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METHODS FOR INHIBITING BRAIN TUMOR 
GROWTH 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a division of US. patent appli 
cation Ser. No. 09/489,391 ?led on Jan. 21, 2000, now US. 
Pat. No. 6,521,593, Which application claims the bene?t of 
US. Provisional Patent Application Serial No. 60/118,126 
?led on Feb. 1, 1999. 

BACKGROUND OF THE INVENTION 

AREA OF THE ART 

[0002] The invention relates generally to inhibition of 
tumor groWth and speci?cally to inhibition of brain tumor 
groWth. 

DESCRIPTION OF THE PRIOR ART 

[0003] Throughout this application various references are 
referred to Within parentheses. Disclosures of these publi 
cations in their entireties are hereby incorporated by refer 
ence into this application to more fully describe the state of 
the art to Which this invention pertains. Full bibliographic 
citation for these references may be found at the end of this 
application, preceding the claims. 

[0004] Brain tumors, like other solid tumors, require a 
perpetually increasing blood supply to maintain continuous 
groWth beyond 1-2 mm3 (1,2). This is accomplished through 
angiogenesis, a process Which occurs in response to endot 
helial groWth factors released by tumor cells. Angiogenesis 
involves the induction of endothelial cell proliferation from 
quiescent microvasculature, migration of neoendothelium 
toWard the tumor bed and, ?nally, maturation into a neW 
capillary netWork Brain tumors are the most angiogenic 
of all human neoplasias. The principal angiogenic factors 
demonstrated by either in situ hybridiZation or speci?c 
antibodies in tissue sections of patients With glioblastoma 
and medulloblastoma, the most common malignant brain 
tumors, are vascular endothelial groWth factor (VEGF) and 
basic ?broblast groWth factor (bFGF) (4-7). In fact, VEGF 
expression and microvessel density in glial tumors directly 
correlate With the degree of malignant characteristics and 
overall outcome (8-9). 

[0005] Recent evidence suggests that angiogenesis is 
regulated by the activation of endothelial cell integrins, a 
family of transmembrane receptors Which direct cell adhe 
sion to extracellular matrix (ECM) proteins by binding to the 
amino acid sequence Arg-Gly-Asp (RGD)(10). In response 
to bFGF and VEGF, endothelial cells upregulate the expres 
sion of integrins otVB3 and (XVBS, respectively (11-13). Glio 
blastomas and their associated vascular endothelium have 
been found to express the integrins 0,,[33 and (XVBS (14,15). 
Integrin-mediated adhesion results in the propagation of 
intracellular signals Which promote cell survival, prolifera 
tion, motility and capillary sprouting (16,17). Failure of 
these integrins to bind ligand results in endothelial cell 
apoptosis (18,19). The matrix glycoprotein, vitronectin, 
serves as ligand for 0,,[33 and (XVBS and is produced at the 
leading invasive edge by malignant gliomas (15,20). 
Together, these ?ndings suggest a complex paracrine inter 
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action betWeen tumor cells, brain ECM and endothelial cell 
integrins for the continued angiogenesis and groWth of 
malignant brain tumors. 

[0006] Studies using the anti-otVB3 antibody, LM-609, or 
an RGD cyclic peptide antagonist of otVB3 and (XVBS, Which 
prevents integrin-ECM interactions, have demonstrated an 
anti-angiogenesis response in the chicken chorioallantoic 
membrane (CAM) and a mouse chimera model (21-23). 
Other agents Which act upon alternative sites of the angio 
genesis pathWay, such as antibodies to VEGF or its tyrosine 
kinase receptor ?t, have also been effective in inhibiting 
angiogenesis (24,25). 
[0007] Prior studies have shoWn that the attachment of 
breast carcinoma, melanoma and HT29-D4 colonic adeno 
carcinoma cells to vitronectin is dependent on (XV, 06,63 and 
(XVBS, respectively (51-53). Vitronectin, Which is produced 
by tumor and endothelial cells, is recogniZed by 06,63 and 
(xv?s and is an ECM protein found at sites of tumor invasion 
and neovasculariZation (54-55). Thus, in addition to sup 
porting endothelial cell survival through (xv ligation, and 
hence angiogenesis, vitronectin expression may further 
enhance the adhesion of tumor and endothelial cells Which 
express 0,,[33 and (XVBS integrins, thereby promoting their 
invasion. In one study using a SCID mouse/human chimeric 
model for breast cancer, tumor invasion Was considerably 
reduced folloWing the administration of the anti-otVB3 anti 
body LM-609, suggesting a direct effect upon the tumor cell 
biology through a otVB3 blockade (56). 

[0008] Brain tumors, because of their highly invasive 
nature and degree of angiogenesis, afford an excellent model 
With Which to further study the importance of integrins in 
tumor progression. Multiple studies have shoWn that 
microvessel density correlates With outcome and malignant 
grade in astrocytomas (57-59). Angiogenesis inhibitors, 
such as TNP-470, thrombospondin-1 and platelet factor 4, 
have been introduced into experimental brain tumors and 
have shoWn an inhibition of tumor groWth (60-62). HoW 
ever, to date, no study has examined the effect of integrin 
antagonism on brain tumor invasion and angiogenesis. 
Therefore, a need exists to study the effect and thus provide 
a novel method for treating brain tumors. 

SUMMARY OF THE INVENTION 

[0009] The present invention is based on the surprise 
discovery that targeted antagonism of integrins, speci?cally 
otVB3 and (XVBS, can substantially inhibit brain tumorigenesis 
in vivo. It is also based on the discovery that the microen 
vironment of the brain tumor is critical to the tumor behavior 
and in determining its responsiveness to such biologically 
directed therapies. The invention is further based on the 
discovery that integrin antagonism can have an anti-tumori 
genic effect independent of anti-antiogenesis, Which may act 
synergistically to retard tumor groWth. For example, it is a 
discovery of the present invention that integrin antagonism 
may induce direct brain tumor cell death. 

[0010] Accordingly, one aspect of the present invention 
provides a method of inhibiting tumor groWth in the brain of 
a host. The method comprises administering to the host in 
need of such an inhibition a therapeutically effective amount 
of an antagonist of an integrin. 

[0011] In one embodiment of the present invention, the 
integrin may be otVB3 or (XVBS. The antagonist may be a 
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polypeptide antagonist of (xv, an antibody against otv[33, an 
antibody against (XVBS or a combination of antibodies respec 
tively against 0,,[33 and (XVBS. 
[0012] Another aspect of the present invention provides a 
method for inhibiting angiogenesis in a tumor tissue located 
in the brain of a host. The method comprises administering 
to the host a composition comprising an angiogenesis 
inhibiting amount of an antagonist of an otv integrin. 

[0013] In one embodiment of the present invention, the 
intergrin is oLV[33 or (XVBS. The antagonist is a polypeptide 
antagonist of (xv, an antibody against otVB3 an antibody 
against (XVBS or a combination of antibodies respectively 
against 0,,[33 and (XVBS. 
[0014] A further aspect of the present invention provides 
a method of inhibiting ECM-dependent cell adhesion of 
brain tumor cells groWing in the brain of a host. The method 
comprises administering to the host a therapeutic effective 
amount of an antagonist of an (xv integrin, i.e., integrins otVB3 
or (XVBS. In one embodiment of the present invention, the 
antagonist is a polypeptide antagonist of (xv or a combination 
of antibodies respectively against (XVB3 and otv?s. 

[0015] Yet another aspect of the present invention pro 
vides a method of inhibiting vitronectin-dependent cell 
migration in brain tumor cells groWing in the brain of a host. 
The method comprises administering to the host a therapeu 
tically effective amount of an antagonist to otv. 

[0016] In one embodiment of the present invention, the 
antagonist is a polypeptide antagonist of (XV or an antibody 
against OM33. 
[0017] A further aspect of the present invention provides 
a method of inducing apoptosis in tumor cells groWing in the 
brain of a host. The method comprises administering to the 
host a therapeutically effective amount of an antagonist of an 
integrin. 

[0018] In one embodiment of the present invention, the 
integrin may be OM33 or otv?s. The antagonist may be a 
polypeptide antagonist of otv. 

[0019] The methods of the present invention are Well 
suited for use in treating brain tumors in vivo. The present 
invention provides a novel therapeutic approach to treat 
brain tumors. 

DESCRIPTION OF THE FIGURES 

[0020] The above-mentioned and other features of this 
invention and the manner of obtaining them Will become 
more apparent, and Will be best understood, by reference to 
the folloWing description, taken in conjunction With the 
accompanying draWings. These draWings depict only a 
typical embodiment of the invention and do not therefore 
limit its scope. They serve to add speci?city and detail, in 
Which: 

[0021] FIGS. 1a and 1b shoW the inhibition of angiogen 
esis (a) and tumor groWth on the CAM (b) by (xv-antagonist. 

[0022] FIG. 2 shoWs the tumor siZe (A) and mouse 
survival (B) after intracerebral injection of DAOY and 
U87MG cells. 

[0023] FIGS. 3a and 3b shoW histopathology of orthoto 
pically injected brain tumor cells DAOY (a) and U87MG 
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(b), daily treated With the inactive (A) or active peptide 
(B-D). Large intracerebral tumors (arroWheads) are visible 
in the control animals (A), Whereas no tumors (B) or only 
microscopic residual tumors (arroWheads) are detected in 
the otV-antagonist-treated animals (C and D). 

[0024] FIG. 4 shoWs the survival of mice after orthoto 
pical brain tumor implantation, receiving either the active or 
inactive peptide. 

[0025] FIG. 5 shoWs the effect of (xv-antagonist on ortho 
topically (brain) and heterotopically (subcutis) implanted 
DAOY cells. 

[0026] FIGS. 6a-6d shoW the integrin pro?le (a), and 
effect of (xv-antagonist on adhesion to (b), migration on 
vitronectin (c) and cell viability on vitronectin (d) for brain 
tumor and brain capillary endothelial cells. 

[0027] FIG. 7 shoWs the effect of cyclic pentapeptide on 
tumor cell adhesion to ECM proteins. 

[0028] FIG. 8 shoWs the effect of inhibition of adhesion, 
resulting in cell death (apoptosis) in both brain tumor cells 
and brain capillary cells. This effect is restricted to the ECM 
vitronectin and tenascin. 

[0029] FIG. 9 shoWs the immunohistochemistry of U87 
brain tumors Xenotransplanted into the forebrain of nude 
mice and treated With an active (anti-otv) or control peptide. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0030] One aspect of the present invention provides a 
method of inhibiting tumor groWth in the brain of a host, 
comprising administering to the host in need of such an 
inhibition a therapeutically effective amount of an antagonist 
of an integrin. 

[0031] The method of the present invention may be used 
to treat any tumors that groW in the brain, as long as the 
groWth of tumors in the brain requires the interaction of the 
integrin With its ligand. EXamples of such a tumor include, 
but are not limited to, glioblastoma, medulloblastoma (astro 
cytoma, other primitive neuroectoderma and brain stem 
glioma cancers). For the purpose of the present invention, 
preferably, the tumor groWth is located intracerebrally in the 
brain of a host. The host may be any mammal, including, but 
not limited to, rat and human. The tumor groWth is inhibited 
if the groWth is impaired by the treatment. 

[0032] For the purpose of the present invention, an inte 
grin is any member of a speci?c family of homologous 
heterodimeric transmembrane receptors. The receptors 
direct cell adhesion by binding to the amino acid sequence 
Arg-Gly-Asp (RGD). The receptors may be expressed on 
both tumor and normal cells. The characteristic of integrins 
are Well knoWn and Well characteriZed in the art and are 
described in detail in the cited references (1, 2), the relevant 
content of Which is incorporated herein by reference. 
EXamples of integrins include, but are not limited to, the ot 
family, such as otv[33, (XVBS, otv?l, (XVB6 0,,[38 and the like. 

[0033] An antagonist of an integrin is a molecule that 
blocks or inhibits the physiologic or pharmacologic activity 
of the integrin by inhibiting the binding activity of the 
integrin, a receptor, to its ligand, various matrix proteins, 
including, but not limited to, vitronectin, tenascin, ?bronec 
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tin and collagen I. In one embodiment of the present 
invention, an antagonist of an integrin may be an antagonist 
of integrin 0,,[33 or integrin (XVBS. Preferred integrin antago 
nists can be either a monoclonal antibody, a fragment of the 
monoclonal antibody, or a peptide. 

[0034] For example, an antagonist of otVB3 may be any 
factor that inhibits the binding of 0,,[33 to one of its multiple 
ligands, namely vitronectin or tenascin. Examples of antago 
nists of otVB3 are described in the PCT publications WO 
96/37492 and WO 97/45137, the relevant content of Which 
is incorporated herein by reference. 

[0035] Likewise, an antagonist of (XVBS may be any factor 
that inhibits the binding of (XVBS to its ligand, namely 
vitronectin. Examples of antagonists of (XVBS are described 
in the PCT publication WO 97/06791, the relevant content 
of Which is incorporated herein by reference. 

[0036] In one embodiment of the present invention, the 
antagonist is a polypeptide antagonist of (XV, namely, a 
polypeptide antagonist of OM33 and otv?s. Preferably, the 
polypeptide is an Arg-Gly-Asp (RGD)-containing polypep 
tide. In one embodiment, the polypeptide antagonist is an 
RGD cyclic pentapeptide antagonist of (XV. 

[0037] In accordance With another embodiment of the 
present invention, the antagonist may be a monoclonal 
antibody immunospeci?c for 0,,[33 or (XVBS. Alternatively, it 
may be a combination of antibodies respectively against 
OM33 and (XVBS. In one embodiment, a monoclonal antibody 
immunospeci?c for (M33 has the immunoreaction charac 
teristics of a monoclonal antibody designated LM-609. In 
another embodiment of the present invention, a monoclonal 
antibody immunospeci?c for (XVBS has the immunoreaction 
characteristics of a monoclonal antibody designated P1-F6. 
Both the LM-609 antibody and P1-F6 antibody are Well 
knoWn in the industry and are commercially available 
through Chemicon, Temecula, Calif. 

[0038] For the purpose of the present invention, the 
antagonists may be used alone or in combination With each 
other in a method of the present invention for inhibiting 
tumor groWth in the brain. 

[0039] The therapeutically effective amount is an amount 
of antagonist suf?cient to produce a measurable inhibition of 
a tumor groWth in the brain of a host being treated. Inhibition 
of tumor groWth can be determined by microscopic mea 
surement after staining, as described herein, by mouse brain 
MRI scanning, or by 3H-Thymidin Incorporation, Which 
methods are Well knoWn to one skilled in the art. 

[0040] Insofar as an integrin antagonist can take the form 
of an RGD-containing peptide, an anti-otVB3 monoclonal 
antibody or fragment thereof, an anti-otVB5 monoclonal anti 
body or a fragment thereof, or a combination of the mono 
clonal antibodies of otVB3 and (XVBS, it is to be appreciated 
that the potency, and therefore the expression, of a “thera 
peutically effective amount” can vary. HoWever, as shoWn 
by the present assay methods, one skilled in the art can 
readily assess the potency of a candidate antagonist of this 
invention. 

[0041] The potency of an antagonist can be measured by 
a variety of means including, but not limited to, inhibition of 
angiogenesis in the CAM assay, in the in vivo brain tumor 
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assay, and by measuring inhibition of the binding of natural 
ligands to integrins such as otv[33 or (XVBS, all as described 
herein, and like assays. 

[0042] The dosage ranges for the administration of the 
antagonist depend upon the form of the antagonist and its 
potency to a particular integrin. One skilled in the art can 
?nd out the proper dosage for a particular antagonist in vieW 
of the disclosure of the present invention Without undue 
experimentation. The dosage should be large enough to 
produce the desired effect in Which tumor groWth in the 
brain is inhibited. The dosage should not be so large as to 
cause adverse side effects, such as brain edema or the rapid 
release of cytokines from brain tumors inducing kachexia, 
for example, When an integrin antagonist of the present 
invention is administered in the form of a polypeptide. The 
dosage per kg body Weight can vary from 1 to 20 mg, in one 
or more dose administrations daily, for one or several days 
or inde?nitely. When an integrin antagonist of the present 
invention is administered in the form of a monoclonal 
antibody, the dosage can vary from 1 to 20 mg/kg, in one 
dose administrations once to tWice Weekly for an inde?nite 
time. 

[0043] The polypeptide or monoclonal antibodies of the 
present invention can be administered parenterally by injec 
tion or by gradual infusion over time. Although the tissue to 
be treated is most often by intraperitoneal or subcutaneous 
(antibody) administration, the antagonists of the present 
invention may also be administered intraocularly, intrave 
nously, intramuscularly, intracavity, transdermally, and can 
be delivered by peristaltic means. 

[0044] The compositions are administered in a manner 
compatible With the dosage formulation and in a therapeu 
tically effective amount. The quantity to be administered and 
timing of administration depend on the subject to be treated, 
capacity of the subject’s system to utiliZe the active ingre 
dient, and degree of therapeutic effect desired. Precise 
amounts of the active ingredient required to be administered 
depend on the judgement of the practitioner and are peculiar 
to each individual. HoWever, suitable dosage ranges for 
systemic application are disclosed herein and depend on the 
route of administration. Suitable regimes for administration 
are also variable but are typi?ed by an initial administration, 
folloWed by repeated doses at one or more hour intervals by 
a subsequent injection or other administration. 

[0045] In accordance With one embodiment of the present 
invention, the present invention also provides a pharmaceu 
tical composition useful for practicing the therapeutic meth 
ods described herein. The compositions contain an antago 
nist of the present invention in combination With a 
pharmaceutically acceptable carrier. As used herein, the 
terms “pharmaceutically acceptable,”“physiologically toler 
able” and grammatical variations thereof, as they refer to 
compositions, carriers, dilutents and reagents, are used inter 
changeably and represent that the materials are capable of 
administration to or upon a mammal Without the production 
of undesirable physiological effects. 

[0046] Preparations for parental administration of a pep 
tide or an antibody of the invention include sterile aqueous 
or non-aqueous solutions, suspension, and emulsions. 
Examples of non-aqueous solvents are propylene glycol, 
polyethylene glycol, vegetable oils such as olive oil, and 
injectable organic esters such as ethyl oleate. Aqueous 
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carriers include Water, alcoholic/aqueous solutions, emul 
sions or suspensions, including saline and buffered media. 
Parental vehicles include sodium chloride solution, Ringer’s 
dextrose, dextrose and sodium chloride, lactated Ringer’s, or 
?xed oils. Intravenous vehicles include ?uid and nutrient 
replenishers, electrolyte replenishers (such as those based on 
Ringer’s dextrose), and the like. Preservatives and other 
additives may also be present, such as, for example, anti 
microbials, antioxidants, chelating agents, and inert gases 
and the like. 

[0047] Another aspect of the present invention provides a 
method for inhibiting angiogenesis in a tumor tissue located 
in the brain of a host. The method comprises administering 
to the host a composition comprising an angiogenesis 
inhibiting amount of an antagonist of an integrin. 

[0048] As discussed in the background section, angiogen 
esis is the formation of a neovascular netWork from pre 
existing host vessels and is required for tumor groWth 
beyond 1-2 mm3. For the purpose of the present invention, 
angiogenesis is inhibited if angiogenesis and the disease 
symptoms mediated by angiogenesis are ameliorated. 

[0049] In one embodiment of the present invention, the 
tumor tissue is located intracerebrally in the brain of a host. 
The host may be any mammal. Examples of the host include, 
but are not limited to, mouse, rat and human. 

[0050] The dosage ranges for the administration of the 
antagonist depend upon the form of the antagonist and its 
potency to a particular integrin. One skilled in the art can 
?nd out the proper dosage for a particular antagonist in vieW 
of the disclosure of the present invention Without undue 
experimentation. The dosage should be large enough to 
produce the desired effect in Which angiogenesis and the 
disease symptoms mediated by angiogenesis are amelio 
rated. The dosage should not be so large as to cause adverse 
side effects, such as brain edema due to rapid tumor lysis 
With cytokine release or hemorrhage. 

[0051] In one embodiment of the present invention, an 
antagonist of an integrin may be an antagonist of integrin 
OM33 or integrin (XVBS. Preferred integrin antagonists can be 
either a monoclonal antibody or a peptide. In one embodi 
ment of the present invention, the antagonist is a polypeptide 
antagonist of (XV, namely, a polypeptide antagonist of otVB3 
and (XVBS. Preferably, the polypeptide is an Arg-Gly-Asp 
(RGD)-contained polypeptide. In one embodiment, the 
polypeptide antagonist is an RGD cyclic pentapeptide 
antogonist of otv. 

[0052] In accordance With another embodiment of the 
present invention, the antagonist may be an antibody against 
otVB3 and a combination of antibodies respectively against 
(M33 and (XVBS. 
[0053] The therapeutically effective amount is an amount 
of antagonist sufficient to produce a measurable inhibition of 
angiogenesis in the tisuue being treated, i.e., an angiogen 
esis-inhibiting amount. Inhibition of angiogenesis can be 
measured in situ by immunohistochemistry, as described 
herein, or by other methods knoWn to one skilled in the art. 

[0054] In accordance With one embodiment of the present 
invention, the present invention also provides a pharmaceu 
tical composition useful for practicing the therapeutic meth 
ods described herein. The compositions contain an antago 
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nist of the present invention in combination With a 
pharmaceutically acceptable carrier. 

[0055] A further aspect of the present invention provides 
a method of inhibiting ECM-dependent cell adhesion in 
brain tumor cells groWing in the brain of a host, comprising 
administering to the host a therapeutically effective amount 
of an antagonist to integrins 0,,[33 and (XVBS. 

[0056] For the purpose of the present invention, ECM 
dependent cell adhesion includes any cell adhesion that is 
ECM-depedent and that is mediated by (xv-integrins. 
Examples of such adhesion include, but are not limited to, 
vitronectin-dependent cell adhesion and tenascin-dependent 
cell adhesion. It is a discovery of the present invention that 
human brain tumors may produce vitronectin and tenascin, 
and those ECM play an important role in tumor cell adhesion 
and migration by interacting With integrins. For the purpose 
of the present invention, the inhibition is achieved if tumor 
cell adhesion to ECM is reduced. 

[0057] The phrase “therapeutically effective amount” as 
used herein indicates an amount of antagonist that is suffi 
cient so that ECM-mediated tumor cell adhesion is reduced. 
Cell adhesion can be measured by the methods described 
herein and by the methods commonly knoWn in the art. 

[0058] In accordance With one embodiment of the present 
invention, the antagonist may be a polypeptide antagonist of 
otv or a combination of antibodies respectively against otVB3 
and (XVBS. For example, the antagonist may be an RGD 
cyclic pentapeptide antagonist of (xv or a combination of 
monoclonal antibodies designated LM-609 and P1-F6. 

[0059] Another aspect of the present invention provides a 
method of inhibiting vitronectin-dependent cell migration in 
brain tumor cells groWing in the brain of a host, comprising 
administering to the host a therapeutically effective amount 
of an antagonist to otv[33. 

[0060] For the purpose of the present invention, the inhi 
bition is achieved if tumor cell migration is reduced. 

[0061] The phrase “therapeutically effective amount” as 
used herein indicates an amount of antagonist that is suffi 
cient so that vitronectin-mediated tumor cell migration is 
reduced. Cell migration can be measured by the methods 
described herein and by the methods commonly knoWn in 
the art. 

[0062] In accordance With one embodiment of the present 
invention, the antagonist may be a polypeptide antagonist of 
otv or a monoclonal antibody immunoreactive against OM33. 
For example, the antagonist may be an RGD cyclic pen 
tapeptide antogonist of (xv or a monoclonal antibody desig 
nated LM-609. 

[0063] The present invention also provides a method of 
inducing apoptosis in tumor cells groWing in the brain of a 
host. The method comprises administering to the host a 
therapeutically effective amount of an antagonist of an 
integrin. 

[0064] For the purpose of the present invention, brain 
tumor cell apoptosis is induced if an increased amount of 
tumor cell apoptosis is observed in brain after the adminis 
tration of the antagonist. The therapeutically effective 
amount is an amount of antagonist sufficient to produce a 
measurable tumor cell apoptosis in the brain of a host being 
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treated. Tumor cell apoptosis in brain may be measured by 
methods described herein or commonly known in the art. 

[0065] In accordance With one embodiment of the present 
invention, the integrin may be (XV, otVB3 or (XVBS. The 
antagonist may be a polypeptide antagonist of otv. 

EXAMPLES 

Materials and Methods 

[0066] Materials: The active cyclic RGD pentapeptide 
EMD 121974, cyclo(Arg-Gly-Asp-D-Phe-[N-Me]-Val), and 
the inactive control peptide cRAD (EMD 135981) Were 
provided by A. JoncZyk, Ph.D., Merck KgaA, Darmstadt, 
Germany. The monoclonal antibodies LM609 and P1F6 
have been described (13). The brain tumor cell lines DAOY 
and U87MG Were purchased from AT CC, Rockville, Md. 
Primary cultures of human brain capillary endothelial cells 
Were provided by M. Stins, Ph.D., Childrens Hospital, Los 
Angeles (49). Human vitronectin Was purchased from 
Promega, Madison, Wis. 

[0067] FACS analysis: A FACScan cytometer (Becton 
Dickinson, San Jose) Was used. Conditions Were as previ 
ously described (43). Primary antibodies Were LM 609 and 
P1F6 at 1:100, and secondary Ab Was FITC labeled goat 
anti-mouse IgG at 1:250. Apoptosis determination Was as 
per the manufacturer’s instruction (Clontech, Palo Alto, 
Calif., Apo Alert Annexin V-FITC Apoptosis kit). 

[0068] Adhesion: Assay conditions Were as previously 
described (15). Non-tissue culture treated Wells incubated 
overnight at 4° C. With vitronectin (1-10 pig/ml PBS), 
Washed and blocked for 30 min. With heat denatured 1% 
BSA in PBS, folloWed by Washing With PBS. Control and 
test cells, pre-incubated at 37° C. With the test substance (20 
pig/ml) in adhesion buffer for 30 min. Were plated into Wells 
(5x104 cells/Well) and incubated for 1 hr at 37° C. After 
gentle Washing of the Wells With adhesion buffer, adhering 
cells Were ?xed and stained With crystal violet, the dye 
solubiliZed in methanol and the OD determined at 600° A. 

[0069] Migration: TransWell polycarbonate ?lters (8 pm 
pore siZe) Were incubated for 30 min. at 37° C. With 
vitronectin in PBS (1 pig/ml on the upper side and 10 pg on 
the bottom side), blocked for 30 min. With 1% heat dena 
tured BSA and Washed With PBS. Test cells (5x105/Well) 
Were added in adhesion buffer containing the test substances 
indicated (20 pig/ml) and incubated for 4 hrs at 37° C. With 
the loWer chamber containing adhesion buffer. Cells in the 
upper chamber Were removed With a cotton sWab and cells 
on the bottom part of the ?lter Were ?xed and stained With 
crystal violet and the number of migrated cells determined 
by counting. 
[0070] Apoptosis: Adhesion conditions Were as above, 
except that 12 Well plates covered With vitronectin and 
5x10 cells/Well Were plated in adhesion buffer. After 30 min. 
of incubation at 37° C., the adhesion buffer Was replaced 
With buffer containing 20 pig/ml of active cRGD or inactive 
cRAD peptide and incubated further for 4 hrs. Attached cells 
Were trypsiniZed and combined With the detached cells in the 
supernatant and then examined for the presence of apoptotic 
cells using the Apo Alert Annexin V-FITC apoptosis kit 
(Clontech). 
[0071] CAM assay: Egg supplier and preparation have 
been described earlier (23). Tumor cells Were plated in 50/11 
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PBS at 4><106 cells/egg for DAOY and 3.5><106 cells/egg for 
U87MG. Cells Were groWn to tumors for 7 days, then 
harvested under sterile conditions, trimmed to similar siZes 
and repeated onto the CAM of 10-day-old embryos. The 
folloWing day the active or inactive peptide (100 pig/egg) 
Was injected into a CAM vein. Tumors Were photographed 
in situ after 7 days of groWth, then harvested, Weighed and 
?xed in 4% buffered formalin and embedded in paraffin. 
After serial sectioning, slides Were stained With hematoxilin 
and eosin. 

[0072] Brain tumor model: Details of the model have been 
described by us (31). Tumor cells (106/10 pl PBS) Were 
injected intracerebrally at the coordinates mentioned. Intra 
peritoneal treatment With the active cRGD or the inactive 
cRAD peptide (100 pig/50 pal/mouse) Was initiated on day 3 
after implantation for U87MG and on day 10 for DAOY 
cells and repeated daily until cachexia and/or moribund 
status occurred. The animals Were then sacri?ced by C02 
anesthesia, the brains removed and either snap froZen in 
liquid nitrogen or ?xed in buffered formalin, embedded in 
paraffin and the cut sections stained With Hematoxylin 
Eosin. 

[0073] Subcutaneous tumor groWth: For subcutaneous 
tumor groWth, the cells (106 mouse) Were injected so below 
the right shoulder pad immediately folloWing intracerebral 
injection. 
[0074] Animal studies: Animal studies Were done accord 
ing to the NIH guidelines and approved by the local animal 
care committee. 

Experiments 

Angiogenesis on CAM 

[0075] To assess the effect of otv antagonism on brain 
tumor associated angiogenesis, DAOY and U87MG human 
brain tumor cells Were groWrron chick chorioallantoic mem 
branes (CAMs). The tumors Were alloWed to groW for 7 days 
before they Were removed and reimplanted onto fresh 
CAMs. 24 hours after transfer, 100 pg of either the active 
cRGD peptide or control peptide (cRAD) Was injected into 
a CAM vein. Tumors Were groWn for an additional 6 days 
and then Weighed and analyZed for vasculariZation. Under 
stereomicroscope examination, tumors receiving the control 
peptide exhibited extensive angiogenesis, While tumors 
treated With the (xv-antagonist shoWed signi?cant suppres 
sion of angiogenesis (FIG. 1a). Tumor groWth Was also 
inhibited by the (xv-antagonist. In contrast to control tumors, 
Which increased 80% in Weight, (xv-antagonist treated 
tumors decreased 30% in Weight (FIG. 1b). These data 
suggest that the inhibition of tumor groWth by otv-antago 
nism resulted as a consequence of disrupted tumor-associ 
ated angiogenesis. 

[0076] FIGS. 1a and 1b shoW the inhibition of angiogen 
esis (a) and tumor groWth on the CAM (b) by an (xv-an 
tagonist. Brain tumors groWn on CAMs Were harvested and 
cut to similar siZes and placed on fresh CAMs of 10-day-old 
chicken eggs. The folloWing day, 100 pg of active otV-in 
hibitor or control peptide Were injected into the chicken 
veins and groWn for another 6 days. Eggs Which received the 
control peptide shoWed signi?cant angiogenesis (a) 
(DAOY=A and U87MG=C), While signi?cant suppression 
of neovasculariZation Was observed in the eggs receiving the 












