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Abstract

Purpose: Regulated in development and DNA damage

response-1 (REDD1) is a stress-related protein and is involved

in the progression of cancer. The role and regulatory mechanism

of REDD1 in bladder urothelial carcinoma (BUC), however, is yet

unidentified.

Experimental Design: The expression of REDD1 in BUC was

detected by Western blot analysis and immunohistochemistry

(IHC). The correlation between REDD1 expression and clinical

features in patients with BUC were assessed. The effects of REDD1

on cellular proliferation, apoptosis, autophagy, and paclitaxel

sensitivity were determined both in vitro and in vivo. Then the

targeted-regulating mechanism of REDD1 by miRNAs was

explored.

Results: Here the significant increase of REDD1 expression

is detected in BUC tissue, and REDD1 is first reported as an

independent prognostic factor in patients with BUC. Silencing

REDD1 expression in T24 and EJ cells decreased cell proliferation,

increased apoptosis, and decreased autophagy, whereas the

ectopic expression of REDD1 in RT4 and BIU87 cells had the

opposite effect. In addition, the REDD1-mediated proliferation,

apoptosis, and autophagy are found to be negatively regulated

by miR-22 in vitro, which intensify the paclitaxel sensitivity

via inhibition of the well-acknowledged REDD1–EEF2K–

autophagy axis. AKT/mTOR signaling initially activated or inhib-

ited in response to silencing or enhancing REDD1 expression and

then recovered rapidly. Finally, the inhibited REDD1 expression

by either RNAi or miR-22 sensitizes BUC tumor cells to paclitaxel

in a subcutaneous transplant carcinoma model in vivo.

Conclusions: REDD1 is confirmed as an oncogene in BUC,

and antagonizing REDD1 could be a potential therapeutic

strategy to sensitize BUC cells to paclitaxel. Clin Cancer Res; 24(2);

445–59. �2017 AACR.

Introduction

Bladder urothelial carcinoma (BUC) is one of the most

common malignant tumors of the urinary system and is char-

acterized by rapid progression and a high rate of recurrence

(1, 2). BUC recurs in approximately 50% of patients after

surgery, and the 5-year overall survival rate for patients who

develop or present with metastatic disease is a dismal 6% (3).

Combination chemotherapy has been shown to reduce the

recurrence rate of BUC and to improve patients' survival (4).

Treatment with the microtubule stabilizing agent, paclitaxel has

also proven to be an effective therapy against BUC (5, 6).

Recent phase III clinical trials have found that a PCG (paclitaxel

plus cisplatin plus gemcitabine) regimen, consisting of the

addition of paclitaxel to a standard chemotherapy regimen of

cisplatin plus gemcitabine (GC), can improve the overall

response rate and overall survival rate of patients with BUC

(7). However, acquired or de novo resistance to paclitaxel limits

its clinical application in the treatment of BUC, and the iden-

tification of approaches to sensitize BUC to paclitaxel remains a

significant clinical challenge (8, 9).

Autophagy is an important mechanism of resistance to chemo-

therapy, and can help tumor cells overcome metabolic stress

caused by chemotherapeutic drugs like paclitaxel, resulting in

survival of cancer cells and development of therapeutic resis-

tance (10, 11). REDD1 is a stress-related protein; its expression

is induced under hypoxia, stress, and following DNA damage

(12). REDD1 participates in autophagy induction through
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the mTOR–EEF2K pathway (13). It has been reported that

REDD1-induced autophagy promotes development of drug

resistance in myeloma cells (14), and prostate cancer cells

(15). As an inhibitor of the mTOR pathway, REDD1 is involved

in the regulation of cell growth, tumorigenesis, and cell aging

(16, 17). REDD1 owns tissue-specific pattern acting as an

oncogene in ovarian cancer (18, 19) and prostate cancer (20),

whereas a tumor suppressor in non–small cell lung cancer (21)

and breast cancer (22). However, the involvement of REDD1

and its clinical/prognostic significance in BUC are unclear. Here

we investigate the expression of REDD1 in BUC and its under-

lying role in the pathogenesis of BUC; we also explore the

impact of REDD1-mediated autophagy on BUC resistance to

paclitaxel treatment.

Materials and Methods

Tissue and cell lines

Human primary BUC tissues, the corresponding adjacent non-

cancerous bladder urothelial tissues and paraffin-embedded

specimens of BUC were collected at the Third Xiangya Hospital

of Central South University and Hunan Cancer Hospital from

2004 to 2016. All patients with BUCwere histopathologically and

clinically diagnosed andwere treated with radical cystectomy. For

the use of these clinical materials for research purposes, prior

patient consent and approval from the Institutional Research

Ethics Committee were obtained. Clinical information of 112

paraffin-embedded specimens of BUC samples is described in

detail in Table 1. Human BUC cell lines (BIU-87, 5637, T24, EJ,

and RT4) were purchased from ATCC and maintained in DMEM

supplementedwith 10%FBS, 1%penicillin/streptomycin at 37�C

under an atmosphere of 5% CO2. The studies were conducted in

accordance with the following ethical guidelines: Declaration of

Helsinki, International Ethical Guidelines for Biomedical

Research Involving Human Subjects (CIOMS), Belmont Report,

and U.S. Common Rule.

Immunostaining

The tissues embedded in paraffin were cut into 5-mm slides.

Sections were dewaxed in xylene, rehydrated with graded alco-

hols, treated with 0.3% H2O2 in methanol, and blocked with

1% bovine serum albumin (BSA). Sections were incubated with

anti-REDD1 (1:200, Merckmillipore, ABC245) at 4�C over-

night. After addition of polymer enhancer, the sections were

treated with peroxidase-labeled streptavidin for 30 minutes at

room temperature. The antibody reaction was visualized using

a fresh substrate solution containing 3,30-diaminobenzidine

tetrahydrochloride (DAB). Sections were counter-stained with

hematoxylin, dehydrated, and mounted in glycerol-vinyl-alco-

hol (GVA mount; Zymed).

The degree of immunostaining of formalin-fixed, paraffin-

embedded sections was reviewed and scored separately by two

independent pathologists uninformed of the histopathological

features and patient data of the samples. Scores were determined

by combining the proportion of positively stained tumor cells and

the intensity of staining. Tumor cell proportions were scored as

follows: 0 (no positive tumor cells); 1 (<10% positive tumor

cells); 2 (10%–35% positive tumor cells); 3 (35%–75% positive

tumor cells); and4 (>75%positive tumor cells). Staining intensity

was graded according to the following standard: 1 (no staining); 2

(weak staining ¼ light yellow); 3 (moderate staining ¼ yellow

brown); and 4 (strong staining¼ brown). The staining index was

calculated as the product of the staining intensity score and the

proportion of positive tumor cells. Using this method of assess-

ment, the expression of REDD1 in BUC was evaluated by the

staining index (scored as 0, 1, 2, 3, 4, 6, 8, 9, or 12). Staining index

scores�6were identified as high expression, while scores <6were

considered low expression.

Cell transfection

miR-22-mimics/inhibitors, REDD1-shRNAs, plasmids for

overexpression of REDD1, and negative controls were pur-

chased from GeneChem Biotechnology Company. Cells were

transfected as previously described (23–25). BUC cells were

seeded in 6-well plates and allowed to reach 70% confluence

after 24 hours. Lipofectamine 3000 (Thermo Fisher Scientific)

was used to transfect cells with DNA complexes according to

manufacturer's instruction. Cells were harvested for RNA

extraction and protein extraction 24 and 48 hours after trans-

fection, respectively.

Quantitative real-time PCR

RNA was extracted from cells using Trizol, according to the

manufacturer (GenStar). RNA purity was assessed by spectro-

photometry (A260/A280 > 1.8). Single-stranded cDNAs were

generated using M-MLV transcriptase (Promega) following

the manufacturer's directions. Real-time quantitative PCR for

expression of miR-22 and REDD1 mRNA expression were per-

formed using SYBR Green PCR Master Mix according to the

manufacturer's protocol. Triplicate PCR amplifications were

performed for each sample. The relative gene expression to

control was determined by the standard 2�DDCt method. b-Actin

or U6 was used as internal control. The primer sequences for

amplification of miR-22 were as follows: forward: 50-GTAGT-

TCTTCAGTGGCAA-30; reverse: 50-TTTGGCACTAGCACATT-30.

The primer sequences for REDD1 were as follows: forward: 50-

GACAGCAGCAACAGTGGCTTC-30; reverse: 50- CCACGCTAT-

GGCAGCTCTTGC-30.

Translational Relevance

Regulated in development and DNA damage response-1

(REDD1) is involved in the development and progression of

cancer. However, the role and regulatory mechanism of

REDD1 in bladder urothelial carcinoma (BUC) is not

explored. Here, we describe that REDD1 has significantly

elevated expression inBUC tissue, andhighREDD1expression

was correlated with poorer survival of patients with bladder

urothelial cancer. Functional analysis reveals that REDD1

participates in regulating proliferation, apoptosis, and autop-

hagy in BUC cells. In addition, we show that silencing

the REDD1–EEF2K–autophagy axis increased the sensitivity

of BUC cells to paclitaxel, while activating this axis reduced

BUC paclitaxel sensitivity. We further demonstrate that

REDD1-mediated proliferation, apoptosis, and autophagy

is negatively regulated by miR-22, and that miR-22 sensitizes

BUC cells to paclitaxel by inhibiting the REDD1–EEF2K–

autophagy axis. In conclusion, REDD1 acts as an oncogene

in BUC, and antagonizing REDD1 could be a potential

therapeutic strategy to sensitize BUC cells to paclitaxel.
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Western blot analysis

Tissues and cells were washed with PBS and then lysed with

RIPA lysis buffer containing 10% protease inhibitor cocktail

(Roche) on ice for 30 minutes. Protein concentrations were

determined using a BCA Protein Assay Reagent Kit (Thermo

Scientific). Aliquots of cell lysates containing 20 to 40 mg protein

were separated by 10%SDS-polyacrylamide gel and transferred to

PVDF membranes. Membranes were blocked with TBST buffer

containing 5% skim milk, incubated with anti-REDD1 (1:1,000

Merckmillipore, ABC245), anti-cleaved caspase 3 (1:1,000 Pro-

teintech, 19677-1-AP), anti-cleaved PARP (1:1,000, Abcam,

ab4830), anti-EEF2K (1:1,000, Abcam, ab4830), anti-LC3

(1:2,000, Abcam, ab51520), anti-AKT (1:1,000, Abcam, ab8805),

anti-p-AKT(Ser473) (Abcam, ab81283), anti-mTOR (1:1,000,

CST, #2972), anti-p-mTOR(Ser2448) (CST, #2971), anti-S6K1

(1:5,000, Abcam, ab32529), anti- p-S6K1(p-T389) (1:1,000,

Abcam, ab2571), and anti-b-actin (1:1,000, Santa Cruz,

sc-47778) at 4�C overnight, followed by the addition of horse-

radish peroxidase-linked anti-mouse IgG secondary antibodies

and ECL visualization of the bands. Quantification of the bands

was carried out using densitometric analysis software, Quantity

One (Bio-Rad), and processed as described previously (Bio-Rad).

The expression of b-actin was used as an internal control to

normalize the expressions of other proteins.

Cell proliferation assay

Parental T24, EJ, BIU87, andRT4 cells, aswell as T24, EJ, BIU87,

or RT4 cells transfected with siRNA or plasmid were seeded in

96-well plates. Cell proliferation was determined using a com-

mercial CCK-8 Assay Kit (Beyotime, #C0038) according to the

manufacturer's instructions 72 hours after transfecting. The cells

should be pretreated with autophagy inhibitors 3-methyladenine

(3-MA, 10mmol/L, sigma) or chloroquine diphosphate salt (CQ,

20 mmol/L, sigma) for 1 hour before other treatments if necessary.

All assays were performed in triplicate.

Cell cycle and apoptosis assays

Parental T24, EJ, BIU87, and RT4 cells, as well as T24, EJ,

BIU87, or RT4 cells transfected with siRNA or plasmid were

seeded in six-well plates. Cells were treated with Taxol (pacli-

taxel) for 48 hours and harvested by centrifugation. Cell cycle

and apoptosis assays was performed by FACS using a cell-cycle

Detection Kit (Sigma) and Annexin V-FITC/PI Staining Kit

(Mbchem) according to manufacturer's instructions. The pro-

liferation index (PI) was calculated as followed: PI ¼ (S þ G2–

M)/(S þ G2–M þ G0–G1). All tests were performed in triplicate.

Clonogenic assay

Parental T24 and RT4 cells, as well as T24 or RT4 cells trans-

fectedwith siRNAorplasmidwere seeded in six-well platewithout

soft agar at 1,000 cells/well. Taxol was added to the plate for the

Taxol treatment group. The cells were incubated for 2 weeks, and

culture media was replaced at 2- to 3-day intervals. Cells were

washed with PBS twice before harvest. The cells were fixed with

1 mL paraformaldehyde for 30 minutes. Fixed cells were stained

with hematoxylin and counted under a microscope. Colonies of

more than 50 cells were counted for all clonogenic assays.

Immunofluorescence staining

Parental T24, EJ, BIU87, andRT4 cells, aswell as T24, EJ, BIU87,

or RT4 cells transfected with siRNA or plasmid were grown on

glass coverslips in 6-well plates. After cells grew to cover the

glass coverslips they were fixed with 4% paraformaldehyde for

30 minutes. Fixed cells were washed with PBS three times and

then treated with 1% Triton-100 for 10 minutes, to enhance

antibody penetration. Cells were pretreated with 10% normal

goat serum for 30 minutes, and incubated with anti-LC3B

(1:1000, Abcam, ab51520) at 4�C overnight. After washing in

PBS, cells were incubated with second antibody (Alexa Fluor 555

Goat Anti-Rabbit IgG [HþL], 2mg/mL, A21428) for 40minutes at

room temperature. Immunofluorescent images were recorded

with an LeicaTCS-SP5 confocal laser scanning microscope (Hei-

delberg, Germany.) The integrated optical density (IOD) was

calculated by Motic Fluo 1.0 software to represent the LC3B

expression level.

Dual-luciferase experiment

For luciferase reporter experiments, the psiCHECK2-REDD1-30-

UTR/MUT1/MUT2 vectors were used. HEK293T cells were grown

in six-well plates and cotransfected with psiCHECK2-REDD1-30-

UTR/MUT1/MUT2 vectors and hsamiR-22-mimics/hsa-miR-22-

mimics-NC. At 48 hours posttransfection, firefly and renilla lucif-

erase activities were evaluated using the Dual Luciferase Reporter

Assay system (Promega). The relative luciferase activities were

calculated by the ratio of firefly luciferase/renilla luciferase activity

and normalized to that of the control cells. The luciferase reporter

assay was performed as previously described (26).

Xenograft mouse model

All nude mice were inoculated subcutaneously on the right

axillary fossa with 200 mL (1 � 106 cells) of shRNA-REDD1-

transfected T24/EJ cells, pYr-LVX-pir-miR-22 transfected T24/EJ

cells, REDD1-transfected RT4/BIU87 cells, miR-22-inhibition

lentivirus transfected RT4/BIU87 cells, and control cells. When

the animals developed palpable tumors, mice were administered

10 mg/ kg paclitaxel, diluted in PBS, by intraperitoneal injection

twice a week. The size of the transplanted tumors was approxi-

mated every 3 days by measurement of tumor length (L) and

width (W). All animals were sacrificed 35 days after inoculation

and tumors were collected. The tumor volume (V) was calculated

according to the formula V ¼ 1/2(L � W2). All animal work was

approved by an ethics committee.

TUNEL staining

Apoptotic tumor cells were detected using a Tunel assay

(Roche). Briefly, the transplanted tumors were fixed with 4%

paraformaldehyde solution for 60 minutes. Then embedded in

paraffin and cut into 5-mm slides. After being dewaxed, rehy-

drated, and repaired, the cells on the slides were permeabilized

by permeabilization wash buffer. The slides were performed

using mixture of TdT and dUTP at 37 �C for 120 minutes in a

humidity chamber. Then the slides were treated with 0.3% H2O2

inmethanol for 15minutes. After being washed by PBS, the slides

were added by converter-POD at 37�C for 30 minutes. Following

incubation, excess labeling solution is washed off with PBS

and the chromatin of apoptotic cell were visualized using DAB.

Sections were then counter-stained with hematoxylin,

dehydrated, andmounted in glycerol-vinyl-alcohol (GVAmount,

Zymed). The degree of apoptosis was determined by combining

the proportion of positively stained nuclei and the intensity

of staining.

Inhibition of REDD1 Sensitizes BUC to Paclitaxel

www.aacrjournals.org Clin Cancer Res; 24(2) January 15, 2018 447

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
://a

a
c
rjo

u
rn

a
ls

.o
rg

/c
lin

c
a
n
c
e
rre

s
/a

rtic
le

-p
d
f/2

4
/2

/4
4
5
/2

0
4
8
5
4
3
/4

4
5
.p

d
f b

y
 g

u
e
s
t o

n
 2

6
 A

u
g

u
s
t 2

0
2
2



Statistical analysis

The statistical software package SPSS19.0 (SPSS incorporat-

ed, Chicago) was used for all statistical analysis. All experi-

ments were performed in triplicate at the minimum. Data are

presented as mean � SD. Significance tests were conducted on

the data groups using ANOVA followed by a comparison

between the specific groups using the Student t test.

The relationship between REDD1 expression and the clinico-

pathological characteristics was tested by the x
2 test. Survival

curves were plotted according to the Kaplan–Meier method and

compared by the log-rank test. Survival data were evaluated using

univariate and multivariate Cox-regression analyses. P < 0.05 in

all cases was considered statistically significant.

Results

Increased expression of REDD1 correlates with poor patient

survival

Western blot analysis was carried out in eight pairs of human

primary BUC tissues and their corresponding adjacent noncan-

cerous bladder urothelial tissues. Compared with correspond-

ing adjacent noncancerous tissues overexpression of REDD1 at

the protein level was detected in 75.0% (6/8) of human

primary BUCs (Fig. 1A). Those results were further confirmed

by immunohistochemistry performed in parallel on the same

eight tumor/normal pairs (Fig. 1B). Immunohistochemistry for

REDD1 expression further was performed on paraffin sections

from 112 primary BUC samples; 32 samples also had adjacent

non-neoplastic bladder tissue samples available for compari-

son. REDD1 expression was significantly overexpressed in 32

BUC tissue compared with matched normal bladder tissue

(Fig. 1C). Associations between REDD1 expression and clini-

copathologic features of BUC were examined. REDD1 levels

inversely correlated with advanced pT (P ¼ 0.011, Table 1) and

pN classification (P < 0.001; Table 1). There were no significant

associations between REDD1 expression and other clinicopath-

ologic features of BUC, including patient age, sex, tumor size,

tumor multiplicity, and tumor grade (P > 0.05; Table 1).

Univariate Kaplan–Meier survival analysis demonstrated that

clinical outcomes in our patient cohort are representative

of those generally observed in BUC, as in our cohort several

well-established prognostic parameters had significant impact

on patient overall survival (OS) and cancer-specific survival

(CSS), including tumor grade (OS: P ¼ 0.032, CSS: P ¼ 0.040,

respectively; Supplementary Table S1), pT classification (OS:

P ¼ 0.004, CSS: P ¼ 0.007, respectively; Supplementary

Table S1) and pN classification (OS: P < 0.001, CSS: P <

0.001, respectively; Supplementary Table S1). Importantly,

Kaplan–Meier survival analysis based on REDD1 expression

revealed that high REDD1 expression was correlated

with poorer OS and CSS of patients with BUC (OS: P <

0.001, CSS: P ¼ 0.001, respectively; Supplementary Table S1;

Fig. 1D and E).

REDD1 expression and other clinical pathological para-

meters closely related to poor OS and CSS in univariate analysis

(tumor grade, pT classification, pN classification) were further

examined in multivariate analysis. High REDD1 expression was

found to be an independent prognostic factor for poor OS

and CSS [OS: HR, 2.772, 95% confidence interval (CI), 1.398–

5.497; P ¼ 0.004, CSS: HR, 2.005, 95% CI, 0.952–4.223; P ¼

0.011, respectively; Supplementary Table S2]. pT classification

(OS: HR, 1.456, 95% CI, 0.973–2.179; P ¼ 0.041, CSS: HR,

1.493, 95% CI, 0.949–2.348; P ¼ 0.023, respectively; Supple-

mentary Table S2) and pN classification (OS: HR, 2.173,

95% CI, 1.115–4.236; P ¼ 0.023, CSS: HR, 2.778, 95% CI,

1.367–5.644; P ¼ 0.005, respectively; Supplementary Table S2)

were also confirmed to be independent prognostic factors

for survival.

REDD1 regulates cell proliferation, apoptosis, and autophagy

in BUC cells

As REDD1 is highly expressed in BUC, and its expression is

closely related to the prognosis of patients, we further explored

the effect of REDD1 on proliferation and apoptosis of BUC

cells. We analyzed REDD1 expression in several BUC cell lines

(BIU87, 5637, T24, EJ, and RT4). REDD1 expression was high

in T24 and EJ cells, which have invasive phenotypes, and low in

RT4, BIU87, and 5637 cells, which are poorly invasive (Fig. 2A).

To investigate the impact of perturbing REDD1 expression, we

knocked REDD1 down in T24 cells (which have high REDD1

expression) using shRNA (Fig. 2B) and overexpressed REDD1

in RT4 cells (which have low REDD1 expression) using an

overexpression plasmid (Fig. 2B). The effects of knockdown or

overexpression REDD1 on proliferation and apoptosis of BUC

cells were detected using CCK-8 and flow cytometry, respec-

tively. Silencing REDD1 expression in T24 cells decreased cell

proliferation (Fig. 2B) and increased apoptosis (Fig. 2D). Over-

expression of REDD1 in RT4 cells increased cell proliferation

(Fig. 2B) and decreased apoptosis (Fig. 2D). Expression of the

apoptosis markers cleaved caspase 3 (c-caspase 3) and cleaved

PARP (c-PARP) were upregulated after REDD1 knockdown, and

downregulated after REDD1 overexpression (Fig. 2F), indicat-

ing an inhibitory effect of REDD1 on apoptosis in BUC cells.

Cell cycle analysis found that REDD1 knockdown reduces the

PI, whereas overexpression of REDD1 increases the PI (Fig. 2E).

Expression of the autophagy marker LC3B was higher in

T24 cells than in RT4 cells. Moreover, LC3B expression level

was downregulated in T24 cells after REDD1 knockdown and

upregulated in RT4 cells after REDD1 overexpression (Fig. 2C),

suggesting that REDD1 also regulates autophagy in BUC cells.

Western blot analysis indicated that LC3-II expression was

decreased after REDD1 knockdown and increased after REDD1

overexpression, further indicating the involvement of REDD1

in autophagy (Fig. 2F). Because REDD1 can induce autophagy

by activating EEF2K [20], we analyzed EEF2K expression in T24

and RT4 cells. REDD1 overexpression enhanced EEF2K expres-

sion, while REDD1 knockdown repressed EEF2K expression

(Fig. 2F), suggesting that a "REDD1-EEF2K-autophagy" axis

also exists in BUC cells. The results of silencing REDD1 expres-

sion in EJ cells and enhancing REDD1 expression in BIU87 cells

also demonstrated that REDD1 participates in the regulation of

proliferation, apoptosis, and autophagy (Supplementary Fig.

S1A–S1F). To further determine the molecular mechanism

involved in REDD1 induced EEF2K/autophagy, we extended

our observation of mTOR pathway, EEF2K, and autophagy at

different time after altering REDD1 expression. We first

detected activity of AKT/mTOR pathway in all five cell lines

and found that AKT/mTOR pathway activity is higher in T24

and EJ cells but is lower in BIU87 and RT4 cells (Fig. 2A). Then

we found that AKT/mTOR pathway is activated early following

knockdown-expression of REDD1 in T24 and EJ cells, but

recover to normal level at 24 hours. But for EEF2K and

Zeng et al.
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Figure 1.

Increased expression of REDD1 is correlated with poor patient survival. A,Western blot analyses of REDD1 protein expression in eight pairs of matched bladder

urothelial carcinoma (BUC) tissues; b-actin was used as the loading control. B, Representative immunohistochemical analysis of REDD1 expression in

parallel on the eight tumor/normal pairs. C, Quantification of immunohistochemical analysis of REDD1 expression in 32 primary bladder BUCs and in

matched adjacent normal bladder mucosa. D and E, Kaplan–Meier curves of the OS and CSS of 112 patients with BUC with high or low REDD1 expression.

The P value was computed by the log-rank test. T, tumor tissue; A, adjacent noncancerous bladder urothelial tissue. ���� , P < 0.0001.
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autophagy marker, LC3-II, decreased following knockdown-

expression of REDD1 in T24 and EJ cells, and reached a lowest

level at 24 hours (Fig. 2G; Supplementary Fig. S1G). In contrast,

AKT/mTOR pathway are inhibited early following overexpres-

sion of REDD1 in BIU87 and RT4 cells, but recover to normal

level at 24 hours. Expression of EEF2K and LC3-II increased and

reached a highest level at 24 hours following ever-expression of

REDD1 in BIU87 and RT4 cells (Fig. 2H and Supplementary

Fig. S1H). Those results indicated that REDD1 may activate

EEF2K induced autophagy then promote BUC cells survival by

inhibiting AKT/mTOR pathway at an early stage. However, the

AKT/mTOR pathway recover at later stage through an unclear

negative feedback pathway.

Targeted regulation of miR-22 on REDD1 expression

To clarify the mechanisms involved in regulating REDD1

expression in BUC cells, microRNA target prediction databases

(microRNA.org andTargetScan)were used to predictmiRNAs that

could regulate REDD1 expression. Two putative binding sites for

miR-22 were identified in the REDD1 3'UTR (Fig. 3A). Expression

of miR-22 was assessed in BUC cell lines (BIU87, 5637, T24, EJ,

andRT4 cells), and it was found thatmiR-22 expressionwas lower

in BUC cells with high REDD1 expression (T24 and EJ cells) and

was increased in BUC cells with low REDD1 expression (RT4,

BIU87, and 5637 cells; Fig. 3B), suggesting an inverse correlation

betweenmiR-22 and REDD1 expression. We transfected T24 cells

withmiR-22mimics, and silencedmiR-22 expression in RT4 cells.

Transfection with miR-22 mimic increased miR-22 expression in

T24 cells, whereas transfection with anti-miR-22 significantly

repressed miR-22 expression in RT4 cells (Fig. 3C). In addition,

transfection with miR-22 mimics repressed REDD1 expression in

T24 cells, and transfection with anti-miR-22 enhanced REDD1

expression in RT4 cells (Fig. 3D), suggesting that miR-22 can

negatively regulate REDD1 expression. We used dual-luciferase

experiments to determine if miR-22 can directly regulate REDD1.

In HEK293T cells, miR-22 overexpression inhibited the reporter

activity of luciferase genes under transcriptional control of wild-

type REDD1 30-UTR (30-UTR-WT) or of a mutant REDD1 30-UTR

(30-UTR-MUT2). However, miR-22 did not affect the reporter

activity of luciferase with another mutant REDD1 30-UTR (30-

UTR-MUT1; Fig. 3E), suggesting that the miR-22 binding site is

within the region mutated in the 30-UTR-MUT1 construct. The

mutation sites in the REDD1 3'UTR reporter construct are shown

in Supplementary Fig. S2A.Moreover, miR-22 levels were inverse-

ly correlated with REDD1 expression (r¼�0.5858, P¼ 0.0007).

These data demonstrate that miR-22 directly regulate the expres-

sion of REDD1.

miR-22 regulates cell proliferation, apoptosis, and autophagy

in BUC cells

Because REDD1 regulates proliferation, apoptosis, and autop-

hagy in BUC cells, and miR-22 directly regulates the expression

of REDD1, we determined if miR-22 can also regulate prolifer-

ation, apoptosis, and autophagy in BUC cells. Transfection of

T24 cells with miR-22 mimics reduced cell proliferation and

increased apoptosis, while silencing miR-22 with anti-miR-22 in

RT4 cells increased proliferation (Fig. 4A) and reduced apoptosis

(Fig. 4B). In addition, perturbing miR-22 expression in T24 or

RT4 cells impacted cell-cycle progression (Fig. 4C). The apopto-

sis markers c-caspase 3 and c-PARP were upregulated after

miR-22 overexpression, and downregulated after silencing

miR-22 expression (Fig. 4E), suggesting that miR-22 is involved

in regulating proliferation and apoptosis in BUC cells. LC3B

expression was downregulated after miR-22 overexpression

in T24 cells, and upregulated after silencing miR-22 expression

in RT4 cells (Fig. 4D); a similar relationship was observed

between miR-22 expression and expression of LC3-II

(Fig. 4E). The results of enhancing miR-22 expression in EJ cells

and silencing miR-22 expression in BIU87 cells also demon-

strated that miR-22 participates in the regulation of prolifera-

tion, apoptosis, and autophagy in BUC cells (Supplementary

Fig. S3–S3E).

Involvement of REDD1 and miR-22 in Taxol chemosensitivity

of BUC cells

Both REDD1 and miR-22 have been reported to participate

in regulating the chemosensitivity in a variety of cancers

(15, 22, 27, 28). However their roles in Taxol-induced cyto-

toxity in BUC remain unknown. We found that the IC25

concentrations of Taxol were 81.46 and 42.87 nmol/L in

T24 and RT4 cells, respectively (Supplementary Fig. S2B),

indicating that T24 cells with high REDD1 expression are

more resistant to Taxol than RT4 cells with low REDD1

expression. To investigate whether REDD1 acts in Taxol-

induced cytotoxity of BUC, we transfected T24 or RT4 cells

with a REDD1 expression silencing plasmid or a REDD1

overexpression plasmid, respectively, and subsequently treated

the cells with their respective IC25 concentration of Taxol.

Knockdown of REDD1 expression in T24 cells increased

Taxol-induced cell cytotoxicity, whereas overexpression of

REDD1 reduced Taxol-induced cytotoxicity in RT4 cells

(Fig. 5A). We also explored the effect of miR-22 on Taxol-

induced cell cytotoxicity in BUC cells. Transfection with

Table 1. Correlation between the clinicopathological features and expression of

REDD1 in BUCs

REDD1 protein

Clinicopathological

features

Cases

(n ¼ 112)

Low

expression (%)

(n ¼ 54)

High

expression (%)

(n ¼ 58)

P

value
a

Age at diagnosis (years) 0.924

�67b 60 32 (53.3) 28 (46.7)

>67 52 22 (42.4) 20 (47.6)

Sex 0.444

Male 90 45 (50.0) 45 (50.0)

Female 22 9 (40.9) 13 (59.1)

Tumor size (cm) 0.989

�3.6c 58 28 (48.3) 30 (51.7)

>3.6 54 26 (48.1) 28 (51.9)

Tumor multiplicity 0.241

Unifocal 35 14 (40.0) 21 (60.0)

Multifocal 77 40 (51.9) 37 (48.1)

Tumor grade 0.383

Low 39 21 (53.8) 18 (46.2)

High 73 33 (45.2) 40 (54.8)

pT classification 0.011

pTa/pT1 31 20 (64.5) 11 (35.5)

pT2 34 19 (55.9) 15 (44.1)

pT3/pT4 47 15 (31.9) 32 (68.1)

pN classification <0.001

pN- 86 51 (59.3) 35 (40.7)

pNþ 26 3 (11.5) 23 (88.5)
aChi-square test.
bMedian age.
cMedian size; BUC, bladder urothelial carcinoma.
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Figure 2.

REDD1 regulates cell proliferation, apoptosis, and autophagy in BUC cells. A, Western blot analysis of REDD1 expression and AKT/mTOR signaling in

several BUC cell lines (BIU87, 5637, T24, EJ, and RT4). B, Western blot analysis of REDD1 in T24 cells transfected with different REDD1-targeting

shRNAs (sh-1, sh-2, sh-3), and RT4 cells transfected with REDD1 overexpression plasmid. Cell proliferation was determined in T24 and RT4 cells using

the CCK-8 method. C, Expression of the autophagy marker LC3B was detected by immunofluorescence, and analyzed with flow cytometry.

D, Apoptosis of T24 and RT4 cells with modulation of REDD1 expression was detected by flow cytometric analysis of annexin V and propidium iodide staining.

E, Cell cycle in T24 and RT4 cells was analyzed by flow cytometry analysis. PI¼ (S þ G2–M)/(S þ G2–Mþ G0–G1). F, Protein expression of c-caspase 3, c-PARP,

LC3-I/II, and EEF2K after intervention on REDD1 expression was detected by Western blot analysis. G and H, The levels of p-AKT, AKT, p-mTOR,

mTOR, p-S6K1, S6K1, EEF2K, and LC3-I/II were examined by Western blot analysis. The time point of "o min" was identified beginning at 24 hours

after sh-REDD1 or REDD1 plasmid transfecting. ���� , P < 0.0001; � , P < 0.05.
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miR-22 mimics increased Taxol-induced cell cytotoxicity in

T24 cells, while silencing miR-22 expression suppressed Taxol-

induced cytotoxicity in RT4 cells (Fig. 5B). In addition, Taxol-

induced apoptosis was increased in T24 cells after knockdown

of REDD1 or transfection with miR-22 mimic, as indicated by

increases in c-caspase 3 and c-PARP expression (Fig. 5C and

D). REDD1 overexpression or silencing of miR-22 in RT4 cells

antagonized Taxol-induced c-caspase 3 and c-PARP expression

(Fig. 5C and D). These data suggest that REDD1 and miR-22

are involved in Taxol-induced cell apoptosis in BUC cells.

Although both REDD1 and miR-22 were shown to regulate

autophagy in BUC cells, the single Taxol treatment did not

have an obvious impact on autophagy and REDD1 expression

(Fig. 5C and D), suggesting that Taxol-induced cytotoxity in

BUC is independent of autophagy. However, inhibiting

REDD1 or overexpressing miR-22 in BUC cells can repress

autophagy, which may synergistically increase Taxol chemo-

sensitivity of BUC cells. Similar involvement of REDD1 and

miR-22 in Taxol chemosensitivity upon silencing or enhancing

expression of REDD1 and miR-22 were observed in additional

EJ and BIU87 cells (Supplementary Fig. S4–SD). Furthermore,

to identify the role of autophagy in Taxol chemosensitivity of

BUC cells, the autophagy inhibitors 3-MA and CQ were

applied to RT4 cells. Both 3-MA and CQ intensified Taxol

sensitivity, which was inhibited by REDD1 overexpression

plasmid or miR-22 inhibitor (Supplementary Fig. S5A–S5D).

These results also indicate that REDD1 regulates proliferation

and apoptosis at least partly by autophagy.

Figure 3.

miR-22 regulates REDD1 expression. A, Predicted binding sites for miR-22 within the REDD1 30UTR (from microRNA.org). B, Baseline expression of miR-22

was detected in BIU87, 5637, T24, EJ, and RT4 cells by QRT-PCR. C, Expression of miR-22 was detected in T24 or RT4 cells by qRT-PCR after

transfection with miR-22 mimics or anti-miR-22, respectively. D, REDD1 protein expression was analyzed by Western blot analysis after in T24 or RT4

cells after modulation of miR-22 expression. E, Relative luciferase activity from HEK293T cells cotransfected with miR-22 mimics and pMIR-REDD1-

30UTR-WT, pMIR-REDD1-30UTR-MUT1, or pMIR- REDD1-30UTR-MUT2. Luciferase activity was detected 48 hours after transfection. F, Negative correlation

between REDD1 and miR-22 expression in eight pairs of human primary BUC tissues and their corresponding adjacent noncancerous bladder urothelial

tissues and additional 14 cases of primary BUC tissues. ���� , P < 0.0001.

Zeng et al.

Clin Cancer Res; 24(2) January 15, 2018 Clinical Cancer Research452
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Restoration of REDD1 expression counteracts miR-22–

mediated Taxol sensitivity

Because both REDD1 and miR-22 modulate Taxol chemo-

sensitivity in BUC cells, and miR-22 directly regulates REDD1

expression, we explored whether the mechanism of miR-22-

promoted Taxol chemosensitivity in BUC cells involves repres-

sion of REDD1. REDD1 expression was restored in T24 cells

transfected with miR-22 mimics by cotransfection with a

REDD1 overexpression plasmid. Similarly, REDD1 expression

was decreased in RT4 cells transfected with miR-22 inhibitor by

cotransfection with a REDD1 silencing plasmid. There was a

positive correlation between EEF2K and REDD1 expression

changes (Fig. 6A). Compared to transfection with miR-22

mimics, cotransfection with miR-22 mimics and REDD1 over-

expression plasmid inhibited Taxol-induced cytotoxicity and

Taxol-induced apoptosis in T24 cells (Fig. 6B and C). Com-

pared with the miR-22 inhibitor transfection group, RT4 cells

cotransfected with miR-22 inhibitor and REDD1 knockdown

vector exhibited increased Taxol-induced cytotoxicity and Tax-

ol-induced apoptosis (Fig. 6B and C). In addition, cotransfec-

tion with miR-22 mimics and REDD1 overexpression plasmid

restored the decline in autophagy markers caused by miR-22

Figure 4.

miR-22 regulates cell proliferation, apoptosis, and autophagy in BUC cells. A, T24 cells were transfected with miR-22 mimics, and RT4 cells with

miR-22 inhibitors and the CCK-8 method was used to detect cell proliferation. B, The effects of miR-22 mimics or inhibitors on apoptosis of T24 or RT4 cells

were assessed through annexin V staining and flow cytometry analysis. C, Cell cycle was analyzed by flow cytometry. D, Immunofluorescence for the

autophagy marker LC3B was quantitated with flow cytometry. E, Protein expression of c-caspase 3, c-PARP, and LC3-I/II was detected by Western

blot after intervention on miR-22 expression. �� , P < 0.01; � , P < 0.05.
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Figure 5.

Involvement of REDD1 and miR-22 in Taxol chemosensitivity in BUC cells. A and B, The effect of knockdown or overexpression of REDD1 or miR-22

on cell proliferation and apoptosis was examined in T24 and RT4 BUC cells. CCK-8 was used to detect cell proliferation ability, and propidium

iodide and annexin V staining were used to detect apoptosis. C and D, Protein expression of of c-caspase 3, c-PARP, LC3-I/II, and REDD1 were analyzed

by Western blot analysis following modulation of REDD1 or miR-22 and/or treatment with Taxol in RT4 and T24 cells.
���� , P < 0.0001; ��� , P < 0.001; �� , P < 0.01; � , P < 0.05.

Zeng et al.

Clin Cancer Res; 24(2) January 15, 2018 Clinical Cancer Research454
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mimics in T24 cells, and cotransfection with miR-22 inhibitor

and REDD1 knockdown vector inhibited miR-22 inhibitor-

induced autophagy in RT4 cells (Fig. 6A and D). Similar results

about restoration of REDD1 expression counteracts miR-22–

mediated Taxol sensitivity were observed in EJ and BIU87 cells

(Supplementary Fig. S6A–S6D). We found that Taxol signifi-

cantly inhibited the clone-forming capacity of T24 and RT4

cells (Supplementary Fig. S5E and S5F). Furthermore, transfec-

tion of miR-22 mimics in T24 cells increased Taxol-induced

inhibition of clone formation, and REDD1 reversed the

increase in Taxol-induced inhibition of clone formation due

to miR-22 mimics. Transfection of miR-22 inhibitor in RT4 cells

inhibited Taxol-induced inhibition of clone formation, and

silencing REDD1 reversed the protection of miR-22 inhibitor

on RT4 cells (Supplementary Fig. S5E and S5F). These data

demonstrate that miR-22 increases Taxol chemosensitivity in

BUC cells by directly regulating the expression of REDD1.

Effect of REDD1 on Taxol chemosensitivity in BUC cells

in vivo

We used a xenograft mouse model to validate the effect of

REDD1 on Taxol chemosensitivity of BUC cells in vivo. Repres-

sion of REDD1 expression with sh-REDD1 plasmid or miR-22

overexpression lentivirus reduced the tumorigenic ability of

T24 and EJ cells, and increased Taxol cytotoxicity in the sub-

cutaneous carcinomamodel (Fig. 7A and C; Supplementary Fig.

S7A and S7C). Upregulation of REDD1 expression with REDD1

overexpression plasmid or anti-miR-22 lentivirus increased the

tumorigenic ability of RT4 and BIU87 cells and decreased the

cytotoxicity of Taxol in the subcutaneous sarcoma model (Fig.

7B and D; Supplementary Fig. S7B and S7D). In addition, the

effect of REDD1 on tumor cells apoptosis was tested by TUNEL

assay. Repression of REDD1 expression with sh-REDD1 plas-

mid or miR-22 overexpression lentivirus markedly increased

the apoptosis of T24 and EJ cells, and increased Taxol-induced

apoptosis in the subcutaneous carcinoma (Fig. 7E; Supplemen-

tary Fig. S7E). Upregulation of REDD1 expression with REDD1

overexpression plasmid or anti-miR-22 lentivirus reduced the

apoptosis of RT4 and BIU87 cells and reduced Taxol-induced

apoptosis in the subcutaneous carcinoma (Fig. 7F; Supplemen-

tary Fig. S7F).

Discussion

Here we report for the first time that REDD1 expression is

significantly upregulated in BUC tissue when compared with

normal bladder tissue. Moreover, patients with BUC, our clinical

analyses revealed the high expression of REDD1 was remarkably

correlated to poorer progress in patientswithBUC, suggesting that

REDD1maybe a potential biomarker to assess prognosis for these

individuals.

Recent studies have noted that REDD1 expression is upregu-

lated in several tumor types such as ovarian cancer (18, 19),

prostate cancer (20), and colorectal cancer (29). Our results are

consistent with those studies. In addition, REDD1 was shown to

increase proliferation and decrease apoptosis of BUC cells, sug-

gesting that REDD1 acts as an oncogene in BUC cells.

As a stress-related protein, REDD1 can be stimulated by

oxygen deficit, nutrition deficiency, energy stress, and other

stress conditions (30). Tumor cells, especially in advanced

tumors, are exposed to many kinds of stresses, and REDD1

expression may be a self-protective mechanism of tumor cells to

evade apoptosis (20). As an intermediary regulatory link of RAS,

HIF-1a, and other oncogenes, REDD1 may inhibit apoptosis

and promote tumor progression by activating an anti-apoptotic

program (20, 31). Studies found that the survival-promoting

mechanisms of REDD1 may involve inhibition of the mTOR

signaling pathway (32).

ThemTOR signaling pathway regulates the activity of the ULK1

protein activated complex, suppressing autophagy (33). EEF2K is

a calcium/calmodulin-dependent enzyme and increases in EEF2K

expression can trigger autophagy (13, 34, 35). Studies have found

that the mTOR signaling pathway promotes EEF2K degradation

through phosphorylating the Ser78/Ser366 site of EEF2K, result-

ing in decreased autophagy. As an inhibitor ofmTOR, REDD1 can

stabilize EEF2K expression through the mTOR-EEF2K pathway

to promote autophagy (13). Therefore, a REDD1–EEF2K–

autophagy regulation axis exists. In this study, both EEF2K

expression and autophagy markers were increased after REDD1

overexpression in BUC cells, whereas REDD1 knockout inhibited

EEF2K expression and decreased expression of autophagy mar-

kers, providing the first evidence for a REDD1–EEF2K–autophagy

axis in BUC cells. REDD1-mediated autophagy promotes cell

survival (36), and REDD1-promoted autophagy may be one of

the mechanisms by which REDD1 acts as an oncogene in BUC.

AKT/mTOR signal pathway has been reported to be activated

and to promote BUC cell survival (37). Interestingly, we found

higher AKT/mTOR pathway activity in BUC cell lines that express

higher REDD1 levels, which seems to be in contrast with the

mTOR inhibition role of REDD1. We further found that AKT/

mTOR pathway is affected early after REDD1 expression was

interrupted but then recover to normal level rapidly, whereas

EEF2K induced autophagy was affected at a later stage and

sustained for a long time. Of note, REDD1 may activate EEF2K

induced autophagy then promote BUC cells survival by inhibiting

AKT/mTOR pathway at early stage. However, the AKT/mTOR

pathway recovers at later stage through unclear negative feedback

pathways. Our finding is in line with the data from Dennis and

colleagues, who demonstrated that AKT/mTOR signaling recov-

ered at later stage through a negative feedback loop after REDD1

expression was interrupted in Rat2 fibroblasts (32).

Nucleo-cytoplasmic expression of REDD1 was reported in

human neuroblastoma cells and REDD1 protein could be accu-

mulated in the nucleus by treated with Ab42 (38). Our study also

showed that REDD1 is both located in cytoplasm and nucleus

in BUC cells. Furthermore, REDD1 tend to be higher concentrated

in the cytoplasm in the well differentiated BUC samples and

be higher concentrated in the nucleus in the poor differentiated

BUC samples (the data was not showed). This phenomenon

serves as a reminder that nuclear translocation of REDD1 may

contribute to the differentiation of BUC cells. However, further

studies are needed to confirm the hypothesis.

Cells can adapt to stress by appropriate activationof autophagy,

leading to cell survival. Increased autophagy in tumor cells is a

mechanism of tolerance or insensitivity to chemotherapy, and

inhibiting the key regulatory molecules of autophagy can effec-

tively enhance chemosensitivity (10, 39). We found that Taxol

chemosensitivity was increased after repression of autophagy

through silencing REDD1 in T24 cells. In addition,wedetermined

that Taxol chemosensitivity was decreased after upregulating

REDD1 in RT4 cells to activate autophagy. Previous studies also

reported that inhibiting REDD1–autophagy axis can promote

Inhibition of REDD1 Sensitizes BUC to Paclitaxel
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Figure 6.

Restoration of REDD1 expression counteracts miR-22–mediated Taxol sensitivity. T24 and RT4 cells were treated with Taxol and combinations of miR-22

mimics, miR-22 antagonist, shRNA-REDD1, and REDD1 overexpression vector. A, Protein expression of c-caspase 3, c-PARP, LC3-I/II, REDD1, and

EEF2K was determined by Western blot analysis. B, CCK-8 was used to determine treatment effect on cell proliferation. C, Flow cytometry was used

to detect cell apoptosis. D, Autophagy was assessed by immunofluorescence of LCB3 and quantification by flow cytometry. ���� , P < 0.0001; ��� , P < 0.001;
�� , P < 0.01; � , P < 0.05.

Zeng et al.

Clin Cancer Res; 24(2) January 15, 2018 Clinical Cancer Research456
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chemosensitivity in myeloma cells (14) and prostate cancer cells

(15). In this experiment, Taxol doses at IC25 concentrations had

no obvious effect on autophagy or REDD1 expression in T24 and

RT4 cells (data not presented). Furthermore, it has been reported

that Taxol promotes autophagy in ovarian cancer (10) and lung

cancer cells (40), but inhibits autophagy in MCF-7 and SK-BR-3

breast cancer cells (41), suggesting that Taxol has different effects

on autophagy in different cancer cells. This may be due to

differences in the threshold of Taxol-triggered autophagy in a

cell-line–specific context. These results indicate that REDD1-

mediated autophagy may be a novel target to sensitize BUC cells

to Taxol chemotherapy.

REDD1 expression can be induced byMAPK and PKA signaling

pathways (42, 43), and can also be negatively regulated by other

factors such as Ezrin, T-cell acute leukemia 1 (TAL1), and IL6

(44–46). Here we make the novel discovery that REDD1 is

negatively regulated by miR-22. Elevated expression of miR-22

can inhibit the proliferation of BUC cells, increase cell apoptosis,

and reduce autophagy. Functional restoration of REDD1 further

confirmed the presence of a "miR-22-REDD1-proliferation/

apoptosis/autophagy" axis. miR-22 acts as a tumor suppressor

gene inmany tumors and can participate in regulating the genesis

and development of gastric cancer, renal cell carcinoma, liver

cancer and other tumors by targeting MMP14, SIRT1, and Gal-9

Figure 7.

Effects of REDD1 and miR-22 on Taxol

chemosensitivity in T24 and RT4 cells in

nude mice. A and B, Tumor tissues

isolated from indicated mice at day 35

posttransplant. C and D, The tumor

volumes were calculated at day 35

posttransplant. E and F, Tumor cells

apoptosis was tested by TUNEL assay.
���� , P < 0.0001; ��� , P < 0.001;
�� , P < 0.01; � , P < 0.05.
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genes (47–49). Our experiments also demonstrate that miR-22

acts as an anti-oncogene in BUC cells. Furthermore, it has been

reported that miR-22 can regulate chemosensitivity in osteosar-

coma and colon cancer (27, 28, 50). We confirmed that miR-22

was able to increase chemosensitivity to paclitaxel in BUC cells by

inhibiting the REDD1–autophagy axis. The ability of regulating

autophagy of miR-22 in BUC cells is coincident with the conclu-

sion in recent studies, which revealed that miR-22 could regulate

autophagy by targeting p38a, HMGB1, and BTG1 (27, 51, 52).

Finally, this study demonstrated that inhibiting REDD1 expres-

sion by RNAi ormiR-22 can increase the chemosensitivity of BUC

cells to paclitaxel in vivo.

In conclusion, REDD1 is highly expressed in BUC tissues,

and high expression of REDD1 is an indicator of poor prog-

nosis for patients with BUC. Stimulating or antagonizing the

REDD1–EEF2K–autophagy axis can correspondingly increase

or decrease the generative capacity of BUC cells. Inhibiting

REDD1 expression by RNAi or miR-22 can increase paclitaxel

chemosensitivity in BUC cells. Our results demonstrate that

REDD1may be a prognostic biomarker and an actionable target

for chemosensitization of BUC.
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