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(57) ABSTRACT 

The present invention relates to the use of proteins Which are 
differentially expressed in primary brain tumor tissues, as 
compared to normal brain tissues, as biomolecular targets 
for brain tumor treatment therapies. Speci?cally, the present 
invention relates to the use of immunotherapeutic and 
immunoimaging agents Which speci?cally bind to one or 
more of human proteins angiopoietin related protein 2 
(ARP-2,) secreted protein acidic, rich in cysteine (SPARC,) 
c-met proto-oncogene (C-MET,) brevican (BEHAB,) CD-44 
antigen (CD-44,) tetraspanin 3 (TSPN3,) pleiotrophin 
(PTN,) osteopontin (OPN,) vasoactive intestinal peptide 
receptor-2 (VIPR-2,) and receptor protein tyrosine phos 
phatase Zeta (PTP‘Q) for the treatment and visualization of 
brain tumors in patients. The present invention also provides 
compounds and pharmaceutically acceptable compositions 
for administration in the methods of the invention. The 
present invention also provides novel splice variants of 
protein PTP‘Q, PTPQ SMl and PTPQ SMZ. Nucleic acid 
probes speci?c for the spliced mRNA encoding these vari 
ants and af?nity reagents speci?c for the novel proteins are 
also provided. 
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USE OF PROTEIN BIOMOLECULAR TARGETS IN 
THE TREATMENT AND VISUALIZATION OF 

BRAIN TUMORS 

FIELD OF USE 

[0001] The present invention relates to the use of proteins 
Which are differentially expressed in primary brain tumor 
tissues, as compared to normal brain tissues, as biomolecular 
targets for brain tumor treatment therapies. Speci?cally, the 
present invention relates to the use of immunotherapeutic 
and immunoimaging agents Which speci?cally bind to one 
or more of angiopoietin related protein 2 (ARP-2,) secreted 
protein acidic, rich in cysteine (SPARC,) c-met proto-onco 
gene (C-MET,) brevican (BEHAB,) CD-44 antigen (CD 
44,) tetraspanin 3 (TSPN3,) pleiotrophin (PTN,) osteopontin 
(OPN,) vasoactive intestinal peptide receptor-2 (VIPR-2,) 
and receptor protein tyrosine phosphatase Zeta (PTP‘Q) for 
the treatment and visualiZation of brain tumors in patients. 
The present invention also provides compounds and phar 
maceutically acceptable compositions for administration. 

BACKGROUND OF THE INVENTION 

[0002] Brain Tumor Biology and Etiology 

[0003] Brain tumors are considered to have one of the 
least favorable prognoses for long term survival: the average 
life expectancy of an individual diagnosed With a central 
nervous system (CNS) tumor is just eight to tWelve months. 
Several unique characteristics of both the brain and its 
particular types of neoplastic cells create daunting chal 
lenges for the complete treatment and management of brain 
tumors. Among these are l) the physical characteristics of 
the intracranial space, 2) the relative biological isolation of 
the brain from the rest of the body, 3) the relatively essential 
and irreplaceable nature of the organ mass, and 4) the unique 
nature of brain tumor cells. 

[0004] First and foremost, the intracranial space and 
physical layout of the brain create signi?cant obstacles to 
treatment and recovery. The brain is made of, primarily, 
astrocytes (Which make up the majority of the brain mass, 
and serve as a scaffold and support for the neurons), neurons 
(Which carry the actual electrical impulses of the nervous 
system), and a minor contingent of other cells such as 
insulating oligodendrocytes (Which produce myelin). These 
cell types give rise to primary brain tumors (e.g., astrocy 
tomas, neuroblastomas, glioblastomas, oligodendrogliomas, 
etc.) Although the World Health OrganiZation has recently 
established standard guidelines, the nomenclature for brain 
tumors is someWhat imprecise, and the terms astrocytoma 
and glioblastoma are often used broadly. The brain is 
encased in the relatively rigid shell of the skull, and is 
cushioned by the cerebrospinal ?uid, much like a fetus in the 
Womb. Because of the relatively small volume of the skull 
cavity, minor changes in the volume of tissue in the brain can 
dramatically increase intracranial pressure, causing damage 
to the entire organ (i.e., “Water on the brain”). Thus, even 
small tumors can have a profound and adverse affect on the 
brain’s function. In contrast, tumors in the relatively disten 
sible abdomen may reach several pounds in siZe before the 
patient experiences adverse symptoms. The cramped physi 
cal location of the cranium also makes surgery and treatment 
of the brain a difficult and delicate procedure. HoWever, 
because of the dangers of increased intracranial pressure 
from the tumor, surgery is often the ?rst strategy of attack in 
treating brain tumors. 
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[0005] In addition to its physical isolation, the brain is 
chemically and biologically isolated from the rest of the 
body by the so-called “Blood-Brain-Barrier” (or BBB). This 
physiological phenomenon arises because of the “tightness” 
of the epithelial cell junctions in the lining of the blood 
vessels in the brain. Although nutrients, Which are actively 
transported across the cell lining, may reach the brain, other 
molecules from the bloodstream are excluded. This prevents 
toxins, viruses, and other potentially dangerous molecules 
from entering the brain cavity. HoWever, it also prevents 
therapeutic molecules, including many chemotherapeutic 
agents that are useful in other types of tumors, from crossing 
into the brain. Thus, many therapies directed at the brain 
must be delivered directly into the brain cavity (e.g., by an 
Ommaya reservoir), or administered in elevated dosages to 
ensure the diffusion of an effective amount across the BBB. 

[0006] With the dif?culties of administering chemothera 
pies to the brain, radiotherapy approaches have also been 
attempted. HoWever, the amount of radiation necessary to 
completely destroy potential tumor-producing cells also 
produce unacceptable losses of healthy brain tissue. The 
retention of patient cognitive function While eliminating the 
tumor mass is another challenge to brain tumor treatment. 
Neoplastic brain cells are often pervasive, and travel 
throughout the entire brain mass. Thus, it is impossible to 
de?ne a true “tumor margin,” unlike, for example, in lung or 
bladder cancers. Unlike reproductive (ovarian, uterine, tes 
ticular, prostate, etc.), breast, kidney, or lung cancers, the 
entire organ, or even signi?cant portions, cannot be removed 
to prevent the groWth of neW tumors. In addition, brain 
tumors are very heterogeneous, With different cell doubling 
times, treatment resistances, and other biochemical idiosyn 
crasies betWeen the various cell populations that make up 
the tumor. This pervasive and variable nature greatly adds to 
the dif?culty of treating brain tumors While preserving the 
health and function of normal brain tissue. 

[0007] Although current surgical methods offer consider 
ably better post-operative life for patients, the current com 
bination therapy methods (surgery, loW-dosage radiation, 
and chemotherapy) have only improved the life expectancy 
of patients by one month, as compared to the methods of 30 
years ago. Without effective agents to prevent the groWth of 
brain tumor cells that are present outside the main tumor 
mass, the prognosis for these patients cannot be signi?cantly 
improved. Although some immuno-af?nity agents have been 
proposed and tested for the treatment of brain tumors, see, 
e.g., the tenascin-targeting agents described in US. Pat. No. 
5,624,659, these agents have not proven suf?cient for the 
treatment of brain tumors. Thus, therapeutic agents Which 
are directed toWards neW molecular targets, and are capable 
of speci?cally targeting and killing brain tumor cells, are 
urgently needed for the treatment of brain tumors. 

[0008] ARP-2 (Angiopoeitin Related Protein-2, Angio 
poeitin Like-2 [AN GPTL-2]) 

[0009] Angiopoeitin related protein-2 (ARP-Z), is related 
to the angiopoeitin family of proteins, that includes Ang-l 
and Ang-2. Like members of the angiopoeitin family, ARP-2 
contains a coiled-coil domain in the amino terminal portion 
and a ?brinogen-like domain in the carboxyl terminal por 
tion. HoWever, ARP-2 has a loW homology With Ang-l and 
Ang-2 and unlike Ang-l and Ang-2, ARP-2 does not bind to 
the Tie-2 receptor, nor does ARP-2 bind to the closely 
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related Tie-1 receptor. Hence, ARP-2 is believed to be part 
of a newly identi?ed family of proteins termed angiopocitin 
related proteins. Like the angiopoeitins, ARP-2 is a member 
of the ?brinogen superfamily, Which also includes the 
?brinogens and lectins. 

[0010] ARP-2 is a glycosylated, secretory protein that 
induces sprouting in endothelial cells, most likely through 
autocrine or paracrine signaling, and it is preferentially 
expressed in the blood vessels and muscle cells. Hence, 
ARP-2 mediates the differentiated state of endothelial cells 
or for vascular remodeling and development. ARP-2 has not 
heretofore been associated With brain tumors. 

[0011] SPARC (Secreted Protein, Aacidic, Cysteine-Rich; 
Osteonectin; Basement Membrane Protein (bm) 40) 

[0012] Secreted protein acidic and rich in cysteine, 
SPARC or BM-40, is a member of the counter-adhesive 
family of proteins. It is a developmentally regulated, 
secreted glycoprotein expressed in fetal astrocytes, particu 
larity during tissue remodeling, vessel morphogenesis, and 
in response to stress. It has been hypothesiZed that SPARC 
may affect cell migration and vascular morphogenesis either 
by directly interacting With extracellular matrix (ECM) 
proteins (such as collagens I, III, IV and V) or by initiating 
a receptor mediated signaling event that induces changes in 
cytoplasmic components associated With focal adhesions. 
SPARC has been found to bind directly to vitronectin, a 
multifunctional adhesive protein that is a component of the 
brain vascular basement membranes. 

[0013] SPARC may indirectly affect cell migration and 
motility by regulating the expression of matrix metallo 
proteases and by modulating the expression of other pro 
teolytic enZymes (such as collagenase) that degrade the 
ECM. Increased SPARC expression has also been observed 
in tWo forms of loW-grade malignant gliomas, in all grades 
of human astrocytic tumors, and in tumor cells invading 
adjacent brain at the tumor/brain interface. Hence, SPARC 
may be an astrocytoma invasion related gene that functions 
in connection With vitronectin to balance the modulation of 
cellular adhesion to the ECM and it may promote diffuse 
tumor cell in?ltration into adjacent brain by affecting both 
tumor and endothelial cell-ECM interactions. 

[0014] Because SPARC is also found in bone, dentine, and 
many normal and neoplastic human soft tissues it may also 
play a regulatory function in the control of such diverse 
processes as bone mineraliZation, cell shape, tissue remod 
eling or repair, cell migration, proliferation, and differentia 
tion. SPARC is also synthesiZed, stored, and secreted by 
human blood platelets, binds to plasminogen, and enhances 
tissue plasminogen activator conversion of plasminogen to 
plasmin. 

[0015] c-MET (Met Proto-Oncogene Tyrosine Kinase, 
Hepatocyte GroWth Factor Receptor [HGFR]) 

[0016] c-MET is a member of the Hepatocyte GroWth 
Factor Receptor (HGFR) family and a heterodimeric cellular 
receptor for Hepatocyte GroWth Factor c-MET con 
tains a disul?de-linked ot-chain of 50-kDa (Which is located 
in the extracellular domain,) a 145-kDa [3-chain (Which 
includes an extracellular region,) a transmembrane spanning 
domain, and an intracellular tyrosine kinase domain that can 
be activated by autophosphorylation. Hence, HGFR is a 
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subset of the protein tyrosine-kinase family of membrane 
spanning, cell surface receptors. 

[0017] The receptor-ligand pair, c-MET and HGF, func 
tion as a groWth factor, regulating cell groWth, migration, 
and morphogenesis, and hence, may play a role in neoplastic 
formation and metastasis. Upon HGF or macrophage stimu 
lating protein (MSP) binding, the c-MET protein receptor 
goes through a conformational change Wherein the intrac 
ellular tyrosine residues of the [3 subunit become phospho 
rylated at residue 1235, and a second messenger signal 
cascade is induced. This change activates c-MET’s intrac 
ellular receptor kinase activity, Which is important to the 
groWth and differentiation of epithelial cells in normal and 
malignant tissues. c-MET has been identi?ed in both normal 
brain and on glial tumors, and is thought to be determinant 
in the pathological processes of various malignancies. For 
instance, detailed studies have shoWn that glioblastoma 
multiforme (GBM), a highly malignant brain tumor of 
astrocytic origin, expresses c-MET, and this research sug 
gests a role in tumor progression. 

[0018] BEHAB (Brain-Enriched Hyaluronan Binding 
Protein, Brevican) 
[0019] BEHAB is a brain-speci?c, extracellular matrix 
protein, that is a member of the chondroitin sulfate pro 
teoglycan (CSPG) family. BEHAB is expressed only in the 
CNS. Although its function is unclear, BEHAB is reported 
to bind to HA at the N-terminus, lectins at the C-terminus, 
and may mediate binding of other ECM components like 
tenascin. This suggests that BEHAB may play a role in 
cell-cell and cell-matrix interactions thereby maintaining the 
extracellular environment of the brain. It has been reported 
that the highest levels of expression of BEHAB is during 
brain development and at times and places Where glial cells 
are highly motile, as in cases of brain injury or trauma. 
BEHAB expression is also unregulated in primary gliomas 
of the central nervous system, but not in tumors of non-glial 
origin. In surgical samples of human gliomas (including 
astrocytoma, oligodendroglioma, and glioblastoma tumors), 
BEHAB expression is consistently and dramatically 
increased over the level of expression in the normal brain. 
Hence, BEHAB expression correlates With an invasive phe 
notype that promotes gliogenesis by contributing to cell 
movement through the ECM. 

[0020] CD-44 Antigen 

[0021] CD-44 is a single-path, type I transmembrane 
protein With extracellular domains that are ?exibly linked to 
the transmembrane segment. CD-44 is a member of the 
cartilage link protein family and belongs to the hyaloadherin 
or link protein superfamily (LPSF). As other members of the 
LPS family, CD-44 can be extensively glycosylated and is 
typically decorated With glycosaminoglycans (e.g., chon 
droitin, heparin, and keratin sulfate). The genomic structure 
of CD-44 consists of 21 exons, at least 11 of Which can be 
variably spliced (v1 -v10), that are located in the membrane 
proximal extracellular region. Alternative splicing of these 
exons give rise to a variety of CD-44 isoforms (at least 30 
different isoforms have been characteriZed to date) that are 
Widely distributed and expressed in a cell-speci?c manner. 
Among the most frequently occurring isoforms are CD-44H, 
expressed on hematopoietic cells, and CD-44E, expressed in 
epithelial cells. CD-44(H) has also been found to be 
expressed in lymphocytes, macrophages, erythrocytes, 
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?broblasts, epithelial and endothelial cells, and neurons. It is 
the predominant isoform in normal brain and neuroecto 
derm-derived tumors and is expressed on both normal 
astrocytes and oligodendrocytes as Well on neoplastic astro 
cytes and glioblastomas. 
[0022] The family of CD-44 proteins has been implicated 
in lymphocyte activation and homing, endothelial migration, 
and tumor cell metastasis. CD-44 is believed to be the major 
receptor for Hyaluronic acid CD-44/HA interactions 
underlie a Wide spectrum of functions in embryonic mor 
phogenesis and organogenesis, hematopoeisis, lymphocyte 
homing. CD-44 also mediates the attachment of glioma cells 
to chondroitin sulfate, types I and IV collagen, ?bronectin 
laminin, vitronectin and Martrigel. This suggest that CD-44 
may play a role in cell-cell and cell-matrix interactions, 
affecting the extracellular environment of the brain. Because 
HA is a major component of the brain ECM, and CD-44 is 
one of the principal cellular receptors of HA, CD-44 expres 
sion coincides With brain tumor groWth and invasiveness. 

[0023] PTN (Pleiotrophin, Heparin Binding GroWth Fac 
tor 8, Neurite GroWth-Promoting Factor 1) 
[0024] Pleiotrophin or PTN, is a platelet-derived, groWth 
factor inducible, member of the pleiotrophin family of 
proteins that includes midkine and retinoic acid-induced 
heparin-binding protein. It is a developmentally regulated, 
secreted cytokine that stimulates mitogenesis, angiogenesis, 
and neurite and glial process outgroWth guidance activities. 
During development PTN is expressed in the brain, intes 
tine, muscle, skin, heart, lung and kidney. In the adult, PTN 
is found primarily in the brain in association With axonal 
tracts during active mitogenesis and may therefore play an 
important role in the development and maintenance of the 
nervous system. It has been found to bind heparin, heparin 
sulfate proteoglycans, the extracellular matrix, and is also a 
natural ligand for receptor protein tyrosine phosphatase 
(RPTP), signaling through ligand dependant receptor inac 
tivation of RPTP. Receptor mediated endocytosis occurs 
folloWing PTN binding and may be disrupted by heparin. 
[0025] PTN has also been found to have oncogenic prop 
erties, inducing malignant transformation and tumor groWth 
and progression. It has been described as a proto-oncogene 
that is expressed in many human tumors and cell lines 
derived from human tumors. PTN is a mitogen for ?bro 
blasts, epithelial and endothelial cells, stimulates plasmino 
gen-activator production, can induce tube formation, and 
therefore can serve as a tumor angiogenesis factor. 

[0026] OPN (Osteopontin, Secreted Phosphoprotein 1, 
Bone Sialoprotein-l) 
[0027] Osteopontin or OPN, is a member of the osteopon 
tin family. It is a glycosylated sialoprotein that is heavily 
phosphorylated and expressed in a variety of cells including 
bone, kidney, placenta, nerve cells and macrophages, as Well 
as T lymphocytes, epidermal and bone cells. OPN is a part 
of the mineraliZed bone matrix and may play a role in bone 
resorption, by facilitating the attachment of osteoclasts to 
the bone surface, and may be functionally important as an 
adhesive and chemotactic molecule for vascular cells. OPN 
is a secreted protein that binds tightly to hydroxyapatite, and 
hence, is important to cell matrix interactions. It has been 
observed to interact With the CD-44 homing receptor to 
physiologically induce macrophage chemotaxis, Which may 
be a mechanism utiliZed by metastatic brain tumors in the 
process of dissemination. 
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[0028] OPN has been observed in the microvasculature of 
glioblastomas associated With VEGF expression and OPN 
mRNA has been found to be overexpressed in high grade 
and metastatic brain tumors. Hence, OPN expression corre 
lates With the malignancy grade of gliomas. 

[0029] VIPR-2 (Vasoactive Intestinal Peptide Receptor-2) 

[0030] Vasoactive intestinal polypeptide receptor II 
(VIPR-2), VPAC-2, is a member of the G-protein receptor 
family, Which includes such members as the calcitonin, 
parathyroid hormone, secretin, glucagon and VIP-1 recep 
tors. VIPR-2 is a seven-transmembrane spanning G protein 
coupled receptor that responds to VIP by stimulating cAMP 
production. VIPR-2 is found in the brain as Well as periph 
eral tissues such as the pancreas, skeletal muscle, heart, 
lung, kidneys, stomach, adipocytes and the liver, and in 
various cells of the immune system. In the brain, VIPR-2 
functions as a neuroendocrine hormone and neurotransmit 
ter receptor, and is found in the thalamus, hippocampus, 
suprachiasmatic nucleus and hypothalamus. 

[0031] VIPR-2 is encoded by a nucleotide sequence of 
approximately 2.8 kb, Which codes for a 438 amino acid 
sequence of approximately 48-64 kDa. The receptor-ligand 
pair, VIPR-2 and VIP, have various functions dependent 
upon the tissue Where in they are located. VIP is a late 
developing, 28 amino acid peptide that, along With its 
receptor, is Widely distributed throughout the peripheral 
body, and plays a role in cardiovascular, reproductive, 
pulmonary, immune and gastrointestinal systems, to effect 
vasodilatation, bronchodilation, immunosuppression, hor 
monal secretion, and increased gastric motility. HoWever, 
the cerebral cortex has one of the highest reported concen 
trations of VIP, localiZed to intrinsic neurons throughout all 
neocortical regions. In the brain, VIP and its receptor, have 
behavioral, electrophysiological, secretory, metabolic, vas 
cular, and mitogenic effects. For instance, the receptor 
ligand pair play a role in cortical differentiation, the relaying 
of sensory information to the cortex, and the regulation of 
morphogenic events by the release of diffusible signals from 
glial cells. VIPR-2 and VIP also play a role in the groWth and 
differentiation of neuroblastomas. 

[0032] TSPAN3 (Tetraspanin 3, Tetraspanin TM-4A) 

[0033] The Tetraspanin superfamily, is a family of 
approximately 20 integral membrane proteins that are 
broadly expressed in most human tissues including neural 
and bone marroW derived tissues. The family shares a 
common motif that includes four putative transmembrane 
domains (TM1-4), a small extracellular domain (ECl) of 
20-27 amino acids, and a larger extracellular domain (EC2) 
betWeen TMS3 and TMS4 of 70-130 amino acids. TWo 
conserved features of tetraspanins are critical to their struc 
ture and function. First, charged residues are present in or 
near the TM domains, second, a cluster of cysteine residues 
is in the putative EC2 domain. Most of the tetraspanins are 
modi?ed by N-glycosylation. 

[0034] Many Tetraspanin proteins affect the regulation of 
cellular proliferation, motility, differentiation, development. 
In some cells, Tetraspanins may act as adapters in ultimeric 
complexes that link plasma membrane proteins, like inte 
grins, into signaling complexes With other signaling mol 
ecules (e.g., phosphatidylinositol 4-kinase) at the plasma 
membrane and play a role in integrin-mediated cell migra 
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tion, metastasis and tumor cell invasion. A number of 
tetraspanins have also been discovered as tumor-associated 
proteins, including C-029, PETA-3/SFA-1, and SAS, Which 
is ampli?ed in a subset of sarcomas. Of the various TM4SF 
proteins, CD9, CD63, CD81, CD82, and CD151 are the 
most Widely distributed. CD9 is expressed on 90% of non-T 
cell acute lymphoblastic leukemia cells and on 50% of 
chronic lymphocytic and acute myeloblastic leukemias. 
CD63 is also expressed in early stage melanomas. 

[0035] Protein Tyrosine Phosphatase Receptor Zeta 
(PTPC) 
[0036] Vital cellular functions, such as cell proliferation 
and signal transduction, are regulated in part by the balance 
betWeen the activities of protein kinases and protein phos 
phatases. These protein-modifying enZymes add or remove 
a phosphate group from serine, threonine, or tyrosine resi 
dues in speci?c proteins. Some tyrosine kinases (PTK’s) and 
phosphatases (PTPase’s) have been theoriZed to have a role 
in some types of oncogenesis, Which is thought to result 
from an imbalance in their activities. There are tWo classes 
of PTPase molecules: loW molecular Weight proteins With a 
single conserved phosphatase domain such as T-cell protein 
tyrosine phosphatase (PTPT; MIM 176887), and high 
molecular Weight receptor-linked PTPases With tWo tan 
demly repeated and conserved phosphatase domains sepa 
rated by 56 to 57 amino acids. Examples of this latter group 
of receptor proteins include: leukocyte-common antigen 
(PTPRC; MIM 151460) and leukocyte antigen related 
tyrosine phosphatase (PTPRF; MIM 179590). 

[0037] Protein tyrosine phosphatase Zeta (PTP‘Q) [also 
known as PTPRZ, HPTP-ZETA, HPTPZ, RPTP-BETA([3), 
or RPTPB] Was isolated as a cDNA sequence by tWo groups 
in the early nineties. The complete cDNA sequence of the 
protein is provided in SEQ ID NO. 1, and the complete 
deduced amino acid sequence is provided in SEQ ID NO. 2. 
Splicing variants and features are indicated in the sequences. 
Levy et al. (“The cloning of a receptor-type protein tyrosine 
phosphatase expressed in the central nervous system”J. Biol. 
Chem. 268: 10573-10581, (1993)) isolated cDNA clones 
from a human infant brain step mRNA expression library, 
and deduced the complete amino acid sequence of a large 
receptor-type protein tyrosine phosphatase containing 2,307 
amino acids. 

[0038] Levy found that the protein, Which they designated 
PTP-[3 (PTP‘Q), is a transmembrane protein With 2 cytoplas 
mic PTPase domains and a 1,616-amino acid extracellular 
domain. As in PTP-y (MIM 176886), the 266 N-terminal 
residues of the extracellular domain are have a high degree 
of similarity to carbonic anhydrases (see MIM 114880). The 
human gene encoding PTPQ has been mapped to chromo 
some 7q31.3-q32 by chromosomal in situ hybridiZation 
(Ariyama et al., “Assignment of the human protein tyrosine 
phosphatase, receptor-type, Zeta (PTPRZ) gene to chromo 
some band 7q31.3” Cytogenet. Cell Genet. 70: 52-54 
(1995)). Northern blot analysis has shoWn that shoWed that 
PTP-Zeta is expressed only in the human central nervous 
system. By in situ hybridiZation, Levy et al. (1993) localiZed 
the expression to different regions of the adult human brain, 
including the Purkinje cell layer of the cerebellum, the 
dentate gyrus, and the subependymal layer of the anterior 
horn of the lateral ventricle. Levy stated that this Was the ?rst 
mammalian tyrosine phosphatase Whose expression is 
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restricted to the nervous system. In addition, high levels of 
expression in the murine embryonic brain suggest an impor 
tant role in CNS development. 

[0039] Northern analysis has shoWn three splice variants: 
the extracellular proteoglycan phosphacan, Which contains 
the full extracellular region of the protein, and the long (0t) 
and short forms of the transmembrane phosphatase. The 
[3 form lacks the extracellular 860 aa long insert domain of 
the protein, therefore it is not glycosylated. PCR studies of 
the gene in rat genomic DNA indicated that there are no 
introns at the putative 5‘ and 3‘ splice sites or in the 2.6 kb 
segment Which is deleted in the short transmembrane pro 
tein. The phosphatases and the extracellular proteoglycan 
have different 3‘-untranslated regions. Additional alternative 
mRNA splicing is likely to result in the deletion of a 7 amino 
acid insert from the intracellular juxtamembrane region of 
both long and short phosphatase isoforms. Simultaneous 
quantitation of the three major isoforms indicated that the 
mRNA encoding phosphacan had the highest relative abun 
dance in the CNS While that encoding the short phosphatase 
isoform Was most abundant relative to the other PTPQ 
variants in the PNS. 

[0040] PTPQ has only been found to be expressed in the 
nervous system. By in situ hybridiZation, it has been local 
iZed to different regions of the adult brain, including the 
Purkinje cell layer of the cerebellum, the dentate gyrus, and 
the subependymal layer of the anterior horn of the lateral 
ventricle. High levels of PTPQ have been seen in regions of 
the brain Where there is continued neurogenesis and neurite 
outgroWth, and it seems to play a role in morphogenesis and 
plasticity of the nervous system. Phosphacan immunoreac 
tivity has been associated With perineuronal nets around 
parvalbumin-expressing neurons in adult rat cerebral cortex. 
Neurons as Well as astrocytes have been shoWn to express 
phosphacan. 
[0041] The transmembrane forms of PTPQ are expressed 
on the migrating neurons especially at the lamellipodia 
along the leading processes. PTPQ is postulated to be 
involved in the neuronal migration as a neuronal receptor of 
pleiotrophin distributed along radial glial ?bers. PTPQ has 
been shoWn to be highly expressed in radial glia and other 
forms of glial cells that play an important role during 
development. The anti-PTPQ staining localiZes to the radial 
processes of these cells, Which act as guides during neuronal 
migration and axonal elongation. The pattern of RPTP-Zeta 
expression has also been shoWn to change With the progres 
sion of glial cell differentiation. 

[0042] The three splicing variants of RPTP-Zeta have been 
shoWn to have different spatial and temporal patterns of 
expression in the developing brain. The 9.5-kb and 6.4-kb 
transcripts, Which encode the 0t and [3 transmembrane pro 
tein tyrosine phosphatases, Were predominantly expressed in 
glial progenitors located in the subventricular Zone. The 
8.4-kb transcript, Which encodes the secreted chondroitin 
sulfate proteoglycan phosphacan, Was expressed at high 
levels by more mature glia that have migrated out of the 
subventricular Zone. The three transcripts have also been 
shoWn to be differentially expressed in glial cell cultures. 

[0043] In knockout studies, PTP‘Q-de?cient mice Were 
viable, fertile, and shoWed no gross anatomical alterations in 
the nervous system or other organs. Therefore, it Was 
deduced that PTPQ is not essential for neurite outgroWth and 
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node formation in mice. The ultrastructure of nerves of the 
central nervous system in PTP‘Q-de?cient mice suggests a 
fragility of myelin. However, conduction velocity Was not 
altered. The normal development of neurons and glia in Was 
thought to indicate that PTPQ function is not necessary for 
these processes in vivo, or that a loss of PTPQ can be 
compensated for by other protein tyrosine phosphatases 
expressed in the nervous system. 

[0044] FolloWing CNS injury, robust induction of phos 
phatase forms of PTPQ mRNA has been observed in areas of 
axonal sprouting, and of both phosphatases and phosphacan 
mRNAs in areas of glial scarring. This is thought to imply 
that the encoded proteins and the cell adhesion molecules 
and extracellular matrix proteins to Which they bind may 
contribute to recovery from injury and perhaps also to the 
regulation of axonal regroWth in the nervous system. Fol 
loWing peripheral nerve crush, all PTPQ mRNAs, including 
phosphacan and the phosphatase variants With and Without 
the 21 base insert, Were observed to be signi?cantly induced 
in the distal segments of the sciatic nerve With a time course 
that correlated Well With the response of SchWann cells to 
this injury. 

[0045] The extracellular domains of PTPQ have been 
shoWn to be capable of binding to several cell adhesion 
molecules. Phosphacan, Which is the shortest, secreted form 
of PTP‘Q, containing the full extracellular region, previously 
Was designated 3P8 and 6B4 chondroitin sulfate proteogly 
can or 3H1 keratin sulfate proteoglycan depending on the 
glycosylation status. It is synthesiZed mainly by glia and 
binds to neurons and to the neural cell adhesion molecules 
Ng-CAM/Ll, NCAM, TAG-l/axonin-l, to tenascin-C and 
R, to amphoterin and pleiotrophin/heparin-binding groWth 
associated molecule (HB-GAM) (amphoterin and pleiotro 
phin are heparin-binding proteins that are developmentally 
regulated in brain and functionally involved in neurite 
outgroWth). Binding of phosphacan to Ng-CAM/Ll, 
NCAM, and tenascin-C (FNIII domain) is mediated by 
complex-type N-linked oligosaccharides on the proteogly 
can. Phosphacan, shoWs saturable, reversible, high-affinity 
binding to ?broblast groWth factor-2 (FGF-Z). The interac 
tion is mediated primarily through the core protein. Immu 
nocytochemical studies have also shoWn an overlapping 
localiZation of FGF-2 and phosphacan in the developing 
central nervous system. The core protein of phosphacan may 
also regulate the access of FGF-2 to cell surface signaling 
receptors in nervous tissue. 

[0046] The carbonic anhydrase (CAH) domain of PTPQ 
has been shoWn to bind speci?cally to contactin. Contactin 
is a 140 kDa GPI membrane-anchored neuronal cell recog 
nition protein expressed on the surface of neuronal cells. The 
CAH domain of RPTP Zeta Was shoWn to induce cell 
adhesion and neurite groWth of primary tectal neurons, and 
differentiation of neuroblastoma cells. These responses Were 
blocked by antibodies against contactin, demonstrating that 
contactin is a neuronal receptor for RPTP Zeta. Caspr 
((p190/Caspr, a contactin-associated transmembrane recep 
tor) and contactin exist as a complex in rat brain and are 
bound to each other by means of lateral (cis) interactions in 
the plasma membrane. The extracellular domain of Caspr 
contains a neurophilin/coagulation factor homology domain, 
a region related to ?brinogen beta/gamma, epidermal groWth 
factor-like repeats, neurexin motifs as Well as unique PGY 
repeats found in a molluscan adhesive protein. The cyto 
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plasmic domain of Caspr contains a proline-rich sequence 
capable of binding to a subclass of SH3 domains of signaling 
molecules. Caspr may function as a signaling component of 
contactin, enabling recruitment and activation of intracellu 
lar signaling pathWays in neurons. The role of the extracel 
lular domains in neural adhesion and neurite groWth induc 
tion Was investigated by the use of fusion protein constructs. 
The results suggested that binding of glial PTPQ to the 
contactin/Nr-CAM complex is important for neurite groWth 
and neuronal differentiation. 

[0047] PTPQ Was shoWn to bind to a heparin-binding 
groWth factor midkine through the chondroitin sulfate por 
tion of the receptor. The interactions of pleiotrophin (PTN) 
With the receptor in U373-MG cells Was also studied. 
Pleiotrophin Was shoWn to bind to the spacer domain. 
Results suggested that PTN signals through “ligand-depen 
dent receptor inactivation” of PTPQ and disrupts its normal 
roles in the regulation of steady-state tyrosine phosphory 
lation of doWnstream signaling molecules. PTN Was shoWn 
to bind to and functionally inactivate the catalytic activity of 
PTP‘Q. An active site-containing domain of PTPQ both binds 
[3-catenin and functionally reduces its levels of tyrosine 
phosphorylation When added to lysates of pervanadate 
treated cells. In unstimulated cells, PTPQ Was shoWn to be 
intrinsically active, and thought to function as an important 
regulator in the reciprocal control of the steady-state 
tyrosine phosphorylation levels of [3-catenin by tyrosine 
kinases and phosphatases. 

[0048] Using the yeast substrate-trapping system, several 
substrate candidates for PTPQ Were isolated. The results 
indicated that GITl/Cat-l is a substrate molecule of PTP‘Q. 
In addition, PTPQ Was shoWn to bind to the PSD-95/SAP90 
family through the second phosphatase domain. Immuno 
histochemical analysis revealed that PTPQ and PSD-95/ 
SAP90 are similarly distributed in the dendrites of pyrami 
dal neurons of the hippocampus and neocortex. Subcellular 
fractionation experiments indicated that PTPQ is concen 
trated in the postsynaptic density fraction. These results 
suggested that PTPQ is involved in the regulation of synaptic 
function as postsynaptic macromolecular complexes With 
PSD-95/SAP90. 

[0049] Voltage-gated sodium channels in brain neurons 
Were also found to associate With the membrane bound 
forms of PTPQ and phosphacan. Both the extracellular 
domain and the intracellular catalytic domain of PTPQ 
interacted With sodium channels. Sodium channels Were 
tyrosine phosphorylated and Were modulated by the associ 
ated catalytic domains of PTP‘Q. 

SUMMARY OF THE INVENTION 

[0050] The present invention provides novel methods and 
reagents for speci?cally targeting brain tumor neoplastic 
cells for both therapeutic and imaging purposes, by targeting 
brain tumor protein targets (TBT). These targets have been 
identi?ed by the applicants as being overexpressed in brain 
tumors, and thus alloW for the selective inhibition of cell 
function or selective marking for visualiZation With thera 
peutic or visualiZing compositions Which have a speci?c 
af?nity for thes eprotein targets. Each of angiopoietin related 
protein 2 (ARP-2,) secreted protein acidic, rich in cysteine 
(SPARC,) c-met proto-oncogene (C-MET,) brevican 
(BEHAB,) CD-44 antigen (CD-44,) tetraspanin 3 (TSPN3,) 
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pleiotrophin (PTN,) osteopontin (OPN,) vasoactive intesti 
nal peptide receptor-2 (VIPR-2,) and receptor protein 
tyrosine phosphatase Zeta (PTP‘Q) [including the tWo novel 
isoforms PTPQ SMl and SMZ], as the proteins are described 
below, have been identi?ed as an independently useful 
protein target TBT. In some preferred embodiments of the 
invention, either novel isofom PTPQ SMl or PTPQ SM2 is 
the protein target TBT. Thus, the aspects of the invention 
With relation to each of these TBT are described generally as 
folloWs: 

[0051] In a ?rst aspect, the present invention provides TBT 
af?nity-based compounds and compositions useful in treat 
ing a brain tumor in a patient. The compositions and 
compounds of this aspect of the invention generally fall into 
tWo groups: TBT-binding conjugate compounds, Which com 
prise a cytotoxic moiety (C), Which inhibits the groWth of 
tumor cells; and TBT-binding compound compositions in 
Which the TBT binding moiety alters the normal function of 
the TBT in or around the tumor cell, thus inhibiting cell 
groWth and/or function. 

[0052] In a ?rst group of embodiments of this aspect of the 
invention, TBT-binding therapeutic conjugate compounds 
are provided. These compounds have the general formula 
(X(TBT)C, Wherein ot(TBT) is one or more moieties Which 
speci?cally binds to a TBT, and C is one or more cytotoxic 
moieties. In preferred embodiments, ot(TBT) is an antibody 
or an antibody fragment. In particularly preferred embodi 
ments, ot(TBT) is an antibody or an antibody fragment Which 
elicits a reduced immune response When administered to a 
human patient. Preferred cytotoxic moieties for use in these 
embodiments of the invention include radioactive moieties, 
chemotoxic moieties, and toxin proteins. The invention also 
provides compositions comprising these TBT-binding thera 
peutic conjugate compounds in a pharmaceutically accept 
able carrier. 

[0053] In a second group of embodiments of this ?rst 
aspect of the invention, TBT-binding therapeutic compounds 
are provided Which alter the normal function of the TBT in 
or around brain tumor cells and inhibit brain tumor cell 
groWth. These TBT -binding therapeutic compounds have the 
general formula ot(TBT), Wherein ot(TBT) is one or more 
moieties Which speci?cally binds to a TBT, and Wherein the 
binding of ot(TBT) alters the function of the TBT. In preferred 
embodiments, ot(TBT) is an antibody or an antibody frag 
ment. In particularly preferred embodiments, ot(TBT) is an 
antibody or an antibody fragment Which elicits a reduced 
immune response When administered to a human patient. It 
is preferred that the therapeutic compounds of this second 
group of embodiments of the ?rst aspect of the invention be 
formulated into therapeutic compositions comprising the 
TBT-binding compound in a pharmaceutically acceptable 
carrier. 

[0054] In a second aspect, the present invention provides 
methods for using these compounds and compositions to 
treat a brain tumor in a patient. The methods comprise 
administering an effective amount of a composition, com 
prising a TBT-binding compound from the ?rst or second 
group of embodiments of the ?rst aspect and a pharmaceu 
tically acceptable carrier, to a patient in need thereof. Brain 
tumors treated in this fashion may be glioblastomas, astro 
cytomas, neuroblastomas, or any type of brain tumor. 
Administration of the therapeutic composition may be by 
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any acceptable means. One preferred method for adminis 
tration is by intrathecal administration, although intravascu 
lar administration is also preferred. 

[0055] In a third aspect, the present invention provides 
TBT affinity-based compounds and compositions for the visu 
aliZation of brain tumors in patients. These compounds have 
the general formula ot(TBT)I, Wherein ot(TBT is one or more 
moieties Which speci?cally binds to a TBT, and I is one or 
more imaging moieties. In preferred embodiments, ot(TBT) 
is an antibody or an antibody fragment. In particularly 
preferred embodiments, (xA(TBT) is an antibody or an 
antibody fragment Which elicits a reduced immune response 
When administered to a human patient. Preferred I moieties 
include radiographic moieties (useful in, e.g., x-ray, scintil 
lation, or other radiation imaging methods,) positron-emit 
ting moieties, magnetic spin contrast moieties, and optically 
visible moieties (such as visible particles, ?uorescent dyes, 
and visible-spectrum dyes.) It is preferred that the imaging 
compounds of these embodiments of the third aspect of the 
invention be formulated into therapeutic compositions com 
prising the TBT-binding compound in a pharmaceutically 
acceptable carrier. 

[0056] In a fourth aspect, the present invention provides 
methods of using the compounds and compositions of the 
third aspect of the invention to visualiZe a brain tumor in a 
patient. These methods generally comprise administering an 
effective amount of an imaging compound of the general 
formula ot(TBT)I in a pharmaceutically acceptable carrier to 
the patient, and then visualiZing the imaging moieties of the 
compound. Administration of the imaging composition may 
be by any acceptable means. Intravascular administration of 
the imaging composition is preferred in these methods, 
although intrathecal administration is also preferred. Pre 
ferred methods of visualiZing the imaging moieties of the 
compounds include radiographic imaging techniques (e.g., 
x-ray imaging and scintillation imaging techniques), 
positron-emission tomography, magnetic resonance imaging 
techniques, and direct or indirect (e.g., endoscopic) visual 
inspection. 
[0057] Various particular embodiments of these aspects of 
the invention include: 

[0058] A method to treat a brain tumor by administering a 
therapeutic amount of a composition comprising a com 
pound of the general formula (X(ARP2)C, Wherein ot(ARP2) 
is one or more moieties Which speci?cally binds to a human 
angiopoietin related protein-2, and C is one or more cyto 
toxic moieties, and a pharmaceutically acceptable carrier. 

[0059] A compound for the treatment of a brain tumor of 
the general formula (X(ARP2)C, Wherein ot(ARP2) is one or 
more moieties Which speci?cally binds to a human angiopoi 
etin related protein-2, and C is one or more cytotoxic 
moieties. 

[0060] A method to treat a brain tumor by administering a 
therapeutic amount of a composition comprising a com 
pound of the general formula ot(ARP2), Wherein ot(ARP2) is 
one or more moieties Which speci?cally binds to a human 
angiopoietin related protein-2, Wherein the binding of 
ot(ARP2) alters the function of the angiopoietin related 
protein-2, and a pharmaceutically acceptable carrier. 

[0061] A method for visualiZing a brain tumor in a patient 
by ?rst administering to a patient an effective amount of a 
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composition comprising: a compound of the general formula 
ot(ARP2)I, Wherein ot(ARP2) is one or more moieties Which 
speci?cally binds to a human angiopoietin related protein-2, 
and I is one or more imaging moieties and a pharmaceuti 
cally acceptable carrier, and then visualiZing the imaging 
moieties of the compound. 

[0062] A composition for the visualiZation of a brain 
tumor comprising a compound of the general formula 
ot(ARP2)I, Wherein ot(ARP2) is one or more moieties Which 
speci?cally binds to a human angiopoietin related protein-2, 
and I is one or more imaging moieties, and a pharmaceuti 
cally acceptable carrier. 

[0063] A method to treat a brain tumor by administering a 
therapeutic amount of a composition comprising a com 
pound of the general formula ot(TSPAN3)C, Wherein 
ot(TSPAN3) is one or more moieties Which speci?cally 
binds to a human tetraspanin 3, and C is one or more 
cytotoxic moieties, and a pharmaceutically acceptable car 
rier. 

[0064] A compound for the treatment of a brain tumor of 
the general formula ot(TSPAN3)C, Wherein ot(TSPAN3) is 
one or more moieties Which speci?cally binds to a human 
tetraspanin 3, and C is one or more cytotoxic moieties. 

[0065] A method to treat a brain tumor by administering a 
therapeutic amount of a composition comprising a com 
pound of the general formula 0&(TSPAN3), Wherein 
ot(TSPAN3) is one or more moieties Which speci?cally 
binds to a human tetraspanin 3, Wherein the binding of 
ot(TSPAN3) alters the function of the tetraspanin 3, and a 
pharmaceutically acceptable carrier. 

[0066] A composition for the treatment of a brain tumor 
comprising: a compound of the general formula 
0&(TSPAN3), Wherein ot(TSPAN3) is one or more moieties 
Which speci?cally binds to a human tetraspanin 3, Wherein 
the binding of ot(TSPAN3) alters the function of the tet 
raspanin 3, and a pharmaceutically acceptable carrier. 

[0067] A method for visualiZing a brain tumor in a patient 
by ?rst administering to a patient an effective amount of a 
composition comprising: a compound of the general formula 
(X(TSPAN3)I, Wherein ot(TSPAN3) is one or more moieties 
Which speci?cally binds to a human tetraspanin 3, and I is 
one or more imaging moieties, and a pharmaceutically 
acceptable carrier, and then visualiZing the imaging moieties 
of the compound. 

[0068] A composition for the visualiZation of a brain 
tumor comprising a compound of the general formula 
(X(TSPAN3)I, Wherein ot(TSPAN3) is one or more moieties 
Which speci?cally binds to a human tetraspanin 3, and I is 
one or more imaging moieties, and a pharmaceutically 
acceptable carrier. 

[0069] A method to treat a brain tumor by administering a 
therapeutic amount of a composition comprising a com 
pound of the general formula (X(PTPC)C, Wherein (X(PTPC) 
is one or more moieties Which speci?cally binds to a human 
PTPQ selected from the group consisting of PTPQ SMl and 
PTPQ SM2, further Wherein (X(PTP(Q) does not speci?cally 
bind to human PTPQG, human PTP‘QB, or phosphacan, and 
C is one or more cytotoxic moieties, and a pharmaceutically 
acceptable carrier. 
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[0070] A compound for the treatment of a brain tumor of 
the general formula (X(PTPC)C, Wherein 0&(PTP‘Q) is one or 
more moieties Which speci?cally binds to a human PTPQ 
selected from the group consisting of PTPQ SMl And PTPQ 
SM2, further Wherein (X(PTP(Q) does not speci?cally bind to 
human PTPCG, human PTP‘Q[3,or human phosphacan, and C 
is one or more cytotoxic moieties. 

[0071] A method to treat a brain tumor by administering a 
therapeutic amount of a composition comprising a com 
pound of the general formula 0&(PTP‘Q), Wherein 0&(PTP‘Q) is 
one or more moieties Which speci?cally binds to a human 

PTPQ selected from the group consisting of PTPQ SMl And 
PTPQ SM2, further Wherein (X(PTP(Q) does not speci?cally 
bind to human PTPQG, human PTP‘Q, or phosphacan, 
Wherein the binding of (X(PTP(Q) alters the function of the 
human PTPQand a pharmaceutically acceptable carrier. 

[0072] A composition for the treatment of a brain tumor 
comprising a compound of the general formula (X(PTP<Q), 
Wherein (X(PTP(Q) is one or more moieties Which speci?cally 
binds to PTPQ selected from the group consisting of PTPQ 
SMl And PTPQ SM2, further Wherein (X(PTP(Q) does not 
speci?cally bind to human PTPQG, human PTPCG, or phos 
phacan, Wherein the binding of (X(PTP(Q) alters the function 
of the PTP‘Q, and a pharmaceutically acceptable carrier. 

[0073] A method for visualiZing a brain tumor in a patient 
by ?rst administering to a patient an effective amount of a 
composition comprising: a compound of the general formula 
(X(PTPC)I, Wherein 0&(PTP‘Q) is one or more moieties Which 
speci?cally binds to a human PTPQ selected from the group 
consisting of PTPQ SMl And PTPQ SM2, further Wherein 
(X(PTPC) does not speci?cally bind to human PTPCG, human 
PTP‘QB, or phosphacan, and I is one or more imaging 
moieties and a pharmaceutically acceptable carrier, and then 
visualiZing the imaging moieties of the compound. 

[0074] A composition for the visualiZation of a brain 
tumor comprising a compound of the general formula 
(X(PTPC)I, Wherein 0&(PTP‘Q) is one or more moieties Which 
speci?cally binds to a human PTPQ selected from the group 
consisting of PTPQ SMl And PTPQ SM2, further Wherein 
(X(PTPC) does not speci?cally bind to human PTPCG, human 
PTP‘QB, or phosphacan, and I is one or more imaging 
moieties, and a pharmaceutically acceptable carrier. 

[0075] A method to treat a brain tumor by administering a 
therapeutic amount of a composition comprising a com 
pound of the general formula ot(SPARC)C, Wherein 
ot(SPARC) is one or more moieties Which speci?cally binds 
to a human secreted protein, rich in cysteine, and C is one 
or more cytotoxic moieties, and a pharmaceutically accept 
able carrier. 

[0076] A compound for the treatment of a brain tumor of 
the general formula ot(SPARC)C, Wherein ot(SPARC) is one 
or more moieties Which speci?cally binds to a human 
secreted protein, rich in cysteine, and C is one or more 
cytotoxic moieties. 

[0077] A method to treat a brain tumor by administering a 
therapeutic amount of a composition comprising a com 
pound of the general formula 0&(SPARC), Wherein 
ot(SPARC) is one or more moieties Which speci?cally binds 
to a human secreted protein, rich in cysteine, Wherein the 
binding of ot(SPARC) alters the function of the secreted 
protein, rich in cysteine, and a pharmaceutically acceptable 
carrier. 
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[0078] A method for visualizing a brain tumor in a patient 
by ?rst administering to a patient an effective amount of a 
composition comprising: a compound of the general formula 
ot(SPARC)I, Wherein ot(SPARC) is one or more moieties 
Which speci?cally binds to a human secreted protein, rich in 
cysteine, and I is one or more imaging moieties, and a 
pharmaceutically acceptable carrier, and then visualiZing the 
imaging moieties of the compound. 

[0079] A composition for the visualiZation of a brain 
tumor comprising a compound of the general formula 
ot(SPARC)I, Wherein ot(SPARC) is one or more moieties 
Which speci?cally binds to a human secreted protein, rich in 
cysteine, and I is one or more imaging moieties, and a 
pharmaceutically acceptable carrier. 

[0080] A method to treat a brain tumor by administering a 
therapeutic amount of a composition comprising a com 
pound of the general formula ot(c-MET)C, Wherein ot(c 
MET) is one or more moieties Which speci?cally binds to a 
human c-MET oncogene product, and C is one or more 
cytotoxic moieties and a pharmaceutically acceptable car 
rier. 

[0081] A method to treat a brain tumor by administering a 
therapeutic amount of a composition comprising a com 
pound of the general formula ot(c-MET), Wherein ot(c-MET) 
is one or more moieties Which speci?cally binds to a human 
c-MET oncogene product, Wherein the binding of 
ot(TSPAN3) alters the function of the c-MET oncogene 
product, and a pharmaceutically acceptable carrier. 

[0082] A method for visualiZing a brain tumor in a patient 
by ?rst administering to a patient an effective amount of a 
composition comprising: a compound of the general formula 
ot(c-MET)I, Wherein ot(c-MET) is one or more moieties 
Which speci?cally binds to a human c-MET oncogene prod 
uct, and I is one or more imaging moieties and a pharma 
ceutically acceptable carrier, and then visualiZing the imag 
ing moieties of the compound. 

[0083] A method to treat a brain tumor by administering a 
therapeutic amount of a composition comprising a com 
pound of the general formula ot(CD44)C, Wherein ot(CD44) 
is one or more moieties Which speci?cally binds to a human 
CD44 antigen, and C is one or more cytotoxic moieties, and 
a pharmaceutically acceptable carrier. 

[0084] A method to treat a brain tumor by administering a 
therapeutic amount of a composition comprising a com 
pound of the general formula ot(CD44), Wherein ot(CD44) is 
one or more moieties Which speci?cally binds to a human 
CD44 antigen, Wherein the binding of ot(CD44) alters the 
function of the CD44 antigen, and a pharmaceutically 
acceptable carrier. 

[0085] A method for visualiZing a brain tumor in a patient 
by ?rst administering to a patient an effective amount of a 
composition comprising: a compound of the general formula 
ot(CD44)I, Wherein ot(CD44) is one or more moieties Which 
speci?cally binds to a human CD44 antigen, and I is one or 
more imaging moieties, and a pharmaceutically acceptable 
carrier, and then visualiZing the imaging moieties of the 
compound. 

[0086] A method to treat a brain tumor by administering a 
therapeutic amount of a composition comprising a com 
pound of the general formula ot(VIPR2)C, Wherein 
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ot(VIPR2) is one or more moieties Which speci?cally binds 
to a human vasoactive intestinal peptide receptor-2, and C is 
one or more cytotoxic moieties and a pharmaceutically 
acceptable carrier. 

[0087] A method to treat a brain tumor by administering a 
therapeutic amount of a composition comprising a com 
pound of the general formula ot(VIPR2), Wherein ot(VIPR2) 
is one or more moieties Which speci?cally binds to a human 
vasoactive intestinal peptide receptor-2, Wherein the binding 
of ot(VIPR2) alters the function of the vasoactive intestinal 
peptide receptor-2, and a pharmaceutically acceptable car 
rier. 

[0088] A method for visualiZing a brain tumor in a patient 
by ?rst administering to a patient an effective amount of a 
composition comprising: a compound of the general formula 
(X(VIPR2)I, Wherein ot(VIPR2) is one or more moieties 
Which speci?cally binds to a human tetraspanin 3, and I is 
one or more imaging moieties, and a pharmaceutically 
acceptable carrier, and then visualiZing the imaging moieties 
of the compound. 

[0089] A method to treat a brain tumor by administering a 
therapeutic amount of a composition comprising a com 
pound of the general formula ot(OPN)C, Wherein 0&(OPN) is 
one or more moieties Which speci?cally binds to a human 
osteopontin, and C is one or more cytotoxic moieties and a 
pharmaceutically acceptable carrier. 

[0090] A compound for the treatment of a brain tumor of 
the general formula ot(OPN)C, Wherein (OPN) is one or 
more moieties Which speci?cally binds to a human tetraspa 
nin 3, and C is one or more cytotoxic moieties. 

[0091] A method to treat a brain tumor by administering a 
therapeutic amount of a composition comprising a com 
pound of the general formula 0&(OPN), Wherein 0&(OPN) is 
one or more moieties Which speci?cally binds to a human 

osteopontin, Wherein the binding of 0&(OPN) alters the 
function of the osteopontin, and a pharmaceutically accept 
able carrier. 

[0092] A method for visualiZing a brain tumor in a patient 
by ?rst administering to a patient an effective amount of a 
composition comprising: a compound of the general formula 
ot(OPN)I, Wherein 0&(OPN) is one or more moieties Which 
speci?cally binds to a human osteopontin, and I is one or 
more imaging moieties, and a pharmaceutically acceptable 
carrier, and then visualiZing the imaging moieties of the 
compound. 

[0093] A composition for the visualiZation of a brain 
tumor comprising a compound of the general formula 
ot(OPN)I, Wherein 0&(OPN) is one or more moieties Which 
speci?cally binds to a human osteopontin, and I is one or 
more imaging moieties, and a pharmaceutically acceptable 
carrier. 

[0094] A method to treat a brain tumor by administering a 
therapeutic amount of a composition comprising a com 
pound of the general formula ot(PTN)C, Wherein 0&(PTN) is 
one or more moieties Which speci?cally binds to a human 

pleiotrophin, and C is one or more cytotoxic moieties, and 
a pharmaceutically acceptable carrier. 

[0095] A compound for the treatment of a brain tumor of 
the general formula ot(PTN)C, Wherein ot(PTN) is one or 
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more moieties Which speci?cally binds to a human pleiotro 
phin, and C is one or more cytotoxic moieties. 

[0096] A method to treat a brain tumor by administering a 
therapeutic amount of a composition comprising a com 
pound of the general formula ot(PTN), Wherein ot(PTN) is 
one or more moieties Which speci?cally binds to a human 

pleiotrophin, Wherein the binding of ot(PTN) alters the 
function of the pleiotrophin, and a pharmaceutically accept 
able carrier. 

[0097] A method for visualiZing a brain tumor in a patient 
by ?rst administering to a patient an effective amount of a 
composition comprising: a compound of the general formula 
ot(PTN)I, Wherein ot(PTN) is one or more moieties Which 
speci?cally binds to a human pleiotrophin, and I is one or 
more imaging moieties, and a pharmaceutically acceptable 
carrier, and then visualiZing the imaging moieties of the 
compound. 
[0098] A composition for the visualiZation of a brain 
tumor comprising a compound of the general formula 
ot(PTN)I, Wherein ot(PTN) is one or more moieties Which 
speci?cally binds to a human pleiotrophin, and I is one or 
more imaging moieties, and a pharmaceutically acceptable 
carrier. 

[0099] Brain tumors are knoWn to be relatively heteroge 
neous, and thus all patients may not respond the same to a 
particular protein target treatment. Thus, in addition to the 
independent uses of each of the TBT protein targets as 
described above, the invention also provides, in yet another 
aspect, combination therapeutic and/or visualization agents, 
compositions, and methods. These combination embodi 
ments of the invention may utiliZe as brain tumor protein 
targets any tWo or more of the identi?ed targets angiopoietin 
related protein 2 (ARP-2,) secreted protein acidic, rich in 
cysteine (SPARC,) c-met proto-oncogene (c-MET,) brevican 
(BEHAB,) cd-44 antigen (CD-44,) tetraspanin 3 (TSPN3,) 
pleiotrophin (PTN,) osteopontin (OPN,) vasoactive intesti 
nal peptide receptor-2 (VIPR-2,) and receptor protein 
tyrosine phosphatase Zeta (PTP‘Q) [including the tWo novel 
isoforms PTPQ SMl and SM2]. In some preferred embodi 
ments, the brain tumor protein targets are selected from the 
group consisting of angiopoietin related protein 2 (ARP-2,) 
c-met proto-oncogene (c-MET,) cd-44 antigen (CD-44,) 
tetraspanin 3 (TSPN3,) osteopontin (OPN,) and receptor 
protein tyrosine phosphatase Zeta (PTP‘Q). Embodiments of 
the combination aspect of the invention may target a group 
of proteins from the identi?ed targets With similar compart 
mentaliZation characteristics. Thus, the combination aspects 
may target tWo or more secreted proteins from the group 
angiopoietin related protein 2 (ARP-2,) secreted protein 
acidic, rich in cysteine (SPARC,) brevican (BEHAB,) 
pleiotrophin (PTN,) secreted forms of receptor protein 
tyrosine phosphatase Zeta (PTP‘Q) [including the novel iso 
form PTPQ SMl]. Or, the combination aspects may target 
one or more of the extracellular matrix binding proteins 
secreted protein acidic, rich in cysteine (SPARC,) and/or 
brevican (BEHAB,) With one or more of the other identi?ed 
protein targets. Or, the combination aspects may target one 
or more of the membrane-bound proteins from the group 
c-met proto-oncogene (c-MET,) cd-44 antigen (CD-44,) 
tetraspanin 3 (TSPN3,) osteopontin (OPN,) vasoactive intes 
tinal peptide receptor-2 (VIPR-2,) and membrane bound 
forms of receptor protein tyrosine phosphatase Zeta (PTP‘Q) 
[including the novel isoform PTPQ SM2]. 
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[0100] In preferred embodiments, at least one of the 
protein targets is selected from the proteins angiopoietin 
related protein 2 (ARP-2,) tetraspanin 3 (TSPN3,), and 
receptor protein tyrosine phosphatase Zeta (PTP‘Q) [includ 
ing the tWo novel isoforms PTPQ SMl and SM2]. In other 
preferred embodiments, one of these proteins and another 
protein selected from the secreted group, the extracellular 
matrix group, or the membrane-bound group. In another 
group of preferred embodiments are combination aspects 
targeting tWo or more of angiopoietin related protein 2 
(ARP-2,) tetraspanin 3 (TSPN3,), and receptor protein 
tyrosine phosphatase Zeta (PTP‘Q) [including the tWo novel 
isoforms PTPQ SMl and SM2]. Another group of preferred 
embodiments are combination aspects Which target 
angiopoietin related protein 2 (ARP-2), and one or more 
proteins selected from the group secreted protein acidic, rich 
in cysteine (SPARC,) c-met proto-oncogene (C-MET,) brev 
ican (BEHAB,) CD-44 antigen (CD-44,) tetraspanin 3 
(TSPN3,) pleiotrophin (PTN,) osteopontin (OPN,) vasoac 
tive intestinal peptide receptor-2 (VIPR-2,) and receptor 
protein tyrosine phosphatase Zeta (PTP‘Q) [including the tWo 
novel isoforms PTPQ SMl and SM2]. Another group of 
preferred embodiments are combination aspects Which tar 
get tetraspanin 3 (TSPN3), and one or more proteins selected 
from the group secreted protein acidic, rich in cysteine 
(SPARC,) c-met proto-oncogene (C-MET,) brevican 
(BEHAB,) CD-44 antigen (CD-44,) angiopoietin related 
protein 2 (ARP-2,) pleiotrophin (PTN,) osteopontin (OPN,) 
vasoactive intestinal peptide receptor-2 (VIPR-2,) and 
receptor protein tyrosine phosphatase Zeta (PTP‘Q) [includ 
ing the tWo novel isoforms PTPQ SMl and SM2]. Another 
group of preferred embodiments are combination aspects 
Which target receptor protein tyrosine phosphatase Zeta 
(PTP‘Q) [including the tWo novel isoforms PTPQ SMl and 
SM2] and one or more proteins selected from the group 
angiopoietin related protein 2 (ARP-2,) secreted protein 
acidic, rich in cysteine (SPARC,) c-met proto-oncogene 
(C-MET,) brevican (BEHAB,) CD-44 antigen (CD-44,) tet 
raspanin 3 (TSPN3,) pleiotrophin (PTN,) osteopontin 
(OPN,) and vasoactive intestinal peptide receptor-2 (VIPR 
2.) As pleiotrophin (PTN) is a knoWn ligand of PTP‘Q, 
another preferred embodiment of the combination aspects of 
the invention utiliZes these proteins as targets, either alone or 
in combination With one or more of the other identi?ed 
targets. 

[0101] In yet another aspect, the present invention pro 
vides tWo novel splicing isoforms of PTP‘Q, shoWn to be 
expressed in brain tissue. These novel isoforms, PTPQ SMl 
and PTPQ SM2, described in more detail beloW, differ in 
structure from the three knoWn isoforms heretofore dis 
closed. PTPQ SMl comprises the amino acids encoded by 
the ?rst nine exons of PTP‘Q-ot, With three unique additional 
carboxy terminal amino acids encoded by additional 3‘ 
mRNA sequence from the intron of the gene betWeen exons 
nine and ten. The mRNA for PTPQ SM2 comprises all exons 
of PTPC-(X, With a 116 nucleotide insertion, in the correct 
reading frame, in the mRNA sequence betWeen exons 23 and 
24, from the from the intron of the gene betWeen exons 23 
and 24. Thus, embodiments of this aspect of the invention 
include the mature proteins of PTPQ splice variants SMl or 
SM2, and nucleic acids encoding these novel spice variants, 
as Well proteins With signi?cant homology to the splice 
variants. 
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[0102] Thus, in one group of embodiments of this aspect, 
the invention provides nucleic acid polymers comprising the 
sequence of nucleotides 148 to 1272 of SEQ ID NO. 1, the 
complement of nucleotides 148 to 1272 of SEQ ID NO. 1, 
nucleotides 148 to 7209 of SEQ ID NO. 3, or the comple 
ment of nucleotides 148 to 7209 of SEQ ID NO. 3. In 
another group of embodiments of this aspect, the invention 
provides polypeptides comprising the amino acid sequence 
of SEQ ID NO. 2 or the amino acid sequence of SEQ ID NO. 
4. 

[0103] In an additional related aspect, the invention pro 
vides polypeptides comprising a distinctive portion of the 
amino acid sequence of SEQ ID NO. 2 or SEQ ID NO. 4. 
Such peptides are useful for the production of antibodies 
against the PTPQ SM1 or SM2 splicing variants. Preferably, 
these polypeptides comprise a portion of the amino acid 
sequence of SEQ ID NO. 2 or SEQ ID NO. 4 Which is at 
least 6, more preferably at least 8, more preferably at least 
10, more preferably at least 15, and most preferably at lest 
20 amino acids in length. In some preferred embodiments of 
this aspect of the invention, the polypeptides comprise the 
three unique terminal amino acids of PTPQ SM1 after exon 
9. In other preferred embodiments, the polypeptides com 
prise a portion of the unique exon 23a of PTPQ SM2, 
Wherein the portion is preferably at least 3 amino acids in 
length, more preferably at least 6 amino acids in length, 
more preferably at least 9 amino acids in length, and most 
preferably at least 15 amino acids in length. 

[0104] In an additional related aspect, the invention also 
provides af?nity reagents Which speci?cally bind to PTPC 
splice variants SM1 or SM2, but do not bind to the other 
knoWn splice variants of PTPQ (e.g., 0t, [3, or phosphacan 
forms). In preferred embodiments these af?nity reagents are 
antibodies or antibody fragments. 

[0105] In an additional related aspect, the invention also 
provides nucleic acid sequences encoding the PTPQ splice 
variants SM1 or SM2. The invention also encompasses 
nucleic acid probes Which hybridiZe to the mRNA encoding 
PTPQ splice variants SM1 or SM2, but not mRNA encoding 
other knoWn splice variants of PTP‘Q. 

BRIEF DESCRIPTION OF THE FIGURES 

[0106] FIG. 1: A diagram of the three knoWn splicing 
variant isoforms of PTP‘Q. The approximate position of the 
domains of the isoforms is indicated underneath the iso 
forms, as Well as the approximate exon siZe (for siZe 
reference, exon 12 is 3.6 kilobases.) Isoform PTP‘Q-ot is the 
full length isoform, Which contains the primary amino acid 
sequence aa 25-2314 of SEQ ID NO. 2 (aa 1-24 are a signal 
polypeptide). In Isoform PTP‘Q-B, aa 755-1614 are missing. 
Isoform PTP‘Q-S (phosphacan), is a secreted isoform Which 
comprise the extracellular domains of PTPC-(X, in Which the 
transmembrane and cytosol domains are missing. 

[0107] FIG. 2: A diagram of the tWo neWly discovered 
splicing variant isoforms of PTP‘Q. The approximate position 
of the domains of the isoforms is indicated underneath the 
isoforms, as Well as the approximate exon siZe (for siZe 
reference, exon 12 is 3.6 kilobases.) SM 1 fails to splice 
correctly after the 9th exon, yielding an mRNA With toW 
extra codons folloWed by a stop codon after the normal 
terminus of exon 9. SM 2 contains a 116 nucleotide insertion 
from betWeen exons 23 &24. 

Jun. 26, 2003 

[0108] FIG. 3: A diagram comparing the three knoWn 
PTPQ isoforms With the tWo novel isoforms. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0109] Applicants have identi?ed several brain tumor pro 
tein targets and genes Which are differentially regulated 
betWeen brain cancer tissue (glioblastoma) and normal brain 
tissue. Applicants have performed differential cloning 
betWeen cancerous and normal brains and have identi?ed the 
brain tumor protein target genes by DNA sequence analysis. 
Based on the observation in other diseases, particularly other 
cancers, in Which overexpressed genes can contribute to the 
pathology of the disease, these overexpressed genes and 
their protein products mediate the initiation and progression 
of brain tumors. Thus, the overexpressed brain tumor protein 
targets, Which are presented on the cell surface, provide 
excellent targets for immunotherapeutic agents Which either 
deliver cytotoxic agents to directly promote tumor cell 
death, or Which alter the function of the brain tumor protein 
targets to inhibit the normal physiology of the tumor cell. In 
addition, immunoimaging agents targeted to the brain tumor 
protein targets may be utiliZed to visualiZe the tumor mass 
either in diagnostic methods (e. g., magnetic resonance imag 
ing (MRI) or radiography), or in surgery (e.g., by the use of 
optically visual dye moieties in the immunoimaging agent). 

[0110] Applicants have identi?ed the brain tumor protein 
targets by a direct examination of the expression level of 
genes in actual tumor cells. These samples provide a more 
accurate and realistic picture of tumor cell biology, espe 
cially on the detailed transcriptome level, than animal mod 
els or established cell tissue culture cell lines. Several groups 
have found that cell lines established from astrocytomas and 
other cell lines do not exhibit expression patterns Which 
re?ect the actual expression of the original tumor. For 
instance, Schreiber, et. al., “Primary brain tumors differ in 
their expression of octamer deoxyribonucleic acid-binding 
transcription factors from long-term cultured glioma cell 
lines.” Neurosurgery 34: 129-35 (1994), shoWed that ner 
vous system-speci?c transcription factors knoWn as N-Oct 
proteins are differentially expressed in human neuroblas 
toma and glioblastoma cell lines in vitro. HoWever, When 
these results Were compared to freshly isolated human 
primary and metastatic brain tumors, of the ?ve astrocyto 
mas and three glioblastomas analyZed, all but tWo tumors 
displayed the complete N-Oct protein pro?le, irrespective of 
histopathological tumor grade. Similarly, Eberle, et al., “The 
expression of angiogenin in tissue samples of different brain 
tumors and cultured glioma cells.”Anticancer Res 20: 1679 
84 (2000), could shoW that angiogenin is detectable in 
different kinds of intracranial tumor tissue samples. 
Although angiogenin could be detected in primary cultivated 
glioma cells, it Was not detected in the permanent cell lines. 
Finally, Hartmann, et al., “The rate of homoZygous 
CDKN2A/p16 deletions in glioma cell lines and in primary 
tumors.”IntJ Oncol 15: 975-82 (1999), shoWed that the rate 
of homoZygous deletions of CDKN2A/p16 is variable 
betWeen different tumor entities, but the rate of deletions is 
higher in established cell lines in comparison With primary 
tumors. Hartmann hypothesiZed that such incongruity may 
re?ect statistical sampling errors, true differences depending 
on tissue derivatiZation and CDKN2A/p16 loss under selec 
tive pressure in tissue culture. After comparing established 
cell lines derived from human glioblastomas and their 
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corresponding primary tumors by multiplex PCR method 
ology, they found that in 2 of 11 cases (18%) the primary 
tumor had no p16 alteration Whereas the corresponding cell 
lines had a homozygous p16 deletion, and that CDKN2A/ 
p16 Was lost already in the earliest passages of the cell lines. 
Thus, Hartmann concluded that the deletion Was the result of 
selective cell-culture pressures in many cases. 

[0111] These inconsistent results arise because the tumor 
tissue samples are obtained from their native milieu, Without 
alloWing them the opportunity to alter their gene expression 
levels in response to arti?cial environmental stimuli. As 
recently reported by the Brain Tumor Progress RevieW 
group of the National Cancer Institute in November, 2000, 
conventionally used glioblastoma cell lines contain genetic 
and gene expression alterations that are Well de?ned and do 
not necessarily re?ect the primary tumors from Which they 
Were derived. In addition, these cell lines are highly homog 
enous, unlike a primary brain tumor. Therefore, data derived 
soley from a cell line cannot reliably re?ect the biology, 
heterogeneity, or therapeutic response of a primary brain 
tumor. 

[0112] Applicants obtained tumor tissue, snap froZen in 
the operation hall from unknoWn patients, Which Was con 
?rmed as glioblastoma grade IV by neuropathology. These 
tissues served as the experimental sample. Human Whole 
brain tissue (Clontech Laboratories, Palo Alto, USA) served 
as control sample. Poly-A+ RNA prepared from the cells Was 
converted into double-stranded cDNA (dscDNA). 

[0113] Brie?y, the ds-cDNA’s from control and disease 
states Were subjected to kinetic re-annealing hybridiZation 
during Which normaliZation of transcript abundances and 
enrichment for differentially expressed transcripts (i.e., sub 
traction) occurs. NormaliZed-subtracted ds-cDNAs Were 
cloned into a plasmid vector, a large number of recombinant 
bacterial clones Were picked, and their recombinant inserts 
Were isolated by PCR. High-density cDNA arrays of those 
PCR products Were screened With cDNA probes derived 
from the original control and disease states. Thus, only 
clones displaying a signi?cant transcriptional induction and/ 
or repression Were sequenced and carried forWard for mas 
sive expression pro?ling using a variety of temporal, spatial 
and disease-related probe sets. 

[0114] The selected PCR products (fragments of 200-2000 
bp in siZe) from clones shoWing a signi?cant transcriptional 
induction and/or repression Were sequenced and function 
ally annotated in AGY’s proprietary database structure (See 
WO01/13105). Because large sequence fragments Were uti 
liZed in the sequencing step, the data generated has a much 
higher ?delity and speci?city than other approaches, such as 
SAGE. The resulting sequence information Was compared to 
public databases using the BLAST (blastn) and tblastx 
algorithm. The results are listed in Table 1, beloW: 

TABLE 1 

RELATIVE EXPRESSION NUMBER OF CLONES 
PROTEIN LEVEL ISOLATED (out of 20,000) 

ARP2 ~2 times 13 
SPARC ~2—5.6 times 100 
CMET ~1.2—2.5 times 30 
CD 44 ~2.3—3.0 times 6 
BEHAB ~2-6 times 180 
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TABLE 1-continued 

RELATIVE EXPRESSION NUMBER OF CLONES 
PROTEIN LEVEL ISOLATED (out of 20,000) 

TSPAN3 ~2.0—3.0 times 7 
VIPR2 ~3.0 times 3 
OPN ~2.0—3.0 times 19 
PTN ~~1.8—2.6 times 26 
PTPZ ~2.0—4.0 times 20 

[0115] As one of skill in the art Will appreciate from this 
data, each of these proteins is individually useful as a target 
for the treatment and/or imaging of brain tumors. 

[0116] Characteristics of Protein Targets UtiliZed in the 
Invention 

[0117] ARP2 

[0118] Given the experiments described above, and the 
results of Table 1, ARP-2 Was selected as a target for 
selective immuno-therapeutic agents in targeting and/or 
imaging brain tumors. The mature protein consists of 493 
amino acids and contains tWo potential consensus glycosy 
lation sites. The complete cDNA sequence encoding ARP-2 
is provided in SEQ ID NO. 7, and the complete amino acid 
sequence of ARP-2 is provided in SEQ ID NO. 8. ARP-2 is 
a 64 kDa, single chain, acidic, angiopoeitin-like protein that 
includes multiple functional domains, such as a hydrophobic 
signal sequence from amino acids 1-21 (Which is typical of 
secreted proteins), a coiled-coil domain at the amino termi 
nal end from approximately amino acid sequences 22-274, 
and a ?brinogen-like domain, from approximately about 
residues 275 through 493. TWo major isoforms have been 
observed, one 2.4 Kb in siZe and the other about 4 Kb. Both 
forms are abundant in heart, small intestine, spleen and 
stomach. 

[0119] As used herein, a compound that speci?cally binds 
to ARP-2 is any compound (such as an antibody) that has a 
binding af?nity for any naturally occurring isoform, splice 
variant, or polymorphism of ARP-2, explicitly including the 
isoforms described herein. As one of ordinary skill in the art 
Will appreciate, such “speci?c” binding compounds (e.g., 
antibodies) may also bind to other closely related proteins 
that exhibit signi?cant homology (such as greater than 90% 
identity, more preferably greater than 95% identity, and most 
preferably greater than 99% identity) With the amino acid 
sequence of ARP-2. Such proteins include truncated forms 
or domains of ARP-2, and recombinantly engineered alter 
ations of ARP-2. For example, a portion of SEQ ID NO. 8 
may be engineered to include a non-naturally occurring 
cysteine for cross linking to an immunoconjugate protein, as 
described. 

[0120] In general, it is preferred that the antibodies utiliZed 
in the compositions and methods of the invention bind to the 
?brinogen domain but need not be restricted to this domain. 
The antibody may bind to the extracellular region of ARP-2. 
It is to be noted that antibodies Which bind to this secreted 
protein are useful in the invention as cytotoxic delivery 
agents, as Well as functional inhibition agents, as one of 
ordinary skill Would expect that the concentration of ARP-2 
Would be increased adjacent the tumor cells Which, due to 
the need for vasculariZation, over-express the protein. 
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[0121] When raising antibodies to ARP-2, the entire pro 
tein (either the unsecreted precursor or the secreted protein), 
or a portion thereof, may be utilized. For instance, the 
carboxyl-terminal ?brinogen like domain, or any portion of 
the amino-terminal coiled-coil domain may be utiliZed. For 
instance, amino acids 22-274, Which make up the ?brinogen 
like domain, may be used. Larger ARP-2 proteins and 
domains may be produced utilizing any suitable recombi 
nant vector/protein production system, such as the baculovi 
rus transfection system outlined beloW, after being ampli?ed 
from a fetal brain cDNA library (as available from, e.g., 
Clontech, Palo Alto, Calif.) or another suitable source. 

[0122] When utiliZing an entire protein, or a larger section 
of the protein, antibodies may be raised by immuniZing the 
production animal With the protein and a suitable adjuvant 
(e.g., Fruend’s, Fruend’s complete, oil-in-Water emulsions, 
etc.). In these cases, the ARP-2 protein (or a portion thereof) 
can serve as the ARP-2 antigen. When a smaller peptide is 
utiliZed, it is advantageous to conjugate the peptide With a 
larger molecule to make an immunostimulatory conjugate 
for use as the ARP-2 antigen. Commonly utiliZed conjugate 
proteins that are commercially available for such use include 
bovine serum albumin (BSA) and keyhole limpet hemocya 
nin In order to raise antibodies to particular epitopes, 
peptides derived from the full ARP-2 sequence may be 
utiliZed. Preferably, one or more 8-30 aa peptide portions of 
the EC domain of ARP-2 are utiliZed, With peptides in the 
range of 10-20 being a more economical choice. Custom 
synthesiZed peptides in this range are available from a 
multitude of vendors, and can be order conjugated to KLH 
or BSA. Alternatively, peptides in excess of 30 amino acids 
may be synthesiZed by solid-phase methods, or may be 
recombinantly produced in a suitable recombinant protein 
production system. In order to ensure proper protein glyco 
sylation and processing, an animal cell system (e.g., Sf9 or 
other insect cells, CHO or other mammalian cells) is pre 
ferred. Other information useful in designing an antigen for 
the production of antibodies to ARP-2 may be deduced by 
those of skill in the art by homology analysis of SEQ ID NO. 
8. 

[0123] The ?brinogen domain of human ARP-2 is hypoth 
esiZed to interact With one or more an unknoWn receptor for 
the purposes of angiogenesis. The interaction of ARP-2 to 
these molecules may be through either of the aforemen 
tioned structural motifs. Thus, in alternative embodiments of 
the compositions and methods of the invention, antibody 
moieties are utiliZed Which bind to ARP-2 at a site on the 
protein that alters the binding of an extracellular molecule to 
ARP-2. Such ARP-2 activity altering antibodies may be 
utiliZed in therapeutic compositions in an unconjugated form 
(e.g., the antibody in an acceptable pharmaceutical carrier), 
or may be conjugated to either a therapeutic moiety (creating 
a double-acting therapeutic agent) or an imaging moiety 
(creating a duel therapeutic/imaging agent). 

[0124] Selection of antibodies Which alter (enhance or 
inhibit) the binding of a ARP-2 to a receptor may be 
accomplished by a straightforWard binding inhibition/en 
hancement assay. According to standard techniques, the 
binding of a labeled (e.g., ?uorescently or enZyme-labeled) 
antibody to ARP-2, Which has been immobiliZed in a micro 
titer Well, is assayed in both the presence and absence of the 
appropriate ligand. The change in binding is indicative of 
either an enhancer (increased binding) or competitive inhibi 
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tor (decreased binding) relationship betWeen the antibody 
and the ligand. Such assays may be carried out in high 
throughput formats (e.g., 384 Well plate formats, in robotic 
systems) for the automated selection of monoclonal anti 
body candidates for use as ARP-2 ligand-binding inhibitors 
or enhancers. 

[0125] In addition, antibodies Which are useful for altering 
the function of ARP-2 may be assayed in functional formats, 
such as endothelial sprouting assays and cell migration 
assays described in the examples. Thus, antibodies that 
exhibit the appropriate anti-tumor effect may be selected 
Without direct knoWledge of a binding ligand. 

[0126] SPARC 

[0127] Given the experiments described above, and the 
results of Table 1, SPARC Was selected as a target for 
selective immuno-therapeutic agents in targeting and/or 
imaging brain tumors. The mature protein consists of 286 
amino acids (after cleavage of the signal peptide) and 
contains tWo potential Asn-X-Thr/Ser N-glycosylation sites, 
located at positions 71 and 99 of the mature protein. The 
complete cDNA sequence encoding SPARC is provided in 
SEQ ID NO. 9, and the complete amino acid sequence of 
SPARC is provided in SEQ ID NO. 10. SPARC is an 
abundant 33 kDa, single chain, acidic, extracellular calcium 
binding protein that contains a ?exible N-terminal acidic 
domain I (~50 amino acids), a follistatin-like (FS) domain 
(~75 residues), and a C-terminal extracellular calcium 
binding (EC) domain With a pair of EF-hand loops (~150 
residues). The N-terminal domain shoWs a loW af?nity Ca2+ 
binding site, a transglutaminase cross linking site, and 
inhibits cell spreading in cell culture assays. Calcium 
dependent binding of SPARC to the triple helix of several 
?brillar collagen types and basement membrane collagen 
type IV has been mapped to the EC domain. TWo isoforms 
have been described, bone SPARC With a molecular Weight 
of 31,000 kDa and platelet SPARC With a molecular Weight 
of 33,000 kDa. 

[0128] As used herein, a compound that speci?cally binds 
to SPARC is any compound (such as an antibody) that has 
a binding af?nity for any naturally occurring isoform, splice 
variant, or polymorphism of SPARC, explicitly including 
the isoforms described herein. As one of ordinary skill in the 
art Will appreciate, such “speci?c” binding compounds (e. g., 
antibodies) may also bind to other closely related proteins 
that exhibit signi?cant homology (such as greater than 90% 
identity, more preferably greater than 95% identity, and most 
preferably greater than 99% identity) With the amino acid 
sequence of SPARC. Such proteins include truncated forms 
or domains of SPARC, and recombinantly engineered alter 
ations of SPARC. For example, a portion of SEQ ID NO. 10 
may be engineered to include a non-naturally occurring 
cysteine for cross linking to an immunoconjugate protein, as 
described. 

[0129] In general, it is preferred that the antibodies utiliZed 
in the compositions and methods of the invention bind to the 
extracellular domain (amino acids 130-280). It is preferable 
that this binding inhibit the activity of SPARC. The antibody 
may bind to the EF hand Which is knoWn to bind Ca2+ With 
high af?nity, but need not be restricted to this domain. It is 
to be noted that antibodies Which bind to SPARC are useful 
in both cytotoxic and imaging embodiments of the inven 
tion, as one of ordinary skill Would expect that the concen 
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tration of SPARC in the extracellular matrix Would be 
increased around tumor cells Which over-express the pro 
tein. 

[0130] When raising antibodies to SPARC the entire pro 
tein (either the unsecreted precursor or the secreted protein), 
or a portion thereof, may be utiliZed. For instance, the C 
terminal extracellular (EC) domain, or any portion of the 
?exible N-terminal domain I, or FS domain may be utiliZed. 
For instance, amino acids 125-275, Which make up the EC 
domain, may be used. Larger SPARC proteins and domains 
may be produced utilizing any suitable recombinant vector/ 
protein production system, such as the baculovirus transfec 
tion system outlined beloW, after being ampli?ed from a 
fetal brain cDNA library (as available from, e.g., Clontech, 
Palo Alto, Calif.) or another suitable source. 

[0131] When utiliZing an entire protein, or a larger section 
of the protein, antibodies may be raised by immuniZing the 
production animal With the protein and a suitable adjuvant 
(e.g., Fruend’s, Fruend’s complete, oil-in-Water emulsions, 
etc.). In these cases, the SPARC protein (or a portion 
thereof) can serve as the SPARC antigen. When a smaller 
peptide is utiliZed, it is advantageous to conjugate the 
peptide With a larger molecule to make an immunostimula 
tory conjugate for use as the SPARC antigen. Commonly 
utiliZed conjugate proteins that are commercially available 
for such use include bovine serum albumin (BSA) and 
keyhole limpet hemocyanin In order to raise anti 
bodies to particular epitopes, peptides derived from the full 
SPARC sequence may be utiliZed. Preferably, one or more 
8-30 aa peptide portions of the EC domain of SPARC are 
utiliZed, With peptides in the range of 10-20 being a more 
economical choice. Custom-synthesized peptides in this 
range are available from a multitude of vendors, and can be 
order conjugated to KLH or BSA. Alternatively, peptides in 
excess of 30 amino acids may be synthesiZed by solid-phase 
methods, or may be recombinantly produced in a suitable 
recombinant protein production system. In order to ensure 
proper protein glycosylation and processing, an animal cell 
system (e.g., Sf9 or other insect cells, CHO or other mam 
malian cells) is preferred. Other information useful in 
designing an antigen for the production of antibodies to 
SPARC, including glycosylation sites, is provided in SEQ 
ID NO. 10. 

[0132] The EC domain of human SPARC is knoWn to 
interact With the collagens I, III, IV and V, and to bind to 
vitronectin, all of Which are components of the extracellular 
matrix surrounding gliomas. The binding of SPARC to these 
molecules may play a signi?cant role in the oncogenesis and 
groWth of neoplastic cells in the brain. Thus, in alternative 
embodiments of the compositions and methods of the inven 
tion, antibody moieties are utiliZed Which bind to SPARC at 
a site on the protein that alters the binding of an extracellular 
molecule, such as an ECM molecule, to SPARC. Such 
SPARC activity altering antibodies may be utiliZed in thera 
peutic compositions in an unconjugated form (e.g., the 
antibody in an acceptable pharmaceutical carrier), or may be 
conjugated to either a therapeutic moiety (creating a double 
acting therapeutic agent) or an imaging moiety (creating a 
duel therapeutic/imaging agent). 

[0133] Selection of antibodies Which alter (enhance or 
inhibit) the binding of a ligand to SPARC may be accom 
plished by a straightforWard binding inhibition/enhancement 
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assay. According to standard techniques, the binding of a 
labeled (e.g., ?uorescently or enZyme-labeled) antibody to 
SPARC, Which has been immobiliZed in a microtiter Well, is 
assayed in both the presence and absence of the appropriate 
ligand. The change in binding is indicative of either an 
enhancer (increased binding) or competitive inhibitor 
(decreased binding) relationship betWeen the antibody and 
the ligand. Such assays may be carried out in high-through 
put formats (e. g., 384 Well plate formats, in robotic systems) 
for the automated selection of monoclonal antibody candi 
dates for use as SPARC ligand-binding inhibitors or enhanc 
ers. 

[0134] In addition, antibodies Which are useful for altering 
the function of SPARC may be assayed in functional for 
mats, such as the HUVEC tube assay and cell migration 
assay. Thus, antibodies that exhibit the appropriate anti 
tumor effect may be selected Without direct knoWledge of a 
binding ligand or molecular function. 

[0135] c-MET 

[0136] Given the experiments described above, and the 
results of Table 1, c-MET Was selected as a target for 
selective immuno-therapeutic agents in targeting and/or 
imaging brain tumors. The complete cDNA sequence encod 
ing c-MET is provided in SEQ ID NO. 11, and the complete 
amino acid sequence of c-MET is provided in SEQ ID NO. 
12. c-MET is a type I membrane protein heterodimer. 
Generally, tWo different receptor variants originate by post 
translational processing of a common singe-chain precursor 
of 170 kDa. Isoform p190MET is formed of a 50 kDa 
ot-chain and a 145 kDa ot-chain that are disul?de linked, and 
isoform p140Met is formed of a 50 kDa ot-chain and an 85 
kDa [3-chain, lacking the cytoplasmic kinase domain. This 
85 kDa [3 chain is likely a trans-membrane glycoprotein that 
is bound to the cell surface. Truncated forms of c-MET 
containing the 50 kDa ot-chain and a carboxyl-terminally 
truncated 75 kDa [3 sub-unit have also been described. The 
75 kDa form arises by post-translational proteolytic pro 
cessing, lacks the trans-membrane domain, and is secreted 
from the cell. 

[0137] As used herein, a compound that speci?cally binds 
to c-MET is any compound (such as an antibody) that has a 
binding af?nity for any naturally occurring isoform, splice 
variant, or polymorphism of c-MET, explicitly including the 
three isoforms described herein. As one of ordinary skill in 
the art Will appreciate, such “speci?c” binding compounds 
(e.g., antibodies) may also bind to other closely related 
proteins that exhibit signi?cant homology (such as greater 
than 90% identity, more preferably greater than 95% iden 
tity, and most preferably greater then 99% identity) With the 
amino acid sequence of c-MET. Such proteins include 
truncated forms or domains of c-MET, and recombinantly 
engineered alterations of c-MET. For example, a portion of 
SEQ ID NO. 12 may be engineered to include a non 
naturally occurring cysteine for cross-linking to an immu 
noconjugate protein, as described beloW. 

[0138] In general, it is preferred that the antibodies utiliZed 
in the compositions and methods of the invention bind to the 
membrane-bound isoforms of the protein, as this Will more 
speci?cally target the cytotoxic therapeutic agent, or the 
imaging agent, to the brain tumor cell. HoWever, embodi 
ments that utiliZe antibodies that bind to the secreted isoform 
of the protein are also useful in the invention, as one of 
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ordinary skill Would expect that the concentration of the 
secreted isoform Would also be increased adjacent to brain 
tumor cells Which over-express the protein. 

[0139] The amino acid sequence of full length c-MET 
consists of 1408 amino acids, as the sequence Was ?rst 
deduced by Park et al., (“Sequence of MET proto-oncogene 
cDNA has features characteristic of the tyrosine kinase 
family of groWth-factor receptors”Pr0c. nat. Acad. Sci. 
U.S.A. 84:6379-6383 (1987)) and 1390 amino acids, as later 
deduced by Prat et al. (“C-terminal truncated forms of Met, 
the Hepatocyte GroWth Factor”M0l Cell. Biol. 11:5954 
5962 (1991)). According to Prat et al., the ?rst N-terminal 
amino acids 1-24 of SEQ ID NO. B‘[B‘] are for the most part 
hydrophobic, and could serve as a signal sequence for 
transporting the protein into the lumen of the endoplasmic 
reticulum. The 0t chain makes up the extracellular domain of 
the mature c-MET protein and spans amino acids 24-306 of 
SEQ ID NO. 12. The [3 chain Would consist of 1,084-5 
amino acids With the predicted [3 chain extracellular domain 
being amino acids 306 to 932, the single transmembrane 
hydrophobic segment being amino acids 933 to 955, and the 
intracellular domain being amino acids 956 to 1390 of SEQ 
ID NO 12. 

[0140] When raising antibodies to c-MET, the entire pro 
tein, a dimeric subunit, or a portion thereof may be utiliZed. 
For instance, the extracellular domain of the ot or [3 sub-units 
or the secreted or extracellular portion of the truncated forms 
may be utiliZed. For instance, amino acids that constitute the 
ot sub-unit, amino acids 24-306, may be used. Larger c-MET 
proteins and domains may be produced utiliZing any suitable 
recombinant vector/protein production system, such as the 
baculovirus transfection system outlined beloW, after being 
ampli?ed from a fetal brain cDNA library (as available from, 
e.g., Clontech, Palo Alto, Calif.) or another suitable source. 

[0141] When utiliZing an entire protein, or a larger section 
of the protein, antibodies may be raised by immuniZing the 
production animal With the protein and a suitable adjuvant 
(e.g., Fruend’s, Fruend’s complete, oil-in-Water emulsions, 
etc.). In these cases, the c-MET protein (or a portion thereof) 
can serve as the c-MET antigen. When a smaller peptide is 
utiliZed, it is advantageous to conjugate the peptide With a 
larger molecule to make an immunostimulatory conjugate 
for use as the c-MET antigen. Commonly utiliZed conjugate 
proteins that are commercially available for such use include 
bovine serum albumin (BSA) and keyhole limpet hemocya 
nin In order to raise antibodies to particular epitopes, 
peptides derived from the full c-MET sequence may be 
utiliZed. Preferably, one or more 8-30 amino acid peptide 
portions of an extracellular domain of c-MET are utiliZed, 
With peptides in the range of 10-20 being a more economical 
choice. Custom-synthesized peptides in this range are avail 
able from a multitude of vendors, and can be order conju 
gated to KLH or BSA. Alternatively, peptides in excess of 30 
amino acids may be synthesiZed by solid-phase methods, or 
may be recombinantly produced in a suitable recombinant 
protein production system. In order to ensure proper protein 
glycosylation and processing, an animal cell system (e.g., 
Sf9 or other insect cells, CHO or other mammalian cells) is 
preferred. Other information useful in designing an antigen 
for the production of antibodies to c-MET, including gly 
cosylation sites, is provided in SEQ ID NO. 12. 
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[0142] The extracellular domain of human c-MET binds 
hepatocyte groWth factor 

[0143] Because HGF is largely expressed in mesenchymal 
and neuroectodermal tissues and released to the extracellular 
compartment, paracrine and/or autocrine signaling implicate 
tumor genesis in mesenchymal and neuroectodermal tumors 
and other tumor cells that over express the c-MET receptor. 
Recent studies have shoWn that the c-MET proto-oncogene 
is frequently overexpressed in many types of epithelial 
tumors, in spontaneously transformed NIH/3T3 ?broblasts, 
and in peripheral nerve sheath tumors. In alternative 
embodiments of the compositions and methods of the inven 
tion, antibody moieties are utiliZed Which bind to c-MET at 
a site on the protein Which alters the binding of an extra 
cellular ligand molecule, such as HGF, to c-MET. Such 
c-MET activity altering antibodies may be utiliZed in thera 
peutic compositions in an unconjugated form (e.g., the 
antibody in an acceptable pharmaceutical carrier), or may be 
conjugated to either a therapeutic moiety (creating a double 
acting therapeutic agent) or an imaging moiety (creating a 
duel therapeutic/imaging agent). 

[0144] Selection of antibodies that alter (enhance or 
inhibit) the binding of a ligand to c-MET may be accom 
plished by a straightforWard binding inhibition/enhancement 
assay. According to standard techniques, the binding of a 
labeled (e.g., ?uorescently or enZyme-labeled) antibody to 
c-MET, Which has been immobiliZed in a microtiter Well, is 
assayed in both the presence and absence of the ligand. The 
change in binding is indicative of either an enhancer 
(increased binding) or competitive inhibitor (decreased 
binding) relationship betWeen the antibody and the ligand. 
Such assays may be carried out in high-throughput formats 
(e.g., 384 Well plate formats, in robotic systems) for the 
automated selection of monoclonal antibody candidates for 
use as c-MET ligand-binding inhibitors or enhancers. 

[0145] In addition, antibodies that are useful for altering 
the function of c-MET may be assayed in functional formats, 
such as the endothelial sprouting assay and cell migration 
assay. Thus, antibodies Which exhibit the appropriate anti 
tumor effect may be selected Without direct knoWledge of a 
molecular function. 

[0146] BEHAB 

[0147] Given the experiments described above, and the 
results of Table 1, BEHAB Was selected as a target for 
selective immuno-therapeutic agents in targeting and/or 
imaging brain tumors. The complete cDNA sequence encod 
ing BEHAB GPI isoform is provided in SEQ ID NO. 13, and 
the complete amino acid sequence of this BEHAB isoform 
is provided in SEQ ID NO. 14. TWo isoforms have been 
isolated to date: a full-length isoform that is secreted into the 
extracellular matrix and a shorter isoform that has a hydro 
phobic carboxy terminus instead of the typical lectican 
carboxyl terminus, Which predicts a glycophosphatidylinosi 
tol (GPI) anchor. BEHAB contains an N-terminal hyaluro 
nan (HA)-binding domain, Which comprises an immunoglo 
bulin-like loop and tWo proteoglycan tandem repeats, a 
C-terminal epidermal groWth factor (EGF)-like repeat, a 
C-type lectin-like domain, and a complement regulatory 
protein (CRP)-like domain. The central region of the protein 
contains sites for glycosylation and proteolytic cleavage 
(betWeen glu395-Ser396 of the mature protein, after signal 
peptide cleavage) by metallo-protease. The complete cDNA 
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of the secreted isoform is 2878 bp encoding 912 amino acids 
of 99 kDa. The GPI isoform, for Which sequences SEQ ID 
NO. 13 and SEQ ID NO. 14 are given, is 2558 bp encoding 
672 amino acids of 72 kDa. The GPI-linked form is gener 
ated by a ‘no splice’ event, With the transcript reading 
through an exon/intron junction thereby extending the open 
reading frame to a stop codon 74 nucleotides further doWn 
stream. 

[0148] As used herein, a compound that speci?cally binds 
to BEHAB is any compound (such as an antibody) that has 
a binding affinity for any naturally occurring isoform, splice 
variant, or polymorphism of BEHAB, explicitly including 
the tWo splice variants described herein. As one of ordinary 
skill in the art Will appreciate, such “speci?c” binding 
compounds (e.g., antibodies) may also bind to other closely 
related proteins that exhibit signi?cant homology (such as 
greater than 90% identity, more preferably greater than 95% 
identity, and most preferably greater then 99% identity) With 
the amino acid sequence of BEHAB. Such proteins include 
truncated forms or domains of BEHAB, and recombinantly 
engineered alterations of BEHAB. For example, a portion of 
SEQ ID NO. 14 may be engineered to include a non 
naturally occurring cysteine for cross-linking to an immu 
noconjugate protein, as described beloW. 

[0149] In general, it is preferred that the antibodies utiliZed 
in the compositions and methods of the invention bind to the 
membrane-bound isoform of the protein, as this Will more 
speci?cally target the cytotoxic therapeutic agent, or the 
imaging agent, to the brain tumor cell. HoWever, embodi 
ments that utiliZe antibodies that bind to the secreted isoform 
of the protein are also useful in the invention, as one of 
ordinary skill Would expect that the concentration of the 
secreted isoform Would also be increased adjacent to brain 
tumor cells Which over-express the protein. 

[0150] When raising antibodies to BEHAB, the entire 
protein, or a portion thereof, may be utiliZed. For instance, 
any one of the aforementioned domains of the secreted 
protein or an extracellular portion of the truncated, mem 
brane bound GPI form may be utiliZed. For instance, amino 
acids that constitute the hyaluronic acid binding domain, 
amino acids 44-247, Which includes the Ig like domain at 
amino acids 44-140, may be used. Larger BEHAB proteins 
and domains may be produced utiliZing any suitable recom 
binant vector/protein production system, such as the bacu 
lovirus transfection system outlined beloW, after being 
ampli?ed from a fetal brain cDNA library (as available from, 
e.g., Clontech, Palo alto, CA) or another suitable source. 

[0151] When utiliZing an entire protein, or a larger section 
of the protein, antibodies may be raised by immunizing the 
production animal With the protein and a suitable adjuvant 
(e.g., Fruend’s, Fruend’s complete, oil-in-Water emulsions, 
etc.). In these cases, the Brevican protein (or a portion 
thereof) can serve as the BEHAB antigen. When a smaller 
peptide is utiliZed, it is advantageous to conjugate the 
peptide With a larger molecule to make an immunostimula 
tory conjugate for use as the BEHAB antigen. Commonly 
utiliZed conjugate proteins that are commercially available 
for such use include bovine serum albumin (BSA) and 
keyhole limpet hemocyanin In order to raise anti 
bodies to particular epitopes, peptides derived from the full 
Brevican sequence may be utiliZed. Preferably, one or more 
8-30 amino acid peptide portions of an extracellular domain 
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of BEHAB are utiliZed, With peptides in the range of 10-20 
being a more economical choice. Custom-synthesized pep 
tides in this range are available from a multitude of vendors, 
and can be order conjugated to KLH or BSA. Alternatively, 
peptides in excess of 30 amino acids may be synthesiZed by 
solid-phase methods, or may be recombinantly produced in 
a suitable recombinant protein production system. In order 
to ensure proper protein glycosylation and processing, an 
animal cell system (e.g., Sf9 or other insect cells, CHO or 
other mammalian cells) is preferred. 

[0152] The hyaluronic acid binding domain of human 
BEHAB binds to hyaluronic acid Because HA is 
largely expressed in the ECM surrounding gliomas and 
because recent studies have shoWn that the BEHAB protein 
is frequently overexpressed in primary brain tumors, it is 
suggested that the up-regulation of BEHAB may be a crucial 
step in returning the unmalleable mature extracellular matrix 
to a more immature matrix, permissive for cell groWth, 
thereby promoting the progression of primary brain tumors. 
Thus, in alternative embodiments of the compositions and 
methods of the invention, antibody moieties are utiliZed 
Which bind to BEHAB at a site on the protein Which alters 
the binding of an extracellular ligand molecule (e.g., HA) to 
BEHAB. Such BEHAB activity altering antibodies may be 
utiliZed in therapeutic compositions in an unconjugated form 
(e.g., the antibody in an acceptable pharmaceutical carrier), 
or may be conjugated to either a therapeutic moiety (creating 
a double-acting therapeutic agent) or an imaging moiety 
(creating a duel therapeutic/imaging agent). 

[0153] Selection of antibodies that alter (enhance or 
inhibit) the binding of a ligand to BEHAB may be accom 
plished by a straightforWard binding inhibition/enhancement 
assay. According to standard techniques, the binding of a 
labeled (e.g., ?uorescently or enZyme-labeled) antibody to 
BEHAB, Which has been immobiliZed in a microtiter Well, 
is assayed in both the presence and absence of the ligand. 
The change in binding is indicative of either an enhancer 
(increased binding) or competitive inhibitor (decreased 
binding) relationship betWeen the antibody and the ligand. 
Such assays may be carried out in high-throughput formats 
(e.g., 384 Well plate formats, in robotic systems) for the 
automated selection of monoclonal antibody candidates for 
use as BEHAB ligand-binding inhibitors or enhancers. 

[0154] In addition, antibodies that are useful for altering 
the function of BEHAB may be assayed in functional 
formats, such as the HUVEC tube assay and the cell 
migration assay described beloW. Thus, antibodies Which 
exhibit the appropriate anti-tumor effect may be selected 
Without direct knoWledge of molecular function. 

[0155] CD-44 

[0156] Given the experiments described above, and the 
results of Table 1, CD-44 Was selected as a target for 
selective immuno-therapeutic agents in targeting and/or 
imaging brain tumors. The complete cDNA sequence encod 
ing CD-44E is provided in SEQ ID NO. 15, and the 
complete amino acid sequence of CD-44, indicating various 
splicing variation locations, is provided in SEQ ID NO. 16. 
CD-44 is a proteoglycan that is expressed as tWo major 
splice variants. CD-44E is a 150 kDa protein isolated from 
epithelial cells. CD-44E has a C-terminal cytoplasmic tail, a 
hydrophobic transmembrane domain of 23 amino acids, and 
an N-terminal extracellular region of 248 amino acids. The 
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extracellular domain is O-glycosylated and also binds chon 
droitin sulfate. In addition, CD-44E it has tWo of the three 
immunodominant epitope clusters of native gp90Hermes. 
CD-44E contains an additional 132 amino acids in the 
extracellular region. and CD-44H is a 90 kDa protein 
isolated from hematopoietic cells. In addition, CD-44R1 and 
CD-44R2 are 2 isoforms expressed by hematopoietic cells. 
The complete cDNA sequence of the 90 kDa CD-44H 
isoform consist of 1795 bps, encoding a 341 amino acid 
protein. 

[0157] As used herein, a compound that speci?cally binds 
to CD-44 is any compound (such as an antibody) that has a 
binding af?nity for any naturally occurring isoform, splice 
variant, or polymorphism of CD-44, explicitly including the 
isoforms described herein. As one of ordinary skill in the art 
Will appreciate, such “speci?c” binding compounds (e.g., 
antibodies) may also bind to other closely related proteins 
that exhibit signi?cant homology (such as greater than 90% 
identity, more preferably greater than 95% identity, and most 
preferably greater then 99% identity) With the amino acid 
sequence of CD-44. Such proteins include truncated forms 
or domains of CD-44, and recombinantly engineered alter 
ations of CD-44. For example, a portion of SEQ ID NO. 16 
may be engineered to include a non-naturally occurring 
cysteine for cross-linking to an immunoconjugate protein, as 
described beloW. 

[0158] According to the human full length, CD-44H pro 
tein has an overall primary structure of 90 kDa, Which 
consist of 341 amino acids. The N-terminus is located 
outside of the cell and the extracellular domain consist of 
248 amino acids. The C-terminus is located inside of the cell 
and the intracellular domain consist of 72 amino acids, While 
the transmembrane region consist of 21 amino acids. The 
CD-44 gene contains 20 exons, of Which exons 1-5, 15-17 
and 19 encode the CD44H isoform. The intervening exons 
6, 6a, 7-14 (also designated v1-v10) are alternatively spliced 
to generate the variant isoforms With an insertion at the 
membrane proximal region of the extracellular domain 
betWeen amino acids 202 and 203. See Bajorath (2000). 
Proteins: structure, function, and genetic, 39:103-111; and 
Ilangumaram et al. Leukemia and Lymphoma, 35:455-469. 

[0159] When raising antibodies to CD-44, the entire pro 
tein, or a portion thereof, may be utiliZed. For instance, any 
portion of the extracellular domain may be utiliZed. For 
instance, the amino acids betWeen the signal sequence and 
amino acid 202 may be used. Larger CD-44 proteins and 
domains may be produced utiliZing any suitable recombi 
nant vector/protein production system, such as the baculovi 
rus transfection system outlined beloW, after being ampli?ed 
from a fetal brain cDNA library (as available from, e.g., 
Clontech, Palo Alto, Calif.) or another suitable source. 

[0160] When utiliZing an entire protein, or a larger section 
of the protein, antibodies may be raised by immuniZing the 
production animal With the protein and a suitable adjuvant 
(e.g., Fruend’s, Fruend’s complete, oil-in-Water emulsions, 
etc.). In these cases, the CD-44 protein (or a portion thereof) 
can serve as the CD-44 antigen. When a smaller peptide is 
utiliZed, it is advantageous to conjugate the peptide With a 
larger molecule to make an immunostimulatory conjugate 
for use as the CD-44 antigen. Commonly utiliZed conjugate 
proteins that are commercially available for such use include 
bovine serum albumin (BSA) and keyhole limpet hemocya 
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nin In order to raise antibodies to particular epitopes, 
peptides derived from the full CD-44 sequence may be 
utiliZed. Preferably, one or more 8-30 amino acid peptide 
portions of an extracellular domain of CD-44 are utiliZed, 
With peptides in the range of 10-20 being a more economical 
choice. Custom-synthesiZed peptides in this range are avail 
able from a multitude of vendors, and can be order conju 
gated to KLH or BSA. Alternatively, peptides in excess of 30 
amino acids may be synthesiZed by solid-phase methods, or 
may be recombinantly produced in a suitable recombinant 
protein production system. In order to ensure proper protein 
glycosylation and processing, an animal cell system (e.g., 
Sf9 or other insect cells, CHO or other mammalian cells) is 
preferred. Other information useful in designing an antigen 
for the production of antibodies to CD-44, including glyco 
sylation sites, is provided in SEQ ID NO. D‘. 

[0161] Hyaluronan (HA) is a polymeric glycosaminogly 
can and a major component of the extracellular matrix. 
CD-44 is one of the principal receptors for HA. Within the 
normal CNS, the CD-44 protein has been localiZed to 
astrocytes in the White matter. CD-44H has been shoWn to 
be the predominant isoform in normal brain and neuroecto 
derm-derived tumors. Hence, the up-regulation of CD-44 
may be a crucial step in brain tumor invasiveness and 
migration. Thus, in alternative embodiments of the compo 
sitions and methods of the invention, antibody moieties are 
utiliZed Which bind to CD-44 at a site on the protein Which 
alters the binding of an extracellular ligand molecule (e.g., 
HA) to CD-44. Such CD-44 activity altering antibodies may 
be utiliZed in therapeutic compositions in an unconjugated 
form (e.g., the antibody in an acceptable pharmaceutical 
carrier), or may be conjugated to either a therapeutic moiety 
(creating a double-acting therapeutic agent) or an imaging 
moiety (creating a duel therapeutic/imaging agent). 

[0162] Selection of antibodies that alter (enhance or 
inhibit) the binding of a ligand to CD-44 may be accom 
plished by a straightforWard binding inhibition/enhancement 
assay. According to standard techniques, the binding of a 
labeled (e.g., ?uorescently or enZyme-labeled) antibody to 
CD-44, Which has been immobiliZed in a microtiter Well, is 
assayed in both the presence and absence of the ligand. The 
change in binding is indicative of either an enhancer 
(increased binding) or competitive inhibitor (decreased 
binding) relationship betWeen the antibody and the ligand. 
Such assays may be carried out in high-throughput formats 
(e.g., 384 Well plate formats, in robotic systems) for the 
automated selection of monoclonal antibody candidates for 
use as CD-44 ligand-binding inhibitors or enhancers. 

[0163] In addition, antibodies that are useful for altering 
the function of CD-44 may be assayed in functional formats, 
such as endothelial sprouting assay and cell migration assay. 
Thus, antibodies Which exhibit the appropriate anti-tumor 
effect may be selected Without direct knoWledge of molecu 
lar function. 

[0164] TSPAN3 

[0165] Given the experiments described above, and the 
results of Table 1, TSPAN3 Was selected as a target for 
selective immuno-therapeutic agents in targeting and/or 
imaging brain tumors. The complete cDNA sequence encod 
ing TSPAN3 is provided in SEQ ID NO. 17, and the 
complete amino acid sequence of TSPAN3 is provided in 
SEQ ID NO. 18. Tetraspanin is a 253 amino acid membrane 




























































































































































































