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Abstract
Objectives—Bladder cancer expresses many potential therapeutic targets of biological agents
including the vascular endothelial growth factor receptor (VEGFR). Pazopanib is a small molecule
inhibitor of VEGFR-1, -2 -3, platelet derived growth factor receptor (PDGFR) and c-Kit. The
current study investigates the efficacy of pazopanib, both alone and in combination with
docetaxel, in bladder cancer cells.

Materials and Methods—Using human bladder cancer cells HTB3, HT1376, J82, RT4,
CRL1749, T24, Sup and HTB9, the treatment effect of pazopanib and cytotoxic chemotherapy
was assessed using a tetrazolium-based assay. The combinatorial effect of these agents on
clonogenic growth was further examined. Western blotting was employed to assess changes in
relevant downstream targets including phospho-AKT, phospho-FAK, total AKT and total FAK.

Results—Single-agent pazopanib had modest activity. However, synergy was seen with the
combination of docetaxel and pazopanib in multiple these cells lines. J82 and T24 cells were
selected for additional clonogenic testing due to their resistance to single-agent docetaxel
chemotherapy. 1.25 nM of docetaxel had little effect on clonogenic formation; however, in
combination with pazopanib, significant inhibition of colony formation was observed. This
combination treatment additionally decreased phospho-AKT, an important mediator of cell
survival in all cell lines, while phospho-FAK expression was variably affected.

Conclusions—The present study demonstrates synergistic efficacy of pazopanib with docetaxel
in docetaxel-resistant bladder cancer cells. This work supports future evaluation of pazopanib with
docetaxel for the treatment of bladder cancer with the potential of improved efficacy and toxicity.
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Introduction
Bladder cancer is a common cancer, with 70,980 new cases and 14,330 deaths estimated in
the United States in 2009 [1]. Despite active chemotherapy regimens, the 5 year overall
survival rate for patients with locally advanced or metastatic bladder cancer is only 10–15%
[2]. The MVAC (methotrexate, vinblastine, doxorubicin, and cisplatin) regimen has been the
cornerstone of treatment for advanced urothelial cancer for many years [3]. Although the
regimen possesses significant activity, its limitations include a relatively short response
duration and significant toxicities. Therefore, new approaches and agents are needed to
improve both the activity and tolerability of systemic therapy in bladder cancer. Beyond the
standard platinum-based regimens, taxanes have gained greater attention in recent years for
the treatment for bladder cancer. In the front-line setting, the addition of paclitaxel to a
platinum-gemcitabine doublet resulted in a response rate of 68% [4]. In a phase II trial,
single-agent docetaxel showed activity in patients with advanced transitional-cell carcinoma
(TCC) who progressed after cisplatin-based therapy [5]. Gitlitz et al [6] also conducted a
phase II study of gemcitabine and docetaxel therapy in patients with advanced urothelial
carcinoma. The results suggested that combination therapy including docetaxel was an
effective treatment for patients with unresectable (Stage T4 or N1) metastatic or locally
advanced TCC of the urothelial tract.

Bevacizumab, a humanized monoclonal antibody against vascular endothelial growth factor
(VEGF), is approved by the U.S. Food and Drug Administration for the treatment of
advanced lung, breast and colon cancer [7]. The vascular endothelial growth factor receptor
(VEGFR) pathway has a critical role in maintaining tumor microvasculature and has been
successfully targeted in several cancer types. Studies showed that both VEGFR and the
ligand VEGF are expressed in bladder cancer tissue and cells [8–10]. VEGFR expression is
associated with invasive properties in cell culture studies and predicts an invasive phenotype
in clinical samples [10].

Several other antiangiogenesis drugs, including sorafenib and sunitinib are currently used
clinically to treat solid tumors. Pazopanib (GW786034) is a second-generation multitargeted
tyrosine kinase inhibitor against VEGFR-1, -2, and -3, platelet-derived growth factor
receptor-α, platelet-derived growth factor receptor-β, and c-kit [11]. Pazopanib was
approved for use in advanced renal cell carcinoma (RCC) by the Food and Drug
Administration in the United States in October of 2009. Previous pre-clinical testing has
established the IC50 values of inhibition of VEGFR -1, -2, and -3 were 10, 30, and 47 nM,
respectively [12]. Preclinical evaluation has revealed excellent antiangiogenic and antitumor
activity. In a phase I study, pazopanib showed efficacy in treating several tumors including
renal cell carcinoma, adenocarcinoma of the lung and melanoma [13]. However, to date, the
activity of pazopanib in treating bladder cancer has not been reported.

The current study was designed to investigate the efficacy of pazopanib, both alone and in
combination with docetaxel in bladder cancer cell lines in vitro.

Materials and Methods
Cell culture and reagents

Human bladder cancer cells HTB3, HT1376, J82, RT4, CRL1749, T24, Sup and HTB9
(American Type Culture Collection, Manassas, VA) were grown in OPTI-MEM (Gibco,
Grand Island, NY) with 3.75% Fetal Bovine Serum (Gemini, Woodland, CA) and 100 u/ml
streptomycin-penicillin sulfate (Life Technologies, Grand Island, NY). All cell lines were
incubated at 37° C with 5% CO2. Pazopanib (from GlaxoSmithKline, GSK) was dissolved
in DMSO and docetaxel in Ethanol (Sigma, Saint Louis, MO). Antibodies for the protein
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characterization were against total AKT, phospho-AKT (Ser473), total FAK, phospho-FAK
(Tyr397) and β-actin (Cell signaling, Beverly, MA).

Cell viability assay
For all experiments, the cell viability was assessed using a tetrazolium-based assay
(CellTiter 96 AQueous One Solution - Promega Corporation, Madison, WI). Approximately
3000 cells in 50 µl of media per well were plated in 96-well plates in triplicate. Twenty-four
hours after plating, the cells were subjected to specific treatment regimens with the addition
of 50 µl of treatment media to achieve the prescribed treatment concentrations. DMSO, in
equal amounts to the treatment conditions, was added to the media in the control condition.
Once the treatment was complete, 20 µl of the AQueous One Solution was added to each
well, for a final volume of 120 µl. Colorimetric analysis using a 96-well plate reader (Vmax
Kinetic Microplate Reader, Molecular Devices, Sunnyvale, CA) was performed between 1
and 4 hours (wavelength of 490 nm) after the addition of AQueous One Solution, depending
on cell type and cell density. Cell viability assays were performed in triplicate. Synergy
analysis was performed with the CalcuSyn software program (Biosoft, Ferguson, MO -
version 2 - 2005) using non-constant ratio analysis and statistical method described by Chou
and Talalay to calculate the combination index (CI) values [14]. The resulting CI is a
quantitative measurement of the degree of interaction between difference drugs. A CI value
of 1 signifies an additive effect, a CI more than 1 denotes antagonism and a CI of less than 1
indicates synergy.

Clonogenic assays
Clonogenic survival was defined as the ability of the cells to maintain their clonogenic
capacity and to form colonies. J82 and T24 cells were selected for clonogenic assessment,
representing highly and moderately docetaxel-resistant cell lines. Briefly, 5000 cells were
seeded into 6-well dishes in 2 ml of medium. Twenty-four hours later, medium, docetaxel,
pazopanib, or the combination of pazopanib plus docetaxel were each added to the cells,
which were then maintained for 7–10 days in a CO2 incubator. The cells were fixed with
12.5% acetic acid in 30% methanol and then stained with Brilliant Blue R. Each experiment
was performed in triplicate. Statistical analysis was prepared with the SPSS software
program (13.0 for Windows, 2004 - Chicago, IL). The analysis of variance (ANOVA) was
used to compare colony numbers and determine the statistical significance of these
differences.

Protein characterization
For western blot assessment, the cells were plated in culture dishes. Twenty-four hours after
seeding, the cells were treated with media alone, pazopanib 12.5µM, docetaxel 12.5nM, and
pazopanib 12.5µM + docetaxel 12.5nM (concurrent) for 24 hours. After the treatment, the
cells were harvested by scraping and washed with PBS. Cells were collected by centrifuge at
1100 rpm and pellets were resuspended in lysis solution (10 mM Tris, 150 mM NaCl, 1%
Triton X-100, 1 mM EDTA, 1 mM EGTA, 0.2 mM Sodium Orthovanadate, 0.5% NP-40,
0.3 mM PMSF, 10 ug/ml Aprotinin). Protein estimation was performed with Pierce protein
dye, using a DU 800 Beckman Coulter spectrophotometer (Fullerton, CA). Fifty µg of
protein was electrophoresed using NuPAGE 4–12% Bis-Tris Gel (Invitorgen, Carlsbad,
CA). The protein was transferred to a nitrocellulose membrane (Invitorgen, Carlsbad, CA)
using a wet method at 100 volts for 1 hour. The membrane was then blocked with 5% (w/v)
milk and placed in a rotator for 1 hour at room temperature. The primary antibody was
added in milk (2.5% w/v) and allowed to incubate overnight at 4° C after which it was
washed with PBS/0.05% TWEEN-20 three times (15 minutes each) before the appropriate
horseradish peroxidase-linked secondary antibody was added and incubated for an
additional hour at room temperature. The membrane was again washed 3 × 15 minutes,
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before the addition of Pierce SuperSignal chemiluminescent substrate (Rockford, IL) and
then immediately imaged on Chemi Doc (Bio-Rad, Hercules, CA).

Results
The effects of single-agent pazopanib or docetaxel on bladder cancer cell lines

All the bladder cancer cells lines were exposed to pazopanib (0.3 µM, 0.6 µM, 1.25 µM, 2.5
µM, 5 µM, 10 µM; Figure 1A) or docetaxel (1.25 nM, 2.5 nM, 5 nM, 10 nM; Figure 1B),
with cell viability determined by tetrazolium-based assay. The IC50 for pazopanib was more
than 10 µM in all the cell lines except RT4. The IC50 values of J82, T24, HT1376, RT4,
CRL1749, HTB9, Sup and HTB3 were 24.57µM, 52.45µM, 28.21µM, 5.14µM, 22.69 µM,
11.84 µM, 53.32 µM and 14.16 µM, respectively. Treatment with docetaxel was also
performed in the same eight cell lines at the same passage number. The IC50 values of J82,
T24, HT1376, RT4, CRL1749, HTB9, Sup and HTB3 were 68.67 nM, 4.18 nM, 3.78 nM,
3.05 nM, 0.79 nM, 0.07 nM, 0.02 nM, and < 0.01 nM respectively, with notable resistance
observed in the J82 cells. We selected one very resistant (J82) and two moderately resistant
cell lines (T24 and HT1376) for further investigation.

Pazopanib shows synergy when combined with docetaxel
The synergistic effects of pazopanib in combination with docetaxel were examined in J82,
T24 and HT1376 cells. Pazopanib (0, 1.25 µM, 2.5 µM, and 5 µM) was tested concurrently
with docetaxel (0, 1.25 nM, 2.5 nM, 5 nM, and 10 nM) for 96 hours. Among the three cell
lines, synergy was seen with the combination of docetaxel with pazopanib, even at low
concentrations of pazopanib (Figures 1C~E). In the T24 and HT1376 cells, it is noted that
the vast majority of pazopanib’s benefit occurs at 1.25 µM, without clear additional activity
at higher concentrations. The calculated CI values (Figures 1F~H) and IC50 (Table 1)
quantified this pattern of synergy.

Suppression of colony formation
J82 and T24 cells were selected for additional clonogenic testing due to their high and
moderate resistance (respectively) to single-agent docetaxel chemotherapy. The combination
of pazopanib and docetaxel demonstrated improved suppression of clonogenic formation,
compared to docetaxel alone (Figures 2A ~B). The experiments were repeated in triplicate
and the colonies manually counted (numbers in brackets Figures 2A and 2B). There was no
significant difference in the colonies numbers comparing treatment by medium alone to
single-agent pazopanib at this concentration (Fig. 2A: p=0.212; Fig. 2B: p=0.083).
However, a significant difference was shown with docetaxel treatment alone or the
combination with pazopanib (Fig. 2A: p<0.001; Fig. 2B: p<0.001).

AKT and FAK phosphorylation and protein assessment
We further examined protein expression of phospho-AKT, phospho-FAK, total AKT and
total FAK in cell lines of J82, T24 and HT1376. In the J82 and T24 lines, single-agent
pazopanib decreased phospho-AKT expression, and the combination decreased the
expression even further. In the HT1376 cells, phospho-AKT expression was not decreased
with single-agent pazopanib, but was decreased by the combination of pazopanib and
docetaxel compared to single-agent docetaxel. The combination treatment did decrease
phospho-FAK expression in the T24 and HT1376 cell lines, but not in J82 cells, suggesting
that this action is not independently necessary for the observed activity (Figures 3A~C).
Total AKT and FAK did not show any great changes.
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Discussion
These studies establish a pre-clinical rationale for the use of pazopanib in combination with
cytotoxic chemotherapy for the treatment of bladder cancer. While pazopanib has modest
single-agent activity in these in vitro experiments, synergistic activity was observed when
pazopanib was combined with docetaxel. Clonogenic colony formation was also notably
decreased with this combination.

Angiogenesis plays a critical role in the growth and metastatic spread of malignant disease
[15]. VEGF is a key angiogenic factor with its effects mediated by VEGFR. Inhibition of
VEGFR not only inhibits angiogenesis, but also tumor cell growth [16]. Podar et al [16]
have reported that pazopanib inhibited in vitro myeloma cell growth, survival, and
migration, with inhibition of VEGF-induced up-regulation of adhesion molecules on both
endothelial and tumor cells. Pazopanib was recently approved for use in advanced RCC
[17]. In phase III testing of patients with advanced RCC, pazopanib demonstrated a
significant improvement in the median progression-free survival (9.2 versus 4.2 months),
when compared to placebo, with an objective response rate of 30%. There are ongoing
clinical trials examining its use as a single-agent in advanced urothelial cancer
(ClinicalTrials.gov identifier: NCT01031875 and NCT00471536).

The mechanisms of chemotherapy insensitivity in advanced urothelial cancer are complex
and not fully understood. Xia et al [10] utilized VEGF antisense oligodeoxynucleotide to
inhibit activity of VEGF to investigate its role in chemotherapy sensitization. This work
showed that VEGF inhibition augmented the effect of docetaxel in a murine xenograft
model of bladder cancer with a significant inhibition of the proliferative index and
microvascular density, with induction of apoptosis. In contrast to this antisense approach,
pazopanib is in current clinical use with ongoing trials in urothelial cancers. Kamat et al [18]
studied a combination therapy of docetaxel and AEE788, a dual epidermal growth factor
receptor (EGFR) and VEGFR inhibitor. This combination was effective against ovarian
cancer cells which were resistant to docetaxel. In the present study, pazopanib plus
docetaxel showed synergy in docetaxel-resistant cells. The effect of these combinations was
confirmed with clonogenic assays using J82 and T24 cells. Additionally, it must be
emphasized that these experiments investigated the direct effect of pazopanib in
combination with cytotoxicity chemotherapy in bladder cancer cells; however, the anti-
angiogenic impact of pazopanib is not realized in the in vitro setting and further efficacy
may be demonstrated in animal modeling where in vivo angiogenesis would also be
impacted.

Signaling molecules implicated in the cellular actions of VEGF include phosphatidylinositol
3-kinase (PI3K), AKT, and endothelial nitric oxide synthase [19,20]. AKT regulates both
growth and survival mechanisms by phosphorylation of a large number of substrates in
cancer cells [21]. A great deal of study has been focused on blockade of the
phosphoinositide 3-kinase/AKT survival signaling pathway in the quest for improved cancer
therapeutics. Manipulation of AKT activity has been shown to modulate the response of
tumor cells to chemotherapy [22]. Banerjee et al [23] confirmed docetaxel can induce
growth inhibition and decrease the level of phospho-AKT in prostate cancer cells. Docetaxel
can also decrease AKT phosphorylation in human umbilical vein endothelial cells [18].
Pazopanib can block VEGF-triggered activation of phospho-AKT[16]. The present study
found that docetaxel decreased the expression of phospho-AKT and this effect was greatly
potentiated with the addition of pazopanib in the two docetaxel-resistant cell lines. When
combined with pazopanib, docetaxel further decreases phospho-AKT expression in T24
cells. Phospho-AKT is important for cell survival and these results support the importance
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of phospho-AKT inhibition in the anti-cancer efficacy of the combination of pazopanib and
docetaxel in bladder cancer cells.

VEGF has also been shown to have multiple effects on the signaling components of the
focal cell adhesion, such as FAK [24], which is expressed in several advanced cancer types
[25]. FAK plays a key role in the dynamic reorganization of the cytoskeletal network and
cell migration, with several pathways downstream of FAK able to contribute to cell survival
[26]. The combination of pazopanib and docetaxel had a variable effect on phospho-FAK
with notable inhibition noted in two cell lines. FAK’s role, if any, in the synergy of
pazopanib and docetaxel in bladder cancer cells is not clear.

Conclusions
Despite multiple potential targets for biological agents, there is no “new generation”
therapeutics currently in clinical use for the treatment of bladder cancer. The present study
demonstrates synergistic efficacy of pazopanib with docetaxel in docetaxel-resistant bladder
cancer cells. Pazopanib is a clinically relevant and accessible agent, with ongoing single-
agent pazopanib human trials underway in advanced urothelial cancer patients. This work
supports future evaluation of pazopanib with docetaxel for the treatment of bladder cancer
with the potential of both improved efficacy and toxicity.
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Figure 1.
The treatment effect of pazopanib and docetaxel on bladder cancer cell viability was
assessed. Human bladder cancer cells HTB3, HT1376, J82, RT4, CRL1749, T24, SUP and
HTB9 were seeded in triplicate with treatment started 24 hours after seeding and continued
for 96 hours. Cell viability was assessed with a tetrazolium-based assay. The cells were
treated with pazopanib (A) and docetaxel (B) with the concentrations indicated. Bars
indicate the standard deviation. All cell lines studied, except RT4, had an inhibitor
concentration 50 (IC50) of more than of 10 µM of pazopanib (A). Treatment with docetaxel
demonstrated better single-agent activity compared with pazopanib, although J82 cells
displayed strong resistance to docetaxel (B); The effect of combination treatment with
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pazopanib and docetaxel was also evaluated (C–E). Twenty-four hours after plating, the
cells were treated by pazopanib and docetaxel concurrently for 96 hours. The cells were J82
(C), T24 (D) and HT1376 (E), with bars indicating the standard deviation. The combination
index (CI) levels for concurrent treatment with pazopanib and docetaxel were calculated for
J82 (F), T24 (G) and HT1376 (H) cells. CI values of less than 1 are consistent with synergy.
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Figure 2.
The effect of pazopanib and docetaxel on colony formation in J82 (A) and T24 (B) cells was
assessed. The treatment conditions are noted for each well. After 7–10 days of treatment, the
cells were stained with Brilliant Blue R. The numbers adjacent to the corresponding wells
indicate the mean number ± SD of the colonies per well in each treatment condition.
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Figure 3.
Expressions of phospho-AKT, phospho-FAK, total AKT, total FAK were determined by
Western blot analysis. The cells were J82 (A), T24 (B) and HT1376 (C) respectively. The
relative expression ratios of the protein of interest and β-actin are indicated in the figure.
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Table 1

Inhibitory concentration 50% (IC50) for docetaxel

docetaxel nM

pazopanib
0 µM

pazopanib
1.25 µM

pazopanib
2.5 µM

pazopanib
5 µM

J82 68.89 10.61 8.98 9.15

HT1376 4.21 2.16 2.36 2.28

T24 3.33 1.22 0.77 0.79
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