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ABSTRACT

Among challenges of targeted therapies is the activation of alternative pro-
survival signaling pathways in cancer cells, resulting in an acquired drug resistance.
Cyclooxygenase-2 (COX-2) is overexpressed in bladder cancer cells, making it an
attractive molecular target for the detection and treatment of cancer. Fluorocoxib A
is an optical imaging agent that selectively targets COX-2. In this study, we evaluated
the ability of fluorocoxib A to monitor the responses of bladder cancer to targeted
therapies in vivo. The effects of several tyrosine kinase inhibitors (TKIs: axitinib,
AB1010, toceranib, imatinib, erlotinib, gefitinib, imatinib, sorafenib, vandetanib,
SP600125, U0O126, and AZD 5438) on COX-2 expression were validated in ten human
and canine bladder cancer cell lines (382, RT4, T24, UM-UC-3, 5637, SW780, TCCSUP,
K9TCC#1Lillie, KOTCC#2Dakota, K9TCC#5Lilly) in vitro. The effects of TKIs on bladder
cancer in vivo were evaluated using the COX-2-expressing K9TCC#5Lilly xenograft
mouse model and detected by fluorocoxib A. The increased COX-2 expression was
detected by all tested TKIs in at least one of the tested COX-2-expressing bladder
cancer cell lines (5637, SW780, TCCSUP, K9TCC#1Lillie, K9TCC#2Dakota, and
K9TCC#5Lilly) in vitro. In addition, fluorocoxib A uptake correlated with the AB1010-
and imatinib-induced COX-2 expression in the K9TCC#5Lilly xenografts in vivo. In
conclusion, these results indicate that fluorocoxib A could be used for the monitoring
the early responses to targeted therapies in COX-2-expressing bladder cancer.

INTRODUCTION

Bladder cancer is the 6th most common type of
cancer in the United States and one of the most expensive
malignancies to treat due to high recurrence rates and
lack of improved treatment options over the past several
decades [1-3]. In 90% of all cases, bladder cancer
originates from the epithelial lining of the bladder known

as the urothelium. This type of bladder cancer is known
as the transitional cell carcinoma (TCC) or urothelial
carcinoma [4]. Early detection of bladder cancer proves to
provide better prognostic outcomes for patients diagnosed
with bladder cancer [5]. However, despite demonstrating
the need for improved diagnostic screening, prevention,
and treatment options, bladder cancer still remains one of
the most commonly diagnosed malignancies in the United
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States [6]. This drives the need for improved detection and
novel therapeutic options for patients diagnosed with both
non-muscle invasive bladder cancer and muscle invasive
bladder cancer.

Receptor tyrosine kinases (RTKs) mediate key
signaling pathways involved in cell proliferation,
differentiation, survival, and cell migration [7, 8].
Mutations of RTKSs can affect the expression of downstream
signaling pathways such as the MAP kinase, PI3K/Akt, and
cyclooxygenase (COX)-2 pathways, resulting in aberrant
cell function, which plays an important role in a number of
biological processes, including the progression of cancer
[9]. RTKSs, such as the c-Kit receptor, platelet derived
growth factor receptor (PDGFR), and vascular endothelial
growth factor receptor (VEGFR), are overexpressed in
many types of cancer, including bladder cancer [10-12].
Inhibitors of RTKs (RTKIs) are therefore used as the
targeted therapy options for patients diagnosed with cancer
that overexpress RTKSs to inhibit auto-phosphorylation and
downstream signal transduction, halting tumor progression
[13, 14]. For many decades, kinases have been extensively
studied as the potential drug targets and to date, thirty
eight RTKIs have been FDA-approved for the treatment
of cancer, including imatinib (Gleevec) [15, 16]. There
are even more RTKIs under development in pre-clinical
research and clinical trial phases, including AB1010
(Masitinib® or Masivet) [17].

Imatinib is a potent and selective inhibitor of
the c-Kit (IC,, = 100 nM) and PDGFRo/B (IC,, = 100
nM) receptors [18, 19]. It is currently used as a first-
line therapy option for a treatment of chronic myeloid
leukemia (CML) and for advanced stage gastrointestinal
stromal tumors (GIST) [20-22]. AB1010 is a novel RTKI
that also selectively targets the c-Kit (IC, = 200 nM) and
PDGFRa/p (IC,, = 540 nM and 800 nM, respectively)
receptors [17]. AB1010 is approved in the Europe to be
used for treatment of canine mast cell tumors and has
been investigated for the treatment of human patients
diagnosed with GIST and pancreatic cancers alone or in
combination with chemotherapy agents [23-28]. Both
imatinib and AB1010 are well-tolerated with only a few
side effects. However, a common challenge associated
with targeted therapies is the activation of alternative pro-
survival signaling pathways, resulting in acquired drug
resistance. Previous studies indicate that treatment with
chemotherapeutic agents and targeted therapies, such as
RTKIs, increased COX-2 expression in bladder cancer
cells, glioma cancer stem cells, non-small cell lung cancer,
and oral squamous cell carcinoma cells in vitro [29-33].
This drives the need for monitoring the expression changes
of key molecular targets in order to early detect responses
to targeted therapies. This approach of precision-based
cancer medicine may lead to improvement of prognostic
outcomes in patients diagnosed with bladder cancer.

COX-2 is one of the key proteins responsible
for promoting angiogenesis, cell proliferation, and

inhibiting apoptosis [34-37]. COX-2 is overexpressed
in many types of cancer, including bladder cancer, and
is often an indicator of poor patient prognosis [38].
Overexpressed COX-2 in cancer can therefore be used
as a target for the treatment and detection of bladder
cancer [39-41]. To improve tumor detection during
cystoscopy procedures, fluorescently-labeled contrast
agents have been validated for the detection of bladder
cancer. [42]. Currently, inhibitors of COX-2 (non-steroidal
anti-inflammatory drugs, NSAIDs) are used both for the
prevention and treatment of cancer, but recently have also
been investigated as contrast imaging agents. Previously
published studies indicate that fluorescently-labeled COX-
2 inhibitors, which bind to the active site of COX-2, are
suitable candidates for targeted optical imaging because
of their stable properties, high specificity for the target
protein (COX-2), and systemic route of administration
[43—46]. Novel optical imaging agent, fluorocoxib A,
is a rhodamine-conjugated analog of indomethacin that
selectively targets COX-2-expressing cells [47]. This
imaging agent has been extensively studied both in vitro
and in vivo for the detection of cancer, demonstrating
highly selective and specific uptake by COX-2-expressing
cancer cells when compared to surrounding normal cells
[40, 41, 48].

In this study, we evaluated the effects of several
TKIs on the expression of COX-2 in human and canine
bladder cancer cell lines in vitro. In addition, we have
validated the ability of fluorocoxib A to detect and monitor
the early responses to RTKIs treatment through induced
COX-2 expression using the K9TCC#Lilly xenograft
mouse model in vivo.

RESULTS

TKIs increased COX-2 expression in six out of
ten tested bladder cancer cell lines

The basal levels of COX-2 expression in tested
bladder cancer cells were confirmed by WB analysis as
shown in Figure 1. Bladder Cancer cells were grown in
media with or without serum for 24 hours. Six out of ten
tested bladder cancer cell lines (5637, SW780, TCCSUP,
K9TCC#I1Lillie, KITCC#2Dakota, and K9TCC#5Lilly)
were positive for COX-2 expression. The highest
COX-2 expression levels were detected in SW780,
K9TCC#2Dakota, K9TCC#5Lilly, KO9TCC#1Lillie cells,
with the lowest expression level in TCCSUP cells. No
COX-2 expression was detected in four out of ten bladder
cancer cell lines (J82, RT4, T24, and UM-UC-3).

Our previously published studies demonstrated that
treatments with RTKIs increase COX-2 expression in oral
squamous cell carcinoma [32] and bladder cancer [29]
cells in vitro. All tested RTKIs and TKIs at dose of 5 uM
for 24 h induced COX-2 expression in at least one of the
tested COX-2-expressing bladder cancer cell lines (5637,
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SW780, TCCSUP, K9TCC#1Lillie, K9TCC#2Dakota, and
K9TCC#5Lilly) in vitro as shown in Figure 2. The highest
2-5-fold increase of COX-2 expression was detected
by AB1010 in five out of six tested COX-2-expressing
bladder cancer cell lines. Sorafenib increased COX-2
expression by 1.6—4-fold in four out of six and SP600125
increased COX-2 expression by 2.5-4-fold in three out
of six tested COX-2-expressing bladder cancer cell lines.
AZD5438, a cyclin-dependent kinase-1/2/9 inhibitor [49],
increased COX-2 expression by 1.6-3.5-fold in two out
of six tested COX-2-expressing bladder cancer cell lines.
COX-2 expression levels were increased by 1.6-2-fold in
two out of six tested cell lines by toceranib, 1.6-2-fold in
five out of six tested cell lines by imatinib, 2-fold in two
out of six tested cell lines by erlotinib, 2-fold in one out
of six tested cell lines by gefitinib and vandetanib, 1.6—
1.7-fold in two out of six tested cell lines by UO126, and
1.5-1.7-fold in all six tested cell lines by axitinib.

AB1010 and imatinib increased COX-2
expression in tested COX-2-expressing bladder
cancer cells in a dose-dependent manner

We further investigated the effect of two RTKIs,
AB1010 and imatinib, in four COX-2-expressing bladder

cancer cell lines (5637, TCCSUP, K9TCC#1Lillie, and
K9TCCH#5Lilly). RTKIs, AB1010 and imatinib, selectively
target the c-Kit and PDFGRa/B receptors [17-19]. Both
RTKIs, AB1010 and imatinib, increased COX-2 expression
in a dose-dependent manner in 5637, K9TCC#1 Lillie, and
K9TCC#5Lilly cells in vitro (Figure 3). Only imatinib,
but not AB1010, increased COX-2 expression in a dose-
dependent manner in TCCSUP cells in vitro (Figure 3).

The inhibition of the c-Kit and PDFGRf receptors
was confirmed by WB analysis as shown in Supplementary
Figure 1.

RTKIs-induced COX-2 expression in
K9TCCH#5Lilly xenograft tumors was detected
by fluorocoxib A uptake

Treatment with either RTKIs, AB1010 and imatinib,
had no adverse events on the growth of the mice over
time in vivo as no significant differences in body weights
were observed between RTKIs-treated and control groups
as shown in Figure 4A. After the first week of RTKIs
treatment, a slight decrease in relative tumor volumes in
AB1010- and imatinib-treated mice were detected when
compared to relative tumor volumes of mice from the
control group as shown in Figure 4B. However, after two
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Figure 1: COX-2 expression in ten tested bladder cancer cell lines. Human bladder cancer J82, RT4, T24, UM-UC-3, 5637,
SW780, and TCCSUP cells and canine bladder cancer KOTCC#1Lillie, KOTCC#5Lilly, and K9TCC#2Dakota cells were cultured in media
with or without serum for 24 h. COX-2 expression was detected by WB analysis (n = 2). Actin was used as a loading control.
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Figure 2: RTKIs and TKIs increased COX-2 expression in six out of ten tested bladder cancer cells. Human bladder
cancer J82, RT4, T24, UM-UC-3, 5637, SW780, and TCCSUP cells and canine bladder cancer K9TCC#1Lillie, K9TCC#5Lilly, and
K9TCC#2Dakota cells were treated with 5 uM dose of tested RTKIs and TKIs for 24 h. The expression of COX-2 was determined by WB
analysis and actin was used as a loading control. Densitometry evaluation of COX-2/actin protein bands from WB analysis (n = 2) was
performed using VisionWorks acquisition and analysis software (Analytik Jena). Densitometry analysis values represent mean =+ standard
error of fold change of COX-2 expression of each treatment to control from two independent experiments.
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weeks of RTKIs treatments, relative tumor volumes in
mice from both treated groups increased when compared
to volume of tumors in mice from control group.
Following RTKIs treatment for two weeks,
fluorocoxib A was administered (1 mg/kg) to all mice.
After 4 h of fluorocoxib A uptake, the mice were
sacrificed, and the dissected tissues were photographed
(Figure 4C) and imaged ex vivo using the Xenogen IVIS
Lumina optical imaging system (Figure 4D). Specific
uptake of fluorocoxib A was detected in the dissected
COX-2-expressing K9TCC#5Lilly xenograft tumors. The
increased fluorocoxib A uptake by a 1.4- and 1.5-fold was
detected in xenograft tumors isolated from mice treated by
AB1010 and Imatinib when compared to xenograft tumors
isolated from control mice as shown in Figure 4E.

RTKI-induced COX-2 expression in
K9TCCH#5Lilly xenograft tumors in vivo

Tested RTKIs, AB1010 and imatinib, induced
COX-2 expression in K9TCC#S5Lilly cells not only
in vitro (Figure 2 and Figure 3), but also in xenograft
tumors detected in mice in vivo by IHC and WB analysis
as shown in Figure SA-5C, respectively. AB1010 and
imatinib increased the COX-2 expression by 1.5-fold
(n = 8 mice) and 1.1-fold (n = 10 mice), respectively, in
K9TCC#5Lilly xenograft tumors as compared to tumors
isolated from untreated mice (n =9).

5637
AB1010 Imatinib

DISCUSSION

Bladder cancer remains one of the most expensive
malignancies to treat primarily due to high rates of
recurrence [1]. In recent years, targeted therapies are
commonly used as a treatment option for patients
diagnosed with bladder cancer. However, a common
challenge associated with targeted therapies is the
activation of alternative pro-survival signaling pathways
and induced receptor mutations, resulting in an acquired
drug resistance [50-52]. Another challenge for the
detection of bladder cancer, is that conventional optical
imaging modalities have several limitations, including
poor ability to detect bladder cancer at the early stages
and poor differentiation of tumor margins during resection
procedures [42]. These challenges drive the need for a
better detection of bladder cancer and to improve the early
detection of the tumor’s responses to treatment.

For decades, research has relied on numerous
pre-clinical mostly rodent animal models to study the
development, progression and treatment of cancer. More
recently, companion animals (dogs and cats) with naturally
occurring cancers have been utilized as valuable and
still underutilized pre-clinical animal cancer models for
the evaluation of novel therapeutic and diagnostic tools
that have the potential to benefit human, in addition to
the animal health. It has been determined that naturally
occurring tumors of companion animals have many
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Figure 3: AB1010 and imatinib increased COX-2 expression in tested COX-2-expressing bladder cancer cells in a dose-
dependent manner. Human bladder cancer 5637 and TCCSUP cells and canine bladder cancer K9TCC#1Lillie and K9TCC#5Lilly cells
were treated with 1, 5, and 10 uM dose of AB1010 or imatinib for 24 h. COX-2 expression was determined by WB analysis (n = 2). Actin

was used as a loading control.
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Figure 4: RTKIs-induced COX-2 expression in K9TCC#5Lilly xenograft tumors detected by fluorocoxib A uptake.
(A) Averaged body weight and (B) relative tumor volume of mice over time from control, AB1010-, and imatinib-treated groups were
plotted as shown. After a treatment, mice were injected with fluorocoxib A (1 mg/kg, s.c.) and imaged using the IVIS Lumina system. After
sacrificing the mice, the dissected organs/tissues were (C) photographed and (D) imaged ex vivo. Organs/tissues from left to right: Row
1 - tumor, heart, lung; Row 2 - kidney, liver, blood; Row 3 - pancreas & spleen, small intestine, muscle, and fat. Blue circle depicts the
region of interest (ROI) area used for IVIS image data analysis. (E) Relative average radiant efficiency values of fluorocoxib A uptake by
the K9TCC#5Lilly xenograft tumors were normalized to blood. The values of tumor-to-noise ratio (TNR) from mice treated with AB1010
(n =9) and imatinib (n = 10) were normalized to control group (n=10) and plotted as mean + standard error. Student’s #-test was used for
a statistical analysis, “p < 0.01.
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characteristics similar to human cancers including,
genetic components (i.e., gene expression profile and
intracellular signaling events) and common environmental

results from studies utilizing companion animals with
spontaneously occurring tumors can be translated more
effectively into human clinic to improve diagnostic and

factors responsible for the development/progression of the

treatment options for human patients diagnosed with
cancer [53]. Those common characteristics indicate that

cancer [54-56]. The established and characterized canine
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Figure 5: RTKIs-induced COX-2 expression in K9TCC#5Lilly xenograft tumors in vivo. The upregulation of COX-2 by
AB1010 and imatinib in the K9TCC#5Lilly xenograft tumors was detected by (A) IHC and (B) WB analyses. Brown color indicates a
positive staining for COX-2 protein expression in cells. Objective 20x, scale bar 50pm. Actin was used as a loading control for WB. (C)
Densitometry evaluation of normalized COX-2 to actin expressions were performed using the VisionWorks acquisition (Analytik Jena)
and analyzed by Image J software (NIH). Obtained values from AB1010 (» = 8) and imatinib (n = 10) treated groups were normalized to a

control group (n =9) and plotted as mean =+ standard error from two independent WB gels that were run in two independent times (n = 4).
Student’s #-test was used for a statistical analysis, p < 0.05.
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and feline cancer cell lines serve as a valuable model to
advance the validation of novel imaging and therapeutic
agents for cancer [29, 32, 40, 57-60].

COX-2 plays a key role in promoting angiogenesis,
cell proliferation, and inhibiting apoptosis [34-37, 61].
COX-2 is overexpressed in many types of cancer,
including bladder cancer, and is often an indicator of poor
prognosis in human [38, 62] as well in canine patients
[63, 64]. In this study, we evaluated the effects of several
RTKIs and TKIs on COX-2 expression in ten human and
canine bladder cancer cell lines in vitro. Furthermore, the
effects of the specific RTKIs, AB1010 and imatinib, on
COX-2 expression in K9TCC#5Lilly xenograft tumors in
vivo was also evaluated. COX-2 expression was detected
in six out of ten tested bladder cancer cell lines (Figure
1). As shown in Figure 2, in the COX-2 positive bladder
cancer cell lines, all tested RTKIs and TKIs increased
COX-2 expression. AB1010 and imatinib selectively
target the c-Kit and PDFGRa/p receptors, which are
overexpressed in bladder cancer cells [17-19]. Despite
inhibiting the phosphorylation of the PDGFRf receptor
(Supplementary Figure 1), AB1010 and imatinib increased
COX-2 expression in a dose-dependent manner in the
tested COX-2 positive bladder TCC cell lines (Figure 3).
The results from our study are consistent with previously
published studies where chemotherapeutic agents and
targeted therapies increased COX-2 expression in bladder
cancer cells, glioma cancer stem cells (CSCs), non-small
cell lung cancer cells, and oral squamous cell carcinoma
cells in vitro [29-33]. We have previously published that
co-treatment of AB1010 with indomethacin abrogates
the AB1010-induced COX-2 expression and inhibit cell
growth of tested TCC cells in vitro [29]. This is also in
agreement with a previously published study which
determined that co-treatment of imatinib and celecoxib,
was more effective than imatinib alone and sensitized
imatinib-resistant K562 cells in vitro [65].

The challenges associated with the detection of
bladder cancer also contribute to the high bladder cancer
recurrence rates, driving the need for improved diagnostic
imaging techniques. To improve diagnostic imaging
tools during cystoscopy procedures, a key focus in pre-
clinical research is to evaluate the ability of fluorescently-
labeled contrast agents for the detection and monitoring of
bladder cancer [42, 66—68]. Previously published studies
indicate that fluorescently-labeled COX-2 inhibitors, such
as fluorocoxib A, are suitable candidates for targeted
optical imaging because of their high specificity for the
target protein, COX-2 [43—46]. Fluorocoxib A has been
extensively studied both in vitro and in vivo for the
detection of inflammation and cancer, demonstrating
highly selective and specific uptake by COX-2-expressing
tissues when compared to surrounding normal tissues
[40, 41, 48, 69]. In this study, we validated the ability
of fluorocoxib A to detect changes in COX-2 expression
after treatment with the targeted TKIs therapies, AB1010

and imatinib in vivo using the COX-2-expressing
K9TCC#5Lilly xenograft mouse model. The initial
decrease in relative tumor volumes in mice treated with
AB1010 and imatinib after first week of therapy, followed
by the increase in relative tumor volume after two weeks
of therapy, suggests possible acquired drug resistance to
RTKIs. Higher uptake of fluorocoxib A was observed in
the KOTCC#5Lilly xenograft tumors from mice treated
with AB1010 and imatinib when compared to volume of
tumors from untreated mice as shown in Figure 4. The
RTKI-induced COX-2 expression in K9TCC#5Lilly
xenograft tumors was confirmed by IHC (Figure 5A) and
WB analysis (Figure 5B and 5C). The specific uptake
and increased intensity of fluorocoxib A (Figure 4) by
the K9TCC#5Lilly xenograft tumors correlated with the
RTKI-induced COX-2 expression both in vitro (Figure 2
and 3) and in vivo (Figure 5). These results indicate that
fluorocoxib A is highly sensitive and specific to detect
and monitor the changes of COX-2 expression in bladder
cancer. In an era of precision medicine, there is a rising
importance to detect not only the basal levels but also
monitor the changes in the expression of key molecular
drivers of the tumor through the course of treatment to
predict early responders from non-responders and to
improve the outcomes of patients diagnosed with cancer.

In conclusion, the increased COX-2 expression was
detected by all tested RTKIs and TKIs in at least one of the
tested COX-2-expressing bladder TCC cell lines (5637,
SW780, TCCSUP, K9TCC#1Lillie, K9TCC#2Dakota,
and K9TCC#5Lilly) in vitro. In addition, fluorocoxib A
uptake correlated with the AB1010- and imatinib-induced
COX-2 expression detected by IHC and WB analysis in
the K9TCC#5Lilly xenografts in vivo. In conclusion, these
results indicate that fluorocoxib A could be used for the
monitoring the tumor’s responses to targeted therapies in
COX-2-expressing bladder cancers.

MATERIALS AND METHODS

Antibodies and reagents

The antibodies for p-c-Kit (Tyr721, sc-18077),
p-PDGFRp (F-10, sc-365464), PDGFRp (11H4, sc-
80991), COX-2 (C-20, sc-1745), actin (C-4, sc-47778),
and secondary donkey anti-goat (sc-2020) were purchased
from Santa Cruz Biotechnology (Santa Cruz, CA, USA);
antibody for COX-2 (aa 570-598, 160106) was purchased
from Cayman Chemical (Ann Arbor, MI, USA); antibody
for c-Kit (961-976, PC34) was purchased from Millipore
Sigma (Burlington, MA, USA); and secondary anti-rabbit
(cs-7074) antibody were purchased from Cell Signaling
Technology (Danvers, MA, USA). AZD 5438 (AZD) and
toceranib (Toc) were purchased from Tocris Bioscience
(Minneapolis, MN, USA). Erlotinib (Erl), gefitinib
(Gef), imatinib (Ima), sorafenib (Sor), SP600125 (SP),
vandetanib (Van), and UO126 (UO) were purchased from
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Cell Signaling Technology. Axitinib (Ax) was purchased
from Millipore Sigma (Burlington, MA, USA); and
AB1010 (AB, Masitinib® or Masivet) was purchased from
ApexBio (Boston, MA, USA). All other chemicals and
reagents were purchased from Thermo Fisher Scientific
(Pittsburgh, PA, USA), unless otherwise specified.

Cell lines

Human bladder cancer cell lines J82, RT4, T24, UM-
UC-3, 5637, SW780, and TCCSUP were purchased from
American Type Culture Collection (ATCC, Manassas,
VA, USA). Cell lines were authenticated via short
tandem repeat (STR) DNA profiling by Genetica DNA
laboratories (Burlington, NC, USA). J82 and TCCSUP
cells were grown in MEM media supplemented with
MEM non-essential amino acids and sodium pyruvate;
RT4 and T24 cells were grown in McCoy’s media; UM-
UC-3 cells were grown in MEM media; and 5637 and
SW780 cells were grown in RPMI-1640 media. All culture
media were supplemented with 10% fetal bovine serum,
100 I.U. penicillin, and 100 pg/mL streptomycin. Canine
bladder transitional cell carcinoma (K9TCC) cell lines
K9TCC#l1Lillie, K9TCC#2Dakota, and K9TCC#5Lilly
were established and characterized in the laboratory of
Dr. Cekanova as described previously [58]. The K9TCC
cell lines were grown in a complete RPMI-1640 medium
supplemented with 10% fetal bovine serum, 100 1.U.
penicillin, and 100 pg/mL streptomycin.

Animals

All animal experiments were performed in
accordance with approved UTK TACUC protocols. Thirty
5-week-old athymic female nude mice (Charles River,
Boston, MA, USA) were randomly divided into three
groups (n = 10/group). The COX-2 positive bladder cancer
KO9TCC#5Lilly cells were injected s ubcutaneously (s.c.) at
a density of 1.7-2.0 x 10° cells mixed with a 1:1 ratio of
PBS and Matrigel. After 2 weeks of tumor development,
treatment with the RTKIs, AB1010 and imatinib, was
initiated. Group 1 served as the control group of mice that
received the vehicle (DMSO+0.9% NaCl). The other two
groups of mice received the RTKI treatments, where Group
2 received AB1010 (3.75 mg/kg) and Group 3 received
imatinib (7.5 mg/kg), three times per week for two weeks
intraperitoneal (i.p.). Tumor volume was calculated as:
V(mm?) = length(mm) x width(mm)? x 0.52.

Optical imaging in vivo

After the final RTKI treatments, fluorocoxib A was
administered (1 mg/kg, s.c.) to all mice. Four hours after
fluorocoxib A administration, the mice were sacrificed,
tumor and other organs were dissected, and imaged ex vivo
using the Xenogen IVIS Lumina optical imaging system
with DsRed filters with excitation 500 to 550 nm, emission

575 to 650 nm, and bac kground 460 to 490 nm (Perkin
Elmer, Waltham, MA, USA). The obtained total flux (p/s)
and average radiant efficiency ([p/s/cm?/sr] / [uW/cm?])
of labeled regions of interest (ROI) of dissected tumor
and other organs/tissues (heart, lung, kidney, liver, blood,
spleen, pancreas, small intestine, muscle, and fat) were
evaluated. Tumor-to-noise ratio (TNR) was calculated
using the following equation: TNR = (tumor radiant
efficiency values)/(blood radiant efficiency values). The
TNR for each treatment groups (AB1010 and imatinib)
were normalized to Group 1 (control). Each dissected
tumor was divided into pieces; one piece of tumor was
fixed in a 10% neutral buffered-formalin for histology
and immunohistochemistry (IHC) analysis. Another piece
of tumor was kept in RNAlater solution and stored at
—80° C freezer until western blotting (WB) analyses were
performed.

Immunohistochemistry (IHC)

Dissected tissues from mice were formalin-fixed,
paraffin-embedded, and sectioned at 7 um. Hematoxylin
and eosin (H&E) staining was performed following a
standard histological staining protocol. The IHC staining
was performed as described previously [41]. After de-
paraffinization, the antigen retrieval using sodium citrate
pH 6.0 was performed for 20 min in the antigen retriever
(Electron Microscopy Sciences, Hatfield, PA, USA). The
blocking of endogenous peroxidase activity was performed
by 3% H?0O? in 50% methanol for 5 min, followed by
the blocking of non-specific signal using protein block
solution (BioGenex, Fremont, CA, USA). Tissues were
incubated with the COX-2 primary antibody (Cayman),
followed by the incubation with the specific biotinylated
secondary antibodies, streptavidin/HRP detection system,
and visualized by 3,3'-diaminobenzidine (DAB) staining.
Nuclei were counter-stained with a hematoxylin and slides
were evaluated using a Leitz DMRB microscope (Leica).
The images were captured by a DP73 camera (Hunt
Optics and Imaging, Pittsburgh, PA, USA) using CellSens
Standard software (Olympus, Center Valley, PA, USA).

Western blotting analysis

The tested bladder cancer cells were seeded in 10
cm tissue culture dishes at a concentration of 2 x 10°
cells/dish in complete media. After 24 h incubation,
cells were treated with 5 uM concentration of the tested
RTKIs (as shown in Figure 2) and with 0, 1, 5, and 10
uM of AB1010 and imatinib (as shown in Figure 3) in
complete media for an additional 24 h. DMSO was used
as the control. The cell lysates and tissue samples were
lysed in ice-cold RIPA buffer supplemented with protease
and phosphatase inhibitors cocktail (1 mM PMSF; 1 g/
ml aprotinin; 1 pg/ml leupeptin; 5 mM Na,VO,; 5 mM
NaF) and briefly sonicated on ice. Protein concentrations
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were measured using Pierce® BCA protein assay (Thermo
Scientific, Rockford, IL, USA). Equal amounts of proteins
were loaded onto SDS-PAGE gels and transferred to
nitrocellulose membranes. After blocking, the membranes
were incubated with primary antibodies overnight at 4°
C, followed by incubation with horseradish peroxidase-
conjugated secondary antibodies for 1 h at room
temperature. The immuno-reactive bands were visualized
using the ECL prime chemiluminescence system (GE
Healthcare Life Sciences, Marlborough, MA, USA)
and the images were captured using the BioSpectrum®
815 imaging system (Analytik Jena, Upland, CA,
USA). Densitometry analysis was performed using the
VisionWorks acquisition (Analytik Jena) and analysis
software (Analytik Jena and Image J, NIH).

Statistical analysis

Statistical analysis was conducted using the
Student’s ¢-test to establish significant differences among
treatment groups. Results were considered statistically
significant at p < 0.05 and "'p < 0.01.
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COX-2: cyclooxygenase-2; HC:
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