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models using human tumor xenografts of a variety of histological origins.
Efforts to identify inhibitors of these receptor tyrosine kinases led to the
identification of BAY 57-9352. This compound is a potent, orally active
inhibitor of VEGFR-2 and PDGFR tyrosine kinase activity, cellular receptor
autophosphorylation and VEGF- and PDGF-stimulated mitogenesis in vitro.
The present studies describe the investigation of major metabolic pathways
of BAY 57-9352 following incubations with liver preparations, the elucidation
of metabolizing human cytochrome P450 (CYP) isoforms involved and the
inhibitory and inductive potential of BAY 57-9352 on major human CYP
isoforms. The main phase | metabolic pathways in man were assessed
in vitro using human liver microsomal preparations. Additionally, phase
Il biotransformations were assessed in a sandwich model with cultured
hepatocytes. CYP 3A4, 2C8, 2C19 and 1A2 and glucuronosyl transferase
were found to be the major metabolizing enzymes. These data indicate that
BAY 57-9352 metabolism is mediated by multiple enzymes.

The potential of BAY 57-9352 to induce the human P450 isoforms
CYP 1A2 and 3A4 was investigated in cultured human hepatocytes of
five different donors. No inductive effects on CYP 1A2 and 3A4 were
observed after treatment of human hepatocytes with concentrations up
to 7 uM BAY 57-9352 in the hepatocyte medium. These results provide
evidence that BAY 57-9352 is not an inducer of CYP1A2 and 3A4 up
to a concentration, which is markedly higher than therapeutic plasma
concentrations of BAY 57-9352 in preclinical models. In addition, no major
CYP enzyme inhibition was observed. Taken together, the data indicate
that clinical drug-drug interactions through inhibition or induction of CYP
enzymes by concomitantly administered drugs are unlikely. Based on a
favorable pharmacological and in vitro metabolic profile, BAY 57-9352 has
advanced to Phase 1 clinical trials as an anti-angiogenic agent.
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Tyrosine kinase inhibition as a strategy to suppress growth of
primitive endothelial cells
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Blockade of receptor tyrosine kinases (RTKs) is an increasingly important
area of cancer research because RTKs are ubiquitous, and mutated forms
often give rise to cells that are constitutively activated. Imatinib, an inhibitor
of the split RTK family including c-kit and vascular endothelial growth factor
receptor (VEGFR), has had a major impact on the treatment of several
cancers associated with dysregulated activation of RTKs. Angiogenesis,
the formation of new blood vessels from established vasculature, results
from proangiogenic stimuli, such as vascular endothelial growth factor
(VEGF), stem cell factor (SCF), and others, acting on mature endothelial
cells. To begin to test the hypothesis that blocking RTKs on endothelial
cells could suppress angiogenesis in cancer, we developed a unique
endothelial xenograft model utilizing neoplastic canine endothelial cells
(SB-HSA) derived from a malignant angiosarcoma in a dog (Akhtar et al,
Neoplasia 6:106, 2004). All studies were done with prior approval of the UW
Animal Care Committee. Canine angiosarcomas are comprised of primitive
endothelial cells and recapitulate many features characteristic of mitotically
active endothelial cells (Fosmire et al, Lab Invest 84:562, 2004). The cells
used in our xenograft model express VEGFR-2 and c-kit, as well as their
ligands, VEGF and SCF. NOD-SCID mice injected with SB-HSA cells and
treated with imatinib developed statistically smaller tumors compared to
untreated control mice. Therefore, blocking RTKs in this model had an
important therapeutic benefit in arresting the growth of mitotically active
endothelial cells. To extend these findings and to begin to learn more about
the pathways affected, we have examined spontaneous angiosarcomas
from multiple dogs and found them to express c-kit uniformly. We are
pursuing investigations intended to clarify expression and activation of
other RTKs including VEGFR-2 and platelet-derived growth factor as
possible targets of imatinib in this model. Taken together, we have shown a
promising effect of RTK inhibition in a novel angiogenesis model that may
have potentially broader applications in cancer. Furthermore, the natural
occurrence of canine angiosarcoma may provide a unique opportunity to
evaluate RTK inhibition as a strategy to suppress the angiogenesis of
malignancy in an out bred animal model. (Supported by NIH CA86264,
Morris Animal Foundation DO3CA-71, Canine Health Foundation 2025, and
a UW Companion Animal Fund grant)
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Toxin-VEGF fusion protein inhibits tumor growth
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Growth of primary tumor and metastatic lesions beyond few millimeters
requires neovascularization that combines angiogenesis and vasculoge-
nesis. The critical question in attacking neovascularization is how to
target the tumor-associated vasculature while sparing the normal quiescent
vasculature. Endothelial cells in tumor vasculature overexpress VEGFR-2,
a major receptor for vascular endothelial growth factor (VEGF), which is
expressed only at low levels in quiescent vasculature. To target only those
endothelial cells that overexpress VEGFR-2, we have constructed a novel
toxin-VEGF fusion, named SLT-VEGF by fusing the catalytic subunit A of
Shiga-like toxin 1 (SLT) to the 121 amino acid-long splice variant of VEGF.
To obtain an “FDA-friendly” protein, the SLT-VEGF coding sequence was
cloned into the pET29a(+) bacterial expression vector (Novagen) carrying
a kanamycin resistance gene. The resulting protein contains 293 aa of
the full-length SLT subunit A fused to 121 aa of the human VEGF ¢ via
a 7-aa linker GTDDDDK. SLT-VEGF is purified from inclusion bodies to
>95% purity with a yield of >5 mg/L. SLT-VEGF selectively kills (IC5, ~0.07
nM) growing endothelial cells overexpressing VEGFR-2, but not quiescent
endothelial cells, or cells expressing low levels of VEGFR-2. SLT-VEGF
retains full activity after storage for more than a year at -70°C, one month
at +4°C, or seven days at room temperature.

SLT-VEGF activity in vivo was tested using PC3 human prostate tumors in
Ner nu/nu mice and 4T1 mouse mammary carcinoma tumors in Balb/c
mice. Mice (n = 15) received five bi-weekly injections of SLT-VEGF,
0.05 mg/kg/injection (1 pg/mousefinjection). This SLT-VEGF treatment
significantly inhibited tumor growth in both models while inducing only
transient discomfort in mice and a low-titer anti-SLT antibody response.
Mice bearing 4T1 tumors were also treated with different SLT-VEGF
treatment regimens and tumor growth for every individual mouse was
analyzed. By plotting tumor growth rates for individual mice as linear
regression curves, responder and non-responder mice could be clearly
distinguished in each group. We found that the proportion of mice whose
tumors respond to SLT-VEGF treatment increases with an increasing
cumulative dose of SLT-VEGF.

To establish the mechanism of SLT-VEGF action, the protein was injected
into 4T1 and PC3 tumors that were excised 24 h later, sectioned
and stained for apoptotic cells with a TUNEL kit and for markers
of endothelial cells, such as VEGFR-2 and PECAM. Judging by co-
localization of apoptotic and endothelial markers, SLT-VEGF induces
apoptosis preferentially in endothelial cells overexpressing VEGFR-2.

We expect that the combination of highly potent and selective cytotoxicity in
vivo, convenience of FDA-friendly production, and excellent stability would
make SLT-VEGF a valuable candidate for clinical development.
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Augmentation of radiation response in upper aero-digestive tract
tumors with the vascular targeting agent ZD6126
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Background: Epithelial tumors of the upper aero-digestive tract result in
particularly high morbidity and mortality. Angiogenesis plays an essential
role in epithelial tumor growth and metastasis. We have performed
preclinical studies to investigate the anti-tumor effects of radiation combined
with ZD6126, a novel agent targeting the microtubules of endothelial cells,
in head and neck (H&N) and lung cancer cell lines. The hypothesis is
that tumor control may be enhanced by simultaneously targeting tumor
(radiation) and tumor vasculature (ZD6126).

Methods: To characterize specific cellular effects and anti-tumor activity
of the investigational regimen, a series of in vitro studies using endothelial
cells (HUVEC), and in vivo studies in athymic mice bearing human lung
(H226, A549) and H&N (SCC1) tumor xenografts were performed.
Results: Exposure to ZD6126 results in clear morphologic changes in
HUVEC and inhibits HUVEC growth in a dose dependent manner. ZD6126
also inhibits the process of capillary-like network formation in HUVEC. Flow
cytometry analysis using propidium iodide staining indicates that ZD6126,
with or without radiation, results in cell cycle arrest in G2/M. ZD6126
augments radiation-induced apoptosis in HUVEC as measured by caspase
assay. In vivo matrigel angiogenesis assay demonstrates that the anti-
vascular effect of ZD6126 is enhanced by combination with radiation. In
tumor xenografts, extensive necrosis is observed in H226 tumors as early
as 24 hours following the injection of ZD6126. Experiments in athymic
mice bearing SCC1 tumor xenografts demonstrate that the combination of
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ZD6126 (200 mg/kg ip qwk) plus radiation (2.5 Gy biw) results in enhanced
anti~tumor activity over that achieved with single modality therapy.
Conclusions: These preclinical experiments strongly suggest that ZD6126
can augment radiation response in H&N and lung cancer model systems.
These results complement reports from other researchers [1,2] suggesting
the potential value of combining radiation with vascular targeting agents for
the treatment of upper aero-digestive tract cancers.
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Low-dose metronomic cyclophosphamide induces sustained hypoxia
in human tumor xenografts, which can be exploited therapeutically
by the combination with the hypoxic cell cytotoxin tirapazamine
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The frequent administration of low doses of conventional cytotoxic drugs
over prolonged periods without breaks, often referred to as low-dose
metronomic chemotherapy (LDM), or simply metronomic chemotherapy,
targets the tumor vasculature and as such is assumed to increase tumor
hypoxia. However, the relationship between antiangiogenic therapies and
tumor oxygenation status is both complex and controversial. Moreover,
recent evidence suggests that by inducing severe hypoxia, antiangiogenic
treatments might select for less oxygen dependent tumor cell populations
with potentially more aggressive clinical behavior and resistance to
radiotherapy and conventional chemotherapy. We therefore tested a)
whether LDM, in our case with cyclophosphamide (CTX), indeed increases
tumor hypoxia and b) if combining LDM CTX with the hypoxic cell cytotoxin
tirapazamine (TPZ) prevents the outgrowth of less oxygen dependent
tumor cells. The hypoxic status of PC-3 human prostate cancer xenografts
implanted subcutaneously in male nude mice was assessed by direct
oxygen measurements (Eppendorf microelectrode technique) and EF5
staining. Mice with established tumors were treated with 20 mg/kg/d of
CTX given in the drinking water, which results in partial tumor regression,
followed by prolonged stabilization and eventually regrowth. TPZ was
administered intraperitoneally at a weekly dose of 256 mg/kg, the regimen
with the best therapeutic index of several schedules tested. In comparison
with untreated PC-3 xenografts, LDM CTX treated tumors exhibit more
pronounced hypoxia, which was sustained during tumor regrowth. Adding
TPZ to LDM CTX did not induce complete tumor eradication. However, the
combination resulted in a significant growth delay of more than 6 weeks.
LDM CTX combined with TPZ was also beneficial in two other xenograft
models using the orthotopically implanted human breast cancer cell line
MDA-MB-231, and the subcutaneously growing human colon cancer cell
line HT29. We conclude that LDM CTX induces sustained hypoxia, which
can be exploited by combination with TPZ. Potential limitations of the
combination of antiangiogenic therapies and hypoxic cell cytotoxins will
be discussed.

181 POSTER

Suppression of neuroblastoma by targeted delivery of interleukin-12
to tumor vasculature
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Neuroblastoma (NB) is the third most common cancer of infancy and
childhood. The outlook for long-term survival in children diagnosed with
NB remains poor. Because NB is considered an immunogenic cancer,
new approaches for the treatment of this disease are being explored.
Interleukin-12 (IL-12) is a potent stimulator of immune cells, specifically NK
and T lymphocytes, and demonstrates both antitumor and antiangiogenic
properties. Because its pleiotropic effects may be of benefit to cancer
patients with NB, delivery of IL-12 in a manner that avoids the troublesome
toxicity associated with its administration would be advantageous. To this
end, we engineered a fusion protein, mrlL-12vp (mouse recombinant
interleukin-12 linked to vascular homing peptide) composed of the cytokine
IL-12 linked to an arginine-glycine-aspartate containing peptide, RGD-4C.
Binding of av33 integrin to its RGD ligands within the extracellular matrix
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(ECM) triggers signals within endothelial cells (EC) for survival. Disruption
of these signals by av33 antagonists triggers apoptosis of EC. Since av33
integrin is expressed almost exclusively by dividing EC in developing tumor
neovasculature, targeted delivery of IL-12 to avf33 integrin could enhance
its immunostimulatory, antiangiogenic, and antitumor activities within the
tumor microenvironment and localization may decrease toxicity. Using
a corneal neovascular assay, we evaluated the angiogenic potential of
NXS82 murine neuroblastoma cells. NXS2 cells loaded onto sponges and
implanted into corneal pockets in an avascular area generated a robust
angiogenic response. Mice receiving NXS2 corneal implants and given
mrlL-12vp by subcutaneous (SC) continuous infusion (Cl) showed nearly
total inhibition of corneal neovascularization (P=0.02) while inhibition by
mrlL-12 was 80%. mrlL-12vp slowed tumor growth when mice were injected
SC with 1x106 NXS2 cells and treated with 1 ug/day of mriL-12vp or
mriL-12 by CI once tumors were palpable. Only mriL-12vp demonstrated
significant inhibition of tumor growth (P=0.03). Thus, targeting IL-12 to
developing tumor vasculature may be an effective strategy to suppress
angiogenesis and tumor growth with effects superior to those of non-
targeted IL-12. This model offers opportunities to extend these results by
combining mriL-12vp with other immunogenic strategies for NB that may
prolong survival time for NB patients.
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Effect of chemotherapy on human tumor xenografts differently
expressing vascular endothelial growth factor (VEGF) and fibroblast
growth factor-2 (FGF-2).
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The aim of this study was to investigate the influence of growth factor-
affected vascular morphology and functionality on tumor response to
chemotherapy. To this purpose we have investigated transfectants from
the human endometrial adenocarcinoma HEC-1-B cell line that differ for
VEGF and/or FGF-2 expression. Specifically, Tet-FGF-2/HEC-1-B cells
that over express FGF-2 under the control of a tetracycline-responsive
promoter and AS-VEGF-Tet-FGF-2/HEC-1-B that show reduced levels of
VEGF after further transfection with VEGF antisense cDNA. We have
previously shown the expression of FGF-2 and VEGF affect HEC-1-B tumor
growth and angiogenesis synergistically; the inhibition of either one of the
two growth factors results in a significant reduction in tumor growth and
vascularization and the simultaneous down regulation of VEGF and FGF-2
caused additional inhibitory effects (Giavazzi et al., Am. J. Pathol., 2003).
Here, nude mice transplanted subcutaneously with Tet-FGF-2/HEC-1-B
or AS-VEGF/Tet-FGF-2/HEC-1-B and receiving tetracycline or not in the
drinking water were treated with BAY 59-8862 (a paclitaxel derivative,
former IDN5109; Nicoletti et al., Cancer Res., 2000) at different doses and
schedules. The treatment with BAY 59-8862 induced a significant tumor
growth inhibition of Tet-FGF-2/HEC-1-B and AS-VEGF/Tet-FGF-2/HEC-
1-B xenograft models; the response was dose and schedule dependent.
Although the xenograft variants showed similar tumor growth delay,
independently from the expression of the angiogenic growth factors,
the best therapeutic response was obtained in tumors with both the
growth factors down regulated simultaneously (50% cured mice). The
drug distribution into the tumors, was evaluated by HPLC assay. These
findings show the alterations of vascularization, associated to growth factor
modification, do not impair the response to chemotherapy.

Partially supported by the EU-6" Frame Work Program LSHC-
CT-2003-503233.
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Gene delivery of Escherichia coli nitroreductase into endothelial
cells prolongs the survival of tumor-bearing mice after the treatment
with the prodrug CB1954
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A recent target of cancer gene therapy is tumor vasculature. Here, we
present a gene-directed enzyme prodrug therapy (GDEPT) approach to
target the tumor angiogenesis in vivo, by using the E. coli nitroreductase
(ntr) gene delivery. This gene codes for an enzyme which is able to convert
a non-toxic prodrug, such as the CB1954, into a potent cytolytic agent.

After transfection of human umbilical vein endothelial cell line (HUV-EC-C)
with a plasmid DNA carrying the nir gene, we set up in vitro experiments
in order to analyse the effects of CB1954 on these nir-transfected cells.



