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There is a high frequency of tumor recurrence in non-muscle invasive bladder cancer (NMIBC) after transurethral
resection and postoperative intravesical chemotherapy, however, the molecular mechanisms leading to the
chemoresistance and tumor re-growth remain largely unknown. In this study, we observed a significant decrease
of DAB2IP expression in high-grade and recurrent NMIBC specimens, which was negatively correlated with
Twist1 expression and predicted a lower recurrence-free survival of patients. Mechanistically, DAB2IP could
inhibit the phosphorylation and transactivation of STAT3, and then subsequently suppress the expression of
Twist1 and its target gene P-glycoprotein, both of which were crucial for the pirarubicin chemoresistance and
tumor re-growth of bladder cancer cells. Overall, this study reveals a new promising biomarker modulating
the chemoresistance and tumor recurrence of NMIBC after bladder preservation surgery.

© 2015 Elsevier Inc. All rights reserved.

1. Introduction

Bladder cancer (BCa) is one of the most common urological malig-
nancies, and more than 70% of cases are non-muscle invasive bladder
cancer (NMIBC) [1]. Transurethral resection (TUR) of bladder tumors
followed by postoperative intravesical chemotherapy (i.e., pirarubicin)
or Bacillus Calmette-Guérin (BCG) immunotherapy is the most efficient
treatment for patients with NMIBC. However, there is a high propensity
of tumor recurrence after bladder preservation therapy [2]. Drug-
resistant cells are believed to be the main source of recurrent tumors
after chemotherapy [3], however, the mechanisms contributing to
chemoresistance and tumor recurrence of NMIBC remain largely
unknown.

DAB2IP, a member of the RAS-GTPase activating protein (RAS-GAP)
family [4], is down-regulated in multiple cancer types, including BCa. It
has been reported that the promoter methylation of human DAB2IP
gene occurred more frequently in muscle-invasive BCa (MIBC) than
NMIBC [5]. Shen et al. also showed that DAB2IP loss was significantly
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associated with high tumor stage and grade, and knocking-down
DAB2IP in BCa cells could promote cell proliferation, migration and in-
vasion as well as activation of the ERK and Akt pathways and induction
of epithelial-mesenchymal transition (EMT) [6]. In consistency, our
previous study also demonstrated that DAB2IP was significantly
down-regulated in advanced or metastatic MIBC than NMIBC, and
could predict a lower 3-year survival after radical cystectomy [7]. How-
ever, the potential roles of DAB2IP in NMIBC recurrence or progression
have not been reported.

In this study, we further explored the expression of DAB2IP in
NMIBC specimens with different pathological grades, especially in the
recurrent tumors after TUR and intravesical pirarubicin instillation.
Indeed, our data provide evidence to verify a decreased expression of
DAB2IP in high-grade and recurrent NMIBC tissues. Mechanistically, we
showed that DAB2IP could inhibit the phosphorylation and transactivation
of signal transducer and activator of transcription 3 (STAT3), and then sub-
sequently suppress the expression of Twist1, a basic helix-loop-
helix transcription factor, and its target gene P-glycoprotein (P-gp),
which were crucial for the chemoresistance to anthracyclines
(i.e., pirarubicin) in BCa cells as demonstrated in our previous
study [8]. Importantly, DAB2IP loss was correlated with Twist1 ex-
pression in BCa specimens, and indicated a lower recurrence-free
survival of patients with NMIBC. Taken together, these results sug-
gest that DAB2IP may be a promising biomarker to predict the prog-
nosis of NMIBC.
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2. Materials and methods
2.1. Reagents and antibodies

Pirarubicin (THP), 3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetra-
zolium Bromide (MTT) and Stattic (a specific STAT3 inhibitor) were ob-
tained from Sigma-Aldrich Chemical (St. Louis, MO, USA). Antibodies
used were as follows: anti-Twist1 (ab49254, Abcam, Cambridge, UK);
anti-P-gp (sc-55510, Santa Cruz Biotechnology, Santa Cruz, CA, USA);
anti-p-STAT3 (Tyr705, CST #9131, Cell Signaling Technology, Beverly,
MA, USA); anti-STAT3 (sc-482, Santa Cruz Biotechnology); anti-
GAPDH (sc-25778, Santa Cruz Biotechnology), and anti-DAB2IP, gener-
ated as described previously [9].

2.2. Cell line and cell culture

Human bladder cancer 5637 and 253] cell lines were kindly gifted by
Dr. Leland W.K. Chung (Cedars-Sinai Medical Center, Los Angeles, CA,
USA), and maintained in Dulbecco's modified Eagle's medium (DMEM,
Gibco, San Diego, CA, USA) supplemented with 10% fetal bovine serum
(FBS) at 37 °C with 5% CO; in a humidifed incubator.

2.3. Plasmids and cell transfection

DAB2IP shRNA and its scrambled shRNA control, DAB2IP cDNA and
its vector control, Twist1 siRNA and its scrambled siRNA control have
been described in our previous studies [8,10]. The Twist1 reporter plas-
mid (Twist1-Luc) was kindly presented by Prof. Lu-Hai Wang (Mount
Sinai School of Medicine, New York, NY, USA) [11]. STAT3 siRNA
oligonucleotide (sequence: 5'-CACCGCAUCUCUACAUUCATT-3’) and
its scrambled siRNA control were designed and purchased from
GenePharma (Shanghai, China). For shRNA, cDNA or siRNA transfection,
5 x 10° cells were seeded in a 6-well plate (Costar, Lowell, MA, USA)
with 70-80% confluence before transfection. The transfection was car-
ried out using Lipofectamine LTX with PLUS (Invitrogen, Carlsbad, CA,
USA) according to the manufacturer's instructions. 5637-luciferase
cells were generated with a lentivirus system expressing a luciferase
gene under selection of 400 pg/ml G418 for 2 weeks as described previ-
ously [12]. Stable 5637-luc transfectants with DAB2IP shRNA (i.e. 5637
KD) were selected in the complete medium containing 600 ng/ml Puro-
mycin, and stable 253] transfectants with DAB2IP cDNA were selected in
the complete medium containing 400 pg/ml G418.

2.4. Colony formation assay

A total of 5000 cells per well were seeded in 6-well plates for 24 h,
and then switched into fresh medium containing 0.5 pg/ml THP for
two weeks, and fresh medium was changed every 3-4 days. The plates
were then washed with ice-cold PBS, fixed with 4% paraformaldehyde,
stained in crystal violet solution for 15 min at room temperature and
washed with distilled water to remove excess dye. The number of colo-
ny was counted for each sample.

2.5. Cell viability assay

Cell viability was determined by MTT assay as previously described
[8]. Briefly, cells were seeded into 96-well plates. After 24 h, the medium
was changed by fresh medium containing various concentration of THP
(0,0.1,1, 5, 10, 20 pg/ml) for another 24 h, followed by supplement of
20 pg MTT (5 mg/ml) for 4 h. Viable cells were detected by a 96-well mi-
croplate reader (Bio-Rad, Hercules, CA, USA) at a wavelength of 490 nm.
The value of half-maximal inhibitory concentration (IC50) to THP was
calculated using linear regression analysis.

2.6. RNA extraction and quantitative RT-PCR

qRT-PCR was performed as described previously [13]. In brief, RNA
was isolated using RNeasy Kit (Qiagen, Valencia, CA, USA) and reverse
transcribed with RevertAid™ kit (MBI Fermentas, St. Leon-Rot,
Germany) according to the manufacturer's instructions. cDNA was sub-
jected to a 25 pl real-time PCR carried out in an iCycler thermal cycler
(Bio-Rad, Hercules, CA, USA) using iQ SYBR Green Supermix (Bio-Rad)
with the gene-specific primers: Twist1, F: 5'-GGAGTCCGCAGTCTTACG
AG-3’; R: 5'-TCTGGAGGACCTGGTAGAGG-3’; MDR1, F: 5'-GTGTCCGT
GGATCACAAGCC-3’; R: 5'-GCGAGCCTGGTAGTCAATGC-3’; 18S, F: 5’-
GGAATTGACGGAAGGGCACCACC-3', R: 5'-GTGCAGCCCCGGACATCTAA
GG-3'.

2.7. Protein extraction and western blot

Total cellular protein lysates were prepared with RIPA buffer [50 mM
Tris (pH 8.0), 150 mM Nacl, 0.1% SDS, 1% NP40 and 0.5% sodium
deoxycholate] containing proteinase inhibitors, 1% Cocktail and 1
mmol/l PMSF (Sigma, St. Louis, MO, USA). A total of 20-40 pg of protein
was separated by 7-12% SDS-PAGE and transferred to nitrocellulose
membranes. Following blocking with 5% skim milk in Tris-buffered sa-
line with 0.1% Tween 20 (pH 7.6, TBST), the membranes were incubated
with primary antibodies at room temperature for 1.5 h. After being
washed with TBST, membranes were incubated with secondary anti-
bodies coupled to horseradish peroxidase at room temperature for 1 h
and visualized with an ECL chemiluminescent detection system (Pierce,
Rockford, IL, USA). Loading differences were normalized using a mono-
clonal GAPDH antibody.

2.8. Dual-luciferase reporter assay

For the reporter gene assay, cells seeded in 24-well plates were
transfected with 200 ng Twist1-luc reporter gene constructs or STAT3-
responsive luciferase reporter plasmid pLucTKS3 and 1 ng of the pRL-
SV40 Renilla luciferase construct (as an internal control). Cell extracts
were prepared 48 h after transfection, and the luciferase activity was
measured using the Dual-Luciferase Reporter Assay System (Promega)
as described previously [13]. Relative luciferase activity is represented
as mean 4 SEM from each sample after normalizing with control (=1).

2.9. Intravesical instillation xenograft models and THP treatment

Female athymic BALB/c nu/nu mice at the age of 4-6 weeks were
used to establish the intravesical orthotopic animal model according
to the protocols approved by the ethical committee of Xi'an Jiaotong
University. In brief, mice were anesthetized and a 24-gauge catheter
was inserted into the bladder through the urethra. 100 pl of 0.2% trypsin
in 0.02% EDTA was infused and retained in the bladder for 30 min, and
then 5 x 10° 5637-luc sublines (i.e., 5637 KD and its control) in 100 pl
medium mixed with Matrigel (1:1, v/v) was instilled into the bladder.
After 3 days and 1 week, mice were anesthetized again and THP
(30 mg/m?) was instilled into bladder with a 24-gauge catheter for
30 min, respectively. Subsequently, Bioluminescence imaging (BLI)
was performed to detect the tumor burden with injection of
450 mg/kg D-luciferin substrate (Biosynth, Naperville, IL, USA) in PBS
into anesthetized mice after 3 weeks.

2.10. Immunofluorescence (IF) staining

Cells were fixed in 4% paraformaldehyde for 15 min at room temper-
ature and washed three times with PBS then permeabilized with ice-
cold 100% methanol for 10 min. The slides were blocked in PBS contain-
ing 0.3% Triton-X100 and 5% normal donkey serum for 1 h at room tem-
perature. Primary antibody was incubated for 1 h at room temperature.
After washing with PBS, cells were incubated with secondary antibodies
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for 45 min at room temperature. Finally, cells were counterstained with
4’ 6-diamidino-2-phenylindole (DAPI) before mounting.

2.11. Clinical tissue samples and immunohistochemical (IHC) staining

All the paraformaldehyde-fixed and paraffin-embedded primary
NMIBC tissues (n = 187) were obtained from the Institute of Urology,
Xi'an Jiaotong University. All the tissues were obtained from TUR be-
tween 2003 and 2012. Among these patients with primary NMIBC, 32
patients were detected with tumor recurrence during the formal
intravesical THP instillation and follow-up, and received a second TUR
in our department. The histopathology of the specimens was examined
and classified by pathologists from First Affiliated Hospital of Xi'an
Jiaotong University. All samples were used after written consent was
obtained from the patients.

IHC was carried out with Dako Autostainer Plus system (Dako,
Carpinteria, CA, USA) as described [14]. Briefly, sections were depara-
ffinized, rehydrated and subjected to antigen retrieval in citrate buffer
(10 mM, pH 6.0) for 5 min, and then endogenous peroxidase and alka-
line phosphatase activity were blocked with Dual Block for 10 min. The
slides were then incubated overnight at 4°C with DAB2IP (1:75 dilu-
tions), Twist1 (1:100 dilutions) and P-gp antibodies (1:150 dilutions).
After washing, this was followed by incubation with EnVision secondary
antibody for 30 min at room temperature. Signals were detected by
adding substrate hydrogen peroxide using diaminobenzidine (DAB) as
a chromogen followed by hematoxylin counterstaining. DAB2IP expres-
sion in human NMIBC tissues was evaluated according to the intensity
of the staining (0, 1+, 2+ and 3 +) and the percentages of positive
cells, which was separated by 0 (0%), 1 (1% to 33%), 2 (34 to 66%) and
3 (67 to 100%). Finally, the staining result was considered higher ex-
pression (intensity 2 or 3 and percent category 2 or 3) or lower expres-
sion (intensity 0 or 1, or more but percent category 0 or 1). For each
section, the total score was calculated by multiplying the scores of in-
tensity and percentage.

2.12. Statistical analysis

All statistical analyses were performed using SPSS 15.0 (SPSS Inc.,
Chicago, IL, USA). Quantitative data were presented as mean + SEM,
and the differences between two groups were compared by the 2-
tailed Student's t test. For analyzing gene-expression profiling and cor-
relation, human bladder cancer data set GSE13507 (n = 256) [15] was
used. Processed data were downloaded from NCBI GEO, and log2 data
for individual probes were Z scored for plotting. Spearman’s correlation
between DAB2IP and Twist1 expression was calculated by Prism 5.0
(GraphPad Software, La Jolla, CA, USA). Among these 256 patients, the
expression of DAB2IP in 103 cases of primary NMIBC and 23 cases of re-
current NMIBC was compared. Recurrence-free survival curves for 103
cases of primary NMIBC were plotted using Kaplan-Meier analysis.
P < 0.05 was considered statistically significant.

3. Results

3.1. Down-regulated DAB2IP expression in high-grade and recurrent
NMIBC specimens after intravesical THP instillation

We have showed the distinct expression patterns of DAB2IP in
NMIBC different with MIBC tissues in our previous study [7]. Herein,
our [HC data also revealed a significant decrease of DAB2IP staining in
NMIBC tissues with a higher pathological grade, meanwhile a strong
staining of DAB2IP was observed in the cytoplasm of normal urothelium
(Fig. 1A-B, P< 0.05). Moreover, we found that lower DAB2IP expression
was detected in the recurrent tumor tissues after intravesical THP instil-
lation in the same patients with a second TUR, indicating that DAB2IP
loss may be associated with the chemoresistance to THP and tumor re-
currence of NMIBC (Fig. 1C, P< 0.05).

3.2. DAB2IP regulates the chemosensitivity of BCa cells to
pirarubicin treatment

Indeed, utilizing both loss-of-function and gain-of-function strat-
egies in 5637 and 253] cell lines with different sensitivities to THP as
showed in our previous study, we found that knockdown of DAB2IP
could dramatically enhance the colony formation of 5637 cells treat-
ed with THP (Fig. 2A, P<0.05); meanwhile overexpression of DAB2IP
abolished the survival advantage of 253] cells after THP treatment
(Fig. 2B, P < 0.05). In consistency, DAB2IP could significantly modu-
late the IC50 of 5637 and 253] cells to THP treatment accordingly
(Fig. 2C, P < 0.05). Together, the data indicated that DAB2IP could
regulate the chemosensitivity of BCa cells to pirarubicin in vitro.

3.3. DAB2IP loss increases Twist1/P-glycoprotein expression in BCa cells

Furthermore, we examined the potential changes of Twist1 and
P-glycoprotein (P-gp) expression, which were shown to play an im-
portant role in the chemoresistance to anthracycline drugs in BCa in
our previous study [8]. Indeed, as shown in Fig. 3A (left and middle
panel), western blot and qPCR data clearly showed that the expres-
sion of Twist1 and P-gp protein and mRNA increased in 5637 cells
after DAB2IP knockdown. Consistently, overexpression of DAB2IP
in 253] cells could downregulate the expression levels of Twist1
and P-gp protein and mRNA (Fig. 3A, left and middle panel). Further-
more, a negative regulation of Twist1 promoter activity by DAB2IP
was also detected in both 5637 and 253] cells, indicating that
DAB2IP could suppress Twistl gene transcription in BCa cells
(Fig. 3A and B, right panel). Furthermore, we observed the decreased
Twist1 and P-gp protein levels in DAB2IP-deficient 5637 KD cells
after DAB2IP overexpression in a dose-dependent manner (Fig. 3C,
left panel), which would lead to the suppression of IC50 to THP treat-
ment (Fig. 3C, right panel, P<0.05). Also, Twist1 knockdown dramat-
ically decreased P-gp protein expression and IC50 to THP treatment
in 5637 KD cells (Fig. 3D, P<0.05). Therefore, DAB2IP could suppress
Twist1 gene expression and then abolish P-gp expression and THP
chemoresistance in BCa cells.

3.4. DAB2IP regulated Twist1/P-glycoprotein expression and
chemosensitivity of BCa cells to pirarubicin through STAT3 signaling

STAT3 has been shown to directly regulate Twist1 gene transcription
[16], so we suppose that STAT3 may mediate the suppression of Twist1
expression by DAB2IP, because our previous study has demonstrated
that DAB2IP could directly bind to and inactivate STAT3 activity [17]. In-
deed, as shown in Fig. 4A, the expression of phosphorylated-STAT3 (p-
STAT3) at tyrosine 705 (Y705) increased in 5637 cells after DAB2IP
knockdown, while lower level of p-STAT3 (Y705) expression was de-
tected in DAB2IP-overexpressing 253] cells. Moreover, more nuclear lo-
cation of STAT3 was observed in 5637 cells after DAB2IP knockdown
(Fig. 4B). To be consistent, using a specific STAT3-responsive lucifer-
ase reporter, we found that DAB2IP could modulate the transcription
activity of STAT3. Because the elevated STAT3-responsive luciferase
activity was detected in DAB2IP-deficient 5637 cells; while overex-
pression of DAB2IP in 253] cells could significantly suppress the
STAT3-responsive luciferase activity (Fig. 4C, P<0.05). Furthermore,
we applied the STAT3 specific siRNA or inhibitor (i.e., Stattic) to
knockdown STAT3 expression or inhibit STAT3 activity, and found
that Twist1/P-gp protein expression and the IC50 to THP treatment
dramatically decreased in 5637 KD cells (Fig. 4D-E, P < 0.05). All
the data support that DAB2IP regulated STAT3 phosphorylation, nu-
clear translocation and transcription activity, and then suppressed
Twist1/P-gp expression and modulated the chemosensitivity of BCa
cells to pirarubicin.
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Fig. 1. Down-regulated DAB2IP expression in high-grade and recurrent NMIBC specimens after intravesical THP instillation. A, representative pictures of immunohistochemistry of DAB2IP
in normal urothelial mucosa (a) or NMIBC tissues (b, c) with different pathological stages were shown, respectively. The scale bar represents 25 pm. B, quantification analysis of DAB2IP
staining in NMIBC tissues with different pathological stages was shown (N = 187). Papillary urothelial neoplasm of low malignant potential (PUNLMP, N = 10), Low Grade (N = 118),
High Grade (N = 59). *P < 0.05 vs. PUNLMP, **P < 0.05 vs. Low Grade. C, representative pictures of immunohistochemistry of DAB2IP in primary (a) or recurrent (b) NMIBC tissues in the
same patients after intravesical THP instillation were shown, respectively (left panel). The scale bar represents 25 pm. Right panel, quantification analysis of DAB2IP staining between pri-

mary and recurrent NMIBC tissues in the same patients (N = 32) was shown.

3.5. DAB2IP loss increases the in vivo orthotopic tumor growth after
intravesical THP treatment

We further established the orthotopic xenograft tumors of 5637 sub-
lines and tested their chemosensitivity to intravesical THP treatment.
Indeed, we observed that knocking-down DAB2IP in 5637 cells could
significantly enhance in vivo tumor growth after intravesical THP instil-
lation. As shown in Fig. 5A, higher light units of tumors were observed in
mice injected with 5637 KD cells, and quantity analyses revealed a sig-
nificant increase of tumor burden compared to control cells (Fig. 5B, P =
0.0012). Also, we compared the expressions of Twist1 and P-gp in the
xenograft tissues of 5637 sublines by IHC staining. In consistent with
our in vitro observation, 5637 KD tumors presented a higher percentage
of Twist1 and P-gp staining compared to control cells (Fig. 5C, P<0.05).
All these indicated that DAB2IP loss increased the in vivo orthotopic
tumor growth after intravesical THP treatment, which may contribute
to the tumor recurrence of NMIBC after intravesical chemotherapy.

3.6. DAB2IP is inversely correlated with Twistl expression in NMIBC
specimens and predicts the prognosis of patients

We also utilized our clinical samples to strengthen my finding in cell
lines and xenografts. Indeed, we found that there was a negative corre-
lation between DAB2IP and Twist1 expression in our NMIBC tumor tis-
sues (P = 0.007, R = —0.598; representative pictures as shown in
Fig. 6A), which was also supported by other microarray data
(GSE13507) from NCBI GEO [15,18] (Fig. 6B, P = 0.002, R = —0.224).

Moreover, we analyzed the potential difference of DAB2IP mRNA ex-
pression levels between primary and recurrent NMIBC specimens in
this cohort, and found that lower DAB2IP mRNA was expressed in the
recurrent NMIBC tissues (Fig. 6C, P = 0.0001). Also, we further found
a significant association between DAB2IP mRNA level and recurrence-
free survival of patients with NMIBC. The patients with a lower
DAB2IP expression had a poor prognosis with a lower recurrence-free
survival (Fig. 6D, P = 0.0018). This data indicated that decreased
DAB2IP expression was correlated with higher Twist1 expression and
could predict tumor recurrence of patients with NMIBC.

4. Discussion

BCa is a heterogeneous and unpredictable disease, in which NMIBC
has a relative high recurrence rate but a low progression rate. Several
risk assessment calculators based on the clinicopathological parameters
(i.e., EORTC risk score) are developed for NMIBC to evaluate the tumor
recurrence and progression after TUR and postoperative intravesical
therapies. However, they may have defects and more precise risk
stratification is required [19]. Recently, molecular markers (i.e., p53,
survivin) have proved their prognostic or predictive value in NMIBC,
and may improve the risk stratification for both recurrence and progres-
sion of NMIBC [20,21]. Therefore, to explore more novel markers for
distinguishing the high-risk NMIBC is crucial to evaluate the patient
prognosis and treatment options.

DAB2IP, also named ASK1-interacting protein 1 (AIP1), is a new
member of the RAS-GAP family that acts as a tumor suppressor gene.
It is usually inactivated by epigenetic regulation (i.e., DNA methylation
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Fig. 2. DAB2IP regulates the chemosensitivity of BCa cells to pirarubicin treatment. A, 5637 cells were stably transfected with DAB2IP shRNAs or control shRNA. Left panel, the cell lysates
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were shown, *P < 0.05 vs. control.

and histone modification) or protein degradation in different human
malignancies, such as prostate cancer [22], breast cancer [23], lung can-
cer [24], gastrointestinal tumor [25], liver cancer [26], pancreatic cancer
[27], medulloblastoma [28] and esophageal carcinoma [29]. In addition,
recent discoveries have outlined the important functions of this gene in
cancer biology. It represents different tumor-suppressive roles in the
regulation of cell apoptosis or survival [30], autophagy [31], DNA repair
[32], EMT [13] and cancer stem cell (CSC) [33], all of which may contrib-
ute to the tumor initiation and progression. Similarly, our and other

groups have demonstrated that decreased DAB2IP expression is as-
sociated the clinicopathological features and poor outcomes in BCa pa-
tients, and it could regulate the biological behaviors of BCa cells
through inactivation of MAPK and Akt pathways [6,7]. In this study,
we further analyzed its expression pattern in the type of NMIBC, and re-
ported that DAB2IP was also down-regulated in the high-grade or re-
current NMIBC tissues, and could modulate the in vitro and in vivo
chemosensitivity of BCa cells to THP treatment, which was commonly
used in NMIBC for intravesical instillation therapy after TUR in China.
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right panel, 5637 or 253] sublines were transfected with Twist1-luc and pRL-SV40 vectors for 48 h then reporter gene activities were determined using dual-luciferase assay. *P < 0.05 vs.
control. C, 5637 KD cells were transfected with different doses of DAB2IP expression vector. Left panel, the cell lysates were blotted with DAB2IP, Twist1 or P-gp antibodies and GAPDH was
used as a loading control. Right panel, cells were treated with different concentrations of THP, and then subjected to cell viability assay. Quantification analyses of IC50 were shown,
*P < 0.05 vs. control. D, 5637 KD cells were transfected with Twist1 siRNA or control siRNA. Left panel, the cell lysates were blotted with Twist1 or P-gp antibodies and GAPDH was
used as a loading control. Right panel, cells were treated with different concentrations of THP, and then subjected to cell viability assay. Quantification analyses of IC50 were shown,

*P < 0.05 vs. control.

Although the adjuvant intravesical chemotherapy or immunothera-
py was recommended after TUR of NMIBC, the recurrence rate is still as
high as 50-80% [34]. In general, the underlying mechanisms of chemo-
resistance are poorly understood. THP is an anthracycline derivative,
which intercalates into DNA and interacts with topoisomerase I, there-
by inhibiting DNA replication and repair, and RNA and protein synthe-
sis. It has been shown to significantly decrease the risk of recurrence
in patients with NMIBC as the neoadjuvant instillation of chemotherapy
[35], but the efficacy of this chemotherapeutic agent remains contro-
versial [36]. The ATP-dependent cellular efflux pump P-glycoprotein
(P-gp, encoded by MDR1 gene) has been proved to participate in the
chemoresistance by reducing intracellular concentration of chemo-
therapeutic drugs, including anthracyclines. Increased MDR1 gene

expression is frequently observed in recurrent or residual BCa tumors,
and predict poor outcome of patients after chemotherapy [37,38]. In
our previous study, we have reported that the basic helix-loop-helix
transcription factor Twist1 could regulate P-gp expression and confer
the chemoresistance of BCa cells to anthracycline [8]. Utilizing the
same cell models, our further research showed that DAB2IP could mod-
ulate the chemoresistant phenotypes of BCa cells by suppressing this
Twist1/P-gp axis.

Interestingly, a consistent change of the Twist1 protein and pro-
moter activity was observed after we manipulated the DAB2IP ex-
pression levels in both 5637 and 253] cells, suggesting Twist1 as a
potential downstream target gene of DAB2IP. Furthermore, we found
that STAT3 mediated the regulation of Twist1 gene transcription by
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Fig. 4. STAT3 mediates the regulation of Twist1/P-gp expression and chemosensitivity by DAB2IP in BCa cells. A, the cell lysates of 5637 or 253] sublines were blotted with p-STAT3
(Tyr705) or STAT3 antibodies and DAPDH was used as a loading control; B, 5637 sublines were subjected to the immunofluorescence staining with STAT3 antibody (400x). C, 5637 or
253] sublines were transfected with pLucTKS3 and pRL-SV40 vectors for 48 h then reporter gene activities were determined using dual-luciferase assay. *P < 0.05 vs. control. D, 5637
KD cells were transfected with STAT3 siRNA or treated with STAT3 inhibitor Stattic (10 uM). The cell lysates were blotted with p-STAT3 (Tyr705), STAT3, Twist1 or P-gp antibodies
and GAPDH was used as a loading control. E, Cells after STAT3 siRNA transfection or Stattic pre-treatment were then treated with different concentrations of THP, and then subjected
to cell viability assay. Quantification analyses of IC50 were shown, *P < 0.05 vs. control.
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Fig. 5. DAB2IP-deficient BCa cells maintain an increased tumor growth after intravesical THP treatment in the orthotopic animal models. A, anesthetic female athymic BALB/c nu/nu mice
were instilled with 100 Wl medium containing 5 x 10° 5637 sublines expressing luciferase into the bladder, and then treated with intravesical THP (30 mg/m?) instillation twice. The tumor
burden was determined by BLI image, and the representative BLI images of live mice orthotopically instilled with 5637 sublines were shown after 3 weeks; B, quantification of light
emission for orthotopic bladder cancer in mice after THP treatment was calculated; C, representative pictures of immunohistochemistry of Twist1 and P-gp in 5637 subline orthotopic
xenograft tissues were shown. The scale bar represents 25 um. Quantification analyses of IHC score were shown (right panel).



2522 K. Wu et al. / Cellular Signalling 27 (2015) 2515-2523

Cae #2

DAB2IP

Twist1

C GSE13507
p=0.0001
D 4- [ |
3 A: |
g 24 AaLaaat !
g M&‘ v
Q. A
5 if?&“ o4 4]
a -2 " v
8 (¢} (€]
< 4 ® ®
= N o
S S
RS &
& \}é
<t &
N=103 N=23

B GSE13507

=-0.224

Twist1

DAB2IP

O

— Low DAB2IP
—— High DAB2IP

<
= 1001
g
= N=52
> 801
2
60 L
3 N=51 ,
(=
® 404
(3]
S 20
g Log rank test p=0.0018
3 c T T 1
g 0 50 100 150

Time (months)

Fig. 6. Correlation between DAB2IP and Twist1 in human NMIBC tissues and its significance for patient prognosis. A, representative pictures of DAB2IP and Twist1 immunohistochemistry
in NMIBC tissues were shown. The scale bar represents 25 um. B, correlation between DAB2IP and Twist1 mRNA in NMIBC tissues from a public available microarray database (GSE13507);
C, decreased DAB2IP gene expression in human recurrent NMIBC (n = 23) compared with primary NMIBC (n = 103) from GSE13507 dataset analysis; D, percentage of recurrence-free

survival was analyzed by Kaplan-Meier curves from GSE13507 dataset.

DAB2IP in our models since DAB2IP was not a typical transcription fac-
tor. Constitutive activation of STAT3 signaling pathway plays an impor-
tant role in bladder cancer cell growth, survival, invasion and metastasis
[39,40]. In our previous study, we have demonstrated that DAB2IP could
interact with STAT3 protein and suppress its transcriptional activity in
prostate cancer [17]. Herein, we further observed that DAB2IP could in-
hibit the phosphorylation, nuclear translocation and transactivation of
STAT3 in BCa cells, which then subsequently repressed the Twist1 ex-
pression and sensitize BCa cells to THP treatment. This was consistent
with other publication showing that STAT3 could directly bind to the
Twist1 promoter and then activate its gene transcription [11,16,40,41].
In addition, the clinical data showed a decreased expression of DAB
2IP in recurrent NMIBC specimens, and its loss predicted a poor
recurrence-free survival rate of patients with NMIBC. Also, DAB2IP loss
was significantly correlated with the expression of Twist1 in clinical
tumor samples based on our IHC staining and analysis of gene microar-
ray from other research group [15,18].

On the other hand, as we know, it is still hard to determine the sen-
sitivity or resistance of chemotherapy in xenograft animal models due
to the limitation of tumor real-time monitoring. In our previous studies,
we have developed the bioluminescent imaging (BLI) to monitor the
tumor growth in situ and spontaneous metastases after intravesical in-
stillation of cancer cells [42]. Herein, we also successfully established the
intravesical instillation xenograft models and applied this technique to
detect the in situ tumor growth after THP treatment, and found that
DAB2IP-deficient BCa cells acquired a survival advantage and developed

larger tumors compared with control. In consistency, these DAB2IP-
deficient xenograft tumor tissues represented high expression levels
of Twist1 and P-gp, supporting the critical roles of DAB2IP/Twist1/P-
gp signaling axis in NMIBC tumor recurrence after THP chemotherapy
in vivo.

Taken together, our studies reveal a novel role of DAB2IP in modulat-
ing the chemoresistance and tumor recurrence of NMIBC, in which
STAT3 will regulate the expression of Twist1 and P-gp in vitro and
in vivo. To be important, our findings provide a molecular and clinico-
pathological basis highlighting DAB2IP as a potential marker in prog-
nosticating/predicting the outcome of NMIBC. Nevertheless, new
markers hold the promise to be available tools for reliable risk assess-
ment of NMIBC [19], which will represent a great advancement in
counseling patients for selecting more effective adjuvant treatments.
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