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treatment. Therefore, DCE-MRI would be useful as a pharmacodynamic
biomarker to predict tumor response to TAK-593.
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Sunitinib and sorafenib are small molecule tyrosine kinase inhibitors (TKIs)
whose targets include VEGFR2. Both TKIs are approved for the treatment
of renal cell cancer (RCC), and sorafenib is also approved for the treatment
of hepatocellular cancer (HCC). We examined the benefits of an antibody
targeted to VEGFR2, alone or in combination with the small molecule
inhibitors, in RCC and HCC models.

In the subcutaneous SKRC-29 RCC model established in nu/nu mice,
a rat antibody to mouse VEGFR2, DC101 (40mg/kg, IP, Mon-Wed-
Fri), showed comparable effects to sunitinib (40 mg/kg, PO, daily) on
tumor growth (T/C% =28 and 36, respectively) (p =0.36). Combination of
these two agents resulted in significantly increased efficacy compared to
monotherapy (T/C% =16, p <0.02), with an increase in partial regression
frequency to 64%, compared to <10% in the monotherapy groups. Utilizing
thin and thick section histological analysis, the loss of MECA-32 +ve or
CD31 +ve blood vessels was similar in all treatment groups, although
slightly greater in the combination group (p <0.05). Interestingly, DC101
caused a greater loss of LYVE-1 +ve tumor lymphatic vessels and alpha-
smooth muscle actin (alphaSMA) positive vessel like structures than
sunitinib (p <0.05). In fact DC101 caused a dramatic loss of both CD31 and
alphaSMA in the most common vessel type, leaving only type IV collagen
sleeves, while sunitinib decreased only the CD31 component of these triple
stained vessels.

Similar to DC101 + sunitinib, the combination of DC101 and sorafenib
(100 mg/kg, PO, daily) in a subcutaneous SK-Hep1 HCC model resulted
in significantly increased efficacy compared to monotherapy (T/C% =25
versus 43 and 51 respectively; p<0.003), with 100% partial tumor
regression frequency, compared to 18% in the DC101 monotherapy group.
At the dose used, sorafenib monotherapy was associated with 100%
mortality by Day 23 of treatment, while in the combination group no
mortality was observed through Day 30 of treatment. Thin and thick section
histological analysis in the SK-Hep1 model are pending.

The above results support the potential utility of combining antibody and
TKiIs targeting the VEGFR2 pathway for the treatment of RCC and HCC.
In addition, results suggest that small molecule VEGFR2 inhibitors, at
the doses utilized, may not completely block VEGFR2 function in cancer
models, given the benefits observed following the addition of an antibody
specifically targeting VEGFR2.
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The approval of an increasing number of molecularly targeted therapies in
cancer creates an opportunity to contemplate combinations of targeted
agents. This is particularly important because single agent activity of
targeted therapies typically exhibit only modest activity in the clinic. A
current challenge is to identify appropriate rational combinations that
combine mechanisms to elicit maximal anti-tumor activity and to avoid
antagonistic drug combinations.

AV-951 (formerly KRN951) is a small molecule VEGFR inhibitor currently
in phase 2 clinical trials, as well as in phase 1B combination studies
with the rapamycin analogue temsirolimus. AV-951 inhibits VEGFR 1,
2 and 3 activity at picomolar concentrations (IC50 of 0.21, 0.16 and
0.24 nM respectively), while it inhibits c-Kit and PDGFR at 10-times higher
concentrations (IC50 of 1.63 and 1.72 nM respectively). Rapamycin targets
mTOR, a protein involved in integrating nutrient availability with cellular
functions, including proliferation. mTOR is also known to promote hypoxia
inducible factor (HIF1) activity, which in turn drives angiogenesis, such that
in some settings, rapamycin is thought to elicit anti-tumor activity through
an anti-angiogenic mechanism. We utilized a genetically engineered breast
HER?2 driven adenocarcinoma model to explore the activity of AV-951 and
rapamycin as single agents and in combination. Treatment of these Breast
HER2 tumors with rapamycin resulted in complete tumor growth inhibition
persisting for at least 6 weeks. Histological analysis of representative
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tumors after 5 or 42 days of treatment using the proliferation marker KI67
revealed significant reduction in tumor cell proliferation across the tumor
mass. In contrast, no change was observed in tumor vessel density or
morphology in rapamycin treated tumors. Treatment of tumors with single
agent AV-951 also resulted in complete growth inhibition, however the tumor
histological phenotype was dramatically different, with alteration in vessel
morphology, significant central necrosis and KI67 positive proliferating
tumor cells at the tumor margin. Treatment of these Breast HER2 tumors
with both Rapamycin and AV-951 resulted in partial regression, and
histological evidence of both mechanisms in effect, with central necrosis
as well as significant reduction of KI67 positive cells at the tumor margin.
At 42 days of treatment, the emergence of regions of KI67 positive tumor
cells was observed in tumors treated with either rapamycin or AV-951 single
agents, whereas no evidence of emerging drug resistant tumor regions was
observed with the AV-951/rapamycin combination.

The distinct mechanisms of action of these two agents, along with the
apparent suppression of tumor resistance suggests that AV-951/mTOR
inhibitor may represent an attractive rational combination treatment for solid
malignancies.
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Background: We have shown that Arf6 and its downstream effector
AMAP1 are highly overexpressed in invasive breast cancer cells and
constitute a robust signaling pathway for their invasion and metastasis.
This Arf6 pathway in invasion is activated by a guanine nucleotide
exchanger, GEP100. Arf6 expression is also known to be highly augmented
in endothelial cells upon vascular endothelial growth factor (VEGF)
stimulation, and its activity has been implicated in angiogenesis. Here,
we show that the GEP100-Arf6-AMAP1 pathway is also involved in
angiogenesis and vascular permeability.

Material and Methods: We examined the effects of siRNA treatment of
GEP100, Arfé and AMAP1 on VEGF-induced tubular formation in vitro and
angiogenesis in vivo. Permeability across endotherial cell monolayers was
measured by use of FITC-conjugated dextran. VE-cadherin internalization
were assessed by use of VE-cadherin antibody.

Results: We first found that AMAP1 is expressed at high levels in HUVECs,
and that Arf6 is activated in these cells upon VEGF simulation. Arf6
silencing blocked the VEGF-induced tubular formation in vitro. We also
found that GEP100 is primarily responsible for Arf6 activation for VEGF-
induced tubular formation in vitro and VEGF- and tumor cell-induced
angiogenesis in vivo. Blocking AMAP1 function also inhibited tubular
formation in vitro and angiogenesis in vivo. Moreover, we found that the
GEP100-Arf6-AMAP1 pathway is important for normal recycling of VE-
cadherin and regulation of endothelial permeability.

Conclusions: The GEP100-Arf6-AMAP1 pathway plays integral parts in
VEGF-induced angiogenesis and endothelial permeability, the latter of
which appears to be mediated at least partly through regulation of recycling
of VE-cadherin by this pathway.

55 POSTER

Combination therapy of an anti-PDGFRpB antibody with an
anti-VEGFR2 antibody leads to enhanced antitumor activity

J. Shen', M. Prewett?, C. Damoci?, H. Zhang', M.D. Vil', H. Li2, J. Tonra?,
Z. zhu'. "ImClone Systems Inc., Antibody Technology, New York, USA;
2ImClone Systems Inc., Preclinical Pharmacology, New York, USA

Platelet-derived growth factor {3 receptor (PDGFRf{) is up-regulated in
most of solid tumors. It is expressed by pericytes/vascular smooth
muscle cells, fibroblasts, macrophages and some tumor cells. It has been
implicated that PDGFRf signaling is not only essential in stabilization
and maturation of tumor vessels, but also plays a regulatory role in
the tumor microenvironment. Previously, we demonstrated that 2C5, an
antibody that reacts with both human and mouse PDGFRf, has only
modest efficacy as monotherapy in a number of tumor xenograft models.
In this study, we studied the antitumor activity of 2C5 in combination with
DC101, an antibody directed against mouse vascular endothelial growth
factor receptor 2, in several xenograft models. Combination of 2C5 and
DC101 resulted in enhanced antitumor activity in BxPC-3 (pancreatic)



Poster Session — Angiogenesis

and NCI-H460 (NSCLC) xenograft models, compared with DC101 alone
(p <0.0001). In addition, 2C5 antibody showed additive antitumor effects
with DC101 in several other models, including MIA-PaCa-2 (pancreatic),
Detroit-562 (head and neck), HCT-116 (colon) and NCI-H292 (NSCLC).
ELISA analysis of NCI-H460 tumor homogenates showed that 2C5, either
alone or with DC101, increased the expression of PDGF-BB, and also
significantly reduced the level of PDGFRf in the tumors. 2C5 inhibited
DC101 induced increase in both tumor bFGF and VEGF expression.
No overt toxicities were observed in mice treated with high doses of
2C5/DC101 for up to 8 weeks. Taken together, these results support the
use of PDGFR} antagonists in combination with VEGF targeted agents in
the treatment of a broad range of human cancers.
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TAK-593 is a novel small molecule compound that potently and selectively
inhibits VEGFR and PDGFR tyrosine kinases. TAK-593 uniquely shows
potent pseudo-irreversibility against VEGFR2 and PDGFR{.

In vivo pharmacological and pharmacodynamic profiles of TAK-593 were
investigated in this study. Twice-daily (BID), oral administration of TAK-
593 potently inhibited the tumor growth of A549 human lung carcinoma
xenograft in athymic mouse with a T/C value of 34, 7.8, and —-8.1% (T/C:
treated per control on tumor volume growth over treatment period) at 0.25,
1, and 4 mg/kg, respectively. When the treatment was initiated at a larger
tumor volume (430 mm? of the average volume), TAK-593 (1.5 and 3 mg/kg,
BID) clearly exhibited the tumor regression in A549 xenograft nude mouse
model. Four weeks treatment with TAK-593 at a high dose (10 mg/kg, p.o.,
BID) did not affect body weight of nude mouse. In the nude rat xenograft
model, TAK-593 (0.1 and 0.2 mg/kg, BID) showed more potent antitumor
activity against A549 with a T/C value of 34 and 26%, respectively. TAK-
593 (0.25 to 4 mg/kg, BID, p.o.) also showed potent antitumor activities in
xenograft models generated from various human cancer cell lines (HT-29
colon, CFPAC-1 pancreas, MDA-MB-231 breast, SK-OV-3 ovary, DU145
prostate, and MKN45 gastric carcinoma and U87 MG glioblastoma).
PK/PD study of TAK-593 was investigated to clarify the contribution
of pseudo-irreversibility to the strong in vivo antitumor activity. When
the plasma concentration of TAK-593 in nude mice was below the
detection limit at 8 hours after the administration, the phosphorylation of
VEGFR2 (PD marker of VEGF signaling) was still potently suppressed.
Furthermore, the antitumor activity of once-daily treatment with TAK-593
against A549 lung carcinoma was approximately equivalent to that of
twice-daily treatment of TAK-593, indicating that efficacy is not driven by
Cirough- These results indicate a unique profile of TAK-593 with the potent
pseudo-irreversibility profile on VEGFR and PDGFR kinases might greatly
contribute to the long duration of its antitumor activity in vivo.
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Suppressing the expression of endothelial adhesion molecules (EAM, like
ICAM and VCAM) by release of pro-angiogenic factors like VEGF and
bFGF, is one way in which tumors avoid immuno-surveillance and prevent
leukocyte extravasation. Here, we demonstrate that the novel calixarene-
based angiogenesis inhibitor 0118 restores tumor EAM expression levels
on endothelial cells and enhances T-cell infiltration in tumors. ELISA,
immunohistochemistry, and multi-color flow cytometry were used to
monitor the time-dependence of EAM expression and leukocyte infiltration
in B16F10 melanoma progression. We found that tumor progression
correlates with reduced levels of EAMs and CD8 and CD4 cells in
untreated animals, while treatment with 0118 normalizes EAM expression
and increases the T-cell population in the tumor. To further elucidate the
adaptive immune system in tumor progression, we used two tumor models
(B16F10 melanoma and Lewis Lung Carcinoma (LLC)) to compare tumor
incidence and progression in wild type B6 mice vs. CD8 (and CD4) null
mice. To differentiate anti-angiogenic and immunomodulatory effects, we
compared tumor growth inhibition in wild type mice with that in CD8 and
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CD4 null mice, in both the B16F10 and LLC models. In either tumor model,
0118 inhibited tumor growth significantly less in null mice than in wild type
mice, indicating that increased leukocyte infiltration into tumors promoted
by reduced tumor endothelial cell anergy accounts for at least one-third
of the tumor growth inhibitory effect from angiogenesis therapy. Because
cellular immunotherapy (adoptive transfers or dendritic cell vaccinations)
relies on leukocyte extravasation into the tumor, our results open a
novel line of investigation and strongly suggest that combination therapy
with angiogenesis inhibitors may hold great promise for the future of
immunotherapy.
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Background: The present work is aimed at investigating the ability of
a tumor vasculature-homing peptide to function as a targeting agent of
poly(ethylene glycol) (PEG) sterically stabilized liposomes to human breast
tumor cells.

Materials and Methods: Cellular association studies of rhodamine or
calcein-labelled PEG-grafted liposomes with tumor and endothelial cells
were performed by fluorimetry, flow cytometry and confocal microscopy
at 4 or 37°C. Competitive inhibition experiments with the free targeting
peptide were also performed. Aiming at investigating the cell entry pathway
of the targeted liposomes, cells were pre-incubated with drugs that
selectively compromise macropinocytosis, caveolae- and clathrin-mediated
endocytosis. The cellular content of rhodamine was compared with that
for an internalization inhibitor-free control. Cytotoxicity of free doxorubicin
(DXR) and DXR-containing targeted and non-targeted liposomes was
determined at different time points using the MTT assay.

Results: The extent and rate of cellular association were dramatically
higher for peptide-targeted liposomes as compared to non-targeted
liposomes, increasing with the lipid concentration and as the temperature
rose from 4 to 37°C. These results were in agreement with the intracellular
fluorescence observed by confocal microscopy. Pre-incubation of the
target cells with the free peptide inhibited the cellular association of
targeted liposomes. Studies performed with endocytosis inhibitors indicated
that peptide-targeted liposomes were internalized by a receptor-mediated
mechanism, most likely through clathrin-mediated endocytosis. Treatment
of both tumor and endothelial cell lines with peptide-targeted liposomes
containing DXR induced a faster and stronger inhibition of cell growth than
the other tested formulations.

Conclusions: The results provide evidence that the vasculature-homing
peptide tested has the ability to target PEG sterically stabilized liposomes
to human breast tumor and endothelial cells, on a peptide- and cell-
specific manner, resulting in a dramatic improvement of the cytotoxic
activity of the encapsulated drug. Such targeted nanosystem provides an
important therapeutic advantage as compared to existent treatments for
breast cancer.
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Background: Though low molecular weight heparin has been known to
regulate angiogenesis, the administration of heparin for treating cancer is
limited in clinical applications due to its unsatisfactory therapeutic effects
and a strong anticoagulant activity, which induces hemorrhages.

Materials and Methods: Heparin-taurocholate conjugate (HT10), was
prepared by using low molecular weight heparin which was purchased
from Sanofi-Synthelabo (Gentilly, France), taurocholic acid sodium salt,
1-ethyl-3-(3-dimethylaminopropyl)carbodiimidehydrochloride, 4-nitrophenyl
chloroformate, and n-hydroxysuccinimide from Sigma Chemical Co. (St.
Louis, MO). Circular dichroism method was used to evaluate a structural
property of heparin derivatives. Binding constants and thermodynamic
parameters in binding between vascular endothelial growth factor 165
(VEGF165) and HT10 were obtained using isothermal titration calorimetry.



