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Abstract Of the numerous growth factors and cytokines that have been shown to have angiogenic effects,
vascular endothelial growth factor (VEGF), also known as vascular permaebility factor (VPF), appears

to be a key factor in pathological situations which involve neovascularization as well as enhanced vascular
permeability. Our aim was to design a low molecular weight synthetic molecule that potently and selectively
blocks the VEGF/VEGF receptor system after oral administration, suitable for the chronic therapy of VEGF-
dependent pathological neovascularization. PTK787 / ZK 222584 is a potent inhibitor of VEGF receptor tyrosine
kinases, active in the submicromolar range. It also inhibits other class III kinases, like the PDGFR-ß tyrosine
kinase, c-Kit and c-Fms, but at higher concentrations. It is not active against kinases from other receptor families
such as EGFR, FGFR-1, c-Met and Tie-2 or intracellular kinases like c-Src, c-Abl, PKC-alpha. PTK787 / ZK
222584 inhibits VEGF-induced autophosphorylation of KDR, and endothelial cell proliferation, migration and
survival in the nanomolar range in cell based assays. In concentrations up to 1 µM, PTK787 / ZK 222584 does
not have any cytotoxic or anti-proliferative effect on cells that do not express VEGF receptors. After oral dosing
(50 mg/kg) to mice, plasma concentrations of PTK787 / ZK 222584 remain above 1 µM for more than 8 h. PTK787
/ ZK 222584 induces dose-dependent inhibition of VEGF- and PDGF-induced angiogenesis in a growth factor
implant model, as well as a tumor cell-driven angiogenesis model after once daily oral dosing (25-100 mg/kg).
In the same dose range, it also inhibits the growth of several human carcinomas, grown subcutaneously in nude
mice, as well as a murine renal carcinoma and its metastases in syngeneic, orthotopic models. Histological
examination of tumors reveals inhibition of microvessel formation in the interior of the tumor. PTK787 / ZK 222584
also significantly inhibits ascites formation induced by a human ovarian carcinoma grown in the peritoneum of
nude mice as well as pleural effusion induced by a human lung adenocarcinoma in nude mice. PTK787 / ZK
222584 is very well tolerated and does not impair wound healing. It also does not have any significant effects
on circulating blood cells or bone marrow leukocytes as a single agent, or impair hematopoetic recovery following
concomitant cytotoxic anti-cancer agent challenge. These studies indicate that compounds that inhibit the effects of
VEGF, such as PTK787 / ZK 222584, have the potential to provide a novel, effective and well-tolerated therapy for
the treatment of solid tumors. These agents may also provide a new therapeutic approach for the treatment of other
diseases where angiogenesis plays an important role.
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Resumen Inhibición del factor de crecimiento endotelial vascular (VEGH) como nueva propuesta terapéu-
tica en cáncer. De los numerosos factores de crecimiento y citoquinas que han demostrado tener

efecto angiogénico, el factor de crecimiento del endotelio vascular (VEGF) también conocido como factor de per-
meabilidad vascular (VPF) surge como un punto clave en situaciones patológicas que implican neovascularización
así como aumento de la permeabilidad vascular. Nuestro propósito fue diseñar una molécula sintética de bajo peso
molecular que bloquee en forma potente y selectiva el sistema VEGF/VEGF luego de administración oral apropia-
da para la terapia crónica de la neovascularización patológica VEGF dependiente. PTK787/ZK222584 es un poten-
te inhibidor del receptor de tirosin quinasa del VEGF activo en índice submicromolar. Inhibe además quinasas de
clase III como el PDGFR-b tirosín quinasa, c-kit y cFms pero a más altas concentraciones. No es activo contra
quinasas de otras familias de receptores como el EGFR, FGFR-1 c-MET y Tie-2 o quinasas intracelulares como c-
Src, c-Abl, Pkz-alfa. El PTK787/ZK222584 inhibe la autofosforilación del KDR inducida por el VEGF y la prolifera-
ción endotelial, migración y sobrevida en índice nanomolar en ensayos celulares. En concentraciones de hasta
1mM, el PTK787/ZK222584 no tiene ningún efecto citotóxico ni antiproliferativo sobre células que no expresan re-
ceptores VEGF. Luego de administración oral (50mg/kgr) en ratones las concentraciones plasmáticas de PTK787/
ZK222584 permanecen por encima de1mM por más de 8hs. El PTK787/ZK222584 inhibe en forma dosis depen-
diente la angiogénesis inducida por el VEGF y el PDGF en modelos experimentales así como en modelos de
angiogénesis dirigidos por células tumorales después de la dosificación oral diaria (25-100mg/kgr). En el mismo
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espectro de dosis también inhibe el crecimiento de numerosos carcinomas humanos implantados en forma subcu-
tánea en ratones nude así como carcinoma renal murino y sus metástasis en modelos singeneicos ortotópicos. El
exámen histológico de los tumores revela inhibición de la formación microvascular en el interior del tumor. El PTK787/
ZK222584 también inhibe significativamente la formación de ascitis inducida por el crecimiento del carcinoma ovárico
humano en el peritoneo del ratón nude así como la efusión pleural inducida por un adenocarcinoma humano de
pulmón en el ratón nude. PTK7877ZK222584 es bien tolerado y no empeora la curación de la lesión. Inclusive no
tiene efecto significativo sobre células sanguíneas circulantes o leucocitos de médula ósea como agente único ni
perjudica el rescate o recuperación hemopoyética concomitante al uso de agentes citotóxicos antitumorales. Estos
estudios indican que los compuestos que inhiben los efectos del VEGF como el PTK787/ZK222584 tienen el po-
tencial de proveer una nueva, efectiva y bien tolerada terapia para el tratamiento de los tumores sólidos. Estos
agentes también proveen una nueva propuesta terapéutica para el tratamiento de otras enfermedades dónde la
angiogénesis juega un rol importante.

have been used to interfere with the VEGF/VEGF-re-
ceptor system in adult animals and thereby determine
the role of VEGF receptors in the various pathological
states. These approaches include VEGF-neutralizing an-
tibodies47-49, antibodies against the VEGF receptors50, 51

recombinant soluble VEGF receptor proteins52, 53, a tet-
racycline-regulated VEGF expression system54, 55, domi-
nant negative mutants of the VEGF receptors56 and VEGF
receptor tyrosine kinase inhibitors57-59. Results from these
approaches suggest that the VEGF/VEGF-receptor sys-
tem is a novel and attractive therapeutic target for sup-
pression of pathological neovascularization and, in par-
ticular, for inhibiting tumor growth (Figure 1).

Our aim was to design low molecular weight synthetic
molecules that potently and selectively block the VEGF/
VEGF receptor system after oral administration, suitable
for the chronic therapy of VEGF-dependent pathological
neovascularization. A series of 1-anilino-(4-pyridylmethyl)-
phthalazines have been synthesized that are inhibitors of
the VEGF-receptor tyrosine kinase and have favourable
pharmacokinetic properties following oral administration
to animals60. One of these compounds, PTK787 / ZK
222584 (1-[4-Chloroanilino]-4-[4-pyridylmethyl] phthalazine
succinate) (Figure 2)60 has been selected for further char-
acterization61 and is currently in phase I clinical trials in
patients with advanced cancer62. PTK787 / ZK 222584
was discovered and profiled as part of a collaboration be-
tween the Department of Oncology Research, Novartis
Pharmaceuticals, Basle, Switzerland, the Oncology Re-
search Laboratories of Schering AG, D-13342 Berlin,
Germany and the Institute of Molecular Medicine, Tumor
Biology Center, D-79106 Freiburg, Germany.

Using enzymatic assays with recombinant GST-fused
kinase domains and synthetic substrates, PTK787 / ZK
222584 has been shown to be a potent inhibitor of VEGF
receptor tyrosine kinases, active in the submicromolar
range (Figure 2)60, 61. PTK787 / ZK 222584 also inhibits
other class III kinases, like the PDGFR-ß tyrosine kinase,
c-Kit and c-Fms, but at higher concentrations61. However,
it is not active against kinases from other receptor fami-
lies such as EGFR, FGFR-1, c-Met and Tie-2 or intracel-
lular kinases like c-Src, c-Abl, PKC-alpha. Since a ki-
nase inhibitor must enter cells in order to inhibit the ki-

Angiogenesis, the formation of new vessels from an
existing vascular network, is an essential event in a vari-
ety of physiological and pathological processes. Under
physiological conditions, angiogenesis is restricted to
processes such as embryogenesis, ovulation and wound
healing. Angiogenesis also occurs in pathological pro-
cesses such as inflammation1-4, rheumatoid arthritis5-8,
ocular neovascularization9-13, psoriasis14-16 and tumor
growth and the formation of metastases17-18.

Of the numerous growth factors and cytokines that
have been shown to have angiogenic effects, vascular
endothelial growth factor (VEGF), also known as vascu-
lar permaebility factor (VPF), appears to be a key factor
in pathological situations which involve neovascularization
as well as enhanced vascular permeability19, 20. The VEGF
receptors, Flt-1 (Fms-like tyrosine kinase, VEGF-R1)21 and
KDR (kinase insert domain-containing receptor, VEGF-
R2)22, are almost exclusively located on endothelial cells23.
Expression of these receptors is low in normal tissues
and only upregulated during the development of these
pathological states when neovascularization occurs24, 25.
Both receptors have seven immunoglobulin-like domains
in their extracellular region, a single transmembrane-span-
ning domain, and an intracellular split tyrosine kinase do-
main and belong to the same family of receptors as
PDGFR, c-Kit, c-Fms, Flt-3 and Flt-4. Flt-1 binds VEGF-A
and -B26, 27 and the related placenta growth factor28, 29,
whereas KDR binds VEGF-C and -D (30,31) in addition to
VEGF-A, VEGF-C and -D are both ligands and activators
of Flt-4 (VEGF-R3) which is expressed on endothelial cells
of lymphatic vessels32-34. Although activation of Flt-1 was
shown to mediate biological responses, such as endothe-
lial and monocyte cell migration and tissue factor induc-
tion27, 28, 35-38, in cells expressing only Flt-1 or in Flt-1 defi-
cient cells transfected with Flt-1 cDNA, stimulation with
VEGF induces only weak receptor phosphorylation and
no significant mitogenic response37, 38. In contrast to Flt-1,
KDR is strongly autophosphorylated upon VEGF-stimula-
tion and mediates a mitogenic response39, 40.

Gene knock-out experiments for VEGF41, 42 as well as
its receptors43-46 have highlighted the pivotal role of VEGF/
VEGF-receptor system in the development of the em-
bryonic vascular system. Various different approaches



VEGF INHIBITION FOR CANCER THERAPY 43

nase domain of the receptor, the effects of PTK787 / ZK
222584 were tested in cell-based receptor
autophosphorylation assays using human umbilical vein
endothelial cells (HUVEC) that naturally express KDR,

or KDR-transfected CHO cells. PTK787 / ZK 222584 in-
hibits VEGF-induced autophosphorylation of KDR in both
cell systems. Potential anti-proliferative effects of PTK787
/ ZK 222584 unrelated to VEGF inhibition, were tested
using cells that do not express the VEGF receptors. In
concentrations up to 1 µM, PTK787 / ZK 222584 does
not have any cytotoxic or anti-proliferative effect on these
cells. In contrast, PTK787 / ZK 222584 selectively inhib-
its VEGF-mediated functions of endothelial cells, which
express the KDR receptor. Inhibition of VEGF-mediated
proliferation, migration and survival is observed in the
nanomolar range. PTK787 / ZK 222584 inhibits
angiogenesis in an in vitro assay; the formation of capil-
lary sprouts from pieces of blood vessel cultured in a
fibrin gel (Figure 3).

Since our aim was to develop a compound that would
inhibit VEGF-induced angiogenesis after oral administra-
tion, we tested whether PTK787 / ZK 222584 is absorbed
after oral administration in mice. After oral dosing (50 mg/
kg) to mice, plasma concentrations of PTK787 / ZK
222584 remain above 1 µM for more than 8 h61. The com-
pound also has excellent oral bioavailability in rats, dogs
and humans. To determine whether PTK787 / ZK 222584

Fig. 2.- Structure and kinase inhibitory profile of PTK787 /
ZK222584 (1-[4-Chloroanilino]-4-[4-pyridylmethyl]
phthalazine succinate), a potent and selective inhibitor of
VEGF receptor tyrosine kinases. The kinase assays were
performed, using the recombinant GST-fused kinase
domains of the receptor. 33P-ATP was used as the
phosphate donor and poly-(Glu:Tyr 4:1) peptide was used
as the acceptor. Values are mean ± SEM.

Fig. 1.- Concept of the role of vascular endothelial growth factor (VEGF) in tumor vascularization, tumor growth and the
formation of metastases. As clusters of transformed cells proliferate, the environment of the cells becomes hypoxic and
this is a potent stimulus for the formation and secretion of angiogenic growth factors, such as VEGF. VEGF induces existing
blood vessels near the transformed cells to form capillary sprouts that grow towards the cells and then form vessels that will
supply the cells with oxygen and nutrients, thereby allowing a tumor to form and begin to grow exponentially. An established
vascular network also allows tumor cells to travel away from the primary site and establish metastases at other sites in the
body. Inhibition of the actions of VEGF, by inhibition of the tyrosine kinase on the intracellular domain of the VEGF receptor
(which is located selectively on activated endothelial cells), will prevent VEGF-induced receptor phosphorylation and therefore
block the signalling pathway. This should prevent VEGF-mediated effects on endothelial cells and prevent tumor vascularization.
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Fig. 3.- Effects of PTK787 /ZK 222584 on the formation of
capillary-like sprouts from pieces (1 mm2) of rat aorta in a
fibrin gel cultured in MCDB 131 medium containing 10%
FCS and 300 µg/ml aminocaproic acid at 370 C and 5% CO2
for 6 days. The images viewed under an inverse microscope
show sprout like formations in (a) the absence or (b)
presence of PTK787 / ZK 222584 (1 µM). Figure from
Reference 61 reproduced with permission from Cancer
Research.

Fig. 4.- Effects of PTK787 / ZK 222584 on angiogenesis
induced in a growth factor implant model. Mice were treated
with PTK787/ZK 222584 (dihydrochloride) from one day
before implantation of chambers containing (a) VEGF (3 µg/
ml) or (b) PDGF (2 µg/ml) and 5 days thereafter. The
angiogenic response was quantified by measurement of
the weight and blood content of the vascularized tissue
around the implant. Values are mean ± SEM.* = p < 0.05,
statistical significance of inhibition, Dunnett’s test. Figure
from Reference 61 reproduced with permission from
Cancer Research.

inhibits VEGF mediated angiogenesis in vivo, we tested
the effects of PTK787 / ZK 222584 on the angiogenic
response induced by VEGF in a growth factor implant
model in mice. To test the specificity of the response,
the effects on PDGF-induced angiogenesis were also
tested. Consistent with its in vitro inhibitory profile,
PTK787 / ZK 222584 induces dose-dependent inhibition
of VEGF- and PDGF-induced angiogenesis in this growth
factor implant model, with greater potency against VEGF
(Figure 4). To determine whether PTK787 / ZK 222584
inhibits an angiogenic response mediated by tumor cell
in vivo, we tested the effects of PTK787 / ZK 222584 on
the angiogenic response induced by epithelial carcinoma
A431 encapsulated in alginate beads and implanted sub-
cutaneously on the dorsal flank of nude mice. This study
revealed that PTK787 / ZK 222584 also inhibits  tumor

cell-driven angiogenesis. In the same dose range (25-
100 mg/kg), it also inhibits the growth of several human
carcinomas, grown subcutaneously in nude mice, as well
as a murine renal carcinoma and its metastases in syn-
geneic, orthotopic models (Figure 5). Histological exami-
nation of tumors reveals inhibition of microvessel forma-
tion in the interior of the tumor. Consistent with its poten-
tial to block the effects of VEGF on vascular permeabil-
ity, PTK787 / ZK 222584 also significantly inhibits ascites
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have confirmed its excellent tolerability and kinetic prop-
erties after oral administration62.
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- - - -
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