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Methods: HPMVEC proliferation assay was performed as previously
described. HPMVEC (5 * 103 cells/well) were incubated with serum-free
media containing various agonists (100 nM MS, DAMGO or VEGF) for
24h at 37°C. The in vitro cell proliferation was analyzed by measuring
increases in cell number using the CellTiter96TM MTS assay. 24 transwell
units with 8 uM pore size were used for monitoring in vitro cell migration.
HPMVEC (~1x 10* cells/well) were plated with various treatments to the
upper chamber and various agonists were added to the lower chamber.
Cells were allowed to migrate for 18 hrs. Cells from the upper and lower
chamber were counted by the same assay.

Results: S1P, VEGF, PDGF, MS and DAMGO induced P and M of EC
which was inhibited by pretreatment with MNTX (0.1 uM, 1 hr). Silencing
mu opioid receptor expression (siRNA) blocks MS and DAMGO-induced
EC P and M while also inhibiting S1P, VEGF and PDGF-induced EC P and
M. Immunoprecipitation followed by immunoblot indicate that S1P, VEGF
and PDGF treatment of EC induced serine/threonine phosphorylation of
the mu opioid receptor (indicating receptor transactivation) and activation
of the G-protein, RhoA. MS and DAMGO treatment of EC induced tyrosine
phosphorylation of the VEGF receptor, PDGF receptor and S1P3 receptor
along with RhoA activation. MNTX pretreatment of EC attenuated MS,
DAMGO, S1P, VEGF and PDGF-induced receptor phosphorylation events
and RhoA activation. Finally, silencing RhoA expression blocked agonist-
induced EC proliferation and migration.

Conclusion: These results indicate that MNTX inhibits agonist-induced
EC P and M via inhibition of receptor phosphorylation/transactivation and
subsequent inhibition of RhoA activation. MNTX inhibition of angiogenesis
may be a useful therapeutic intervention for cancer treatment.
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Modulation of the radiation response of zebrafish embryos by
targeting the VEGFR2 tyrosine kinase using ZD6474
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Background: Preclinical studies have suggested that combining ionizing
radiation with antiangiogenic agents enhances the therapeutic effect of
ionizing radiation. Here, we addressed this issue in vivo using a novel
vertebrate model, zebrafish embryos. Zebrafish are rapidly and prolifically
bred and easily maintained, and embryos are optically transparent,
facilitating direct observation of internal organs. Previously, we established
zebrafish embryos as a model for the genotoxic stress response and
pharmacologic modulation thereof (McAleer et al., Int J Radiat Oncol
Biol Phys 61(1):10-13). The present study was designed to assess
whether ZD6474 (AstraZeneca, Manchester UK), an inhibitor of VEGF
receptor-2 (KDR) tyrosine kinase, modulated radiation sensitivity of
zebrafish embryos.

Materials and Methods: Zebrafish were mated in embryo collection tanks.
Viable embryos were washed and sorted at the one-cell developmental
stage, and maintained under normoxic conditions at 28.5°C for normal
development. Morphology and survival was assessed visually using a light
transmission microscope at 24-h intervals up to 144 hours post fertilization
(hpf). The criterion for embryonic survival was the presence of cardiac
contractility. Inhibition of angiogenesis was determined by monitoring the
development of the main dorsal artery and intersegmental vessels.
Results: Treatment of live fish embryos with 10uM ZD6474 at 24
hpf completely blocked formation of all blood vessels including the
aorta as assessed at 48 hpf. At 3.3uM ZD6474 approximately half
(53%) of the embryos completely lacked vessel formation and none had
developed intersegmental vessels, while at 1 uM only the development
of the intersegmental vessels were perturbed (43%). When ZD6474
was administered within 30 min prior to ionizing radiation (0-20 Gy)
at 24 hpf overall survival was markedly reduced. At 120 hours after
irradiation only a fraction of the ZD6474-treated embryos (3.3 uM;
1.0 uM) were alive (104+5.8% and 34.8£14.7%, respectively) compared
to 61.4+15.5% of control embryos receiving vehicle. Radiation-induced
defects in midline development were significantly (p <0.05) increased in
ZD6474-treated irradiated embryos (93.3+5.8% and 82.8+13.4%, 3.3 uM;
1.0 uM respectively) vs. radiation alone (59.44-8.3%).

Conclusions: ZD6474 (10uM) alone severely disturbed vascular de-
velopment in zebrafish embryos. Concurrent administration of lower
concentrations of ZD6474 and ionizing markedly reduced survival of
zebrafish embryos, and sensitized them to radiation-induced morphological
malformations. This model may help facilitate the evaluation of radiation
modifiers.
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Phase | study of ABT869, a multiple receptor tyrosine kinase
inhibitor, in patients with refractory solid malignancies.
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ABT869 is an orally administered, potent and specific inhibitor of VEGF
and PDGF family tyrosine kinases, including FLT-3, and c-kit receptors. A
phase | study of ABT869 in patients with refractory solid malignancies was
initiated to determine the maximum tolerable dose (MTD) of ABT869 given
by continuous once-daily oral dosing in escalating doses; evaluate ABT869
pharmacokinetics; assess pharmacodynamic effects on plasma VEGF, flt-1
receptor, circulating endothelial cells and other potential biomarkers; and
to evaluate tumor response, including an assessment of microcirculatory
parameters (blood flow, F and capillary permeability, PS) with DCE-MRI.
Dose escalation was planned in cohorts of 3 patients each. ABT869 was
administered before bedtime except on days 1 and 15. Treatment periods
(TP) were defined as 21 days and tumor assessments were performed
using CT scans after every 6 weeks. DCE-MRI was done at baseline, day 3
and 14 of the first cycle. Cohort expansion to 6 patients was planned if dose
limiting toxicity (DLT) occurred in the first cycle of treatment, and MTD was
defined as the dose at which >2/6 patients experienced DLT. 4 male, 5
female patients (median age 55; range 29-73) have received a total of 34
TP; 6 at 10 mg per day and 3 at 0.25 mg/kg/day. Weight adjusted dosing
was implemented to minimize interpatient variability. Cycle 1 toxicities
included fatigue (grade 3 DLT in 1 patient at 10 mg), asthenia, myalgia
(grade 2 in 4/9), skin rash (maculopapular, vasculitic in 1 patient), hand
foot syndrome, hypertension, proteinuria and mouth irritation. Hypertension
and proteinuria were reversible on dose interruption. Pharmacokinetics
of ABT869 demonstrated plasma clearance of 2.8+£1.3L/h, with a
corresponding mean half-life of 16+5h. Drug accumulation was not
significant with continuous dosing (day 15/day 1 accumulation ratio 1.16).
The target AUC (4.9 ugh/mL) for activity based on preclinical models
has been reached with daily dosing of 10mg (mean 4.1+2.2 ugh/mL).
A carboxylate-derivative was identified as a major metabolite, suggesting
cytochrome p-450 enzymes play a role in ABT-869 metabolism. 5/6 patients
at 10 mg achieved stable disease, with CT scan evidence of tumor necrosis
and DCE-MRI evidence of reduced Ktrans, ve, F and PS. In conclusion,
continuous dosing of ABT869 is tolerable and achieves target exposure
at doses studied and demonstrates early DCE MRI evidence of reducing
tumor flow and capillary permeability.
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Background: Metronomic chemotherapy, the rhythmical dense adminis-
tration of low doses of cytotoxics is believed to exert antitumor activity
though damaging the activated endothelial cells in tumor vasculature.
We investigated vinorelbine, an orally bioavailabe antimitotic drug, at a
metronomic schedule of administration.

Material and Methods: patients with resistant metastatic tumors were
treated with, escalated doses of oral vinorelbine, three times a week
(TIW) without break until disease progression or unacceptable toxicity (UT)
defined as any grade 2 toxicity according to CTC version 3. Patients were
initially followed biweekly and later every month for assessing disease
status, toxicity and blood sampling for pharmacokinetics and quantification
of circulating angiogenesis related factors [VEGF, VEGFr2, TSP1, IL-8,
FGFb and p53]. The study should close if UT occurred in two patients
treated at minimum 3 months. The dose below this would be the highest
metronomic dose (HMD).

Results: Eighty patients [39 women, median age 58, median PS 1] enrolled
between June 2004 and December 2005 and treated at 7 dose levels:
20 mg (16 pts), 30mg (17(, 40 mg (26), 50 mg (13), 60 mg (6) and 70 mg
(2 pts). Median duration of treatment was 19 weeks (range 4 to 85+).
Unacceptable toxicity occurred in 2 patients at the 60mg dose level
(leucopenia of grade 4 on 14th week of treatment and epistaxis on 9th week
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of treatment) and in one patient at 70 mg (leucopenia grade 2 on 7th week
of treatment). The 50 mg were the HMD. Objective antitumor response
was documented in 8 among 52 evaluable cases and 32% of patients
experienced disease stability for at least 6 months. High pretreatment
levels of TSP-1 were associated with objective tumor response (p=. 0003).
The steady-state of blood concentrations of vinorelbine (VRL) and 4-O-
deacetyl-vinorelbine (DVRL) ranged around 1ng/ml and were consistent
with expected low accumulation.

Conclusions: Protracted administration of metronomic oral vinorelbine is
feasible at doses up to 50 mg administered 3 times a week. The observed
durable antitumor effects against chemo-resistant tumors at doses lacking
of undesirable side effects taken together with pharmacokinetics and
featured predictive biomarkers provide clinical evidence supporting that
metronomic therapy with vinorelbine primarily targets the vascular network
of tumors. A randomized phase |l study is now recruiting patients to define
the optimal metronomic dose of oral vinorelbine.
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Synergistic effect of nab-paclitaxel and anti-VEGF-A antibody
(bevacizumab) against the metastasis of breast tumor xenografts
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Background: nab-Paclitaxel (Abraxane®; ABX) is a 130-nm, albumin-
bound paclitaxel that has shown greater efficacy and less toxicity than
solvent-based paclitaxel in several xenograft models and in clinical trials.
This study was designed to determine the effects of ABX and anti-VEGF-A
antibody (bevacizumab; Avastin®; AVA), as single or combined therapy,
on the growth of orthotopically implanted MDA-MB-231 tumors and on
metastatic spread to the lungs and lymph nodes (LNs).

Material and Methods: Luciferase-expressing MDA-MB-231 human breast
carcinoma cells were implanted into mammary fatpads of female nu/nu
mice and allowed to reach an average size of 230 mm?® before treatment.
Ten mice were treated with 1 or 2 cycles of ABX (10 mg/kg, qdx5), followed
by injection of AVA (4 mg/kg, 2/wkx6). Additional groups received ABX
alone, AVA alone, or saline. Mice were monitored for tumor growth and
toxicity. Mice were sacrificed when mean tumor volume in the saline-treated
group reached 2000 mm?. Luciferase activity was measured in extracts
prepared from the 10 axillary LNs and both lobes of the lungs of each
mouse.

Results: No toxicity was observed in any group. Tumors reached an
average size of 1000 mm?®/group on days 25, 30, 45, and 80 after treatment
with saline, AVA, and 1 and 2 cycles of ABX, respectively. Combined AVA
and ABX therapy, particularly with 2 cycles of ABX, yielded a significantly
better outcome than either therapy alone (30% of mice had complete
regression; tumors in the remaining mice were reduced by 90% compared
with controls). Only the combined therapy reduced metastasis to the lungs
and LNs, with 6 of the 20 mice in combination therapy having no metastases
to lungs or LNs (P =0.03 vs controls, Fisher exact test). Total metastatic
burden to LNs was reduced in a dose-dependent manner, with 42%, 85%,
and 82% suppression of LN metastasis burden at AVA doses of 2, 4, and
8 mg/kg, respectively. AVA alone suppressed LN metastasis by only 8%.
Metastatic burden to the lungs was not sufficient for statistical analysis,
although the same trend was observed.

Conclusions: As expected, AVA alone did not significantly inhibit primary
tumors or metastasis. The efficacy of ABX was much higher than that
of AVA and was substantially improved by adding a second cycle of the
drug. However, only the combination of ABX and AVA eradicated primary
tumors in 30% of the mice and completely eliminated regional and distant
metastases in 70% of the treated animals.
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Background: Angiopoietin-2, is upregulated at sites of tumor angio-
genesis, and promotes new vessel growth through interaction with its
receptor, Tie2. AMG 386 is a peptide-Fc fusion protein (peptibody) that
inhibits the interaction between angiopoietins and Tie2. In preclinical tumor
models, AMG 386 treatment results in decreased endothelial proliferation,
increased tumor necrosis and decreased tumor growth, supporting further
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evaluation of AMG 386 as a novel therapeutic in Phase 1 cancer trials
either alone or in combination.

The objectives of this first in human Phase 1 study are to assess the safety
and pharmacokinetics (PK) of AMG 386 in adult subjects with advanced
solid tumors.

Methods: Adult subjects were sequentially enrolled into 5 dose cohorts
and received weekly intravenous doses of AMG 386 at 0.3, 1, 3, 10,
and 30 mg/kg. Safety assessments included adverse events (AEs), clinical
laboratories, vital signs, ECG monitoring, and anti-AMG 386 antibody
formation. Tumor response was also assessed.

Results: 22 subjects have been treated in this dose escalation Phase
1 study with safety data available to date for 21 [(10 M/12 F); median
age (range): 55 (43-79)]. Tumor types included: non-small cell lung,
pancreatic, colorectal, hemangio, sarcoma, ovarian, breast, thyroid, renal,
pseudomyxoma, parotid, and adenocarcinoma of unknown primary origin.
Treatment-related AEs were generally mild or moderate (most CTCAE
grade 1 or 2), with only fatigue (n=7), gastrointestinal disorder (n=3),
and peripheral edema (n =2) reported in more than 1 pt. One dose limiting
toxicity (DLT) at 30 mg/kg was observed. Dose-linear PK was observed and
the half-life supports weekly dosing. Serum concentrations reached steady
state by week 3. Minimal accumulation was observed after multiple doses.
Neutralizing antibodies were not detected. Best RECIST responses include
stable disease (n=16, 76%) and progressive disease (n =5, 24%).
Conclusions: Weekly administration of AMG 386 up to 30 mg/kg was
safe and well tolerated. The maximum tolerated dose was not reached.
Minor AEs do not appear to be dose-related; 1 DLT was observed. 76% of
subjects experienced stable disease (SD). The observation of a significant
number of patients with SD is encouraging and supports evaluation of AMG
386 in further clinical studies.
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Background: Pigment epithelial-derived factor (PEDF) is a potent natural
angiogenesis inhibitor. We have recently mapped PEDF anti-angiogenic
activity to its 34-mer N terminal peptide (residues 24-57). This peptide
retains PEDF anti-angiogenic properties: it reproduces signaling events in
endothelial cell (EC), elicits EC apoptosis and blocks migration. Forced
expression of 34-mer peptide delays the growth of prostate carcinoma. In
this study we designed and screened short synthetic PEDF peptides for
potential use as anti-angiogenic/anti-cancer therapeutics.

Material and Methods: The 3D structure of the 34-mer peptide was
analyzed using Protean software in terms of relative hydrophobicity, charge
distribution, and antigenic index. Short synthetic peptides covering the 34-
mer fragment were generated (see figure) and tested for the ability to cause
apoptosis and inhibit EC migration. Peptides were further tested for anti-
angiogenic activity in vivo in matrigel plug and mouse corneal assays.

PFFKVPVYNKLAAAVSNFGYDLYRVRSSTSPTIN (34-mer)
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DLYRVRSSTSPTTIN (14-mer)

NFGYDLYRVRSSTSPTTIN (18-mer)
AAAVSNFGYDLYRVRSSTSPTIN (23-mer)

Results: The 34-mer C-terminus is strongly hydrophilic, with highly charged
central area and high antigenic index, and is likely to interact with a
target receptor. All screened peptides (14, 18 and 23-mer) demonstrated
activity in EC apoptosis and migration assays. Dose-response curves were
generated and the potency of the peptides compared to native PEDF and
the 34-mer. Although all peptides showed anti-angiogenic activity in vitro,
only one remained active in vivo due to stability differences. Neither of the
peptides showed signs of toxicity at the doses tested.

Conclusion: We generated short peptides that reproduce the anti-
angiogenic activity of PEDF in vitro and in vivo. These peptides will be
tested in pre-clinical models of prostate cancer and melanoma and, if
active, proposed for early stage clinical trials.





