (AR) signals in
urothelial carcinoma (UC) progression. The aim of the present
study was to investigate the expression of transcribed ultra-
conserved region Uc.63+, and to analyze the effects of Uc.63+
on AR expression and CDDP resistance in UC. Quantitative
reverse transcription-polymerase chain reaction (QRT-PCR)
revealed that the expression of Uc.63+ was higher in UC
tissues than that in non-neoplastic bladder tissues and 15 types
of normal tissue. An MTT assay revealed that Uc.63+ was
involved in cell proliferation. Western blotting demonstrated
that the expression of AR was disrupted by the overexpres-
sion or knockdown of Uc.63+ in AR-positive UMUC3 cells.
Furthermore, knockdown of Uc.63+ increased sensitivity to
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CDDP in UMUCS3 cells. Conversely, overexpression of Uc.63+
had no effect on CDDP sensitivity in AR-negative RT112 cells.
Additionally, we observed that the expression of Uc.63+ was
increased in CDDP-resistant UMUC3 cells (UMUC3-CR) in
comparison with that in parental UMUC3 cells. Knockdown
of Uc.63+ re-sensitized the UMUC3-CR cells to CDDP. These
results indicated that Uc.63+ may be a promising therapeutic
target to overcome CDDP resistance in UC.

Introduction

Approximately 25% of newly diagnosed urothelial carcinoma
(UC) presents as biologically aggressive muscle-invasive
disease (1). Clinical studies have shown a survival benefit
of neoadjuvant or adjuvant cisplatin (CDDP)-based chemo-
therapy for patients with muscle-invasive UC before or after
radical cystectomy (2). CDDP-based chemotherapy has
generally produced a complete or partial response in ~50-70%
of patients with UC (3). However, tumors treated with CDDP
ultimately acquire CDDP resistance. Although considerable
efforts have been devoted to solving CDDP resistance over the
past three decades (4,5), the mechanisms of CDDP resistance
have yet to be fully elucidated. Therefore, clarifying new
molecular mechanisms underlying CDDP resistance hold
great importance in improving chemotherapy outcomes for
muscle-invasive UC.

Long non-coding RNAs (IncRNAs), which are >200 bp,
are a subtype of non-coding RNAs. Although they lack
protein-coding capacity, IncRNAs play an essential role in
the development and progression of UC (6-8). The transcribed
ultraconserved regions (T-UCRs) are a relatively new class of
IncRNAs, which are highly conserved among vertebrates (9).
Considering that T-UCRs are conserved across species,
they allegedly play critical roles in human development
and disease, including cancer. T-UCRs are differentially
expressed and act in an oncogenic or tumor-suppressive role
according to the context of the cancer (10,11). Based on this
evidence, T-UCRs may provide useful diagnostic markers for
some specific types of cancer and could represent potential
therapeutic targets for cancer treatment. Uc.63+ (278 bp) is
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located on the chromosome 2pl5, in the third intron of the
XPOI gene (9). A recent study revealed that Uc.63+ was
induced in a hypoxia-dependent manner (12). Furthermore, the
expression of Uc.63+ was revealed to be upregulated in breast
cancer and was correlated with a poor prognosis (13). In addi-
tion, we previously revealed that Uc.63+ promoted docetaxel
resistance through regulation of androgen receptor (AR) in
prostate cancer (14). These findings indicated that Uc.63+ may
contribute to progression in several types of cancers. However,
there is no evidence of the role of Uc.63+ in UC. In the present
study, we evaluated the expression and functional role of
Uc.63+ in UC and we analyzed the effect of Uc.63+ on the
expression of AR and CDDP resistance.

Materials and methods

Cell lines. Prostate cancer cell line, LNCaP, was purchased
from the American Type Culture Collection (ATCC;
Manassas, VA, USA). The three human UC cell lines
(RT112, T24 and UMUC3) were provided by the Vancouver
Prostate Centre (Vancouver, BC, Canada). Cell lines were
authenticated by DNA fingerprinting using Amp FISTR
Amplification or Amp FISTR Profiler PCR Amplification
protocols (Life Technologies; Thermo Fisher Scientific,
Inc., Waltham, MA, USA). RT112 and T24 cell lines were
maintained in RPMI-1640 medium (Nissui Pharmaceutical
Co. Ltd., Tokyo, Japan) containing 10% fetal bovine serum
(FBS; BioWhittaker, Walkersville, MD, USA), 2 mM
L-glutamine, 50 U/ml penicillin, and 50 g/ml strepto-
mycin in a humidified atmosphere of 5% CO, and 95%
air at 37°C. LNCaP cells were withdrawn from hormone
effects in the medium by culture with medium containing
charcoal/dextran-stripped FBS for 2 days before treatment.
Dehydrotestosteron (DHT) (10 nM) or vehicle control (0.5%
ethanol) was added to the cells. CDDP-resistant UMUC3
cells were also provided by the Vancouver Prostate Centre.
The method used to establish CDDP-resistant UMUC3 cells
was previously described (15).

Tissue samples. We used 8 non-neoplastic bladder tissues
and 16 UC tissue samples for quantitative reverse transcrip-
tion-polymerase chain reaction (QRT-PCR) (Table I). The
samples were collected from patients at Hiroshima University
Hospital (Hiroshima, Japan) from April 2010 to October 2018.
The Institutional Review Board of Hiroshima University
Hospital approved the present study (IRB# E912). Appropriate
written informed consent was obtained from each patient. The
present study was conducted in accordance with the Ethical
Guidance for Human Genome/Gene Research of the Japanese
Government.

Quantitative RT-PCR analysis. Extraction of total RNA,
synthesis of cDNA and qRT-PCR were performed as previ-
ously described (14). ACTB-specific PCR products, which
were amplified from the same RNA samples, served as
internal controls. The primer sequences and IDs are summa-
rized in Table II.

RNA interference and expression vector. Silencer® Select
(Ambion, Austin, TX, USA) against Uc.63+ was used for
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Table I. Clinicopathological characteristics of 16 BCa tissues.

Number of cases 16
Sex

Male 16

Median age (years) 74 (63-92)
Race

Asian 16
Histology

Urothelial carcinoma 16

Tumor grade

Gl 3

G2 4

G3 9
Pathological T stage

pTl1 7

pT2 4

pT3 5
Pathological N stage

0 15

1 1
Metastasis at time of diagnosis

Absence 16

Presence 0

BCa, bladder cancer.

RNA interference as previously described (14). Transfection
was performed using Lipofectamine RNAIMAX (Invitrogen;
Thermo Fisher Scientific, Inc.) according to the manufacturer's
instructions. Cells were used 48 h after transfection in each of
the experiments and assays.

For constitutive expression of Uc.63+, cDNA was PCR
amplified and subcloned into pcDNA 3.1 (Invitrogen; Thermo
Fisher Scientific, Inc.) as previously described (14). The
pcDNA-Uc.63+ expression vector was transfected into RT112
and UMUCS cells with FUGENEG6 (Roche Diagnostics, Basel,
Switzerland) according to the manufacturer's instructions.

For constitutive expression of human AR, cDNA was
PCR amplified from normal prostate tissues and subcloned
into pDON-5 Neo (Takara Biotechnology Co., Ltd., Dalian,
China) using a retrovirus vector with psPAX2 envelope and
pMD2.G packaging plasmids, according to the manufacturer's
instructions.

Cell proliferation assay. To examine cell proliferation, an
MTT assay was performed as previously described (16). Cell
proliferation was monitored after 1,2 and 4 days.

Cell death ELISA. Cells were seeded in 12-well plates
(1x10° cells). Mononucleosomes and oligonucleosomes in the
cytoplasmic fraction were assessed by a Cell Death Detection
ELISA kit (Roche Diagnostics) according to the manufac-
turer's instructions. Absorbance was determined at 405 nm.
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Table II. Primer sequences for qRT-PCR.
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Forward primer

Reverse primer

Uc.63+ TTGCATAAAAGCCAAATGTCA CTGTTTGCTTGCCTGGTAAA
AR GACGCTTCTACCAGCTCACC GAAAGGATCTTGGGCACTTG
ACTB TCACCGAGCGCGGCT TAATGTCACGCACGATTTCCC

AR, androgen receptor; ACTB, B-actin.

Western blot analysis. For western blot analysis, cells were
lysed as previously described (17). Proteins in UC cell lines
were extracted using RIPA buffer and subjected to concen-
tration measurements using the BCA kit. The lysates (40 pug)
were solubilized in Laemmli sample buffer by boiling and
then subjected to 10% SDS-polyacrylamide gel electro-
phoresis followed by electrotransfer onto a nitrocellulose
membrane. Cleaved PARP (c-PARP) (cat. no. 9542; Cell
Signaling Technology, Inc., Danvers, MA, USA) and AR
antibody (cat. no. MA5-13423; Thermo Fisher Scientific, Inc.)
were used as the primary antibodies with a 1:1,000 dilution.
B-actin (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany)
was detected as a loading control. Peroxidase-conjugated
anti-mouse IgG (cat. no. 330; MBL, Nagoya, Japan) or
anti-rabbit IgG (cat. no. 458; MBL) were used as the secondary
antibodies with a 1:500 dilution. Immunocomplexes were
visualized with an ECL Western Blot Detection system
(Amersham Biosciences; GE Healthcare, Chicago, IL, USA).

Drug treatment. CDDP (Nippon Kayaku Co., Ltd., Tokyo,
Japan) was obtained and handled according to the manu-
facturer's recommendations. Cell lines treated with vehicle
(0.5% ethanol) or escalating doses of CDDP were assessed
for cell viability. An MTT assay was performed at 48 h after
CDDP chemotherapy (15). Drug sensitivity curves and ICj,
values were calculated using GraphPad Prism 4.0 software
(GraphPad Software Inc., San Diego, CA, USA).

Statistical analysis. All experiments were repeated at least three
times with each sample in triplicate. The results are expressed
as the mean + standard deviation (SD) of triplicate measure-
ments. Sample sizes for relevant experiments were determined
by power analysis. Statistical differences were evaluated using
the Mann-Whitney U test. A P-value of <0.05 was considered
to indicate a statistically significant result. One-way analysis of
variance (ANOVA) followed by Tukey's test was used for the
comparison of multiple groups. Spearman's correlation coeffi-
cient was used to examine the degree of relations between two
groups. Statistical analyses were conducted primarily using
GraphPad Prism software (version 4.0; GraphPad Software
Inc., La Jolla, CA, USA).

Results

Expression of Uc.63+ is upregulated in UC tissues and UC cell
lines. We analyzed the expression of Uc.63+ in 16 UC tissues
and 8 non-neoplastic urinary bladder tissues using qRT-PCR.
The expression of Uc.63+ was upregulated in 69% (11/16)

of UC tissues compared with that in non-neoplastic urinary
bladder tissues (P=0.001; Fig. 1A). Despite the small sample
sets, the expression of Uc.63+ was significantly higher
in muscle invasive UC than that in non-muscle invasive
UC (P=0.047) (Fig. 1B). As revealed in Fig. 1C, the expression
of Uc.63+ was higher in UC tissues and UC cell lines than that
in the 15 types of normal tissue samples including a normal
urinary bladder tissue.

Uc.63+ acts as an oncogene and is associated with cell
proliferation and apoptosis. To clarify the biological roles
of Uc.63+ in UC, we investigated the effects on the knock-
down of Uc.63+ using small interfering RNA (siRNA) that
was previously designed to specifically target Uc.63+ (14).
We confirmed a significantly lower expression of Uc.63+
with two different siRNAs than with the negative control in
UMUCS cells (Fig. 2A). Next, we performed a 3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay
and observed that the downregulation of Uc.63+ significantly
suppressed cell proliferation of UMUC3 (Fig. 2B). A recent
study revealed that Uc.63+ induced apoptosis in breast
cancer (13). Therefore, we analyzed the effect of knock-
down of Uc.63+ on apoptosis. Cell d eath ELISA revealed
that knockdown of Uc.63+ significantly induced apoptosis
compared to the negative control (Fig. 2C). Western blotting
revealed that knockdown of Uc.63+ enhanced the expression
of cleaved PARP which was used as the activation status of
apoptosis (Fig. 2D). To further verify whether Uc.63+ plays
an important role in cell proliferation and apoptosis, we trans-
fected the Uc.63+ expression vector into RT112, which had low
expression of Uc.63+. As anticipated, the MTT assay revealed
that the overexpression of Uc.63+ significantly increased cell
proliferation (Fig. 2E and F). Cell death ELISA revealed that
the overexpression of Uc.63+ significantly suppressed apop-
tosis compared to the empty vector (Fig. 2G). These results
indicated that Uc.63+ was involved in cell proliferation and
apoptosis in UC.

Uc.63+ modulates the expression of AR. Several studies have
reported that AR is involved in the development and progres-
sion of UC (18,19). Previously, we revealed that overexpression
of Uc.63+ enhanced the expression of AR (14). Given these
findings, we analyzed the association between Uc.63+ and AR
in UC. We investigated the expression of AR in 16 UC tissues
by qRT-PCR and found that the expression of AR was signifi-
cantly correlated with the expression of Uc.63+ (P<0.001,
R=0.74) (Fig. 3A). Western blotting revealed that the expression
of AR was detected in UMUCS3 cells, which was consistent with
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Figure 1. The expression of Uc.63+ in UC. (A) The results of qRT-PCR analysis for the expression of Uc.63+ in 16 UC tissues and normal bladder tissues (N).
Statistical differences were evaluated with the Mann-Whitney U test. (B) Scatter plot diagrams showing the expression of Uc.63+ in 7 non-muscle invasive UC
and 9 muscle invasive UC. Statistical differences were evaluated with the Mann-Whitney U test. (C) gRT-PCR analysis of the expression of Uc.63+ in 15 types
of normal tissue, 16 UC samples, and 3 human UC cell lines (RT112, T24 and UMUC3). UC, urothelial carcinoma; NMI, non-muscle invasive UC tissues; MI,
muscle invasive UC tissues; gRT-PCR, quantitative reverse transcription-polymerase chain reaction.
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Figure 2. Uc.63+ promotes cell proliferation in UC cells. (A) qRT-PCR results for the expression of Uc.63+ in UMUCS3 cells transfected with negative control
or two different siRNAs. The results are expressed as the mean and standard deviation (SD) of triplicate measurements. ““P<0.001. (B) Cell proliferation assay
in UMUCS cells transfected with the negative control or two different siRNAs. Cell proliferation was assessed by MTT assays at 1, 2 and 4 days after seeding
on 96-well plates. Bars and error bars are the mean and SD, respectively, of 3 independent experiments “P<0.01. (C) The cell death ELISA in UMUCS3 cells
transfected with negative control or two different siRNAs. The results are expressed as the mean and standard deviation (SD) of triplicate measurements.
“P<0.01. (D) Western blotting of PARP and ¢c-PARP in UMUCS3 cells. f-actin was used as a loading control. (E) The results of qRT-PCR for the expression
of Uc.63+ in RT112 cells transfected with empty vector or Uc.63+ expression vector. The results are expressed as the mean and standard deviation (SD) of
triplicate measurements. ”"P<0.001. (F) Cell proliferation assay in RT112 cells transfected with empty vector or Uc.63+ expression vector. Cell proliferation
was assessed by MTT assays at 1, 2 and 4 days after seeding on 96-well plates. Bars and error bars are the mean and SD, respectively, of 3 independent
experiments. “P<0.01. (G) The cell death ELISA in RT112 cells transfected with empty vector or Uc.63+ expression vector. The results are expressed as the
mean and standard deviation (SD) of triplicate measurements. “P<0.01. UR, urothelial carcinoma; c-PARP, cleaved PARP; qRT-PCR, quantitative reverse
transcription-polymerase chain reaction.
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Figure 3. Uc.63+ modulates the expression of AR. (A) qRT-PCR analysis for the correlation between Uc.63+ and AR in bladder cancer tissues. Spearman
correlation coefficient and P-values are indicated. (B) Western blotting of AR in LNCaP, RT112 and UMUCS3 cells. B-actin was used as a loading control.
(C) Western blotting of AR in UMUCS3 cells transfected with negative control or two different siRNAs. B-actin was used as a loading control. (D) qRT-PCR
analysis for the expression of AR in UMUCS3 cells transfected with negative control or two different siRNAs. The results are expressed as the mean and stan-
dard deviation (SD) of triplicate measurements. “P<0.01. (E) qRT-PCR analysis for the expression of Uc.63+ in UMUCS3 cells transfected with empty vector or
Uc.63+ expression vector. The results are expressed as the mean and standard deviation (SD) of triplicate measurements. ““P<0.001. (F) Western blotting of AR
in UMUCS cells transfected with empty vector or Uc.63+ expression vector. 3-actin was used as a loading control. (G) qRT-PCR analysis for the expression of
AR in UMUCS3 cells transfected with empty vector or Uc.63+ expression vector. The results are expressed as the mean and standard deviation (SD) of triplicate
measurements. ~P<0.001. AR, androgen receptor; siRNA, small interfering RNA; qRT-PCR, quantitative reverse transcription-polymerase chain reaction.

previous studies (19,20) (Fig. 3B). To further investigate the = value of UMUCS3 cells transfected with the negative control
interaction between Uc.63+ and AR, we examined the effect  was higher than that of UMUCS3 cells transfected with siRNAs
of Uc.63+ deregulation on the expression of AR. Knockdown  for Uc.63+ (Fig. 4C). As anticipated, overexpression of Uc.63+
of Uc.63+ suppressed the expression of AR in UMUC3 cellsat  promoted CDDP resistance in UMUC3 cells (Fig. 4D).
the mRNA and protein levels (Fig. 3C and D). We confirmed  Conversely, overexpression of Uc.63+ did not affect CDDP
a significantly higher expression of Uc.63+ with Uc.63+  sensitivity in RT112 cells (Fig. 4E). Collectively, these results
expression vector than with the empty vector in UMUC3  indicated that Uc.63+ may in some way be involved in the
cells (Fig. 3E). Overexpression of Uc.63+ induced the expres-  acquisition of CDDP resistance through AR regulation.
sion of AR in UMUCS3 cells at the mRNA and protein levels in
UMUCS3 cell lines (Fig. 3F and G). In addition, upregulation of  Inhibition of Uc.63+ reverses CDDP resistance. We previously
Uc.63+ did not affect the expression of AR in RT112 cells (data  established CDDP-resistant UMUC3 cells (UMUC3-CR) by
not shown). These results indicated that Uc.63+ modulated the  long-term culture with low to increasing doses of CDDP (15)
expression of AR in UMUCS3 cells. and confirmed that UMUC3-CR cells were more resistant to
CDDP than were parental UMUC3 cells (data not shown).
Uc.63+ promotes CDDP resistance through AR. Arecentstudy  Recent evidence demonstrated that the expression of AR
revealed that AR activity modulated CDDP sensitivity (21). = was enhanced in CDDP-resistant UC cell lines (21). Western
We transfected the AR expression vector into RT112 cells, blotting revealed that the expression of AR was upregulated
which do not express AR (Fig. 3B). The expression of AR was  in UMUC3-CR cells compared with that in parental UMUC3
upregulated with AR expression vector compared to that with  cells (Fig. 5A). Furthermore, we investigated the involvement
the empty vector in RT112 cells as determined by western  of Uc.63+ in CDDP resistance. qRT-PCR revealed that the
blotting (Fig. 4A). We measured cell viability in RT112 cells  expression of Uc.63+ was higher in UMUC3-CR cells than in
with empty vector or AR expression vector under 0, 5, 10,20  parental UMUCS3 cells (Fig. 5B). We measured the cell viability
and 40 M of CDDP using an MTT assay. Overexpression  in UMUC3-CR cells with knockdown of Uc.63+ under 0, 5, 10,
of AR decreased CDDP sensitivity in RT112 cells (Fig. 4B), 20, 40 and 80 #M of CDDP. The ICs, value of UMUC3-CR
which was consistent with a previous study (21). To clarify the  cells transfected with the negative control was higher than
effect of Uc.63+ on CDDP resistance, we measured the cell  that of UMUC3 cells transfected with siRNAs (Fig. 5C).
viability in UMUC3 cells with deregulation of Uc.63+ under  Collectively, these results indicated that inhibition of Uc.63+
0,5, 10,20 and 40 uM of CDDP using an MTT assay. The IC5,  re-sensitized the UMUC3-CR cells to CDDP.
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Figure 4. Effect of Uc.63+ on cisplatin sensitivity in bladder cancer cell lines. (A) Western blotting of AR in RT112 cells transfected with empty vector or AR
expression vector. 3-actin was used as a loading control. (B) Dose-dependent effect of cisplatin on the viability of RT112 cells transfected with empty vector
or AR expression vector. The ICs, value of the empty vector, 15.3 uM; the IC,, value of AR, 25.9 uM. (C) Dose-dependent effect of cisplatin on the viability
of UMUCS3 cells transfected with negative control or two different siRNAs. The ICy, of the negative control, 14.1 uM; the IC;, value of si63+-1, 8.5 uM; the
IC;, value of si63+-2, 7.7 uM. (D) Dose-dependent effect of cisplatin on the viability of UMUCS3 cells transfected with empty vector or Uc.63+ expression
vector. The ICy, value of the empty vector, 13.9 uM; the ICs, value of Uc.63+-1, 27.1 uM. (E) Dose-dependent effect of CDDP on the viability of RT112 cells
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Figure 5. Downregulation of Uc.63+ re-sensitizes cisplatin-resistant UMUC3
cells to cisplatin. (A) Western blotting of AR in parental UMUC3 cells and
UMUCS3-CR cells. f-actin was used as a loading control. (B) gRT-PCR anal-
ysis of the expression of Uc.63+ in parental UMUC3 cells and UMUC3-CR
cells. The results are expressed as the mean and standard deviation (SD) of
triplicate measurements. “P<0.01. (C) Dose-dependent effect of cisplatin on
the viability of UMUC3-CR cells transfected with negative control or two
different siRNAs. The ICy, value of the negative control, 65.6 uM; the IC,
value of si63+-1, 20.7 uM; the ICy, value of si63+-2, 19.5 yuM. AR, androgen
receptor; UMUC3-CR, CDDP-resistant UMUCS3 cells; qRT-PCR, quantita-
tive reverse transcription-polymerase chain reaction.

Discussion

Transcribed ultraconserved regions (T-UCRs) are highly
conserved among most of the vertebrates, implying that
T-UCRs could play an important role in biological processes
compared with other non-coding RNAs (9). Several recent
studies have shown that cancer-specific T-UCRs are
involved in cancer progression and tumorigenesis in some
types of cancer (11,22). To date, it has been reported that
upregulation of Uc.8+ increased the expression of MMP9
and promoted cancer progression in urothelial carci-
noma (UC) (23). However, the role of T-UCRs in UC remains
unclear. The present study, which is the first, to the best of
our knowledge, to investigate the expression and biological
role of Uc.63+ in UC, revealed that the expression of Uc.63+
was upregulated in UC compared with 15 types of normal
tissue samples including normal bladder tissue. In addition,
we revealed that Uc.63+ was involved in cell proliferation
and apoptosis in vitro. These results indicated that Uc.63+
was more likely to contribute to cancer progression than
tumorigenesis in UC.

Some lines of evidence have recently indicated that
androgen receptor (AR) signaling plays a pivotal role in
carcinogenesis and cancer progression in UC (20,24).
Retrospective clinical studies have revealed that androgen
deprivation therapy prevents the recurrence of UC in male
patients (25,26). One recent study revealed that IncRNA XIST
interacted with miR-124 to promote cell proliferation, invasion
and migration through AR in UC (27). Although the essential
role of AR in the development and progression of UC has
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been reported, little evidence is available with regard to the
regulation of AR in UC. In the present study, the expression
of AR was significantly disrupted by the overexpression or
knockdown of Uc.63+. Furthermore, qRT-PCR revealed that
there was a positive association between Uc.63+ and AR in
UC tissues. Previously, we revealed that Uc.63+ modulated
AR expression in prostate cancer (14). Collectively, these data
indicated that Uc.63+ may play an important role in the AR
pathway in both UC and prostate cancer. However, the mecha-
nism of how Uc.63+ regulates the expression of AR remains
unclear. To date, there is well known evidence indicating that
microRNA-T-UCR interactions contribute to tumorigenesis
and cancer progression in some types of cancer (22,28). There
may be numerous miRNAs that are potentially regulated by
Uc.63+, which may explain how Uc.63+ regulates the expres-
sion of AR. Although further studies are required to elucidate
the mechanism of regulation of AR by Uc.63+, the interaction
between Uc.63+ and AR may play a decisive role in cancer
progression in UC.

Cisplatin (CDDP) has been widely used for the treatment
of muscle-invasive UC. However, the elevated incidence of
CDDP resistance is the main obstacle in clinical practice.
Molecular mechanisms of CDDP resistance are believed
to be caused by multiple factors including drug transport,
detoxification, DNA repair and apoptosis (4,5). A recent study
revealed that AR activation resulted in induction of CDDP
resistance and modulated CDDP sensitivity (21). Another
study reported that the expression of AR was increased in
CDDP-resistant cell lines in endometrial carcinoma (29).
In the presents study, we revealed that upregulation of AR
decreased CDDP sensitivity in RT112 cells, which is an
AR-negative cell line, and that the disrupted expression of
Uc.63+ modulated CDDP sensitivity in UMUC3 cells, which
is an AR-positive cell line. Overexpression of Uc.63+ had no
effect on CDDP sensitivity in RT112 cells. Collectively, these
results indicated that Uc.63+ may be responsible for CDDP
resistance through AR in UC. To the best of our knowledge,
these findings represent the first evidence that CDDP resis-
tance can be regulated by a specific T-UCR. In current cancer
treatments, different types of chemotherapeutic agents are
often combined to improve efficacy and to minimize toxicity.
In the present study, inhibition of Uc.63+ re-sensitized
UMUC3-CR cells to CDDP treatment. Furthermore, we
observed that the expression of Uc.63+ was higher in UC
tissues than in various normal tissue samples, indicating that
the combination therapy of a Uc.63 inhibitor and CDDP may
be a promising strategy to overcome CDDP resistance with
fewer adverse effects.

There are some limitations in the present study. One of the
biggest issues of the present study was that the sample size
for Uc.63+ expression by qRT -PCR was relatively small,
which signifies that our results may not apply to most patients
with UC. Therefore, a study with a larger number of patients
with UC will be necessary to further verify this current data.
The other issue is that we could not show solid evidence that
underpins the involvement of Uc.63+ in apoptosis. In order to
confirm this novelty, validation of the effect of modulation of
Uc.63+ on cell cycle distribution and morphological change in
addition to cell death ELISA and analysis of the expression of
c-PARP should be performed.
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In summary, our results revealed that the expression of
Uc.63+ was upregulated in UC tissues and UC cell lines.
Uc.63+ acted as an oncogene and was associated with cell
proliferation. We also revealed that Uc.63+ modulated the
expression of AR and promoted CDDP resistance through
AR. Furthermore, inhibition of Uc.63+ reversed CDDP resis-
tance in vitro. The data presented here highlight the potential
of Uc.63+ as a therapeutic target in patients with CDDP
treatment.
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