
Abstract. Background: Angiopoietin/Tyrosine Kinase-2
(ANG/TIE2), Fibroblast Growth Factor-1 (FGFR1) and
Vascular Endothelial Growth Factor Receptors (VEGFRs)
promote growth of urothelial carcinoma (UC). We examined
the pre-clinical activity of CEP-11981, a tyrosine kinase
inhibitor of TIE2, FGFR1 and VEGFR-1-3, in UC. Materials
and Methods: The in vitro activity of CEP-11981 was
evaluated in four human UC cell lines. The effect of daily oral
CEP-11981 was examined in RT4 xenografts, which also
underwent immunohistochemistry (IHC) for cleaved caspase-
3, Cluster of Differentiation (CD)-31, VEGFR2 and TIE2.
Results: In vitro activity was not detected. Preliminary in vivo
experiments suggested that CEP-11981 at both 5 mg/kg and
10 mg/kg induced similar regression of xenografts, greater
than those at 2.5 mg/kg daily. Given the lower toxicity at 
5 mg/kg, we performed a confirmatory experiment with 
5 mg/kg, which significantly inhibited xenografts compared to
controls (p<0.05). IHC of xenografts demonstrated no
differences in CD31, cleaved caspase-3 or VEGFR2, but TIE2
was significantly down-regulated (p=0.008) by CEP-11981.
Conclusion: CEP-11981 demonstrated a significant pre-
clinical activity against human UC xenografts, which was
attributable primarily to effects on TIE2 receptor. 

Despite the chemosensitivity of metastatic urothelial carcinoma
(UC), the disease is largely incurable, with 5-year survival

attained by only 5 to 15% of patients following cisplatin-based
first-line regimens (1-5). The median overall survival (OS) is
only 15 months (1-7). Multiple chemotherapeutic and targeted
agents demonstrate poor activity in the second-line setting and
yield a median progression-free survival (PFS) of two to three
months and a median OS of six to nine months (8-19). Hence,
there is a need to discover new agents to provide significant
gains in outcomes.

Preclinically, the vasculature appears to be a therapeutic
target in UC (20-23). The combination of bevacizumab and
platinum-based chemotherapy has led to an ongoing phase III
Cancer and Leukemia Group B (CALGB) led trial (24, 25).
In addition, sunitinib has demonstrated modest activity in
chemonaive patients and in patients post-chemotherapy (26,
27). One of the promising novel therapeutic targets on
vasculature is the Angiopoietin-Tyrosine Kinase-2
(ANG−TIE2) axis. Angiopoietin 1 and 2 bind to the receptor
tyrosine kinase TIE2, and regulate proangiogenic pathways
involved in neovascularization (28, 29). Indeed, one patient
with cisplatin-refractory advanced bladder cancer receiving
combination chemotherapy with AMG386, a monoclonal
antibody against TIE2, exhibited a complete response (30). 

CEP-11981 is a small molecule tyrosine kinase inhibitor
(TKI) that targets TIE2, (VEGFRs) 1, 2 and 3 and fibroblast
growth factor receptor (FGFR)-1 (31, 32). Promising
preclinical activity was also demonstrated in multiple tumor
types (33). Given the role of angiogenesis in UC and
promising early signals of activity for the inhibition of the
ANG−TIE2 axis, we proceeded to evaluate the activity of
CEP-11981 in a preclinical model of UC.

Materials and Methods

Cell lines and reagents. Four human UC cell lines were used: 5637,
TCC-SUP, T24, and RT4. Cells were obtained from American Type
Culture Collection (Manassas, VA, USA) and their purity was
confirmed before the experiments. 5637 was cultured as a monolayer
in RPMI-1640 (Invitrogen, Grand Island, NY, USA) supplemented
with 2.5 g/l of glucose, 2 mmol of L-glutamine, 1 mmol of sodium
pyruvate, 10 mmol of HEPES, 10% fetal bovine serum, and 1%
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penicillin-streptomycin. TCC-SUP was cultured as a monolayer in
Eagle’s Minimum Essential Medium (MEM, Invitrogen) with 10%
fetal bovine serum, and 1% penicillin-streptomycin. T24 cells were
cultured in RPMI-1640 with 10% fetal bovine serum and 1%
penicillin/streptomycin. RT4 cells were cultured as a monolayer in
McCoy’s 5a medium (Invitrogen) with 10% fetal bovine serum, and
1% penicillin-streptomycin. All cells were grown in a humidified
incubator with 5% carbon dioxide at 37˚C. 

CEP-11981. For in vitro use, CEP-11981 (provided by Teva®, Petach
Tikva, Israel) was dissolved in Dimethyl sulfoxide (DMSO) and kept
as a stock solution at a concentration of 100 mM. The solution was
aliquoted and kept at −80˚C until use, when it was diluted with water
as necessary. Frequent freeze-thawing was avoided. For in vivo use,
CEP-11981 was dissolved in water and this solution was kept at
−20˚C for up to seven days. 

MTT assay to assess proliferation. For cell functional viability and
activity assays, 2.5×103 cells were plated per well in 96-well plates
and total cellular metabolic activity was determined by the 3-[4,5-
dimethylthiazol-2-yl]-2,5- diphenyltetrazolium bromide (MTT)
colorimetric assay (Sigma-Aldrich, Inc. St. Louis, MO, USA).
Medium containing specified concentrations of CEP-11981 was
added to the wells and the cells were incubated for 72 h. Following
incubation, MTT was added to each well, and the cells were
incubated for an additional four hours at 37˚C. MTT reacts with
mitochondrial metabolites to form a formazan salt resulting in a
colorimetric change. Differences in total cellular metabolism were
detected at a wavelength of 570 nm using a Fluostar Optima plate
reader (BMG Labtech, Inc. Cary, NC, USA). Results were expressed
as a relative percentage of total cellular metabolism compared with
untreated controls (controls expressed as 100%). 

Murine xenograft model of human UC. All experiments involving
animals were carried out under an approved protocol (AN-4104)
granted by the Institutional Animal Care and Use Committee of
Baylor College of Medicine. In a preliminary experiment, five nu/nu
six to eight week old female nude mice (The Jackson Laboratory,
Bar Harbor, Maine, USA) bearing subcutaneous RT4 human UC
tumors with similar average tumor sizes were randomly assigned to
three groups. The three cohorts were treated with different once daily
doses of CEP-11981: 2.5 mg/kg/d, 5 mg/kg/d or 10 mg/kg/d for five
days a week for two weeks by oral gavage in a volume of 0.1 ml.
Thereafter, a confirmatory experiment was conducted in two groups
of ten nude mice each bearing similarly sized subcutaneous RT4
xenografts. These two groups received either placebo (water) or
CEP-11981 at 5 mg/kg/d once daily for five days a week for four
weeks by oral gavage in a volume of 0.1 ml. Tumor size was
measured with calipers every two to three days.

Immunohistochemistry of murine xenografts. Xenograft tumors
removed from mice were fixed in formaldehyde and embedded in
paraffin. Expression of cleaved caspase (CC)-3, Cluster of
Differentiation (CD)-31, VEGFR2 and TIE2 (antibodies purchased
from Cell Signaling Technology, Inc, Danvers, MA, USA for all
except TIE2 antibody, which was purchased from Santa Cruz
Biotechnology, Inc, Santa Cruz, CA, USA) were performed
according to manufacturers conventional instructions and analyzed
in histological sections by immunohistochemistry (IHC) in all 10
murine xenografts from each confirmatory in vivo experimental

group. Appropriate positive and negative controls were also stained.
Each image was interpreted for immunoreactivity using a 0 to 3+
scoring system for both the intensity of stain (on the membrane or
cytoplasm for CD31 and VEGFR2, and cytoplasmic staining only for
CC-3 and TIE2) and the percentage of positively stained cells by
using Image-Pro Plus Software (Media Cybernetics, Rockville, MD,
USA). The data were then represented as overall percentages with
controls defined as 100%.

Statistical considerations. The significance of differences between
groups was determined by Student’s t-test or one-way ANOVA
measurement by an independent statistician who was not involved in
the conduct of in vitro and in vivo experiments. Comparisons of tumor
growth between treatment groups or the control were made using one-
way ANOVA and Tukey-Kramer honest significant difference (HSD)
test using JMP 5.1.2 statistical software package (SAS Institute, Cary,
NC, USA). p-Values were considered significant by Student’s t-test,
Tukey-Kramer HSD test if 0.05 or less.

Results 

MTT assay. In vitro activity was not detected at low nanomolar
concentrations (attainable in humans) of CEP-11981 in any of
the four cell lines (Figure 1). High concentrations of CEP-
11981 (1 μM) inhibited RT4 cells (p<0.05).

Efficacy of CEP-11981 in RT4 xenografts. Preliminary
experiments suggested that CEP-11981 at both 5 mg/kg and
10 mg/kg orally once daily induced similar regressions of RT4
xenografts, which appeared to be greater than regressions with
2.5 mg/kg orally once daily (Figure 2A). Given that the weight
of mice was better maintained with 5 mg/kg (Figure 2B), we
performed a confirmatory experiment comparing placebo with
CEP-11981 at 5 mg/kg orally once daily in mice with RT4
xenografts (Figure 3). At this dose, CEP-11981 significantly
arrested the growth of UC xenografts compared to control
(p<0.05). In the confirmatory experiment, the weights of mice
were not statistically different between the placebo and
treatment groups (data not shown)

IHC of xenografts in mice receiving CEP-11981 or placebo.
IHC of harvested RT4 xenografts demonstrated no statistical
differences in CD31 (p=0.65), CC-3 (p=0.48) and VEGFR2
(p=0.56) (Figure 4A), but TIE2 was significantly down-
regulated (88% lower, p=0.008) (Figure 4B). RT4 xenografts
did demonstrate numerically but not statistically lower CD31,
a marker for angiogenesis (11.2% lower), and numerically
higher VEGFR2 (23.8% higher), compared to controls. 

Discussion

This pre-clinical study demonstrates an antitumor activity of
CEP-11981 in xenografts of human UC cells. CEP-11981
therapy was associated with numerically, albeit not statistically,
11.2% lower angiogenesis compared to control and statistically
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significant 88% down-regulation of the TIE2 receptor tyrosine
kinase. Higher expression of VEGFR2 by 23.8% suggests
modulation of the VEGFR axis as well as cytoplasmic
internalization of VEGFR2, which may lead to increased
cytoplasmic expression. Given the larger and significant
modulation of TIE2, it may be reasonable to hypothesize that
most of the antitumor activity may be attributable to inhibition
of the ANG−TIE2 axis. No direct cytotoxicity in vitro was
found at concentrations attainable in vivo.

The angiopoietin ligands in the ANG−TIE1/2 signaling
pathway have also been documented to be expressed in humans
with UC (34). The expression of ANG-1 and -2 were assessed
by IHC of 52 UCs of the bladder. Expression was detected in 18
samples (35%) for ANG-1 and in 23 (44%) for ANG-2. ANG-2
expression was also significantly correlated with histological
grade, stage and poor prognosis. On multivariate analysis,
positive ANG-2 expression was an independent negative
predictor for survival (p=0.042). Another study analyzed the
expression of the mRNA of VEGF, ANG-1 and ANG-2 in 113
UCs (35). Multivariate analysis identified ANG-2 as an
independent predictor of tumor recurrence and TIE2 expression
as an independent favorable prognostic factor for both

metastasis and disease-specific survival. These data show the
strongest change in expression of VEGF and ANG-1 occurred
in non-muscle invasive bladder cancer in comparison with
normal bladder epithelium and invasive tumor stages. Another
study analyzed the expression of mRNA for VEGF, ANG-1 and
-2 in 71 UCs (36). Low-stage superficial TCC expressed VEGF
and ANG-2 mRNA at a significantly higher level than high-
stage muscle invasive carcinomas, and low-grade TCC at an
insignificantly higher level than high-grade tumors. Conversely,
ANG-1 mRNA was expressed at a significantly lower level in
low-grade, low-stage compared to high-grade, high-stage TCC.
Thus, a significant drop of VEGF and ANG-2 mRNA
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Figure 1. Viability of bladder cancer cell lines, 5637, RT4, T24, AND
TCC-SUP. Cell viability, as measured by the MTT assay (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide), was determined
after 72 h culture in normal growth media containing CEP 11891 at the
concentrations shown. % viability in CEP-11891 treated cells is
expressed compared to the MTT assay absorbance (at 570 nm) for the
same cell line grown in the absence of CEP-11891. Data are the mean
of triplicate wells±standard deviation. This Figure is representative of 2
experiments. Only a relatively high concentration of CEP-11891 (1000
nM) significantly (p<0.05) inhibited one cell line (RT4).

Figure 2. Preliminary study of CEP-11891 activity on RT4 xenografts
in nude mice. (A) mice were treated once daily with an oral gavage of
CEP-11891 at the concentrations shown. Both the 5 mg/kg and the 10
mg/kg dose levels showed equivalent inhibition of tumor growth over a
10 day period. However, (B) body weight was better maintained in mice
treated with the 5 mg/kg dose. Data represent the mean±standard
deviation of five mice per group.



expression coupled with higher ANG-1 in muscle-invasive
cancer may represent a crucial event in progression. 

Our study is limited by the analysis of CEP-11981 in only
one human TCC xenograft model, although we evaluated the
in vivo activity in a preliminary experiment that compared
three doses and a separate confirmatory experiment in the
RT4 xenograft model. We chose a rational dose for the
confirmatory experiment that showed activity without
excessive toxicity, i.e. weight loss, in the preliminary
experiment. We evaluated the in vitro activity in four cell
lines and assessed in vivo modulation of two of the important
therapeutic targets, VEGFR-2 and TIE2, but did not have the
resources to evaluate all of the targets, especially FGFR1.
However, despite the constraints of limited resources, our
study demonstrated significant antitumor activity probably
attributable to anti-angiogenic activity primarily by targeting
TIE2, and secondarily, VEGFR2.

Dose-related and exposure-driven in vivo antitumor efficacy
of CEP-11981 was observed in subcutaneous (melanoma,
glioblastoma, prostate carcinoma) and orthotopic human and
rodent solid (colon carcinoma, renal carcinoma, and
glioblastoma) and hematological (acute leukemia) tumor
xenograft models in normal and immunocompromised murine
hosts (33). The combination of CEP-11981 with
temozolomide conferred a median survival benefit in
orthotopic human glioblastoma-bearing animals compared to
temozolomide alone (253 days versus 160 days; p=0.04) (33).
However, we chose to develop single-agent therapy with CEP-
11981, given the toxicities of multi-targeted TKIs in humans.
Unfortunately, despite initiation of clinical development in a
phase I trial (NCT00875264), further development of CEP-

11981 has halted for unclear reasons. Nevertheless, other TKIs
inhibiting the ANG–TIE2 axis are in development, including
monoclonal antibodies (e.g. trebananib, AMG386) and a TKI,
regorafenib, which is approved for colorectal cancer and
gastrointestinal stromal tumor, and targets a spectrum of
receptor tyrosine kinase including TIE2 (31). 

To summarize, our data suggest the potential value of
targeting the TIE2 receptor in human UC. Further pre-clinical
and clinical validation of the strategy of targeting this
pathway is warranted, coupled with the study of potential
predictive biomarkers. 
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Figure 3. Activity of CEP-11891 on RT4 bladder tumor xenografts in
nude mice. Mice bearing RT4 tumors were treated with 5 mg/kg CEP-
11891 daily by oral gavage and tumor volume measured over 33 days.
CEP-11891 treated mice showed significantly reduced tumor growth
rate (p<0.05) compared to mice receiving the solvent only. Data
represent the mean±standard deviation of ten mice per group.

Figure 4. Angiogenic receptor expression in RT4 xenograft tumors treated
with CEP-11891. Tumors from mice treated with or without CEP-11891
5 mg/kg for 33 days were fixed and immunohistochemistry was
performed to quantify changes in expression of VEGFR2 (A), and TIE2
(B). VEGFR2 expression was no different with CEP-11981 treatment
compared to control solvent (p=0.56); TIE2 expression was significantly
reduced (p=0.008) with CEP-11891 compared to solvent-alone.
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